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The x-y plane is not a charge-free boundary separating two dielectric media

with permittivrty el and ez as shown in Figure Ql (a).

(D Illustrate that the boundary condition for the tangential component of
the electric field is continuous across the boundary between any two
media.

(5 marks)

(ii) If the p" is the surface charge density at the boundary, show that the

normal component of electric field changes by A across the boundary.
(5 marks)

(iii) Calculate E, if Ez=2i-3i'+32(Ylm), t, =2t0, t2=8a, and the

surface charge density, p, : 3.54xlO-t t 1Clm2;.
(5 marks)

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

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

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

If a metallic sphere is placed in a uniform electic field,E' sketch the field

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

o)

(c)

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

generated in a closed conducting loop

(c)

(3 marks)

A boy carries a metal rod PQ horizontally on a pickup truck travelling on a
straight horizontal road. An emf is induced in the rod due to the earth's

magnetic field, making the end P positive 1+; and the end Q negative O as

shown in Figrre 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 squre loop centered at the origin and having l0 cm

sides oriented parallel to the x-y plane. It is connected to a resistor, l? as shown

in Figure Q2 (c). In the presence of a magnetic field, E = Bort cos 103 t 2

and 4:100 Z. Calculate;

(i) The magnetic flux, /linking a single tum of the indtrctor,
(4 marks)
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(ii) Thefiansformeremf, Vn"-f ,

(iiD The polarity of Vt"4 at t:0,

(iv) The induced current in the circuit for R :
resistance to be negligibly small).

(2 marks)

(2 marks)

I kf,l (assume the wire

(2 marks)

(d) Aperfectly conducting filament containing a small 500 O resistor is fonned

into a square, as illustrated by Figure Q2 (d). Calculate the current, (t) if
magnetic field intensity,E:0.3 cos(120nt-30" )2 Tesla

(7 marks)

(a) Parallel wires carrying currents will exert forces on each other. With the aid of
suitable diagraurs and rule, illustrate the field and the force experience on each

wre,

(i) if the current goes the same way in the two wires, and

(ii) if the currents go opposite ways.
(6 marks)

Q3

o) A rectangular loop as shown in Figure Q3 (bxi) 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, i is given by E =1U Ur.
x

(5 marks)

(iiD if the magnetic flux density,^F 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, identifr the net magrretic forces acting on the

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

introduced and located at the riglrt side of the loop as shown in Figure Q3 (c).
(4 marks)

(c)



(a)a4

(b)

BEB 20303/BEE 22631 BEX 20903

A hollow cylindrical conductor has inner radius a and outer radius 6 and

carries current - l along the positive - 2 -direction. Calculate

(i) magneticfieldintensity,Flat rleo a<r<b andr> b.

(12 marks)

(ii) Plot the magnitude of ^Fagainst r. Give your comments.
(3 marks)

Calculate the value of frn.A nr the current and closed paths of the Figure Q

(a).
(10 marks)

A conducting filament caries current I = 6mAfrompornt A(a'0,0) to

pointB(0,b,0).

(r) Sketch the magnetic field intensity ^F/ at point C(0,0,0) -

(4 marks)

(ii) Find the direction of the rragnetic field intensity tr -

A circular loop located on

cnrrent of 5mA along $.

(6 marks)

plane z=Scmwith radius Scmcaries a direct

Qs (a)

o)

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

(ii) Calculate magnetic field intensity, H atthe origin.

(2 marks)

(10 marks)

(iii) Without calculation, define the new position if magnetic field intensity

.F/ is equal to Q5(b) ii.
(3 marks)
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Formula

Gradient

vf ={i*{t *{t" Ax Av- Az

vr ={i.iY^*te' Ar r)d' 0z

vr' AR R A0 Rsn? 0d'

Divergence

Y.7-aA' *un' *On'Ax Ay Az

y .I =!l fuD1*!%t*ou"
rl Ar ) ,A0 0z

y.).=t-a\n"q*)* t la(,qrsina)f* | aA,

R' AR R sind L Ae ) nsine a6

Yxf =(*-*)r.(*-*)u.(
Yx7=(:h_*)'.(*_*)r.
yxr= 

= 
1 ^f'b*,l',) -%1p*+l: 4"-@lu *tla(ru,) -oA*f^Rsindl ae aO )"- RL"i"o aO 

- aR _1"' RL aR - * l*
Laplacian

v2 f =a'.f *a'f *a'f" ax' ay' azz

Y'f =:*?9.i#.#
Y' r = # *(" #). F#,*("^' #). n#j(#)

l0
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Cartesian Cylindrical Spherical

Coordinate
parameters X,/rZ f, 0,2 R,0,0

Yector ) A,?+ Arj + A,2 A,i+ArS+A,t ,,4^R+ er6+Ar<o

Magnitude 7 '*A,' Art*Ar2+A,2

Position

vector, OP

xr*,+ yrf" + zrh

for point P(x, h, zt)
r{ + zlz

forpoint P(rr, Q, zr)
xtR

forpointP(R,, 0r, Qr)

Unit vector
product

XoX=y.f = 2oi:l
xoy=!.t=2ol=Q

xxy-z
fxi=i
zxx=y

ror:Q.g=2oi:l
rog = q.2=|oi =0

rxg-z
$xi:i
tx? =6

RoR=0e0=So$=l
fl..6=0.tfr=0.R=0

n"e=0
OxQ=P

,flxn=e

Dot product

],. E
ArB,+ArBr+A,8, A,B,+ArBr+A,8, A*B*+ArBr+ArB,

Cross product

A"E

t^^^ll* Y 'l
ln' Av n'l

14 By B,l

t^
I" I z

lu, Ar A"

lB, Br B,

ln o ol

ln^ Ao nrl

lB* Bo nrl

Diflerential

leng1h,7i
dx?+dyj+dzf; dr?+rdfq+dzi dRR+ Rd90+Rsin?dQS

Differential

surface. E

ds,

ds,

&,

= dy dz?

= dx dzj,

=dxdyt

ds,

ds6

&,

=rdtdzi
=drdzg

=rdrdti

&* =R2 sind de d|fil
dse =Rsind dRd6O

ds6 = RdRdqA

Differential

volume. F d*dy d" rdrdQdz l?2 sind dR d0 dO
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Transformation Coordinate Variables Unit Vectors Vector Components
Cartesian to
Cylindrical

r, ,7=r,1x-*!-

Q:tan-t(y/x)

i = icos/+f sin/
0 = -isin/+f cos/
2:2

A,=A,cos/+ Arsint
A):-A,sin/+ Arcost

Ar=4,
Cylindrical to

Cartesian
x = raoS4

y = rsini
i = icos/ -0sin/
f = isin/+Scos/
t =f,,

A,=A,cosf-Arsint
Ar: A,sin/+ Arcosf

Ar=4,
Cartesian to

Spherical
R=$i14;
g =1*tt6,[S a y' t ,'s

0 =tarr--t(y / x) 6: icosdcos/
+f cosdsin 0-isn?

0 = -isin/+f cos/

fl. = isindcos/
+fsindsinQ+tcos?

A* = A,sindcos/
+ Arsin9sin{ + A,cos9

Ae = A,cosdcos/
+ Arcos9sin{ - A"sin?

At = -A, sin/ + ArcosQ
Spherical to
Cartesian

x =.Rsindcos/
y = Rsin?sin4
z = Rcos9

i = Rsind cosQ+

0cosdcos/ -Qsin/
y: RsinPsiny'+

0cosdsin/ +Scos/

2: fl.cosd-0sind

A" = A*sin?cos4
+ Arcos9cosf - Arsinf

A, = A*sindsin/
+ Arcos9sn| + Arcosf

A" = A*cosd- Arsin9

Cylindrical to
Spherical

R=Jr, + /
0:tan-l(r I z)

Q=0

R = isind+ 2cos0

6 = icosd -isin?
0=0

A*= A,sin9+ A,cos9

A, = A,cosd- A,sin?
Ao=Ao

Spherical to
Cylindrical

r = Rsind

0:Q
z = Rcos?

i = fr.sind+6cosd

0=0
i = fr.cosd-Osind

A,: A*sind+ Arcos9

Ao=Ao

A, = A*cosd- Atstn9
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Q = I o,dt,

Q = ! P,ds,

Q=!n"d,

E":2Q+a,
4neoR" 'r2

E=F,
a

:oL=7ffian

E=l P'dl ,a,r 4tttoR'

E=l P'ds=6,
J 4rerR'

E=l P"dura,
J 4neoR'

D=eE

ty"=lD.dS

Q"," =$n.aS

Pu =Y tD
B.-

Vea=-lE.On=tg

V= Q
4ns

v =lpdtJ 4n*

{E.dt =o

VxE =0
E =-YV
Y2V =0

n=L
oS

t=lJ.dS

tjj ld(.x R
Cltl =

4irR'
Id7 :- j,ds 

= idv

IF.ril=I*,=li,^
YxH = j

,^=IE.aS

w,=fE.dS=o
y,,^ : [7. dV

Vo3=g
E=pII
E =YxV

t t-j

Z=|Forutr 4ER

YzV = -Foj

dF = Idlx B
T =lxF = mxE
m = ISd,

rr otY
v -=' emt"ot

v" r =-l*.n
V"^r = [(" "E). a-l

?-dDIo:lJd.dS,Jd=;

r=d+iB

-

Illr-2 I

d=a.l+l,lt*lsl -tl
1l 

, Ll LaEl l
lrr--llt-

o=,]+i,Ft=l'.,]

- -(: :\ ffif =Q\E+uxB):*;

aV,x(aVr, k*^)
Fr =#!!,

R,,,

W
|,il:

tan2

I
^ 

-1-
( o\'lo+l-l I\ot) )

:o
o€

o=L
aa Jd"

t'
20,

tanO =

d:!
d

ro =8.854x10-12 Fm-r

po = 47 x l0-7 Hm-t

c&x
r -t--------------J 
G' *"'l'' ,'(r' *r'lt'

r & -( 

-\
IF;7y=tn!+"lx'x" )

edxl-
IV+,,)=;tan

Id*)=I*6
e x& r-
| 

- 

- 1ix- tc-t 
V' * r'l'"

'(')(.;/

'*r')
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