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(a.)Q1

BEB 20303{BEE 2263/BEX 20903

A steady current flows through a finite length wire. When a compass is brought

closer to the wire, the compass needle is deflected.

(D Explain this phenomenon briefly using the Biot-Savart's law and write the

comDlete law mathematicallv.

(3 marks)

If the compass is placed far off from the current-carrying wire, the needle

retumed to its original position, pointing to the true earth's magnetic pole

directions. Why is this happen? Explain your answer by refeni[g to the

Biot-Savart's law.

(3 marks)

Consider a finitc length wire along the z-axis conducting cunent 1 in the +dz

direction as shown in Figure Ql (b). Prove that the magnetic field everywhere is

E=-L1roto"-cosa,1a^.
4np '

(6 marks)

(c) A wire loop ABCD forms a closed-circuit system as shown in Figure Ql (c) Wire

BC is designed to be far off from point P, in compadson with wire AD. lhe parts

of wire AB and CD, when exteoded will meet at point P.

(D Calculate the magnetic field intensity at point P due to the current on wlre

AB and CD.

(4 marks)

What is the best assumption can you make for the contribution of current

from wire BC to the magnetic field intensity at point P. Justify your

(ii)

(b)

(iD

(3 marks)
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(iiD Based on your answer in Ql (c) (i) and Ql (c) (ii), find the total magnetic

field intensit) Hro.o1 at poinr P due to current-carrying wire ABCD, if
AD= AP = PD and A(0,0,-1), D(0,0,1).

(6 marks)



(a)Q2

(b)

BEB 20303/BEE 2263lBEX 20903

Ampere's law is a special case ofBiot Savart's law. State what Ampere's circuil

law is and what is the important condition in terms ofthe current distribution onc

must consider prior to use the law.

(4 marks)

A hollow conducting cylinder has inner radius a and carries cwrent +l along the

positive z-direction. Its outer conductor has inner radius b with thickness ,, and

carries current I Assume that the crfient is uniformly distributed in both

conquclors.

(r) Find H everywhere.

Plot the magnitude of H versus the radial posirion.

( l5 marks)

(3 marks)

If a compass is brought anywhere closer to the conducting cylinder. what

would happen to the pole pointing needle of the compass? Explain your

answer.

(3 marks)

(ii)

(iiD
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Michael Faraday was an English physicist working in the early 1800's.

Faraday's big discovery happened in 1831 when he found that a change rn

magnetic field creates an electric curent. He did a lot of other work with

electricity such as making generaton and experimenting with electrochemistry

and electrolysis. Recommend an experiment to demonstate the application of

the Faraday's Law in electrical engineering.

( 10 marks)

Faraday's Law states that the induced electromotive force in any closed circuit is

equal to the time rate ofchange of the magnetic flux through the circuit. This is a

basic law ofelectomagnetism relating to the operating principles oftransformers.

Draw the structure ofa tansformer and explain its operation.

( l0 marks)

(c) A pefectly conducting circular loop ofradius 20 cm lies in the x = 0 plane in a

magnetic field density,-8: l0 cos(317 t)inlh/rh 'z. Calculate the induced

voltage in the loop.

t5 marks.)

(b)



(4,Q4
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A wire with a current l is placed under a clear sheet ofplastic, as shown in Figure

Q4 (a). Three loops of wire, A, B. and C, are placed on the sheet ofplastic at the

indicated locations. [f the current in the wire is increased, indicate whether the

induced elcctromotive force (EMF) in each of the loops is clockwise,

colrnterclockwise, or zero. Justify your answer for each loop.

(6 marks)

Figure Q4 (b) shows an airplane with wingspan 39.9 m flying northward at 850

km.4r through a magnetic field with vertical component of B = 5 x 10 6I.

Calculate the induced electomotive force (EMF) between the wing tips. Briefly

explain why the ho zontal component of the Earth's magnetic field does not

contribute to the EMF between the wing tips ofthe airllane.

(7 marks)

(c) A solenoid has an inductance I = 3.1 H and cafties a current of 1= l5 A

(i) If the current goes from 15 to 0 A in a time of 75 mq analyse the emf

induced in the solenoid?

(ii) Calculate the elect cal energy stored in the solenoid?

(3 markt

(2 marks)

from the solenoid(iiD At what rate must the electrical energy be removed

when the current is reduced to zero in 75 ms?

(2 marks)

A coil of radius l5 cm and 53 turns is oriented perpendicular to a magnetic field.

The magnetic field changes from 0.45 T to zero in 0.12s. Calculate the induced

EMF.

(b)

(d)

(5 rnarks)



(a)Qs

(b)
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An engineer decided to shield an Intensive Care Unit (ICU) in a hospital with

some lossy material to absorb some electomagnetic helds generated by nearby

electrical equipment. Explain the term lossy material in tems of its conductivity,

permittivity and permeability.

(6 marks)

The engineer discovered a plane wave propagating through the dielectric, at a

particular radian frequency a), has a magnetic field component

5e "cos(cut -;.)", A/^

(D Determine E ifthe lossy dielectric ofhis choice has an intrinsic impedance

of TooejTI/6 at that particular radian irequency.

(iD

(4 marks)

Investigate why it is important for the engineer to look into the skin depth.

Calculate a and then the minimum depth of this material for it to be

effective.

(6 marks)

(iiD Define and calculate the lost tansent of the material.

(iv) Based on the calculated skin depth and loss tangent in Q5

(iii) respectively, analyse if the material is suitable for

application. Determine other parameters that the engineer

account in selecting the right absorber ior his application.

(4 ma*s)

b (ii) and Q5 b

the engineer's

has to take into

(5 marks)

- END OF QUESTION -
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Gradient

__ df^ df" at"
V/ = -X 

+ lV +:z'dxd"dz
__ dl " tat" dt"yl =Lf + -.:a+Lz' 6r rad ez

af^ ta{^ 1 af
v/ = 1R +:ae + La" AR R Ag Rsine A0

Diverg€ncc

Formula

. dA aA, dt.V.A=:+-+-dx40z
v.t=llat4ll,tun, tuorl ar ) ra( dz

-: ra(n'r) r ld(,4,'ind)l I dA"

""-F- an n t:tro ae ) Rsino di
Curl

. dA dA. t^ , d,t d,4- t^ td,4. d{ ).\./f - -- ^ \-l ^ - l) ^ -i- z
\oy oz ) \ oz cx I \ox

,. )-l!4 u!. l; lY-11,0*rl9('4,) a'4.]t
'' \, aO dz) tdz dr )' r\ dr dO)

v,)= ' la!i?A,) #)*+l#U-'P)u.*luP *],
Laplacian

s'1=al!,4! *a'!" 6x' ay' tu'
_,- rd/ d/) ta'1t d'fy'| =-.._l rL + :+-' rdr\ Ar) r' d@' Az'

o'r-'lin'd/.], .' a(,i^eLl '. {q4J
R' dRr 1Rt R' sin4 d9t 60 ) R' sin 0\6d' )
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Cartesian Cylitrdrical Spherical

Coordinate
paramerers

r,p,z R,0,0

Vector ,4 A,i+ A)l + A,i A,i+AnQ+Ai l^it+ Aoo+ ArQ

Magnitude, A,' + A,'

Position

vector, oF
x1x+ yly + ztz

for point P(,rP l, zr )

r,? + zri
for point P(4, /,, z,)

R'R
for point P( R,. 9,, /,)

Unit vector
pro0ucr

i.i=i.i=r.r=l
i.i=i.t=t.i=0

ixi=t
ixr=i
rxi=i

i.i=0.0=r.r=l
i.0=0.r=r.i=0

ix0=t
0xr=i
rxi=0

R.R=e.e=0.0=l
8.6=6.0=0.R=o

0 t0=t<

o'fl =6

Dot product

A.E
A,B, + A,B, + A.B. A,B,+A6Ba+A B ARBR+AeBe+A684

Cross product

i"B
ii t
A, A. A"

s". i, n'

li60l
IAR 

As Atl

IBR Be Bol

Differential

Iength. dl
dxi+dyy+dzi dri+rd{Q+dzi, dRfi.+ Rd?O+ Rsin 0 df$

Differential

surface, A

ds, =dydzi

at, = atayt

ds, - rd4 dz i

at. = ,a, ap t

= R' sin? d0 d/ir
= Rsin? dRcti\

=RdRde0

dsa

,tt 
"

Differential

volume, F
dx dy tlz rdrdldz R1 sin9 dR d0 d(

t3
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Transformatiotr Coordinate Variabl€s Unit Vectors Vector ComDon€nts
Cartesian to
Cylindrical

t-

d = tan-' (y / x)

i=icosl+jsin/
0=-isinl+icosl
2=i,

A,=A,.os4+A,sind
Ar = -A,sin0 + A, cosl

Cylindrical to
Cartesian

x=rcosp i = icosl 0 sin I
I = isin I +0 cos/
i =i

A,= A,cosL Arsin0

A, = A, sinO + Arcos!

Cartesian to
Spherical

^ t 1--;---;

o=tu"'1.,17+y't"7

0 =an tulx)

R = isin Acosl
+isindsinl+icosd

6 = icosdcos/
+fcosdsin/-isind

0=-isinl+icosl

A* = A, sin0 cosd

+ A, sin esir. d + A.cosg

Ae = A,cos9cosd

+ Arcos9sin( A, sin0

Ar= A,sinC+ A,cosd

Spherical to
Cartesian

jr=nsindcos/

/ = Rsin dsin I
z = Rcosd

i = Rsin dcosl +

ucosdcos@ 9srnp

I =Rsindsinl+
ucosdsrn@+qcosp

2 = Rcosd-dsind

A, = A|sir.qcosd

+ Ao cosq.osA - Ai sin 0

A, = Ax sin9 sind

+ Ao cosgsin, + Adcos|

A,=ARcosg-Aostno

Cylindrical to
Spherical t?tz)

.17.t
tan

R = isind+2cosd

t = rcost/ zslnt/

0=0

A* = A,sin9 + A. cos9

Ao= '4, cosg - '4. stn 0

Spherical to
Cylindrical

/=Rsind

z = Rcos9

i=Rsind+0cosd

0=0
i = Rcosd 0sin d

A,=Ansin0+Aocosq

A,= Arcos9 Aostn0

t4
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E Q,Q'' ;

_F"a'
_o

4rcnR"

t 4ffdR'

t 4,ttnR,

D=E

0"., =fB.as
p, =v.D

",-wvflt=-lE.dt=-

_. o

v"E=o
E = -vv
91V =0

^t
oS
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dttxldr,xaR, )

( o\'l'+l I I

=o

-i

-l

to = 8.854x l0r'z Fm l

Po=41,xlo-'Hml

Tdxx
l/. ND=,1 , -,\1,
- 

Lr' + c'./ c'lx-+c'l
r xdx -l
17. - -\r, =7, ,x/,'(x'+c'.1 lr'+c-l

Idt=JdS=Jdv

fn.a7=t,,,=lJ,as
vxn=j
,/-=tE.E

v.={E.A=o
v^=[7.d7

f =ctG t,.El=^4- .11

V.B =0
E=pn
E=v"7

) 4ftR

v'V = poJ

dF = IdIxB
I =ryf =mf D

n = ISn"

,. dy

. ,rF
._t ) at

v = lh ^E\.,

r,=lr"E,r,

li




