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Question one 

(a) 	 According to Coulomb's law, the electric field E at a space point P: (r, e,¢) produced 

by a point charge q situated at the origin is E=er q 2. Using <1> = - r E. d T 
47r Go r Po 

where Po : (ro ,eo, ¢o) is the zero potential reference point and carrying out the integration 

to show that its associated electric potential <1> is <1> = q if ro ~ 00 
47r Go r 

(7 marks) 

(b) 	 For an electric dipole situated at the origin, i.e., + q situated at z = d & - q situated 
2 

at z = - d along z-axis, the electric potential <1> at the space point P: (r ,e,¢)
2 

+q 	 -q
due to this dipole is <1> = <1>, + <1>2 where 	 and

<1>, = 4 7r Go R, <1>2 = 47r Go R2 

as depicted in the following diagram 

r, 
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-~ 

d 	 d 
(i) 	 for r» d ,use R, ~ r - - cos(e) and R2 ~ r + - cos(e) ,deduce that 

2 	 2 

<1> ~ P cos(e~ where p =q d is the electric dipole moment. (10 marks) 
47r Go r 

(ii) 	 from <1> in (b )(i) , deduce that the electric field at far away point from the electric 
dipole source situated at the origin given in the above diagram is 

E= p ,(er2cos(e)+eesin(e)) 	 (Smarks) 
47r Go 	 r 
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Question two 

(a) 	 Consider depositing some free charges of the same sign onto a good conductor. 
(i) 	 Explain why these free charges eventually settled on the conductor's surface and 

the electric field inside the conductor is zero. Also explain why the conductor 
surface becomes an equal potential surface in electrostatic case? (2+2 marks ) 

(ii) 	 Draw a tiny pill box shape closed surface across the conductor's surface and apply 
the integral form of electric Gauss law to deduce that the normal component of the 
electric field at any point on the conductor's surface En is related to the surface 

charge density at the same point Ps by the relation of En = Ps where the normal 
& 

direction is pointing from the inside toward the outside of the conductor, if the 
conductor is embedded in a dielectric medium of permittivity & . (6 marks ) 

(b) 	 Consider a two-parallel conducting thin plate capacitor system as shown in the following 
diagram 

/1 /"'/

A 	 /,"~ A II 

/ C I 
/ I 

x 
Ct«I<-- d :;..I' 

where A is the plate surface area, d is the plate separation and & is the electric 
permittivity ofthe insulating material layer in-between the two plates. 
(i) 	 Ifthe total electric charge - Q & + Q are uniformly deposited on the 

left (x =0) & right (x =d) conducting plate surfaces facing each other, use the 
boundary condition in (a) and find the electric field on both conducting surface and 
show that they are the same. 	 ( 6 marks ) 

(ii) 	 Assuming this same electric field E exist in the regime between two conducting 

plates, use V = - r:od E. dl to find the potential difference V 'in between the 

two plates and thus write down the capacitance C of this system in terms of 

& , d & A and show that 
&A

C = ­
d 

. ( 6 marks ) 

(iii) If given the values of & =4 &0 , d =5 em & A =200 em 2 find the value of 

C . (3 marks) 
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Question three 

(a) 	 An electron is shot with an initial velocity Vo = ex 105 m into a region containing an 
s 

uniform magnetic field B - e 10- 4 ~ as shown in the figure below. z m 

.+ +'+ +++ + 
+ . .,.. +: .. j-i,f: + . .+. 

eo· )·:Ii 
. . +.+ + + +"'~'. +~ B flux(YJ.~"·"­..... "'·'.'·'·.'.·..... . ,+ + + + .+ + + -(into'p~per) 

.. . 

(x) 

(i) 	 Assuming the magnetic field to be uniform over a sufficiently large region of space, 
show your reasoning as to why this electron should take a circular path, then 
determine the location and radius of this circle. ( 6 marks ) 

(ii) 	 Determine what vector electric field intensity j; will just overcome the effect of 
the given magnetic field to cause the electron to travel in a straight line along the x 
axis. ( 3 marks ) 

(b) 	 A thin conducting wire of length 2 L , with its central axis coinciding with the z axis and 

its centre point coinciding with the origin, carries a steady total current I along positive 
z direction as shown in the figure below. 

Ij\} 
I 

T. 	 r tdi / // 

71;[ 

LjW / 
I 

13 /. eiI--. f:..u rr{, -_____ 1-::--:;. ___ --~x1 	 pCx/c,o) 
. ?- X ..~ 

L 


~ 
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Question three (continued) 

(i) Since the given current source is only along z axis thus its produced vector 
potential at a field point 	P (x , 0 , 0) is also having only z component A z , i.e., 

- _ _ _ IZ';+L JLo I d z' _ IZ'=+L JLo I d z'
A - ez Az where Az - - 2 ,

z'=-L 4 Jr R z'=O 4 Jr ~(Zly + x 2 

carry out the above integral for Az about z' and show that 

I [L+~L2+X2;A ~ In 	 ( 10 marks )z 2Jr x 

(Hint: set Z' =x tan(e) , I sec(e) de =In(sec(e)+ tan(e)) ) 

(ii) 	 For L» x , i.e., ~ L, use A=e JLo I In(2 L) and jj -= Vx A toz 2 Jr X 

find the magnetic field 	 jj at the field point and show that 

jj e I (6 marks)
Y2Jrx 

.'--. 
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Question four 

(a) 	 A very long straight wire ofcross section radius a with a permeability f.J., with its 

central axis coinciding with the z-axis, carries an uniform current density in the positive 
z 	direction with the total static current of I ,i.e., the current density inside the wire is 

I 
, as shown in the diagram below: 

J[ a 2 
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'T 
-' ­

Use the integral Ampere law and draw proper closed loops to find B in terms of 
p ,a & I for 0::;; p ::;; a & p;;:: a regions. ( 12 marks ) 

(b) 	 Placing a rectangular conducting loop of dimension b x e a distance of d (> a) away 

from the central axis of the wire as shown in the diagram in (a) , i.e., the inner region 
confined by the rectangular loop in clockwise sense is 
S: d::;; p ::;; d + b , 0::;; z ::;; e & d s= at} d p d z , 

(i) 	 find the total magnetic flux <l> m passing through the inner region confined by the 

rectangular loop, i.e., <l> m = 1B. d s ,in terms of f.J.o, b , e , d & I . Also 

write down the mutual inductance M between the given rectangular loop and the 

long straight wire and show that M= fio x In( d+ b) x e . ( 6 marks )
2J[ d 

(ii) If given the values of b =5 em , e =8 em & d =10 em find the value of 

M . Further if the wire carries a sinusoidal current IV) =2 sin (9 t) A instead of 
carrying a static current I ,find the induced e.m.f. in the rectangular conducting 
loop. (7 marks) 
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Question five 

(a) 	 When a AC voltage source V(t) =Vo sin(wt) is connected to a RLC circuit, be it in 

parallel or in series, this leads to a sinusoidal current flowing through each circuit element 

in a form of Ielement (t) = Ielement sin(wt + rPelement) . 

(i) 	 For positive rPelement value case, draw Ie,ement(t) vs. (wt) diagram for at least 

one period and indicate/label Ielement & rPelement on your drawn diagram. 

(3 marks) 
(ii) 	 Since Ielement (t) = Ie/ement sin(wt + rPelement) is the imaginary part of 

ie/ement (t) = ielement e
j
wt where i =R ,then what is ielement in terms of 

Ielement & rPelement and also what is the main advantage of using complex scheme 

to solve sinusoidal driving voltage source circuit problems? ( 4 marks ) 
(b) 	 Connect an AC voltage source Vm (t) =Vo sin(wt) to a RC circuit in series as shown 

below: 

- ....~): I(t) 

~ [~(t;r 
c 	 V~(t) 

1 

The circuit equation is V;n (t) = R d Q(t) + Q(t) ...... (1) where I(t) = d Q(t) . 

dt C dt 
jwt Qe jwt

(i) Substituting V;n(t) & Q(t) by Vo e & respectivelyintoeq.(l)to 
~ 

solve for Q in terms of Vo , R , C & w and show that 

~ 	 VoQ= ...... (2) 

. R 1

1 W +­

C 
(4 marks) 
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Question five (continued) 

(ii) Convert Q in eq.(2) into its polar form, i.e., find the magnitude and phase angle 

of Q in terms of Vo , R , C & OJ and show that 

Q== Qc e i 
¢c where 

VoQ = ...... (3)
c 
Jm2 R2 + _1_ 


C 2 

lPc =-tan-J(mRC) ...... (4) 

(5 marks) 

G =IV~ (t~ (~ J(iii) 	 The gain of any AC circuit G is defined as 
I~n (t ~ Vo 

deduce that for our given circuit 

1


G 	 . ..... (5) where OJ =2 1C f 

(4 marks) 
(iv) 	 Calculate the values of G for the two quite different input frequencies 

f =600 Hz & 600 kHz respectively if given R =100 n & C =5 pF. 
Compare these two results and explain why this circuit serves as a low-pass filter. 

(5 marks) 
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Useful informatios 
e=1.6xlO- 19 C 

me =9.1 X 10- 31 kg 

Po = 4 7r X 10- 7 H 
m 

&'0 8.85xlO- 12 F 
m 

#s E.ds=! HIv Pv dv 

# B.ds=-O 
&' 

s. 

( E. d I = - :t (IIs B. d s) 
( B. dI =p IIs J. ds + P &' :t (IIs E. ds ) 

- - P'V.E=_v 
&' 

V.B=O 
- - aB'VxE=-­

at 

'VxB=pJ+p&' aE 
at 

J=aE 

#s t. ds =- #{ (V. t)dv divergence theorem 

( t. dl =- IIs (V x t). ds Stokes'theorem 

V. (Vx t)=O 
Vx(Vt)=O 
Vx (V x t)=- V(V. t)- 'V 2 t 
Dt - at - a - at - at - 1 at - at 
v =e -+e +e -=e -+e --+e ­

:r ax ay z az p ap ~ p arjJ azY Z 

_ a_I at _ 1 a 
=er +ee --+ e ar r ae ¢ r sin(e) arjJ 

- - a(FJ a ) a(FJ 1 a(Fp p) 1 a(F¢) a(FJ
'V.F=--+ +--=- +---+-­

ax ay az p ap p arjJ az 
= 1 a{Fr r2) + 1 a(Fe sin(e)) + 1 a(F¢) 

r2 ar r sin(e) ae r sin(e) arjJ 
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vx F == ex (O(FJ _ o(FJi + e (O(FJ _ O(FJ) + e. [O(Fy)_ O(FJJ 
oy oz) y oz ox . ox oy 

= ep(O(FJ o{F? p)J+e [O(Fp)_ o(FJJ + ez (O{F? p) _ O(Fp)J 
p o¢ OZ ? OZ op P op o¢ 

== er [O(F? rsin(O)) _ o(Fe r)]+ ee (O(Fr ) _ o(F? rSin(O))]+ (O(Fe r) _ O(Fr )] 

r2 sin(O) 00 o¢ r sin(O) o¢ or r or 

where F=ex Fx +ey Fy +ez Fz =epFp +e? F? +ez Fz =er Fr +ee Fe +e? F? and 

dl =e dx+eydy+ dz=epdp+e? pd¢+e dz=e dr+ee r dO+e? rsin(O)d¢x z r 
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