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Question one

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

N

|

d 4 - X

where A isthe plate surface area, d is the plate separation and ¢ is the dielectric
constant of the insulating material layer in-between the two plates.
6] From V2 f(x)=0 with boundary conditions of f(x=0)=0 and

f (x =d ) =V, , find the specific solution of f(x) , (4 marks)
(i) find E from f(x) obtainedin (a)(), (3 marks )
(iii) find p, on x=0 and x=d respectively. Then find the total charges on

both surfaces with surface area A4 and show that they are equal and opposite .
(5 marks)



(b)

Question one (continued) 142

For an electric dipole situated at the origin , i.e., + g situated at z = —2— & - g situated
at z=- % along z-—axis, the electric potential @ at the space point P: (r ,0, ¢)

due to this dipoleis ® =, + ®, where O, = 9 and D, = -1
4r7e, R 47e, R,

b

as depicted in the following diagram

£%

(1) for r>>d ,use R =r- g cos(d) and R, ~r + % cos(@) , deduce that

D= —B&(GZ where p=gd is the electric dipole moment .
drmeyr

_ (7 marks)
(i) from @ 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=—2L (2 2cos(6)+8, sin(9)) (6 marks )
dreyr



Questin two 143

(a) A static current / flowsinthe n, turntoroid [/, wiring around a iron ring core of

magnetic permeability x with the rectangular cross-section area (b - a) x d as shown
below

(1) use integral Ampere’s law , choose proper closed loops to find ]§ ~ interms of
p ., n , u & I withintheironcore,ie., a<p<bhb & 0<z<d region,
(7 marks)

(i1)  find the total magnetic flux ¥, passing through the cross-section area (b - a) xd

of the iron ring in counter clockwise sense, i.e., L B e d5s where

S:a<p<bh,0<z<d & ds=a,dpdz,intermsof a,b,d, n,u &I .

( 6 marks )
(iii)  find the external self-inductance L, of the toroid wire /, in terms of
a,b,d , u & n,. (3 marks)

(b)  Placing a single turn secondary coil /, around the iron ring , if the toroid wire [, carries
asinusoidal current of I, sin(w?) instead of carrying a static current I , find the induced
em.f. V,(t) fora single turn secondary coil /, intermsof a,b,d,w, n , u &I,
under quasi static situation . If a=7 em , b=10 cm ,d=2 em , n, =100 ,
f =300 Hz , £ =4000 , and I, =2 A ,compute the amplitude of V, (t)
(9 marks )



Question three me

(a) For the time-independent (or static) case , setting B=Vx4 and usingk Coulomb’s

gauge , i.e., Ve 4 =0, to deduce the following Poisson’s equations for 4 from

Maxwell’s equationsas V?A=—uJ . (5 marks)

(b) A straight thin conducting wire of length 2L carries a total current I along +z direction
as shown in the diagram below :

)

(i)

3
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L 14k
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PP do)

find the z-component of vector potential A ,ie., A, ,due tothe above given

z 9

current at a point P:(p,q, 0) by evaluating the following integral

and show that

yoldz_zj-L My Idz

L

A = = —fo e

R vy ek Sy e
A:'uol In p2+L2+L

2z o
dtan(a)=sec*(@)da & 1+ tan’(a)=sec’(c)
Isec(a) d o = In(sec(a) + tan())
From B=Vx A and knowing A4 ,=0= 4, find the magnetic field B atthe
point P due to the above given current. In the case of L >> p , show that magnetic

- ~ 1
field B obtained here can be simplifiedto B =4, 2#0 .
7 p

(10 marks )

(Hint : )

(10 marks )
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(b)

Question four s

Starting with the following time harmonic Maxwell’s equations for a material region
represented by parametersof 4 , € & o as

(¥ l—:,:(F) =0 IR )
VeHAF)=0 (2)
V x E(F):—-ia),uI:I(F) ...... 3)
VxHF)=(c+iwe)EF) - (4)
and further assuming that E ) & A (F) are functions of z only,i.e.,
EF)=a, B,G)+a, £+, BE) ©
I_:}(F)=Zix H (z)+ a, ]:Iy(z)+ a, H(z) - (6)
deduce that E, (z)=0= A, (z) and
)
‘—idE—"z(Z)=—;72 E:(Z) where }7=\/(a)2,u£—ia),ua) , (12 marks)
V4

An uniform plane wave travelling along + z direction with the field components of

(E..H y) has a complex electric field amplitude of 80 ¢'*” Y and propagates at
m

f=6x10" Hz ina material region having the parameters of u=y, , e=4¢, &
c

—=0.6 ,

W E

@) Find the values of the propagation constant 7 (= a+if ) and the intrinsic wave
impedance 7 for this wave . ) (5 marks)

(i)  express the electric and magnetic fields in both their complex and real-time forms,
with the numerical values of (b)(i) inserted , (5 marks)

(iii)  find the values of the penetration depth , wave length and phase velocity of the
given wave. (3 marks)



Question five

Nk

;1) ,operatesat f =10° Hz , is normally incident upon a

A A

An uniform plane wave (E R

lossless layer of d, (: %2—) thickness with parameters of (u =, ,£=9¢,) asshown below :

W%«m/ Q/o,éao"d /?%MZ (Mo, 965, 6=0) /4?7@3:% @0‘=o)
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0, , 0, & 0, are the respective origins for Wregion 1,2 & 3 chosen at the first and second
interface . (Both region 1 and region 3 are air region.)
(a)  Define for the i region (i =1,2,3) the reflection coefficient I',(z) and the total wave

impedance Z, (z) and deduce the following :

7 () =15 1+fi(z) r _Zi(z)_ﬁi
Z,(z)=7, I-T ) and reversely T,(z)= —Z::—(z)—-l-_ﬁ,_ and (10 marks )

I(z)=1,(z)e*” =2 where z* & z aretwo pointsin i region
®) @) find the valuesof 7, , ¥, , 75 » 1, & A,, (note: 7, =71,=1207 Q and
o =a,=a,=0) (3 marks )
(ii) starting with f3 (z) =0 for the rightmost region , i.e., region 3 , and using

continuous Z at the interface as well as the equations in (a) , find the values of
Z3(0) > Zz(o) > I“2(0) > I“2(_ dz) > Zz(" dz) > ZI(O) & rt(o)

(10 marks )

14

if given E' =50¢""" = (2 marks)
m

(iii)  find the value of E:

ml



Useful informations

e=1.6x10""C
m,=9.1x107" kg
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C.HS Feds= @H‘V (v o F )d v divergence theorem Iy<

i Fedl = .[3 (-’ X }_7")0 ds Stokes' theorem
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where F=¢é F +é F +e, F,=¢ F +é,F,+e F,=¢ F +é,F,+¢e, F, and

dl =¢,dx+¢,dy+¢,dz=¢,dp+é, pdp+¢,dz=¢ dr+é,rd0+¢,rsin(0)d¢
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