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P331 ELECTROMAGNETIC THEORY 

Question one 

(a) 	 A very long thin conducting wire situated at z-axis and uniformly charged with line 
charge density PI , 

(i) 	 use integral electric Gauss Law and draw an appropriate Gaussian surface, deduce 
that the electric field at a field point outside the given thin conducting wire is 

where P is the distance from z-axis and 

• ep is one of the unit vectors in cylindrical coordinate system (2 +6 marks) 

(ii) 	 use <D = - JP • d I to fmd the electric potential at point P where Po 
Po 

is the zero potential reference point here taken as Po: (Po ,0,0) ,deduce that 

<I> = 2" 8, In(~) 	 (4 marks) 

(b) 	 Two long thin conducting wires parallel to z-axis and lying on the y =0 plane, i.e, 

x - z plane , one situated at x = - b and carries PI uniform line charge density and 

the other situated at x + b and carries + PI uniform line charge density as 

shown in the Figure.l ( on y =0 plane) and Figure.2 ( on z =0 plane) below: 
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(i) 	 Utilize the result in (a)(ii) and choose Po as the origin, apply the superposition 

principle to deduce that the electric potential at point P: (x, y ,0) IS 

<D = PI In({X + by + y2 J 	 (6 marks ) 
4 n 8 0 {x - bY + y2 

(ii) 	 Set ~x + b~: + <= K where K is a positive constant thus implies <I> is a constant, 
x-b 	 +y 

rewrite it to become a standard form of a circle and show that an equal potential 

surface is centred at (xo =b K + 1 , Yo =0) with a radius of R = i.JK I' 
K-l 	 K-I 

Discuss briefly the limiting cases when K ~ 0+ & K ~ + 0Ci. ( 5 + 2 marks ) 
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_~.Question two 

(a) 	 A steady current 1 flows in the nl (» 1) turns coil II wiring around an iron ring core 

of magnetic permeability f.1 (» f.10) with the rectangular cross-section area (b a) x d 

as shown below 

'[i, 
/, 
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lz 	

b 

1 
(i) 	 Set fI(p,rp,z) =elf H,,(p) (write a brief justification for this setting), draw an 

appropriate closed loop L and utilize the integral form of Ampere's law, i.e., 

{ iI • d f = {total 1 pass through S bounded by L}, to find H" (P) for 

a < p < b region. Then write down the magnetic field B for a < p < b region. 

( 2 +2 + 5 marks ) 
(ii) 	 Find the total magnetic flux \}1m passing through the cross-section area 

(b - a) x d of the iron ring in counter clockwise sense, i.e., 1B. d s where 

S : a s: p s: b ,OS: z s: d & d s=a" d p d z , in terms of a, b , d, nl ,f.1 & 1 . 

(4 marks) 
(iii) 	 Find the external self-inductance Le of II coil and the mutual inductance M 

between II & 12 coils where 12 is a single turn secondary coil. (5 marks) 

(b) 	 If II coil carries a sinusoidal current of 10 sin(mt) instead of carrying a steady current 

1 ,find the induced e.m.f. V2 (t) for a single turn secondary coil 12 in terms of 

a, b , d , m, ' f.1 & 10 under quasi static situation. If a =5 em , b =6 em ,nl 
d = 2 em , nl = 100, f 100 Hz , f.1 =100 f.10 and 10 =3 A , compute the 

amplitude of V2 (t) . (3 + 4 marks ) 
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Question three 

(a) 	 The integral form of equation ofcontinuity in Electromagnetic theory is 

#s J • d s= - :t(IIIv Pv dv) where V is enclosed by closed surface S 

(i) 	 Explain briefly each term of the above equation and indicate which law of Physics 
it describes. ( 3 marks ) 

(ii) 	 Utilize the Divergence theory to convert the above integral equation into the 
differential form of equation of continuity. ( 3 marks ) 

(iii) 	 Which term in the differential form of Maxwell's equations is the "displacement 
current" term? Explain in details why Maxwell deemed it necessary to include this 
"extra" term in Maxwell's equations. (1 + 6 marks) 

(b) 	 According to Coulomb's law, the electric field E at a field point , produced by a tiny 

charge Pv (,,) dv' at a source point " is E(r) =eR 
dv' 

where r , " & eR 
4Jl'cR 2 

are shown in the figure below : 

9f,«AQ; fK;.t; f I ( "It; ~ ~J') 
cl\r':;-J;('Jtd,f'

pi G-~~._ -< 


.-'-.......J.~:= r 
--l 
\-'-'\ 	 / ..~....'~ ~t~"'P(x,;J'J) 
y'\ D -.,.,-;: 


\ -' I ~R


'v r 
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From the superposition principle the electric field E at a field point r produced by all 

theelectricchargesis E(r)= HSe
R 
Pv(r')d~' ...... (1) 

'0' 	 4Jl' C R 

(i) 	 By direct differentiation, show that V(~) = - e ;2 where gradient operator R 

V is operating on field point (x, Y , z). 	 ( 7 marks) 
(Note: , = ex x + ey Y + e z , " =ex x' + ey y' + ez z' &z 

Ii ==, -,' = ex (x - x')+ e (y - y')+ e (z - z')= e R wherey z R 

R = ~(x - x'Y, + (y - y'Y ~ (z - z'Y 
{ 
_ _ (x - x) _ (y - y) _ (z - z 

I 

) ) 
eR=ex R +ey R +ez R 

(ii) 	 Take the minus gradient of f(r) = IIJP v (,,) dv' and use the results of (b)(i) and 
'<ii" 4 Jl' Co R 

eq.(l) to deduce that E(r) == - V(f(,)). 	 (5 marks) 
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Question four 
It(r 

An uniform plane wave is normally incident upon an interface separating two regions as . shown 

" " '" ,... E+ 1 '" Jbelow. The incident wave is given as E;l = E~ I e- rl Z ,H;) ;. e- rt Z and thus the( 

reflected and transmitted wave can be written as j;- +rl Z fr 
ml e 'yl 

respectively as shown in the figure below: • 

(a) 	 From the boundary conditions at the interface, i.e., both total & Hy are continuous at 

z = 0 , deduce the following 


E- = E~ + ih - rll 

ml ml ~ ~ 


'12 + 1]1 
 (11 marks)
~+ ~ + 2 rl2{Em2=Eml ~ ~ 

1]2 + 1]1 

(b) 	 Ifgiven E~l =100eio
o V , /=106 Hz ,region 1 ishavingparametersof 

m 

, &) = 4 &0 & ~ =o.sJ and region 2 is having parameters of 
01&) 

~=lJ,
01&2 

(i) 	 Find the values of ill & il2 (4 marks) 

(ii) 	 Find the values of E~l & E; 2 and express them in polar form. (7 marks) 

(iii) 	 What would be the values of E~) & E; 2 approaching to if the region 2 is a very 

good cop.ductive region? ( 3 marks ) 
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Question five 

An uniform plane wave (£;1 ,iI;I) ,operates at f =107 Hz, is normally incident upon a· 

lossless layer of quarter wave thickness d2 = with parameters of (u2 = Po '&2 =16 &0) as 
4 

shown below: 

• 

' & are the respective origins for region 1 ,2 & 3 chosen at the first and second 01 O2 03 

interface. (Both region 1 and region 3 are air region.) 
(a) 	 Find the values of /30 , Y2 (= a 2 + /3J& il2 . (5 marks) 

(Note: Y1 =r3 =i /30 = i OJ ~Po &0 & ill il3 = 377 =120;r ) 

(b) 	 Find all the 2 & [' values at two interfaces ,Le., ['3(OJ ,23 (03 ) 22 (02 ), 

['2 (OJ ' ['2 (- d 2 ) , 22 (- d2 ) , 21 (01) & ['1 (01) ( 10 marks ) 

(c) 	 Find the values of £:1 , £;2' £:2 & £;3 if given £;1 =100 e 
iOo 

V 
m 
(10 marks) 
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Useful informations 
1('0

e=1.6xlO- 19 C 

me = 9.1 x 10- 31 kg 

/-lo =41rxlO- 7 H 
m 

So =8.85 X 10- 12 F 
m 

OJ ..;-;;; 
a=-~- ffi 1
.J2 

ffi+1 
1 =3x 108 m 

~ /-lo So S 

, l ':~-'(:,l 
ry= 4]+(:.]' e 

ryo = ~	Po = 120 Jt Q = 377 Q 
So 

/30 =OJ ~ /-lo So 

#~ j;.ds= ~ HI Pv dv 

#s B. ds == 0 

fr j;. d f = - :t (Hs B. d s ) 


fr B. d f = /-l Hs j. d s+ /-l S :t (Hs j;. d s ) 


V.B=O 

- - aBVxE=---at 
- - - aE
VxB=/-lJ+/-lS at 
J=a-E 
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- - - - - - --

," /

D =6 E = 60 E + P & B = f.1 H = f.10 H +M 

#s Fed S == #fv (V eF) dV divergence theorem 

{Fed! == ffs (VxF)e dS Stokes'theorem 

Ve (V X F)== 0 

VX (V f)== 0 

Vx(VxF)==V(VeF)-V 2F 
Vf=e af +e af +e af =e 

x ax Y ay azz• 
_ af _ 1 af _ 1 

=e -+e --+e r are rae ¢ r sin(e) a¢ 

- - a(FJ a(Fy) a(FJ 1 a(Fp p)VeF=--+--+--=
ax ay az p ap 

1 a(Fr r2) 1 a(Fe sin(e)) 
=- + +-r2 ar r sin(e) ae r sin(e) a¢ 

VXF =e (a(FJ _ a(FJ] + e (a(FJ _ a(FJl + e (a(Fy)_ a(FJ] 
x ay az y az ax) ax ayz 

= ep (a(FJ _ a(F¢ p)] + e (a(Fp)_ a(FJ] + ez (a(F¢ p) _ a(Fp )] 

p a¢ az ¢ az ap p ap a¢ 


= er (a(F¢ r sin(e)) _ a(Fe r)] + ee (a(Fr)_ a(F¢ r sin(e))]+ e¢ (a(Fer) _ a(Fr)] 
r2 sin(e) ae a¢ r sin(e) a¢ ar r ar ae 

where F=exFx +eyFy +ez F =epFp +e¢ F¢ +ez F =er Fr +ee Fe +e¢ F¢ andz z 

d! =exdx+eydy+e dz=epdp+e¢ pd¢+e dz=er dr+ee rde+e¢ rsin(e)d¢ 
2 2 

z 

2 
z 

2 2
V2 f = a f + a f + a f =~ ~(p af] +_1 a f + a f 

ax2 ax2 ax2 p ap ap p2 a¢2 az2 
2 

=_1 ~(r2 af] + 1 ~(sin(e) af ] + 1 a f
r2 ar ar 

Z~()-~ l+r;(z)
i Z -1]; 1'\

1-f;(z) 
r;(z')=r;(z)e 2Y

;(z'-z) 

af +e 
p ap ¢ 

af 
-

~ af +e af 
p a¢ azz 

1 a(F¢) a(FJ+---+-
p a¢ az 

1 a(F¢) 

r2 sin(e) ae ae r2 sin2(e) a¢2 

f~()_Z;(z)-ry; & 
i Z - 1'\ 1'\ 

Z;(z)-1]; 

where z' & z are two positions in i1h region 
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