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P331 Electromagnetic Theorv I
Question one

A very long straight coaxial cable has its central axis aligned with z-axis, its inner and outer
conducting cable’s cross-sectional radius are a & b respectively and in-between the cables is a

insulating layer of permittivity ¢ , as shown below :
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(a) From V?f(p)=0 , ie. — y P J_g , with boundary conditions of
P
flp= b)=0 and f (p=a)=V, , find the specific solution of f(p) and show that
V.
f(p)=——2<(in(p)- In(p)) . (10 marks )

o

(b) Use E=-V [ tofind the electric field E in the insulating layer ,ie., a<p<b .
(4 marks)
(c) From p, =¢ E, find the clectric surface charge density p, on p=a and p=b

surfaces respectively . Then find the total charges deposited on both conducting cable
surfaces (1.e.,on p=a & p =b surfaces) of one meter length and show that they are

equal and opposite. (9 marks)
(d)  Find the distributive capacitance of this coaxial cable system intermsof a , b & ¢ .
(2 marks)



Question two

(a) For the time-independent (or static) case , setting B =V x A and using Coulomb’s

gauge ,ie., Ve A=0 , to deduce the following Poisson’s equations for A from

Maxwell’s equations as

Vid=-uJ . (5 marks)

(b) A straight thin conducting wire of length 2L carries a total current 1 along +z direction
as shown in the diagram below :
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find the z-component of vector potential A,ie , due to the above given

current at a point P : ( P9, O) by evaluating the following integral

L u,ldz L Uy ldz
A, = =2 —i2———  and show that
= .I.z—--L 471 R J;:O 4z ’22 +p2
Tl
g =tl [m{\/’; D ( 10 marks )
2r o

dtan{a)=sec’(a)da & 1+ tan’(a)=sec’(a)
Isec(cx) dao = ln(sec(a) + tan(a ))

From B=Vx A andknowing A, =0=4, ,find the magnetic field B at the
point P due to the above given current. In the case of L >> p , show that magnetic

g Hol
P2mp

(Hint : )

field B obtained here can be simplifiedto B = (10 marks )



Question three
Starting with the following Maxwell’s equations for a material region with parameters of

(u,e.0) as:

(Ve E(space,t) =0 e 1
Ve Ff(space,t) =0 (2)

1V x E(space,t)=—ya—H(i§—;‘ﬁ3.?i). ...... (3)
V x ﬁ(space,t) = o E(space,t)+ ¢ %(SW ...... (4)

(@)  setting E(space,t)= E(space)e'™ & H(space,t)= H(space)e'®* ,deduce the
following time-harmonic Maxwell’s equations :

Ve g’(space) =0 - (5
) ? ¢ i] (space)=0 - ©) ( 3 marks)
V x E(space) =—iou H (sp_ace) ------ N
| VxH (space)=(c +iwe) E(Space) ------ ®)
(b)  consider the space dependence of [:'«j & I;’ are on z Aonly , 1.,
Elspace)= E(z)=¢, E,(z)+¢, E,(z)+2, E.()
H(space)= A(z)=5, H.(:)+¢, A,(z)+2, A,(z)
deduce the following equations :
E_(z) = constant I 9
H (z)=constant .. (10)
dE .
y(z):ia),u A) e an
dz
dEx(Z)z-—z@g () (12)
dz :
A (z)=0 . 13)
dH (z . |
A ):—(a+ia)£)EI(z) ------ (14)
dz
EZH"(F) Aoriwe)E (z) (15)
dz
E (z) =0 (16)
( 10 marks)
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Question three (continued)

From equations in (b) deduce the following wave equatioﬁ for E ) (z) as

d*E p (z)
dz?

then by direct substitution show that

P:“y(z)= Ere 7t 4 P:’; e’ ...(18) where 7 =\/z'a)«;z(o' +iwe) and

E; & },3;',; are complex constants (represents + & - z complex amplitudes)

is solution to  eq(17) . (7 marks )

Substitute eq(18) into one of the equations in (b) and deduce that its wave partner
H . (z) is

H(z)=H e 7"+ H, 7" ..(19) where

~ L n_ n —
_ Em =+ Em — IO H sl as T}
T+ B octiwe
m m

=iou(oc+iwe)E (z) - a7n

(S marks)
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Question four

Given the following data for Cesiummetal Cs as:
Atomic weight = 132.9 gm / gm-mole
Density = 1873 kg/m’

.. 1
Conductivity o =4.9x10’ o at room temperature
m
6] Find the number of conduction electrons per meter cube, i.e., number density n, for
metal Cs if each Cs atom has one conduction electron. (4 marks)

(Hint : one gm — mole pure metal contains 6.022x 10  atoms)
(i)  Find the value of the mean free time ¢, for metal Cs at room temperature.

(Hint: ¢, = 2%, (4 marks)
’ 1 .

(iii)  If the applied constant electric fieldif E =4 N 100 V/m , find the saturated
drifting velocity v, of the average conducting electron of metal Cs at room

temperarure. (4 marks)

) - et, -
Hint: v, =———F )
2m

¢

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

(£, H , ) has a complex electric field amplitude of 100 ¢'* v and propagates at
m
f=5x10° Hz inamaterial region having the parameters of u=p, , e=4¢, &

e
€

1) I'ind the values of the propagation constant 7 (= a+ipf ) and the intrinsic wave

impedance 7 for this wave . (S5 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)
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An uniform plane wave (Ej‘ ,

lossless layer of d, [: %

ﬁ%;«}» / (4, €, =0

Question five

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

”%fmz (/za 9€, 0=0)

thickness with parameters of (u =y, ,£=9 &,) as shown below :
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0, , 0, & 0, are the respective origins for region 1, 2 & 3 chosen at the first and second

interface . (Both region 1 and region 3 are air region.)

(a) Findthevaluesof 7, , 7, , 7, , 7, & 4,, (note: 7, =7, =1207x Q and
oy =a,=a;=0) (4 marks )
(b) 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
Z,(0), 2,(0) , 1,00) , T,(-d,) , Z,(-d,) , Z,(0) & [,(0) (10 marks )
(¢) Findthevalueof E;, .E', . E , & E’, ifgiven E, =50¢* 14 :
m
(11 marks)



Useful informations

e=16x10""C

m,=9.1x10"" kg

o
m

Uy =4 7mxl

g, =8.85x10"% £
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ﬁs Feds= ﬂL-HV (6 o F ) dv divergence theorem

cj‘L Fedl= _[S (“ X 7)0 ds Stokes' theorem

§O(§XF =0

vx(-f)EO

Ux(VxF)=V (Ve F)-V? F

o pis 0,5 0 3 ;0 L 10f L 0f
Vf—ex6x y6y+zaz*p +e¢pa¢+e2 .

1R 1 oFsn), 1 olR)
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