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PART 1 : OBJECTIVE QUESTIONS (10 QUESTIONS, 20 MARKS )

Q1 (a) Two-point charges Q; = +1nC and Q, = +2 nCaret a distance apart. Which of
the following statement is true ?
(a) The force on Q, is attractive.
(b) The force on Q, is the same in magnitude as that on Q.
(c) As the distance between them decreases, the force on Q; increases linearly.
(d) The force on @, is along the line joining them.
(2 marks)

(b) Which of the following statements about electric flux density (D) in a dielectric
medium is true?
1. D is proportional to the applied electric field (E) and the permittivity of free
space (&,).
ii. D is equal to the applied electric field (E) times the permittivity of the
medium (€).
iii. D is proportional to the electric field (E) and the polarization vector (P).
iv. D is equal to the applied electric field (E) times the relative permittivity of
the medium (&,).
(a) 1&ii&iii
(b) i &iii
(c) i&iii&iv
(d) i&ii&iv
(2 marks)

(c) A closed Gaussian surface encloses three point charges with the value of +5 nC.
+5 nC and -10 nC. What is the electric flux through the surface?
(a) 10nC
(b) 20nC
(¢) 0C
(d) Cannot be determined.
(2 marks)

(d) In a conductor, the resistance increases as the temperature increases. What is the
prlmary cause of this behaviour?
i. Increased lattice vibrations.
ii. Frequent collisions between the lattice ions and the electrons.
iii. Reducing the electrons' mobility.
iv. Increased electron-electron collisions.
(a) 1&ii&iii
(b) ii&iii&iv
() 1&u&iv
(d) All of the above.
(2 marks)
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(e) What is the best solution to store the maximum energy in a parallel-plate capacitor
with a given battery (voltage source)?
i. The plates far apart.
ii. The plates close together.
iii. Increase the area of each plate.
iv. Reduce the area of each plate.
(a) 1&ii,iii
(b) i&ii
(¢) i &iii
(d) ii&iv
(2 marks)

(f) Electric current is generally caused by the motion of electric charges. Which of
the following statements are incorrect?
(a) Electric current flowing in a copper wire is an example of convection
current.
(b) The resistance of a conductor decreases as the uniform cross-section of the
area increases.
(¢) The conductivity of conductors and insulators varies with frequency.
(d) The electric susceptibility of dielectric measures the sensitivity of the
material to an electric field.
(2 marks)

(g) Maxwell's equations consist of four fundamental equations that govern the
behavior of electric and magnetic fields. Which of the following statements
wrongly captures the essence of Maxwell's equations?

i. Faraday's Law of Induction: A changing magnetic field induces an
electromotive force (EMF) in a conducting loop, resulting in a circulating
electric field.

ii. Bio-Savart Law for Magnetism: The net magnetic flux through a closed
surface is not always zero, indicating the absence of magnetic dipoles.

iii. Gauss's Law for Electricity: The net electric flux through a closed surface is
proportional to the enclosed electric charge.

iv. Ampere's circuit Law: The circulation of the electric field around a closed
loop is proportional to the sum of the enclosed current and the time rate of
change of electric flux.

(a) 1&iii&iv

(b) ii&iv

(c) i&ii&iiii

(d) All of the above

(2 marks)

() Which of the following Figure QI1(h) correctly represents the, I and

H configurations?
(a) a&b&ec
(b) b&e
(c) c&ke
(d a&d ' . S .
| F“EP -{’ ?ﬁ.ﬁ‘k (2 marks)
3
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(i) In a conducting material with a certain conductivity, the skin depth is found to be
6, at frequency f; and &, at frequency f,. If 8, > 8. which of the following is
true regarding f; and f,?
@ f[>f
® fi<f
) A=E
(d) The relationship between f1 and f2 cannot be determined from the given
information.
(2 marks)

() What is the major factor for determining whether a medium is free space, a
lossless dielectric, a lossy dielectric, or a good conductor?
(a) Attenuation constant.
(b) Constitutive parameters o, ¢, u.
(c) Loss tangent.
(d) Reflection coefficient.
(2 marks)

PART 2 : SUBJECTIVE QUESTIONS ( 4 QUESTIONS, 80 MARKS )

Q2 (a) Determine the F2 in vacuum, on a point charge 0> = 10C due to a point charge
Q1 = 2x107°C when Q, is at the point P, (2,4,5) and Q,is at point P, (0,1,2).

(6 marks)
b
o ; Qmmﬁ l<r<4
Given p, =< p?
0 r>0
Analyze the net flux crossing surface r =2 and » = 6 m.
(7 marks)

(¢) Three point charges Q; = 1mC, @, = —2mC, and Q3 = 3 mC are, respectively,
located at (0,0,4). (—=2,5,1), and (3,—4, 6). Determine the potential difference
Vpq- The point P is located at (—1,1, 2) and point Q is located at (1,2, 3).
(7 marks)

Q3 (a) Briefly explain the differences between convection and conduction current density.
(5 marks)

(b) A homogeneous dielectric (&, =2.5) fills region 1 (x<0) while region 2 (x<0)
is free space. If D4 = 12a, — 10a,, + 4a, nC/m?, Analyzes D, and 6),.

(8 marks)
(c)  Determine the capacitance per unit length of the infinite coaxial cable as shown in
Figure Q3(c).
(7 marks)
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Q4 (a) A “C’ shape conducting filament carries 10 A current placed on z = 0 plane
shown in Figure Q4 (a). Evaluate H at (0, 0, 2).
(10 marks)

(b)  Two infinitely long solid conductors whose cross-section is illustrated in Figure
Q4 (b). Both conductors are separated by 8 m. The wire centered at (0, 0, 0)
carries a current of 10 A while the other centered at (8 m, 0, 0) carries the return

current. Find H at (8 m, 4 m, 0).
(10 marks)

Q5 (a) The skin depth phenomenon is essential in understanding the behaviour of
electromagnetic waves in conductive materials. Provide a detailed explanation of
the skin depth concept and its significance in various practical applications. Your
answer should address the basic formulation with the aid of illustration. This
should also include the factors that influence the skin depth and their behaviours in

good and poor conductors.
(5 marks)

(b) Two conducting bars slide over two stationary rails as shown in Figure Q5(b). If
B = 0.2a, Wb/m?, determine the induced emf in the loop thus formed.
(8 marks)

(c) Wave propagation under seawater for submarine communication is a crucial
element in establishing reliable communication. Assuming that parameters o =
4S/m, e, =80, u, = 1, and f = 100 kHz, Calculate

(i) the phase velocity
(ii) the wavelength
(i11) the skin depth
(7 marks)

-END OF QUESTIONS —
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Formula
Gradient of a scalar
Cartesian Cylindrical Spherical
VV:a—Vat+ﬂaL+a—Pa Y= E-)V +i£aé+a_ba VV = a—Va +-1-?£a + _l iliar
ox " oy~ oz 6p pog~" o8z~ or r dy rsind dp ~°
Divergence of a vector
Cartesian Cylindrical Spherical
10 a
Vel =——(rV )+ —(V,sin@
- oV 5V aV = 1 @ 10V, ov. rgar(r ) rsinH@G( 7 )
VeV =—= VeV =——(pV, Jr——L+—= =
x & pap " pag e |1 W,
rsin@ de
Curl of a vector
Cartesian
— |oVv. 0V, ov. aV. ov, ov
VxV = Bl o Se—tlg | ————% g
oy 0z |~ 0z ox | ox oy |
Cylindrical
= ov, oV o pV. av,
Vx¥r= A0 a,+ L A a’+l (p ) a.
pop ez |7 | e dp |’ p| op 5;15
Spherical |
= o(V,siné 8 rv, o(rV, g
v L |2Fsing) ov, ool L ( )aﬁ,+l a(rv,) av, 5
rsin@ o6 o¢ r|sind 6¢ or |77 r| or 06
Laplacian of a scalar
Cartesian
2
VI = o V 0 12/+ oV
ar’ av oz
Cylindrical
217 21/
Vlyzl_a_ p@l +L16‘I_;+6I1
pop\  op) p op~ oz
Spherical
. . y
V‘V=i,a aV]+ 21_ i(sm(ﬁ’a—V]+ — 8-,
r-or\. o) rsin@ol 08 ) r7sin” 0 og°
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Differential length 4/
Cartesian Cylindrical Spherical

dl= dxa +dya, +dza,

dl = dpa,+ pdda, +dza,

dl =dra, +rdfa, + rsin ddga,

Differential normal area 45

Cartesian Cylindrical Spherical
dS = dydza, dS = pdgdza, dS =" sin0dfda,
dxdza, dpdza, rsinfdrdga,
dxdya, pdgdpa. .,
Differential volume av
Cartesian Cylindrical Spherical
dv = dxdydz. dv = pd pdpdz dv = r’ sin 8drd Od ¢

Electrostatic

Q= [ pdi Q= [p,ds 0= [ pdv
= — F s di
Fl:l: Q1Q22 a[') E:f‘_ E: p! =,

dgers =7 Q drzer

T R;dé; ; Ezjﬂg D=spoLow

drers” drer” S
EZE(JEr V/c-,-:IE.dE lp Qenc__-%B d.§
— = = W 0

—: V,,=—| Eedl=— V =
p,=VeD AB j'A 0 drer
dl i i

V= |25 _ﬁfE-dle VxE=0

der

E=-V¥ VI =0 Vi = %

¥ plt - 3 B

R ™ sk I=[JedS=Js J=oE=pu

oS S

p, = ne & =1+7, P=z5F

p,=Deg,=D, Pp=Pea,=P, V=Ed
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Electrostatic Boundary Con

dition (Dielectric-Dielectric)

R - = — D,
E=E +E D=D, +D tan6’=_’=-F’ j
tané, ¢,

Elr — E2r ‘l)]n = D2n tan 9; = gr:
1 =2

. _ B, D, _D, w, =l

€.y £ & 2

r2 rl 1 £ WE:J-}vedv

Electrostatic Boundary Con

dition (Conductor-Dielectric)

E=0 p,=0

D =g, E =0

o-r

Dﬂ = gﬂngn — pi‘

Electrostatic Boundary Con

dition (Conductor-Free Space)

g =1

D, =&,E,=0

D=gk =p

an

Electrostatic Boundary-Value Problems (Resistance and Capacitance)

Parallel-plate Capacitor

R=K= fE;dln zgzsgsiE.c-is 0 s .
I ¢oE.dS V. [E.dI V=g =
Coaxial/Cylindrical Capacitor Spherical Capacitor
Parallel-plate Capacitor In b " 1 1
T e ey . S Y g m §
Ve=aV =39 =3¢ 2] Bl y 11 i
a a b

Spherical Capacitor

RC=%<
ag
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Magnetostatics
— IdfxR e g = gy o
it Id? =7.dS = Jdv VxH=J
4z R
Hz‘——(COS(ZZ—CDSQi)g" 1&‘11(.‘=§ﬁd2-=f];d‘§ ,//u::deS:BS:J‘BdS
¢m=§§-d§=0 'L/Jm=fj.dl— V.B=0
B=yH o e - 11 10
‘E‘ Pl - ’ 47R
/
= o = == = o
Vid=—-u J F=Q(E+uxB):mE dF =Idix B
ey LR e s A — o ']
T=rxF=mxB m=[Sa, :_ﬁZEpg’ ({ =0}
Time Varying & Faraday Law
oy —0B =8 e
Vo= BB = —ed8 Vg = [ (uxB)odt
- 8D o g =
1= g ed8 M L i el B
s= [Ty Ji=— %Ea’l dthds V-1
Wave Propagation
2 2
2 wE 2 we
Tangent Loss B o
£
z.c:tanZtE?',,=i tan@:i:_'j’ "71: 2
& weE JJS 4 1+ i]
weE
Complex Permittivity
' = B el
E,.=&—JE =6—j—
@
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Derivatives
4 jop, v =1%8at AU 4 y-1du 4 - ma?Y
& U dx dx U dx dx dx
d d ; d )
— "=e"—U ismU=cosU—U icosUz—smUd—U
dx dx dx dx dx dx
d . dUu .
—d—tanU=seczU—U- isth=:coshU— —d—coshU=sth£
by dx dx dx dx dx
d 5
—tanhU =sech” UEIE
dx dx
Indefinite Integrals
J ax ] ax )
IeUdU =" +C je dU =—¢ Ixe“"dx:ez (ax—l)
a a
2 ax 2" ¢ 2 o : 1
J'xe abcz—s(a X -2cnc+2) jln xdx=xIlnx-x jsmaxdx=—-—cosax
a a
1. 1 1
Jcosaxdx:—smax+c Itanaxdx=—lnsecax=——lncosax
a a a
J'sinlaxctr=£~5m2ax+c Icosz e = = 4. 28 2ax+c
2 4a 4q
1 ; o :
J.xcosambczﬁ(cosax+axsmax) e sinbxdx = Ze s(asinbx —bcos bx)
a a +b
i g .
je cos bxdx = gy (acosbx +bsinbx) Ixsinardxza—lz(smax—axcosax)
doe 1 In ( " ) fsin . dx_sin(a— b)x _sin(a+b)x
Jsecax —; secax + tan ax 2a—b) 2a+h)
. 1 : cos(a—b)x cos(a+b)x
h axdy = — 5 sin ax cos bxdx = -
jsm axdx - cosh ax J- 2a—b) 2a+b)
1 sin(a—b)x sin(a+b)x
= CoSs ax cos hxdx =
Icosh axdx . sinhax +¢ _[ 0S X 2a—b) 2a+h)
_[tanh axdx:l]n cosh ax J zdx = -—-ltan“’£+C
a X +a a d
xzdr 1 X de 1 2 2
— — i = —l b C
".x2+(12 R a+C '[x2+az 2“(‘" +a)
‘[ xde 1 +C x'de | e x| = e
2 2 - \/x2 +aq° 'f A n a a 2 2
(x i )2 (x2+a2)1 Vx“+a
dx x/a’ dx 1 X L. 5%
-[ _3,=\/2 2 2 1-‘-:’)3( 2 2+-tan’—J~+C
(x2+a2)2 x' +a (x'+a’) 2 \x"+a" a a
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