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Attempt Five questions in all. Question No. 11is compulsory.

All questions carry equal marks.

1. Attempt any five of the following :

(@) Show that the electrostatic field s conservative in nature.

en space is represented by V= 3x + Sy - 62

() The electric pbtential in a giv
n the given Space.

Show that the electric field intensity i uniform everywhere'i

(c) Prove that the electrostatic €nergy of a capacitor of 'capagifance C charged to

a potential V is given by (3)CV2

meter 10 be ballistic ?
P.TO.

for a moving coil galvano

(@ What are the conditions




o

(2) 1582

() What is Lenz's law 7 Show that it is in accordance with the law of COnserytisg,

of encrgy.

(/) What is the physical significance of solenoidal nature of magnetic field 7
(¢) Why a parallel resonance circuit is called a rejecter circujt 2 573=15s

(@) An alternating emf is applied to a circuit having an inductor, capacitor ang
resistor in scrics. Obtain the expression for impedance and . instantaneous currens

in the circuit. Discuss graphically the variation of current with frequency for

different values of resistance, What is the utility of such a circuit ? 10

(b) State and exp!ain Thevenin’s - Theorem with the help of relevant circuit diagrams. 5
(a) State and prove Gauss’s flux law in electrostatics. Obtain its differential form. 10

(b) A spherical charge distribution is given by P(r)=P(0)(1-§) for r < R and

p(r) = 0 for.r > R. Here p(r) is the volume charge density and p(0) is
constant. R is the radius- of the sphere and r is the distance from the centre

of the sphere. Obtain an expression for the electric field intensity E at a point

inside the sphere.
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(@)

(b)

()

(@)

(b)

(a)

(3
1683

\What is meg ' i
meant by polarization of a dielectric

l, : ¥
! Explain with reference to the

case when a dielectr
ielectric slab is
¢ slab is introduced between the plates of a parallel plate

capacitor,

Show o PP
that ¢ =q1 k) Where the symbols have their usual meaning. 5

Define the terms clectric susceptibility and relative permittivity. Obtain the relation

between them. -

State and explain Biot-Savart’s law. Obtain an expression for the magnetic flux

density at a point due to an infinitely long straight current carrying conductor. 10

An electron circulates around a nucleus in an orbit of redius 5.1 x 10" m at

a frequency of 6.8 x 10'S revolutions per second.. Calculate B at the centre

of the orbit. : , 5

Show that the Ampere’s circuital law is modified in the presence of a material.
Obtain the relatiori between B, M and H \_\(}rere the symbols have their usual
meaning. - 10

P.TO.

s
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(b) A solenoid 2 m long with a mean diameter of 0.05 m has four layers of 100¢
|

tuns of wire cach. Calculate the magnetic flux density at its centre when
4

-current of 2.5 A flows through it. Also calculate’ the magnetic flux at centre,
(0 = 4n x 107 H/m). - s
7. (@ Show that the charge passing through a ballistic galvanometer is given by
: T
Q=55
where the symbols have their usual meaning.

(b)) Find an expression for the self inductance of a solenoid.

1583
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Attempt Five quesﬁons in _ali.

1

Questiori No. 1is ,compulsbry’.

All questions carry equal marks.

o Attempt any five of thevfollowing : 5%x3=15

@ A resonant a.c. circuit has an inductance L = 0.1 mH and capacitance C =1 pF. Find

the frequency of oscillations.

(b) An equilateral triangle of side 1 m_hasvth'ree positive charges 1 x 1070 C,

2x 1079 C and 3 % 1072 C respectively, arranged at the corners. Find the poténtia\

- at the centre of the tn'a_ngle;
P.T(
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2 D
( 6228
I 1 dielectric completely fills the space between the plates of a parallel plate ca

il
C]tor’
] a I3 ™ A} 1 b i 4 ric aS :
show that the induced charge varies with the dielect

1
q=q(1-;)

where the symbols have their usual meaning.

Prove that the magnetic energy of an inductor of inductance |, carrying 3 Curren | i

given by :

Prove that the work done in r'noving.a charge from one po‘inf to the other in

field is path independent. ,

value of the' capacitance C required to be put in series with the combination to obtain

maximum current when the circuit is connected to 200 Vv, 50 Hz mains, Also obtain

the maximum current,



(@)

)

(@)

(b)

(@)

(b)

- (b)

(3) . , 6228

Establish the relation between | and V.,

Show that the potential duc to a uniformly charged circular disc falls off from the centre

to the edge of the disc. Derive the necessary expressions. Also find the value of the

electric field at the centre of the disc. ‘ 10

Obtain an expression for the electrostatic potential energy for a system of 7 point’

charges. , . - 6

Obtain the generalizcd form of Gauss’s law for a linear homogeneous isotfopic dielectric

medium. Define E, P and D and obtain the relation between them. 9

Show that a current carry.ing loop placed in a uniform maghetic field is Equivale_nt to
a magneti‘c"dipole. Obtain its fnagnetic dipole mo;nent. Prove that the result is independent
of the shap.e of the loop. : 9
Using Biot-Savart’s law, -prove that div B = 0. Explain its physical significance. 6
Explain the terms hysteresis, retentivity and coercivity with reference t<; the B — H loop

of a ferromagnetic material. | | 6

Show that the area of a B-H loop denotes the energy dissipated per unit. volume of

the material during each cycle of magnetization. 9

P.T.O.

e ——— R L S
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6228
(@) State and explain Faraday’s laws of electromagnetic induction, Prove that
' 9
crlE=-3B
ot
(b) Define charge sensitivity and éument sensitivity for a ballistic galvanometer and Obtainlth
' ¢
relation between them, :
¢
]
6228
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Attempt five questions in all.

. Question No. 1 is compulsory.

Use of non-programmable scientific calculator is allowed.

? |, Attempt any five of the following : 5x3=15

|
|

(@) Show that electrostatic field vector is conservative.

(5) What is the charge density on the surface of a conducting sphere placed in free space,

if the electric field near its surface is 1000 V/m ?

P.T.O.
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(€)  Show that the potential functions :

©)

("

©

(h)

(@)

(b)

©

®» V=2
@ V=2

satisty Laplace’s equation,

. . » ~ - ’ , .
Starting from Biot-Savart’s law, prove that B is a solénoidal vector,

72

By

Derive an expression for the torque acting on a rectangular loop carrying current placed

in a uniform magnetic field.

Establish the Rcciprocity.Rclation in mutual inductance.

For plane electromagnetic wave show that the intrinsic wave impedance of free space

is 376.6 Q.

Obtain the boundary conditions satisfied by the electromagnetic field vectors D and B

on the plane interface between two dielectric media.
State and prove Gauss’s theorem of electrostatics.

Show that in absence of any charge, div E = 0.

4

5 .
sing Gauss’s theorem, find an expression for electric field due to'an infinite line of charge

of li
= dens‘ty A ata perpendicular distance ‘e’ from i,

wn
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(@)

(b)

@

(b)

(©)

(a)

™
e

,( 8 9 6888

Define clectri i - '
¢ polential, Prove thay e electrostatic field at any point can be expressed
as'the negative of the gradient of potential at that point, 6

-

Derive ex i . P
pressions for electrostatic potential inside and outside of a uniformly charged

spherical conductor shel]. 9

Using Biot-Savart’s law calculate magnetic field near an infinitely long straight conductor

carrying current, 6

Calculate the magnetic field intensity at a perpendicular distance of 20 em from 2 long

straight conductor carrying a current of 20A. 4

State Ampere’s circuital law. Prove that
5B -3

Desgribc the construction of a moving coil ballistic galvanometer. Discuss the c;)nditions

under which it behaves as

()}  Oscillatory

(i) Dead beat

(i) Critically damped. 10

P.T.O.
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{ Derve a PRV s ,
¢ anexpression for the quantity of charge passing through a balligt;

_ “Histic

galvanometer,

{\. "v )\‘: \:\ ‘-- i % " i . . .
(@ Define self-inductance. Derive an expression for self-inductance of a long straigh
t

solenoid.

(5)  Show that the coefficient of self-induction of a circuit is equal to twice the work done

in establishing the magnetic flux associated with unit current in the circuit. - 6

(¢) What energy is stored in a maghetic-ﬁeld of a solenoid of self-inductance 5 mH, when

a maximum current of 3A flows throughit ?°~ - - 4

7. (a) Whydoes Ampere’s circuital law need modification in electrodynamic situations ? Wha

is the Maxwell’s correction to modify this law ? 5

(b) Starting from Maxwell’s equations in free space, obtain wave equations for electric and

= ' 6

-

magnetic field vectors.

(c) Assuming plane wave solutions, show that the electromagnetic waves are transverse in

nature. 4
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J perive Fresnel’s relations of reflection and transmission of a plane electromagnetic wave
in which electric ﬁelq vector is paralle] to the plane of incidence (conside; dielectdc.
dielectric interface). |

) Define Brewster’s angle. Why is it called polvarizing‘angle i

Physical Constants :

g0 = 8.854 x 10712 CIN-m?
o = 4 % 1077 Wh/A-m
e=16x 101 C,

cm3x 108 m/s

6888 4,000

FI———————

l N—————r LRSS S

"




el conlnins 4 pre

youl ’(()I[ NO, ovorervennne

D

p.Se, Prof al

pH-201 - I’HYSI(JS

Magnetism and [lectromagnetic Theory)
R ~.‘)" 1x /
Laptric!

( .
Maxinum Marks : 75

3 Hourd
;‘f;?:t‘ T
inite your Roll No. on the 0P immediately

on receipl of this question paper.)

Attempt five questions in all.

Question No. 1 is compulsory.

All questions carry equal marks.

;. Attempt any five of the following :

(2) Show that the electrostatic field is conservative in

nature.

(b) An equilateral triangle of side 1m has three positive

charges 1% 10°¢C, 2x107°C and 3x107C

respectively, arranged 2
potential at the centre of the triangle.

t the corners. Find the

(c)If a dielectric completely fills the space between
the plates of a parallel plate capacitor, show that

pP.T.O.
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. : .
. varies with the 4.
!1(‘ vat o dlcl
Ce

gO80
\ \r
induced ¢ h

1
q'= “(' ) E)

ave their usual Meani,
8.

the trig

cvnstm\t as

where the symbols h

. . magnetic energy of ap
(d) Prove that the mast™ a current [ j Hdug
» o .

of inductan by
(5:)LI:.

w 2 Show that it is in accordanc

(e) What is Lenz's la |

with the law of conservation of energy,

(D) Distinguish between linearly and circularly pojyy;,

waves.

(¢) Define numerical aperture, critical angle , .
acceptance angle in optical fibres. (3x5=15)

(2) State and prove Gauss Divergence Theoren of

2
vector analysis. | (10)
(b) Determine a unit vector perpendicular to the plane
of A=2i-6j-3k and B=4i+3j-k. 5)
3. (2) Obtain an expression for electrostatic potential

energy of a system of n charges. (10)



r

3
0“\“) e the above, obtain the CXpression for encrgy
(b) ldJS]qity in an electrostatic field. (5)
ens

Explain the phenomenon of polarization in g
@ dielectric medium, (5)
) D efine E, P and D and obtain relationship between
them. (10)

: (a) State and prove Ampere’s circuita] law, (10)

(b) Derive the expressions for the magnetic flyy

density due to a solenoid of N turng carrying
current I at a point

(i) inside
(1) outside (5)
6. (a) Explain the construction apg working principle of

a moving coil ballistic galvanometer.

(b) Define charge sensitivity and current sensitivity

of a moving cojl ballistic galvanometer, Obtaip the
relation between them

(10,5)
7. (a) State and explain Maxwell’s Equations. (10)
(b) Discuss their physical significance, (5)

Pl O
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& (n) State and explain Kirchoff's laws, )

(0 State and prove Maximum Power Tfﬂnsrcr

Theorem. | (1 0)

(1000)
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Unique Paper Code 32225101 : |
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Name of Course ¢ Other than p.Se, (Hons.) Physics: CBCS Generic ‘
' Elective Paper_1 '
Semester . ' H
Duration :3 hours
Maximum Marks“ : 175 _ 01 DEC 2015

(Wiite your Roll N, on the top bmnediarely on receipt of this question paper,)

Attemnpt four questions in qjj including Question .No. 1 which is compulsory,

L. Attempt any.six qﬁestiohs: | 0 - o -~ 6X5=30
. (@) Fing Vinr, w.here'7=Vx2+y2+zz.. P "-j | : |
(b)

I A=3yi-yj, evaluate f Adr, where C is a curve in x, y Plane, y=2¢* from

- (0,0)to (1, 2). | | | |

(c) DiStiﬁguféh between (i) dia-, (ii) ‘para- and (iii) ferromagnetic materials _‘
giv{ng_ one for each. ‘

(d) Derive the expression for the 'el'ectric field intensity at any point inside and

(e) Write Gauss’ theorem of eleétrostatics in integral and differen;ial forms.

(f) What s electric displaceément vector? Write down the relation: between
(8) Show that two parallel conductors carrying currents in_the same direction’
'(h) Show - that the ratig of the amplitude of the conldu'ction current and

() Distinguish between self ang mutual inductance.

() If the current in ap air core inductor having a self inductance 25x 19~ henry
oLt
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}Ju

1

Evaluate ff.\.nJS, where A=18A-12j+3yk and S is that part of the 1,
‘ .

2v4-y=6z=12, which is located in the first octant. 5

(a) Prove that the electrostatic ficld is a conservative field and hence show thay
it can be expressed as a gradient of some <cz'z]ar potential, 6
(b) Electric field in a given region of space is E= 5n+6}j+3zk. Find the volurge

charge density. 4

(€) The potential in a certain region is given as V =x*+4;+8z. Find the electric
field intensity at the point (1, -3,4). 5

Obtain the general expression for the electric potential due to an elecmc dipole,

Hence deduce the expression for the electric field at any point on equatorlal
6+9

plane.

(2) Using Biot-Savart’s law, find the magnetic field at any pomt on the axis of 2
a8 10

current carrying circular coil of radius a.

square loop of side 2 cm carries a current of 1-5 A, find the magnetic field

(®) ‘

at its centre.
2

) Show that the energy den51ty stored in a magnetic field i is D1ven by up= ﬁe 10

(b) Write the differential and integ_ral forms of Faraday’s law of electromagnetic
| - - 5

induction.

(2) Obtain the wave equaiions for the electric and magnetic field vectors in
vacuumn. N e : 10
, s

(b) Establish the transverse nature of E\/I waves. -

650
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~ Instructions for candidates

valliiicluding Question No. 1 which is poxﬁptnlSOry.

_All question carry equal marks, ‘ e .48

Ql.

Rt FALT o3 VST S e O
¢)' Two protons in a nuc

Attempt any five of the following; o s e e o :

a) “Convert ihtégrdl'M;pf Gauss Theorem of electrostatics in its differential form.

b) What is the charge’ ensity on the surface of a conducting sphere placed in free space

. ifthe electrostatic [j%if‘}g its surface, is 950 V/m? .. e e
WO | §'6f Uranium-238 are 6 fermi apart, what is thefe mutual

.(5x%3=15).

electric potential energy?
d) Show thatV-E = 0,

v.-e) - Derive the-relation.q" = ¢ (1 = -,1;) incase of a parallel plate capacitor witﬁ"diél¢cfric

Q2.

Q3.

Q4.

between its plates where q' is an induced charge and k is the dielectric constant. .
f) Show that the energy required to build up a current I in a circuit of self-inductance L is
SLi?,
g) State Kirchoff’s Laws for AC circuits.

a) Derive the expression for the electrostatic potential at an arbitrary point (r,0) from (10)
the center of an electric dipole 7. Hence find the expression of the electrostatic field at
that point. \ :

b) Determine the expression for torque on an electrostatic dipole placed in a uniform
electric field. Hence find an expression for its electrostatic potential energy.

(5)

a) Using Method of Images, find the expression for electrostatic potential and (10)
electrostatic field due to a point charge q placed near an earthed conducting sphere.

b) A uniformly charged sphere of charge density po and radius R is surrounded by a (5)
charged medium of volume charge density p = a/r where « is a positive constant
and r is the distance from center of the sphere. Find the volume charge density po of

the sphere for which the electrostatic field outside the sphere becomes independent of
r.

a) Obtain the generalized form of Gauss’ Law in diclectrics. Hence show that the (10)

1



s II

' B e a0
displacement vector D = €qF + P . ' | )
b) A metal sphere of radius @ carries charge Q. It is surrounded out to radius bbya (5)
linear diclectris material of permittivity € Find thy potential at the center of the sphere
P BEALY L L
( fado 1o m\l}

QS. a) State and prove Ampere's Circuital Law for an arbitrary closed path. Apply this law to
obtain the magnetic induction B ata point inside an infinitely long solenoid.
b) - A wire is shaped to a regular hexagon of side 2cm and carries a current of 2A. Find (3)
the magnitude of magnetic ficld at the center of the hexagon.

Q6. a) Starting from Biot-Savart Law, show that the magnetic induction Bcanbe represented i3)
as curl a of vector potential A. o .
b)- A circular conducting loop of radius 40 cm lies in the xy plane and has a resistance = (3)

of 20 £2 If the magnetic flux density in the region is given as B = 0.2 cos(500t) i +
0.75sin(400¢t) j +1.2cos(314t) k Tesla, determine the effective value of the
induced current in the loop.

c) - Show that the area enclosed by BH-loop represents the energy dissipated per unit - {5)
volume per cycle of magnetization. i

Q7. a) Discuss the theory of moving coil ballistic gaivanometer. Also discuss the condition (10)
under which it behaves as:
(1) Dead Beat

(ii) Oscillatory
b) Using Thevenins’ Theorem find out for what value of Ry maximum power is (5
transmitted in the following circuit: )
30K ':./({I/(\'
T |
120V —" 0K RL

What is the power dissipated in R, when matched?

Values of Constants :

€0 = 8.85 X 10712 (2 /Nm?
Ho=4m X 1077 W /Am
Charge on proton: 1.6x10°"
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Unique Paper Code : 22%203 E
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Semester o { |

Duration : 3 Hours | l\fIaximum Marks: 75
.ﬂyrile your Roll No. on the top imm'ediately on re(:eipi of this c.]m‘.’stz_'(.m paper.)
Attempt Five questions in all.
Ql;estion No.. 1is compu150ry.
All'questions carry equal marks.
Non-programmable calculators allowed.
1. Attempt any Jive of the following questions : 3 | - X3=15

(@)  Show that the line integral of electric field is independent of the path.

(b) Determine whether the electric field produced by the potential V = 50x2 - 75}; in a

given region of space is uniform or not,
(c)  Define equipotential surfaces. Can two equipotential surfaces intersect ?

(d)  The magnetic flux through a circular loop varies with time  as 0.033 13 Weber. Calculate

the induced emf in the loop at ¢ = 1 millisecond.

P.T.O.
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(a)

®)

(a)

(2)

he terms magneto-motive force and reluctance.

For & magnetic circuit. explain t

Draw hysteresis cune for materials suitable foruse () n a transformer. (ii) as 2 péTmaner,

magnel.

and left of the mean position in the case o

The successive deflections to the right
d 24.8 cm respectively. Calcula.

ballistic galvanometer and found to be 25.0, 24.9 an

the loganthmic decrement.

Show that the capacitance of 2 spherical conductor of radius a enclosed by an eartheg

concentric spherical shell of radius 5 is given by :

- ab
C =4ng g

A point charge g is placed in front of an earthed conducting shpere of radius R at 2
distance d from its center. Determine using the method of iméges, the electric potential
5,1

at a point outside the sphere.

State Gauss's law in electrostatics. Deduce its differential form.
Derive an expression for potential and electric field at a point (r, 6) due to an electri
dipole. » D ] s

State and prove Thevenin’s theorem.
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(t‘)

00 (@)
- (b)Y
(@)

6. (a)

(-3 )

) .\ . : l

‘ \ Ol H V‘ \ lllCl(\nCL 0.‘6 “li[
3| B \ N \\‘ W eted 0 A \\’“h | ‘.(“‘ hl\ “\g inc

and resistance 20Q. Caleulate the

() resonance trequency and

(@)  circuit impcduncc‘m resonance, ' 744
State Biot-Savart’s law, Derive an expression for the magnetic ﬁc;.ld at a point due an
infinitely long straight current carrying conductor using Biot—S;waﬁ‘s law.

Define magnetic susceptibility aﬁd permeabiiity. Estab\ish\a relation between them.

A circular coil of 100 turns has an effective radius 50 em and carries a current

0.10 amp. Calculate the amount of work required to turn the coil in an external uniform

magnetic field 1.5 Weber/m?2 through an angle of 180°. 843

Define magnetic vector potential. Derive an expression for the magnetic vector potential

due to a current loop of an area q carrying uniform current 1.

PTO
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7.

( 4 )

(» Prove that the energy stored in a magnetic field is given by

;fn.n d

where volume integral is taken over all space.

(@) Differentiate between dead beat and ballistic galvanometer.

13

(3) A capacitor charged to 2 volts is discharged through a ballistic galvanometer. Cae,y.
TYidle

the capacitance

current sensitivity of the B.G. is 4.54 x 102 mm/pA.

(¢) Two inductances L,

between them, show that their effective inductance, Le is given by :

off " L+ Ly £ 2M

if the corrected deflection is 9.6 cm and the time period is 12 sec. Th

and L, are connected in parallel. If M is the mutual inducta,

3,5";

2,200

Y

L
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Attempt Five questions in all.

uestior fe e |
Question No. 1 js compulsory. Attempt four

q-uestions from the rest of the paper.

-Programmable scientific calculator is allowed.

Attempt any five of the following ;- e 5%3=13

- A 3 ] ST SR
(@) Show that E = E{ is an irrotational vector. -

(b)

Drawfand compare the electric field lines for : . . | i )

(i) Equal and.opposite charges'separal¢d by a e e

(i) - Equal positi've charges separated by a dislance s

Differentiate between circularly and elliptically polarised light.

Prove that reciprocity theorem for coefficients of mutual inductance.

A current of 2 A ﬂo“}/iAng ﬂlfb(lgh a coil is cut-off 'c‘ompletely in 0.2 s. Calculate the

e.m.f. induced in the coil if it has a self-inductance of 0.06 H.

PTO.
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)
(2)

(@)

(b)

(a)

(b)

(2 ) 1531

Derive the continuity equation and discuss what it signifies.

A light ray is incident from ‘air’ into ‘paraffin’. Find the Brewster’s angle. (Refractive
index of paraflin is \/3)

Derive the diflerential form of Gauss’s law. How would you interpret it to understand

that electric charges act as sources and sinks of electric field lines when placed in some

6
volume ?

A’long solid cylinder carries a charge density proportional to the distance from its

i ic fie ewhere inside the
axis as p = kr, for some constant £. Find the electrostatic field som

: 5
cylinder. : v 4 : ‘

The electric field in a region is given by E 3 + 927 ; - Calculate the electric ﬂux due

to this field through the face 1 and face 2 for a cube of side 0.5 m : 4

fFace1s

Write the expression for electric field at a point P-lying inside and outsrde a uniformly

charged sphere of radius R having a total charge Q at a distance r from its center Calculate

the electric potential at P (inside and outside) from it. , 7

Determine the electrostati-c potential energy of a systern of n-point charges 5

The electnc potentral ata pomt (x, 3. *) Isgiven by V =3yz — 2. Fi ind the correspondmg
electric field E

3

o e
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Lsing the Biot-Savart’s law, find the
~ k)ftv: $o . e
PeT unit length between two long paraliel wires

and !, in th
c T s - .
Same direction separated by a distance ‘a’.

carrying current L
7
A circular wire of radius £ = 3 ¢

Camies a current | = 20 A in clockwise direction.

what magnetic field will be observeqd :
SXTved at a distance d = 4 em along the axis from the
center of the wire ?
4

Jharpe ¢ Moving initially ws )
A charec ¢ & Initially with velocity 3k m/s enters a region with electri

= = ] \Tl’ and 1 & - M
E =10 ¥/m ahC magnetic field, B = 20 + 100 / T. What value of o will the

Lorentz force on the charge be zerg °

field.

)

4

A Ballistic Galvanometer is given a current i for a short time duration Az . Show that

the deflection 64 is given by :

_ NABQ
VeI

where N is the number of turns of the coil, A is area of the coil, B is the magnitude

%

of the magnetic field, Q is the total charge delivered by the transient current. [ is the
moment of inertia of the BG coil and ¢ is the Ballistic constant. Hence. define the charge
A rectangular coil of length / and b'readth.b frez to rotate about the x-axis is placed
in a uniform magnetic field with direction along the y-axis. If a constant current 7 is now

passed through the coil, find the total force and the total torque exerted on the coil by

the magnetic field. -~ .~ - ' | ‘ 7

. ._) . - ) " - .
A magnetic vector potential A is given by 3x% . Obtmn'ﬁ, the magnetic field at a

point 2;3,1)° °% e c -3
~ ~  PTO.



0. (@)

)

7. (a)

-

(B)
(©)
8. (a)

(b

12,91

- and magnenc field vectors and find the expressxon for the velocity of t:M wave in the

- incident normally at a plane interface separating the two dlelectrlcs 7

v 2

( 4 i

) 15311

|

Prove that : "
—

= 0B |

curl E = - — |

ot |

What is the significance of Lenz'’s law ? ' 5 |

!

Show that the energy density associated with each point in space where the magnetic |

el 3 b
feld is B is given by : 1
1

' 3

where symbols have the usual meanings. 6
Find the energy stored in the magnetic field of a sectxon of length I of along solenold 4

Explain the inconsistency of Ampere s Circuital Law and explaln how it can be removed.

|
i
|
|
!
3
What is dlsplacement current ? - ‘ , 6E

Using Maxwell’s equations in dielectric medlum obtain the wave equations for the electric

Prove that the electromagnetlc waves are transverse in nature. 3

- = o

__% .
Obtain the boundary conditions for . D B and ‘H at the interface between two
dielectrics. - _ 8

Derive Fresnel’s relatlons for reflection and transmission of a plane electromagnetic wave
i

Physrcal Constants :

= 8.85 x 10712 C2/Nm

a

o = 4m X _10“7-Wb/A_m
c = 3( x 108 m/s .

=16 x 107 C

4 _ ) 40f
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Attempt four questions in qjf including Qucs{ion No. 1 which is compulsory.
L Attempt any six questions: e 6x5=30
. (@) Fing vlnr, Where 7= Vxttyli? -

)

©
(d)

(e)
()

(8)
)

(1)

If A=3.\yi—y2j, evaluate f A’dx", where C is a curve in x, y Plane, y=2¢ from
: C . B 0
(0,0)to (1, 2).

Distinguish between (i)'ldia-, (ii) para- and (iii) ferromagnetic materials
giving one for each, . '

attract each other,

Show - that the ratio of the __amplitude of the con_du'ction current ang
displacement current density is g/wE for the applied field E=E, ¢og ot,

Distinguish betweep self and mutual inductance,

If the current in ap g core inductor having g self inductance 25x19~5 henry
changes from zerg 10 1.q A In 010 sec, what js the magnitude of the gse|f

induced emf? - , _ : 6X5=30

"PToO,



1} L e
Evaluate ff/\.n dS, where A=187-12j+3yk and S is that part of the plane
S ;

2v4-3y=62=12, which is located in the first octant. 5

3. (a) Prove that the electrostatic ficld is a conservative field and hence show that
it can be expressed as a gradient of some sra]ar potential. : 6

(b) Electric field in a given region of space is E“5Y1+6yj+3zlf Fna the volume
charge density. . 4
(¢) The potential in a certain region is given as V =x*+4y°+8z. Find the electric
field intensity at the point (1, -3,4). : = 5

4. Obtain the gencral expression for the electric potential due to an ) electric dipole,
Hence deduce the expression for the electric field at any pont on equatonal
plane. \ . , ' - ‘ 6+9

5. (a) Using Biot-Savart’s law, find the magnetic field at any point on the axis of a

current carrying c1rcular coil of radlus @z v, - 10
(b) A square loop of side 2 cm carrles a current of 1-5 A, find the magnetic field
at its centre. S

6. (a Py | . . i B?
() Show that the energy density stored in a magnetic field is given byyg=2u0 10

(b) Write the differential and integral forms of Faraday’s law of electromagnetic
- induction. ' : 5

7. (a) Obtain the wave equations for the electric and magnetic field vectors in
vacuum. - — S 10

(b) _Eétablish the transverse nature of EM waves. - 4 5

650
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Instructions for Candidates

1. Wrte your Roll No. on the top immediately on receipt of this queslion paper.

2. Atempt five questions in all_

3. Question No.1 is compulsory.

4. All questions carry equal marks.

5. Noa programmable calculators allowed .

I Attempt any five of the following i
2) ProvethatV.B =0
b) State Superposition theorem and Norton’s theorem.

c) The electric potential at a point (x, y, z) is given by V = 2x(5y + 6x2 — z). Find the
corresponding electric field.

d) Establish a relation between D, Eand P.

€) Calculate the coefficient of self-inductance of a coil of 1000 turnswhen a current of 2.5
Amperethrough it produces a magnetic flux equal to 0.5 micro-Weber.

PTO.



N

(98]

)

L)

a)

b)

b)

b)

a) Show that for a non-uniform magnetization j:;

Explain the terms retentivity and cocercivity.

Prove reciprocity theorem for mutual inductance.
(5%3:]

Derive an expression for the electrostatic energy of a uniformly charged sphere.

A cylinder of radius R is immersed in a uniform clectric ficld E with its axis paralle] |

the field.Calculate total flux through the cylinder.
(10,

Find the capacitance per unit length of a cylindrical conductor of radius 4 place

coaxially inside an earthed hollow conducting cylinder of radius .

Use ‘method of images’ to calculate the potential and intensity of electric field at an
point in space, when a point charge is placed in front of an earthed infinite conductin
plane. Calculate the surface density of the induced charge on the conducting plane.

(5,1C

Ana.c. source is connected to an inductance L, resistance R and capacitance C in serjes
Derive an expression for resonant frequency and band width.Find the value of the qualit

factor Qat resonance.

Determine the value of R for maximum power transfer. Also calculate the maximun

power dissipated in the load R.
{

|

1 600 360
_::_10\/ 10\/

400

(10,5)

=V XM where /,, is bound current

density and M s the magnetization.
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13

0.

p) Using Ampere’s Cieenital law, i
; . W, dind the magnetic fic : ' .
solenoid ata point inside it EEE S

(10,5)

a) \What is hysteresis loop? :
) stersiimtted et I .Show that the area enclosed by the hysteresis loop represents the
£) pated per unit volume per cycle of magnetization.

b) Derive Faraday law of electromagnetic induction in the differential form

(10,5)

a) (Iji.stabhsl.l tge gquation o.f .the motion of the coil in a moving coil galvanometer and
.1‘s.cuss .m etailthe conditions under which the motion is (i) dead beat (ii) ballistic and
(iii) oscillatory.

b) Find the self-inductance of a toroid.
(10,5)

(300)
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(Write your Roll No. on the top immediately on receipt of this question paper.)
Attempt five questions in all.
Question No. 1 is compulsory.
All questions carry equal marks.
Non—pr_ograminable calculator is allowed.
1. Attempt any five of the following :

(@) Show that the line integral of electric field E between two given points is independent
of the path. ‘

() A dielectric sphere of radius ‘@’ has a polarization vector p=kr, where k is a
constant. Calculate the surface charge density “0;,” and the volume charge density
“p,” of the polarized dielectric.

() Draw a labelled di’agrarh showing the ‘coercive’ field and the ‘remanence’ for an

M-H cycle for a ferromagnetic material.

PT.O.



(2) 658

: i -inductances L, ¢
(@) Show that the mutual inductance between (Wo coils of self-inductances L, and |

cannot exceed (/LL, .
(¢) Calculate the coeflicient of self-inductance of a coil of 500 turns when a curren

of 5 A produces a magnetic flux of 0.5 micro-webers.

A coll of self-inductance of 2 mH and resistance 15Q is connected in parallel witt

0
a capacitance of 0.001 pF. Find the resonant frequency. for the circuit.

(g) State the Superposition and the Norton’s Theorem. 5%3=]5

2. (a) Calculate the value of Electric Field Intensity at the center of a chérged semicircular

arc having linear charge density ‘A’ '

(b) A sphere of radius R carries a charge density p =kr (where & is a constant), Find
the energy of the configuration.

(c) Derive an expression for potential at a point lying on the edge of a uniformly charged

circular thin' disc, having surface charge density ‘c’. 555

3. What is meant by ‘Method of Images’ ? A point charge ‘g’ is placed in froﬁt of an
carthed infinite conducting plane at a distance ‘d from it. Using the *Method of Images’
determine the potential and intensity of electric field at any point in space. Also obtain

the total induced charge on the conducting plane. 15

L. (@) Define eIegtn'cal susceptibility and relative permittivity. Obtain the relation between them.

(6) A dielectric slab of thickness ‘¢’ and of dielectric constant ‘K is inserted between



e e ettt

(a)

@

(3) 6585

the two plates of a capacitor agn parallel to them. Find the capacitance if the

separation between the plates of the parallel plate capacitor is ‘o, (d>1).

What is meant by polarization of 4 diclectric 2 Obtain the generalized form of Gauss's

law for a polarized dielectric both in integral and differential form, 45,6

State Biot-Savart’s law. Obtain an expression for the magnetic flux density at a point

due to an infinitely long straight current carrying conductor,

An electric dipole consists of two opposite charges of magnitude g = 2 pC separated
by 2 em. The dipole is placed in electric field 2 x 108 N/C. Calculate () the

maximum torque on the dipole (/i) the work done to turn the dipole through 180°

starting from a position § = (°.

State the Ampere’s circuital law, Apply the law to obtain magnetic induction vector

ﬁ inside and outside a toroid. - 6,4,5

Show that the energy required to establish a current ‘I’ in a coil of self-inductance
1

¢ is —LI,

®)

2

Derive the relation Gxﬁ=;+a_D; where the symbols have the usual meaning,
: ' ot

A rod of maghetic material 0.5 m in length has a coil of 200 turns wound over

it wniformly. If a cumrent of 24 is sent through it, calculate ﬁ,l\j{,ﬁ_and K, (Given

Xu=6x107) 46,5

P.T.O.



(4) o

(@) State and prove Thevenin's theorem.

W) Determine the power factor for o circuit contmnmg L, C and R in SE_ries,

i i wer transfer from

(© Find the value of the load resistance for maximum po the oy
ver for the given circuit.

source and also determine the maximum  pov

: |
oV a - |
= Load Resistance |

RR=202

6585
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| Write your Roll No. on the top immcdintcly onreceipt of this question paper,

Attempt any Five questions in all, including Q. No. 1 which is compulsory.
5. 1 )

1. Attempt any five of the fol'lowing : (5%3=15)

3 ) ) : s ¢ ~ o
(a) A testcharge of 3x107° C is moving with a velocity J/ = 2/ + 3jms" Ina

magnetic field B = 2j +3k Tesla. Find the magnitude and direction of
=]

Lorentz force acting on the test charge.

(b) What is the physical significance of the equation, V.5 = ¢ ?
(c) Find a unit vector normal to the surface x? — 2x? + 72 = 3 at the point (2,1,1).

(d) Using the Ampere’s circuital law, determine the magnetic field due to infinite
straight conductor carrying a current ‘I’.

(e) What is the fundamental difference between the electric field induced due to
a changing magnetic flux and the electric field due to static charge ?

PTO.
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() \Wnte the cquatio!

ol continuity and explain its physical significance

(1) I)islin;znish hetween qell and mutual inductance.

(y What is the relation between i M and [T where the symbols have
iy

usual meaning ?

curl of vector field.

2. (M) Give the pl\ysi\‘nlsim\il'iuunm: of the
(3)
. v n 'y "(’:\
(b) Find, (i) () @ Vkl‘“J
£ (4A)

(c) Evaluate the line integral J-CF .dr, where F=3yi-) 7 and Cist
e

in x-y plane y = 2x? from (0, 0) to (1, 2).
(4

(a) Prove that he electrostatic field, due to a point charge, is a co
’ HSQFVaf
lVe

_field and hence show tha

(U8 )

t it can be expressed as a gradient of some
potential. Scalar
(6)

(b) Find the electric field at a distance Z above the midpoint of a straj
raight line

segment of length 2L, which carries uniform line charge ‘A’
: @

(c) Using Gauss’s theorem in electrostatics, determine the el
ectric ﬁeld

ne infini .

ar an infinite plane_charged conductor, having uniform surf;
m surface cha

rge

density ©.
5)

4. (a) Compute the w
ork to be done in assembli
ing three charges at
the vertices
of

an equilateral triangle of side 10 cm as shown :



b
(b)
(©
5. (2
(b)
()

2x10%C

4x10°C 3x105C (5)

A dielectric completely fills the space between the plates of a parallel plate

capacitor. Show that the induced charge varies with the dielectric as :

q = q[l—L
K] 4)

Derive the expression for the electric field intensity at any point inside

and outside of a uniformly charged non-conducting sphere of radius

‘R’ (6)

State Biot-Savart’s law. Find an expression for the magnetic field (E) ata

point inside 2 solenoid, on its axis, having current ‘I’, number of turns per

unit length ‘n” and radius “a’. (6)

Two long parallel wires are separated by 10 cm and each carries 10A

current in the same direction. Calculate the force between the wires per unit

length. ©)

Give the brief introduction of diamagnetic, paramagnetic and ferromagnetic

materials. (6)



0637 4
6. (a) Dernivean cxpression for self-inductance of a long straight solenoid.  (5)
(b) Starting from integral forms, prove that :
() Curl E = -¢8B/é
s —— /)
(“) V-E-':‘_ (4‘4)
-
“o
(c) \What is Lenz's law ? 2)
7 (a) What was the inconsistency in Ampere’s Circuital Law for time dependent
(3)

field. How did Maxwell remove 2

Maxwell’s equations for a linear, homogencous and isotropic

(b) write the
um. Derive electromagnet

dielectric medi ¢ equations and find the velocity of

medium. (10)

these waves in the

(2800)
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Attempt five questions in all.

Oucstion No. 1 Is compulsory.

All questions carry equal marks.

Q1. Attempt any five of the folowing:
(a) Verify that clectrostaticficld is irrotational.
(b) What is the fundamerttl difference between the electric fielt produced due
changing magnetic fluxand the electric field due to static chages?
(©) Shaw that the potentid function ¢ =-:-+ B, where, 4 and, Bare constants,
satisfies Laplace’s cqution.
(d) Starting from Biot-Sawrt’s law, verify that B is a solenoidal xctor.
(¢) What is Lenz's law?
(f) Distinguish between dimagnetic,paramagnetic and ferromagetic materials.
(g) The electric field of aplane electromagnetic wave propag4ing through a
certain isotropic diclectic, non-magnetic medium is given by:
7 =4sin(2n x 107t — 0.80)k V/m
What are the directionof wave propagation and velocity of ic wave in the
medium?

U

Q2. (a) Derive the.expression $ir divA in Curvilinear coordinates.

(b) Find (i) grad (™) (iiMdiv (;';)

Q3. (a) StateGauss theorem ofelectrostatics. Verify this theorem foran irregularly 3

shaped closed surface.Hxpress it in its differential and integrdiform.
(b) Using Gauss theorem, find an expression for the mechanicalforce per unit

area on the surface of acharged conductor.

Maximum Marks : 75

(5x3=15)

Q)
()

(10)
©)

P.T.O.
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b Torplo ic potential duc to a unjg,
\ » expression lurclcclrosmtl(: po . iy g
Q4 () l~m§1‘ “h:\'\cbli‘v::c\mims ouside and inside the sphere, Verify lha‘mran arged
\\«\l_n“\\“o\ﬁ\ charge on e sphere can be assumed to be conc
l"\:\‘t\m {Also from thcw(prcssim!s pf potential, find the ¢
, Lctecu-i.c ficld at points ouside nnd.msndc the sphe{'c(i X
(1) A charge of 2Cis distriiuted umfonply on a solid sphere of
Caleulate the clectric potntial at a point: _
(1) Scm from the catre X
(ii) 20 cm from the amtre of the sphere.

utsiq
mrated at it
)SFGSSions for

s
- \

ediug ¢ om.

-
v

‘ izati iclectric considering the case whep

A Ex‘l))l?“} \‘Zr(gg:::élggt\::%e plates of a parallel plate capacitgr
(b) gtnlrsc‘lm expression farthe capacitz}nce of a.parallel pl_ate c

with air. Show that thecapacitance mcrease's yvhen a 41elec

between the plates. Bywhat amount does ;t Increase whe
completely fills the spgqu?etween the plates? . -

(c) Verify that the electrosttic energy of a capacitor of capacitame ,C ¢

0 1 2
to a potential V is givenly = cve.

a dielectric

@ac':itor filleg
U iS ingerteq
n e dielectrjc

harged

Q6. (a) Starting from Biot-Savat’s law, deduce.the e?cpressioqs for%ﬁe
. field due to a long strdght current carrying wire. Obtain it
-when the wire.is assume to be inf.'mi.tely_long, K
(b) State Ampere's circuitallaw. Obtafn its dlfferentlt}l form.{ .
(c) Using Ampere's circuitd!law, denve: the expression for magntic field a a
point inside an'infinitelylong solenoid carrying current. _

magnetic

)

- Q7. (a) Explain the phenomenonof self induction. Define
of magnetic flux and indiced e.m.f,
(b) Obtain an expression forthe work to be done

of self inductance' L. Hmce define self ind
done.

(¢) The current passing thraigh an inductance decreases from

in 0.2 sec. If ‘the emiinduced in the coil is 0.4 V, ¢
inductance of the cojl,

self inductarce i terms

to establish a curmt [ jp a coil
uctance in terms f this work

alcibte the self

Q8. (a) Write the differential aml integral forms of all the Maxwell& Equations,
Also explain their physial significance.

(b) Fora plane electromagntic wave propagating through free spac; derive the
Wave equations for electit and magnetic field vectors, - ~

Values of Constants:
Mo =4mx 1077 H/m .
£ = 8.85 x 10~12F/m

S kmtmg f()rm A

SAmp to | Amp -

(700
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Instructions for Candidates :

()

Write your Roll No. on the top immediately
- on receipt of this question paper. ‘

(b) 6ttempt any FIVE questions in all.

uestion NO.1 is compulsory.

(c) All'questions carry equal marks.

(d)

Non-programmable calculators allowed. .

‘1. Attempt any five of the following : 3x5=15

(a)

(b)

(c)

Can the following be a possible
electrostatic field ?

—

E=K [yzx + (2xy +_zz)$r + 2y_zi:|

Explain the principle of ‘Method of
Electrical - Images’. With reference to a
earthed conducting plane.

Calculate the potential difference between
two points which are situated at a distance

- 1m and2m from the source of electric field.

whose .strength as a function of distance
%’, from the source is E =3 /x> NC" alon
positive x-axis. :

PT.O.
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(d) Prove that yg = 0 and explain its
significance.

(e) Define magnetic susceptibility and relative
permeability. Obtain the relation between
them.

f) Find the frequency of resonance of a
parallel resonant circuit. -

(g) Define the terms hysteresis, retentivity |
and coercivity. -

2. (a) State and prove Gauss’s flux thegyem in
electrostatics. Show that div. &= ~.
(b) A long cylinder carries a charge&ensity
that is proportional to the distance from
the axis ;: p=KS, for some constant K. Find
the electric field inside the cylinder. -
(c) Find the total energy stored in the
surrounding of a conducting sphere of
radius R carrying charge ‘q’. S5x3=15

3. (a) A cylindrical capacitor is made by placing
coaxially a ‘rnetallic cylinder of radius ‘a’
inside an earthed hollow metallic cylinder
of larger radius ‘b’. If ‘I’ is the length of the
cylindrical capacitor determine the
capacitance of the capacitor.

(b) Derive an expressions for potential and
electric field at a point (r, §) due to an

electric dipole. - 5+10=15



& (8
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a—— PR

What is a dielectric ? Define D,E and P.
Establish the relation D =g, L+ P

(b) If a dielectric is introduced between the

plates of a parallel plate capacitor, show
that the induced charge varies with the

~dielectric as: q’= q (1-1/k), where k is the

dielectric constant.

Show that polarization of a dielectric
medium gives rise to a volume charge

density p, and surface charge density o, .

5x3=15
Starting from Biot-Savart’s law, show that
curl B=y J and hence show that 6

CJB}_B.. di = ppi

Find an expression for the magnetic field
at the centre of a circular current loop.

| (R p
Using Ampére circuital law find the
magnetic induction due to a long current

carrying solenoid at a point inside and
outside it. _ ‘ S

3 ~ PTO.
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6. (a)

(b)

(c)

Show that the area of B-H curve denotes
the energy dissipated per unit volume
during each magnetizing cycle.

State and prove the ‘reciprocity theorem’
in case of mutual inductance between two

coils.

State - the Faraday’s lawé. of,_

electromagnetic induction. Derive the

(b)

(c)

differential and integral forms of the

Faraday’s law. | o%x3=15

Derive an expression for quality factor in
terms of band width for a series LCR
circuit. . =5 S,
State and prove Maximum power.theorem
for a DC network. ' 6

Determine Thevenin’s and Norton
equivalent circuits of the circuit given
below. | 4

4 ' 2000
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this question paper. N

Attempt any five questions in all, including Q. No. 1 which
is compulsory.

Attempt any five of the following: (5x3=15)

(a) A charge ‘q’ moving initially with velocity 3 k m/s
enters a region with electric field, £ = 10 «i

V/m and magnetic field, B = 207 + 100 £ Tesla.

For what value of ¢ will the Lorentz force on the
charge be zero.

P.T.Ox



(h)

(¢)

(d)

®

()

(h)

(a)

(b)

(c)

What is the physical significance of dlvergence*
veetor field?

Five thousand lines of a electric force enter in a ¢,
region and three thousand lines emerge from it,
the total charge in coulomb within the region.

A conductor of circular cross section of radiyg
carries a current of uniform current density “j”.
the magnetic field at distance r > a., from the ¢,
of the conductor.

Is the electric field induced due to a changing mag,
flux a conservative field or not? Explain.

Write the equation of continuity and explaj;
physical significance.

Distinguish between self and mutual inductance,

What is the relation between E ,13 and D wher
symbols have their usual meaning.

Find a unit vector normal to the surface xz2 + X
z — 1, at the point (1, -3, 2).

Find V (In r)

Evaluate the surface integral, <ﬁ> 7.1 dS for a sphe
S

surface S of radius ‘a’ having its centre at the or

N
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(b)

)

(b)

()

Prove that the energy stored per unit volume of the

, 1 |
clectric field is EEO ) ol (5)

Eight identical charges of ‘q’ coulomb each are placed
at corners of a cube of side length ‘a’. Find the electric
potential energy of this system of charges. (5)

State and prove the Gauss's theorem in electrostatics
for spherical surface (2,3)

Find the electric potential, inside and outside a
spherical shell of radius R, which carries a uniform
charge Q. Set the reference point at infinity. (5)

A dielectric completely fills the space between the
plates of a parallel plate capacitor. Show that the
induced charge varies with the dielectric as:

q'=‘-’{1‘l] (5
k

Find out the capacitance of a cylindrical capacitor of
two coaxial, cylindrical metallic she]ls A and B of
radii ‘e’ and ‘b’ respectively and length ‘I’. Assume

‘q’ is the charge on the inner cylinder A and outer
cylinder B is grounded, - (5)

State Biot-Savart's law and find an expression for the
magnetic field (B) at the centre of a square of side ‘a’,
carrying a steady current ‘I. (2,4)

| P.T.O.



(b)

(¢)

(a)

(b)

()

()

(b)

force on o square loop ploced s )

fnd out the . -
i (rafght wire, Both (he

pear an inlinite 8
i1
v o steady ourrent ‘1

\

in Figure,
and wire carr

L

Distinguish between diamagnetic, paramagnetic

ferromagnetic materials.

Show that for two interacting coils, M- < M < \/’j
where the symbols have their usual meaning.

State Ampere's circuital law in magnetostatics,
obtain its differential form.

Prove that: Curl B=J+J J

What is Poynting vector? Sunlight strikes the
outside its atmosphere with intensity of 2.0 cal

min. Find the peak value of E and B for sunlight a
earth.

Write the Maxwell's equaiions for vacuum. D

electromagnetic equations and find the velocity of t
waves in free space. |

(3
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Attempt Five questions in al].

Question No. 1 is compulsory. Attempt four questions from
the rest of the paper.

Use of non-programmable scientific calculator is allowed.

Attempt any five of the following : (5x3=15)

(a) What is Lenz’s law ?

— P.T.O.
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. forcet do no work of n Mmoyj

2P

& — .
et s e . - -
-

(b) When does magnet!t

L

point chare ?
/\mporc’ﬂ L.aw

(c) How Maxwell modificcl

g the difference

petween circular and cllipt;,

\ (d) What i
polnrisntion ?
(c) Why do the clectric field lines never cross ? Explaj

: 1
r the electrostatic potential N = -r—+2 determ

(f) Fo

—+ . . .
ther E is rotat10na1 or 1rrotat10na1.

(g) What is the critical damping resistance in a ballj

Galvanometer ?

A is given by 3x°7 + y,

(h) A magnetic vector potential
Obtain B, the magnetic field at the point (1,3,5,).

2. (a) State and prove Gauss’s theorem of electrostatics fc

spherical surface.

(b) Find the electric field inside a sphere which carrie
e distance from the or

: f
il charge density proportional to th
given by p =k 1, for some constant K.




)

(C) Two iﬂfinile parallel planes carry equal but opposite

uniform Charm‘ densities + o. Find the electric field in

the three regions shown. W

F -

(a) A thin spherical. shell of radius R carries a uniform
charge density. Find the expression of electric field at a
point lying inside and outside this spherical shell. Use
these values to calculate the electric potential at an

arbitrary point inside and outside the shell. (7+3)

(b) Find the electric-energy associated with an electric field

for a uniformly charged solid sphere of total charge Q
and radius R. | (5)

(a) State the Biot Savart Law. Using the Biot Savart Law
find the magnetic field at a distance a due to long
straight wire carrying a current I along the positive

y-axis. : (7)
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- 7 cm carrics a steg

us I
(j-clockwise direction. Wk

| at the center of t}

(

122

¢ loop of radi

16 A in an
ill be observed

(b) A circuln
ourrent, 1.7

magnetic {ield W

loop:
‘ prid ~
gion is given by B=31+ ﬁ
]

d in are
across the surfz

agnetic ficl
e magnetic flux

ate tl
am? in

(¢) The m
Tesla. Calcul

cach of area
i) x-Y plane

(i) Y- 2 plane
(iii) z—X plane. (
t act on the coil of a movi

em write the equation

onditions does it shy
(2+2+3 7

5. (a) List the various torques tha

coil g
motion O
‘hallistic’ behaviour.

alvanometer. Using th
f the coil. Under what ¢

(b) Using Ampere’s Circuital Law find the magnetic {i

(i) inside and (ii) outside a ver

closely wound turns per unit leng

y long solenoid, consist;
th on a cylinder

(

of n

radius R and carrying a current 7.

he eleventh throw of a ballis

(c) The first and t
and 16 cm respective

galvanometer are 20 cm
Calculate the value of the logarithmic decrement.

—————

/""’/‘”’ aan 2 )



(a) Define

self ‘
clf Inductance, Does it have dependence on the
ry

of the circuit 7 Find the gelf inductance of a
SO]Clloid of radius R

BCOom gy

and n number of turns per unit

lCllglh. (7)

() Prove thqf curl §=_09B (5)
ot

(¢) A 50 mH coj] carries a current of 2A. Find the energy
stored in the magnetic field.

(3)

(a) Obtain the wave equation for electric and magnetic field

vectors in free space and show that electromagnetic
waves are transverse in nature.

(7)
(b) Write Maxwell’s equations for electromagnetic field

in integral form and explain their physical meaning. (8)

- 5 o —

(a) Derive the boundary conditions for the D,B,E and H

fields using Maxwell’s equations at the interface between
two dielectrics.

(8)
(b) Deduce Brewste,r,fs law on the basis of Fresnel’s

equations and explain the concept of polarisation by
reflection.

(7)
P{TSO,
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Write your Roll No. on the top immediately on receipt of
this question paper.

Attempt any Five questions.

Question No. 1 is compulsory.

All questions carry equal marks.

Attempt any five of the following: (3x5)

1 ,
(a) Show that W=-?:LI2 is the work done to establish a

current I in a coil of self-inductance L.

(b) If ¢ = x2yz? and A = xzi — y?j + 2x2yk, find the value
P.T.O.

RN e
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7340

of V.(Aop) at (1,1,1).
(¢c) State Poynting Theorem. Write its mathemgy;
| Ica)
fo

(d) Using Gauss’s law find the electric field f,,

; . Uhj
charged wire having A as charge per unit la for,

hgth

(e) State and write Gauss-Divergence theorep,

(f) Find the capacitance of two concentric spheric

l
shells, with radii a and b. 2 me

(g) Show that V = (x+3y)i + (y-22)j + (% + agy,
solenoidal in nature if a =-2. ’

(a) Show that V7 (£)=0, where r position vector, (3x

r

(b) Show that volume enclosed by a surface §

V=1*JI Vri.ds .
6

(c) Evaluate j r.ds where s is a closed surface and r s

position vector.

(a) State and prove of Gauss law of electrostatics. Writ

down its differential form. (10



7

1340

(b) Using the Gauss’s law, find electric field and potential
of uniformed charge sphere. (5)

Find the potential of a spherical shell of radius R at a point

r where
(a) r>R (b) r=R (¢) r<R

The shell has a uniform surface charge. Set the reference

point at infinity. (7,4,4)

Derive an expression for electric field and potential due to
a dipole. ' (15)

(a) Calculate the speed of the electromagnetic wave
propagating through in dielectric medium. (8)

(b) Show that magnetic energy density is given by 2LB2,
M

(7)

(a) Write down the integral form of Maxwell’s equations
and give physical interpretation of each equation.

]

(6)

(b) Derive the equation of continuity. (3)

(c) Explain the need to modify the Ampere’s Circuital
Law. 3)

P.T.O.
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structions for Candidates

Write your Roll No. on the top immediatély on recelpt of
this question paper.

Attempt any Five questions.
Question No. 1 is compulsory.

All questions carry equal marks.

Attempt any five of the following : (3%5)

(a) State and write Stoke’s theorem.

(b) Show that the vector A =i(2xy+ yz?) +j(x2+ x22) +
k(2xyz) is irrational.

(c) Distinguish between diamagnetic, paramagnetic and

ferromagnetic materials.
P.T.O.



.

902 2

(d) Show that energy associated with a capacitor C carrying

charge Q is given by -;-CVZ.

(e) Prove the conservative nature of electrostatic field.

(f) Find the magnetic force between two parallel conductors

carrying current i.

(g) Show that V.(VxA):(),

2. (a) Evaluate Vr" where r is position vector and n is 2

positice integer. (3%5)

(b) If A=(3x2 —6yz)i+(2y+3xz)j+(l-—4xyzz)k , evaluate

[A.dr from the (0,0,0) to (1,1,1) along the following
x=t, y=t2, z=t3,

(¢c) If A and B are irrotational vectors, then prove tha
A % B is solenoidal.

(a) Using Gauss law, establish the relationship D = .E + P,
where the symbols have their usual meaning. (8)

(b) Explain the effect of dielectric on the capacitance of z |
parallel plate capacitor. (7) l

i
|
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{2) Using the Biot-Savart’s law, show that V.B = ¢ Explain
its physical significance. (8.2)

(®) Calculzate the self-inductance of a solenoid having 100
twras wound uniformly on a cylindrical paper tube of
leagth 10 cm having 2 diameter of 2 cm in diameter.
The medium is assumed to be air, . (5)

{2) Derive an expression for the capacitance of cylindrica]
CEDRCItOr. (5)

() Obizm zn expression for electrical field due to uniformly
cherged plane sheet having a wniform charge density

G- (5)

(c) The potential is give by \’(r)zé-k ln(i) ,» Where k and
a

a zre constants. Calculate electric field. (5)

{z) Write down the differential form of Maxwell’s

eguznions. Explain the physical significance of each
sgmEhion. (4:4)

-

() Obzin the expression for the self-inductance L of a

solenoid having N tums. (7)
(z) Show that VxB=p.J. (10)

P.T.0.
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(b) Obtain an expression for magnetic field at a djstan,
s from a long straight wire carrying a steady curre

i, "

8. (a) Using Maxwell’s equations obtain the expression f,
speed of EM wave travelling in vacuum. (1

(b) Prove the transverse nature of EM wave. (5

(130(
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Unique paper code ¢+ 32221201
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(Write your Roll No. on the top immediately

on receipt of this question paper.)

Attempt five questions in all.
Question No.1 is compulsory.
All questions carry equal marks.

Non-programmable calculators are allowed.

1. Attempt any five of the following:
a) ShowthatP = &,(g, — 1)E.

............

b) The electrostatic potential at any point in a plane

is given by

a cose b
+__

V(r,0) =

Find the components E, and Eg of the electrlc

field at any point.

c) Prove that V.B =0 and explain its physical

significance.

d) State and prove the first Uniqueness theorem.

€) Find the Thevenin's equivalent of the given

circuit across RL.

P.T.O.
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R3 <RL

f) A capacitor of 250 pF is conhected in paralle|
with a coil having inductance of 1.16 mH ang

effective resistance 20 Q Calculate the circuit
impedance at resonance.

g) Prove reciprocity theorem for mutual inductance
(i.e., M12=M2|). ) (5X3=15)

a) State and prove Gauss s theorem in electrostatncs
Show that V.E = £

S .
b) A thick spherical shell carries a charge density
p = = . The inner and outer radii of the spherical shell

are a and b respectlvely Find the electric field in the
regions (i) r<a, (ii)a<r<b, and (m) r>b.  (7,8)

a) Derive an expression for potentlal and electric field
at a point (r, 8) due to an electric dipole.

b) Using the method of images, determine the position
and magnitude of the image charge of a point charge ¢
placed in front of an earthed conducting sphere of
radius R at a distance d from its centre. (8,7)




5.

6.

3

a) Find the capacitance per unit length of , &ifia
drical conductor of radius a placed coaxially inside an
carthed hollow conducting cylinder of radius b,

b) Two dielectrics of thickness d; and d, Having
diclectric constant k and k; are placed between a pair of
oppositely charged parallel plates. If £, and E, are

electric field intensities in the two dielectrics, show

that : :
2epo L ad = 6D

a) State Biot-Savart’s law. Derive an expression for

the magnetic field at a point due to an infinitely long

straight current-carrying conductor using Biot-Savart’s

law. |
~ b) Using Ampere’s circuital law, find the magnetic

field due to a long current carrying solenoid at a point

inside it. : - (9,6)

a) Explain how and under what conditions the
Ampere’s circuital law fails. How did Maxwell modify
it to make it consistent with continuity équation?

b) Two inductances L; and L, are connected in
parallel. If M is the mutual inductance between them,
show that their effective inductance, Ly, is given by

LiL,-M?

e 7,8
eff ~ Lyt Lot2m (7.8)

P.T.O.
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8)  An ae, source is applied across an inductor

resistor and  capacitor connected in - series, Derive
relation for its resonant frequency.

b)  Determine the value of RL for maximum power

transter and power dissipated across it. (9,6)

\V2
10 V

e [

|
It

——F

~ 10V
' §RL
. <

AN
27

A
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(Write vour Roll No. onthe top immediatelv on receipt of this questibn paper.)
Attempt five questions in all.
Q. No. 1 is compulsory. Attempt four questions
from the rest of paper.

Use of non-programmable scientific calculator is allowed.

A Attempt any five of the following : | 5x3=15
(@) Show that :

(@ If r is the position vector, show that

Hr .ndS =3V, where V is the volume enclosed by
S

the surface S.
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(1) Show thit the worlk lone
Cdone dnomoving an eloctyfo Chiny
T R

eon electrle field 1y path Independent,

() What v (he magnitide of w poinf charge 50 tha (e
clectric field 50 ¢m away has o magnitude 2,0 Ny )
() Lxplain the term potential - gradient and eatablig), (he
relation ;’ v’v
(/) A magnetic vector potential Al given by 3x% 4 e,
Obtain 1;. the magnetic field a the point (1, 3, 5),
(&) What is the significance of Lenz's law 2
(@) Express Gauss Divergence theorem in words and write
it in differential form. ‘ 3

() A vector field is given by ,\';;(-\.: = P =

(2xy 4 p)j. s this field irrotational 7 If so, find its

scalar potential. 5

-

(¢)  Evaluate f f (x? + y° 4+ 2%)dv dy dz, where R denotes
R '

the region bounded by x = 0, y = 0, z = 0 and

x+y+z=a (a>0). 7



(u)

("

(b)

(c) .

(a)

13

| L} ')l' (“““'" } i . nrars !
Sl and Prov HS'S Ilu.(nmn 0l (,I(,(.u(,.im,,c,sl 5

Use Causs's law to-find the elecrric

"

infinite length of wire of e

ficld due g an

W charpe density 7., ¢
Three charges, each equal 10 ¢, gre placed at the three
corners of a square of side o, Find the clectric field

at the fourth corner, :

What is dipole moment 2 Obtain an expression for the
potential -and field due 10 an electric dipole, 6
Prove that the energy stored in an electric field is

given by : : 5

%e(, [[[ € ar

all space

\

A potential of 50 V is applied between two parallel plates
of a capacitor which are 4 cm apart. Obtain the force

acting on charge of 4.3 x 1077 C placed between the

-

plates. 4
State the Biot-Savart Law. Using the Biot-Savart Law,
find the magnetic field aiong the axis of a circular current

loop of radius 'a' carrying current I. 7

"P.TO.
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(b))  The magnetic fi B
ag icld B due to acu
a current carrying ci
| b g circulay
loop of radius 12 cm at its centre is 0.5 x 107
Find the magnetic field due to this loop at a
’ at a poin-

on the axis at a distance of 5.0 cm from th
_ : e

centre. |
3

Find the capacitance of two concentric spAherical s‘hells

(©

with radii @ and 6 ( Q). ' 5
(@ Define self inductance. Does it depend on the geometry
t-2 * Find the self inductance of a solenoid

of the circui

of radius R and n number of turns per unit

length. 7

- (b) Derive the expression for mutugl inductance of concentric
solenoids. | 5

ed in the

(¢)  Derive the expression for the energy stor

magnetic field of an inductor. Find the energy stored

in the magnetic field for a 60 mH coil cérrying a current
- of 3A. 3
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013

ve equation for electric

H e wa
obain ! and magnetic fieg

vectors in frec space and show thyt electromagne;
8netic

es arc transverse in nature.

wav 1

' .
\Write Maxwell's cquations  for electromagnetic field in
integral form and explain their physica meaning,

Show that equation of continuity is 4 consequence of

Maxwell's equation.

L%

Physical Constants

, = 8854 x 10712 CUN-m?

g = 4m x 107 Wh/A-m

| e =16 x 1071 C

c =13 x 108 ms.

‘5 » 3,100
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Instructions fo

b

1

r Candidates

Write your Roll No. on the top immediately on receipt

of this question paper.
Question No. 1 with all its parts is compulsory.
Attempt any four questions from the remaining

questions.

Each of the question nos. 2 to 7, carries 14 marks.

Out of the three parts of question Nos. 2-7, attempt

any two parts.

(a) A constant electric field E passes through the
surface of an open hemisphere, perpendicular to
its base. Calculate the flux through the curved
surface. (3)

P.T.O.

)



2262A 2
(b) Find the force per unit area on the 4

charged conductor.

- _.) -"
(c) Consider P, and P, are perfect dipoles 2 distz

I apart as shown in figure given below. Whas -
g é ?-4‘—); Y i,l 35 L i§

- 7 g
the torque on P, due to p,?

i . PRy v
(d) A sphere of radiys R carries a polarization P—i7

. -2 e
where k is 3 constant and r is the radial vector

from the center. Find bound charge densities .

and p, . (3)

(e) Suppose a uniform magnetic field in some region

- -
has the form B =Bi. Find the force on a circular
loop of radius a, lying in the yz plane, centered at
the origin, which carries a current | in clockwise

direction, when you look down the x-axis.  (3)

(f) Determine Thevenin’s equivalent circuit for the

given network external to load resistance R.

3)



0 what is displacement current? 0

(

(2) gtate and prove first uniqueness theorem. Also

- : : .
derive Poisson’s equation. (7

f (b) The electric field in a cubical region (0 <x, vy,

z < a) of space is given by the following expression:
E= k[y2§+ (2xy+ zz)j+ 2y212]

| (i) Verify that this expression represents an
| electrostatic field or not.

(ii) Find charge density and

(iii) Total charge that gives rise to this electric
field. (7

(c) A hollow spherical shell inner radius a and outer

radius b carries charge density P =r—2 in the region

P.T:0,



4
CSTED Fing e clectric fielq in the
regions feq
() r <
() a<y<y
(i) ¢ > p
(7)

3. (a) Bvaluate the electrostat;

(1) Non-conducting sphere
(1) Conducting sphere

Show that their ratio is 6/5, (7)
N
(b) There are two cavities of spherical shapes inside

spherical conductor of radius R. The charges q,

and q, are placed inside at the centers of each
cavity. Then

(1) Find the surface charge densities o

and Cp-

1 9,

(i) Find the electric field in each cavity.

(i) What is the force on q, and g,? (7




5
w._\
3304

) A point charge q is placed gt 4 distance ¢ from
(¢

d conducting sphere of
method of images, find

the centre of a grounde
radius a. Using the

() The potential outside the sphere.

(1) The magnitude

and direction of the force
acting op q.

(7)

. (a) Show that the poteptja] due to a

polarized dielectric
matenial is givep by

1 G'b Py
P "= 2 .., Py
I 47?80(3% TdSTﬁ, T dt)

where G, and Py are bound surface
and bound volume charge densit
Also, show that the pet charge
dielectric materia] is zero.

charge density
Y respectively.
in a polarized
(7)

(b) A spherical conductor of radius a carries 4 charge
Q and it is surrounded, out to radiys b, by linear
dielectric material of Permittivity ¢, Fipgd the

potential at the center (relative to infinity) and

_)
polarization vector P.

L
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:
of the square metallic parallel plates S€parateq by
total distance d. One half of the volume Within the
plates is free space with pcrmittivity €9 While the
other half is filled with equal s]aps of differen,

diclectrics with permittivities € €, and ¢,

(7)
‘ A,
o o B
d €9 B =) 473
. SO : d/3

5. (a) Starting from Biot-Savart law, show that 6.13:0
and explain its physical significance. Hence prove

that the magnetic flux through any closed surface

1S zero. (7)

(b) Two long coaxial solenoids each carrying current
I'in the same direction having number of turns per
unit length n, (inner solenoid) and n, (outer
solenoid). The radii of the inner and outer solenoids
are a and b respectively. Find the magnetic field

in the following regions with r being the radial

distance from the axis :




(i) r<a
(i) a < r<b

(i) r > b

(7)

) petermine the magnetic ficld dye o a long current
(¢

arrying straight wire at a djst
C¢

ance r from it,
Consider two long parallel conducting wires |

2 carrying currents I in g

and
ame direction. One wire
is placed at x = +a and another at x = -a,

Determine the magnetic fielq for the point x > 4
2 on positive x-axis. (7)

(a) Show that for a system of two coils C, and C,,
: the mutual inductance is given by

ot § BE
¢, Je, T

where dl, and dI, are the elements of coils C,

and C, respectively and r is the distance between
them. (7)

(b) Let the internal dimensions of a coaxial cylindrical

capacitor be a=1.2cm, b=4 cm, and L =40 cm.

Pl O,
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3
The homogencous material inside the capaciqor hag
the parameters e = 107" I/m and & = 105 g/
If this capacitor is connected fo the soure
V¢ =V sin(ot) and the clectric field inside thig

capacitor 1s

find

(i) The displacement current density, -J)D and

displacement current I

(ii) the conduction current density, Jo and

conduction current IC

_2nel
[C = ]n(b/a) FaradJ (7)

(c) Given E=E, sin (ot-kz)§ V/m in free space.
. > o -
Find D, B and H. (7)

7. (a) Use Mesh-Analysis to find the voltage across 10

resistance




9

30

| +

S

w

<

N

S
S
S

(b) Obtain Norton equivalent circuit for the network
external to the 3Q resistance for the given

network. Further determine the current through
3Q) resistor.,

=30V CDSA
) _

%29 2R
1 3 0

(c) A resistor 50Q which is connected in parallel with

an inductor of 30 mH, is connected in series with
a capacitor C. An ac voltage of 220V, with
frequency 50 Hz is applied to the circuit. Find

(i) The value of C to give unity power factor

P.T.O.
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e
(1) Total current in the circuit

(i) The current in the inductor

(7)

(2100)
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1.

Write your Roll No. on the top immediately on receipt
of this question paper.

Attempt Five questions in all.

Question No. 1 is compulsory. Attempt four questions
from the rest of the paper.

Use of non-programmable scientific calculator is
allowed.

Attempt any five of the following :

(a) If 9(x,y,z) = 3x%y — yx? + z?, calculate gradient
of ¢ at the point (1,-2,-1).

(b) Can the following be a possible electrostatic field?

/ E= xyf + 2yz}' + 3xzk
P.T.O.
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L &

(©) State Poynting theore

moand explain what Yo
understand by the p

oynting vector,

(d) It A and li are i]'l'()lﬂ““""l’ prove l.hﬂt /{Yl; is
solcnoidnl.

(f) Distinguish between dia., Para- and ferro-magneti,
materials,

(2) Discuss the difference between in

duced electric
field and electric field due to stat

ic charges,
(5x3=15)

(a) Find the work done in moving a particle

in the
force field

F=(2x+y)i + (3y-4x);

along the straight lines from (0,0) to (2,0), then to
(2,1), then to (0,0).

(b) Show that the following function is a sink field

A A

{l: —X1-Yy)]



D
o
o

o
o9

(c) Prove that i?.(i%xx]=o. (6,6,3)

3. (a) Use Gauss’s law to find the electric field inside,
outside and on the surface of a uniformly charged
solid sphere having charge density p.

(b) Derive an expression for an electrostatic potential
due to a uniformly charged spherical shell at a
point inside and outside the shell.

v

(c) The electric potential at any point (x,y,z) is given
by V=x(3y?~x%+2z). Find the electric field at
that point. (6,6,3)

1
4. (a)Derive Q”:Q(I_EJ for a capacitor with

dielectric between the parallel plates, where Q, is
the induced charge and k is dielectric constant.
Calculate the capacitance of a parallel plate
capacitor of plate area 5 cm? and separated by

) dielectric of dielectric constant 4 and thickness
1 cm,

(b) What is meant by polarization of a dielectric?
Obtain generalized form of Gauss’s law for a
polarized dielectric.

P.T.O.
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(¢) The magnetic field B due to g current Carrying

circular loop of radius 10 cm at jtg Centre
0.2 x10* T. Find the magnetic field due tq thig

loop at a point on the axis at a distance of ¢ em

from the centre. (6,6 3)

5. (a) State and explain Biot-Savart’s law. Deriye an
expression for the magnetic field at g Point dye ,

infinitely long straight current carrying condy

Ctor
using Biot-Savart’s law.

(b) State and prove Ampere’s Circuita] law, Starting

from Ampere’s circuital law, establish the relatiop

VxB=p,7J.
(c) Define B,MandH. Establish the relation
B ). 662

6. (a) State the Faraday’s law of electromagnetic

induction. Show that



5

5 v at |f . 4 { 1 % 5
) Qhow t‘h\ the two coils having coefficient
of self inductance L, and L, are mutually
coupled together so that the whole of the flux
from one cotl links with the other, then the mutual

inductance between the two coils is given by

M= \*’;L‘ELI .

(©) Derive the expression for the energy stored in the
megnetic field of an inductor. Find the energy
stored in the magnetic field of a 50 mH coil

. carrving a current of 2 A. (6,6,3)

- (2) The magnetic field in a region is given by
§=3§+41} tesla. Calculate the magnetic flux

across the surfaces each of area 2 m? in

(i) x—y plane (ii) y -z plane (iii) z—x plane.

(b) Write the four Maxwell’s equations in an isotropic

dielectric medium.

(c) Derive the wave equation for electric field and
magnetic field vectors in an isotropic dielectric
medium and hence obtain the velocity of

eleciromagnetic wave in this medium.
(6,3,6)

F.120;
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Physical Constants:

e, = 8.854 x 10™2 CYNem?

K, = 4nx 1077 Wb/A-m
e=1.6 x 109 C

c=3x 10% m/s

-Y



