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- B.Sc. (Semester — VI) Examination, April 2017
- PHYSICS
Paper - IV : Electromagnetic Theory Il and Relativity

Duration : 2 Hours Total Marks : 80

Instructlons 1) Allquestions are compulsory, Internal choices are ava//able
2) Figures to the right indicate full marks.
3) Symbols have their usual meaning, unless otherwise stated.
4) Draw illustrated diagrams wherever necessary to support your

. answers.
5) Use of log tables and calculators is allowed.

" Constants :
Velocity of light in air = ¢ = 3 x 10'° cm/s,

Permeability of free space = p, = 4nx10 7 MKS units,
Planck’s constant h = 6.63 x 10-34 J-s.

1. Answer any four of the following : : (4%x4=16)"
a) What are magnetic circuits ? Give its application.

b) In the Bohr model of the hydrogen atom the electron circulates around the

nucleus in a path of radius 5.1 x 10~'" meter at a frequency v of
6.8 x10'5 rev/sec. What value of B is set up at the center of the orbit ?

c¢) Give schematic representation of atomic spins in ordered spin structures for
i) Ferromagnetic
i) Anti ferromagnetic
i) Ferrimagnetic substances. What are ferrites ?

d) State Poynting theorem. Write equation of continuity describing the A |
- conservation of energy in terms of Poynting vector.

e) Write Lorentz Transformation equations in Relativity and show that they reduce
to Galilean transformation equations for small velocities.

f) A particle is moving with velocity O. 8c. What is the ratlo of the mass of a
particle to its rest mass ? P.T.O.
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2. Answerany four of the follewing : (4%x4=16)
a) Define magnetic flux. Can flux in a uniform magnetic field B is zero ? Explain.

b) Find the magnetomotive force to develop a flux of 5x 10~* web in a magnetic
circuit of length 20 cm and cross section 4cm?. Also calculate the reluctance of

the core material. Relative permeability of iron is 1250.

c) Define magnetic susceptibility. Write an expression for diamagnetic
susceptibility. , :

d) State Faraday’s law of electromagnetic induction. Obtain an expression for the
same in differential form. . :

e) Which experiment disproved the existence of ether ? Draw a diagram showing
experimental set up for the same experiment. Discuss the result of the
experiment. :

f) A space ship is 100 m long on the ground. When it is in flight it appears to be
98 m long. Find its speed. :

3. A) State Biot Savart’s law and using this law find the magnetic field B due to a

circular coil carrying current | at a point on the axis of the coil. 6

' OR

| . Lo mxrs | .

A) Given magnetic vector potential A(r,) = ot , Show that magnetic
sl :
-
L 3imyr,
. o = Mo | M
induction is given by, B (r,) = e i 6
T

B) Using Ampere’s Law deduce magnetic circuit equation. Bringing analogy of
the same with Ohm’s law for an electric circuit, establish relation between
magnetic flux, magneto motive force and reluctance. 6
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4. A) The magnetization at a point (x, y, z) in a sphere of a radius R centered on the

origin is M = ax2} + (by? + ¢) | + dk, where a, b, c and d are constants. Find
magnetization current density I,; and magnetic pole density P,, .

OR :
A) Deduce the boundary conditions to be satisfied by the magnetic vector field

vectors B and r_:l at the interface of two media. Also prove that flux line is
continuous everywhere and never terminate.

B) Derive the condition for occurrence of ferromagnetism and explain how the
spontaneous magnetization at a given temperature can be obtained. :

5. A) Iftwo circuits of self inductances L, and L, are coupled by a mutual inductance
M, show that the magnetic energy of the system is,

U:%L1lf+%L?_l§+Ml1 L

Also show that L, L, > M?.
OR

A) Explain why a modification was necessary for Ampere’s circuital law. Write
modified Ampere’s law. Explain the concept of displacement current.

B) Derive Einstein’s relativistic velocity addition equation using Lorentz
transformation equations and hence show that velocnty of lightis independent
of velocity of the source.

6. A) Using Lorentz transformatlon equations derive relativistic equatlons for Doppler
effect in light.

OR

A) i) ‘A body’s length is measured to be greatest when it is at rest relative the
observer’, Explain. Derive the expression which relates proper length to
observed length.

ii) A person in a train moving at a speed of 3 x107 m/s sleeps at 10 p.m. by
his watch and gets up at 4 a.m. How long did he sleep according to the
clocks at the stations ?

B) Derive Einstein’s mass-energy relation : E = mc?.




