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The figures in the margin indicate full marks.

Candidates are required to give their answers in their own words
as far as practicable.
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Section-I

1. Answer any five questions: 2x5=10
el R [ ERCICE R

(a) What do you mean by generalised coordinate?

Generalised coordinate &1 I (G ?

(b) What do you understand by stable and unstable equilibrium?
fZf et Sy € SfEfeNeT SRy I&10e (@I 2

(c) What is gyro-radius and gyro-frequency?
Gyro-radius @3} gyro-frequency S ?

(d) Give the example of massless particle or particle with rest mass zero. What is the velocity of
the particle?

e [y Q&hel Tel SWIZRe Wi | 98 FEIF (FE 53 Fo ?

(e) What do you mean by lagrangian of the system?
©CFF Lagrangian J6109 S (AT 2

(f) In which condition, Hamiltonian (H) represents the total energy of the system?

(I %[0S, Hamiltonian (H) St (6 ¥ 2% S5 2

(g) Write down the postulates of the special theory of relativity.

SCoFFReRmME [RTeT wred RIeafe (&Teal |

(h) What are ‘inertial frames of reference’?

SO [NiseR FITHE 06T 2
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Section-I1

Answer any four questions: 5%4=20
3 () BRI 2T ©ed WS ¢

2. Find out the Hamiltonian of simple pendulum and then establish the equation of motion. What is
the advantages of Hamiltonian approach? 242+1=5
el (MeTCe Hamiltonian-4g M9 (I8 01 G O (ACF T (MITea sifos e e e |
Hamiltonian approach-4g ‘{[\%I%T CeTCRT |

3. A charged particle is introduced in a uniform magnetic field B along any arbitrary direction with
velocity v making an angle 6 with B. How will be shape of the path of the charge particle?
Explain it.

A positron of kinetic energy 200 eV is projected at an angle 30° with respect to the direction of
uniform field of induction B = 102 tesla calculate the radius of the spiral path? 2+3=5

G5 SfTeifFe ST T 55 (F0q (B) V oIfSraesl @<k B-ag Y 0 (I AT S0 25|
sfgeifze w17 siferitea gl (@ 203, W 1 |

200 eV ife*lle i (Pt “ATGGacE 7@ peacwa (field of induction) B = 10™2-47 e 30°
CPICE! ST AT 7eT | A(HeT 20 P ey el |

4. What is length contraction and time dilation? Prove that length of a moving rod is always shorter
than its proper length. 2+3=5
TS B2/ LG € AL AT FES w100 F (SN0 2 & ST (@, (e ot 0 (e
OIF C2l#NF IR (proper length) (/T 7471 (RITH 203 |

5. Explain relativistic Doppler effect. What do you mean by time-like and space-like intervals?
3+2=5
AT AFG T2 [l At ST | time-like =R space-like intervals I5CS JF (AN 2

6. The potential energy of a particle is given by
V(x) = x* —4x3 — 8x? + 48x

Find the points of stable and unstable equilibrium. Explain the terms (i) normal frequencies
(i1) normal modes of vibrations. 342=5

@IC o FHfexifie 2o frmamet

V(x) = x* —4x3 — 8x? + 48x
EfoRNeT SIomy € WFEfeRtet Sy ﬁﬁﬁ"‘ﬁ FCAT | (1) =0eT (normal) 1% (ii) <07 (normal )
e, — famafer g St |

7. A particle of mass m moves in a plane in the field of force given by F = —# kr cos ® where k is a
constant and 7 is the radius unit vector. Show that mr?6 = constant. What do you mean by
conservative force? 4+1=5

(I SO, m SEE GG Tl F = —7 kr cos 0 (e (FH0q SITo= e, (@I k 261 GF16 & @18
261 7 IARE IS (93 | (TS (@ mr20 = &35 | ALT=R] 91 6709 D (G 2
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Section-II1
Answer any one question: 10x1=10

Derive the equations of Lorentz transformation. Establish the relation E? = p2c? + m2c¢* for a
particle of rest mass m,, momentum P and total energy E. What is twin paradox? 5+3+2=10
(TG TG ARFerfeT 2D N1 E2 = p2e? + m2c? 7140 2fed a1, @i m, 27 $919
%3 o4, P 251 ©a39 @3 E 2&1 (N6 *If& | Twin paradox 2

What is meant by an ideal fluid? What is the significance of Reynolds number? Derive
Navier-Stokes equation. For what condition, Navier-Stokes equation can be solved? 1+2+5+2=10
S 212} FETCS N ICAT 2 (@78 AR Sl (@0 | Navier-Stokes-47 AT 70 FC1 | (@4
*[T% Navier-Stokes SFde TN 1 7S 2
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Answer any five questions: 2x5=10

(a) Show that gradient of a scalar function is a tensor of order one.
(b) Find the second order anti-symmetric tensor associated with the vector: 2 — 3j + k.
(c) Prove that product of tensors of rank one is a tensor of rank two.

(d) Show that A x B transforms like tensor of rank one.
(e) Show that A* B* is invariant.

(f) Define Quotient Law.

(g) What do you mean by cyclic group?

(h) Prove that every cyclic group is abelian.

Answer any four questions: 5%4=20
(a) Show that: €;x5€mps = Oim Okp — Oip Okm-
(b) Define kronecker-delta function, Show that it is

(i) an isotropic tensor,

(i) a symmetric tensor of order 2. 1+2+2=5
(c) Derive an expression for the Moment of Inertia tensor.

(d) Prove that Moment of Inertia is a symmetric tensor and it transform like a second order
tensor.

(¢) A man is known to speak truth 2 out of 3 times. He throws a die and reports that number
obtained is a four. Find the probability that the number obtained is actually a four.

(f) Show that if H and K are subgroups of an abelian group G, then {hk|h € H,k € K} is
subgroup of G.
Answer any one question: 10x1=10
(a) Using tensors, prove the following identities:
(i) Vx (¢p4) = ¢p(Vx A) + (Vo) x 4
(ii) Vx (VxA4) =V(V.4) - v?4
(b) Define pure strain Tensor e;;. Establish that it is a symmetric tensor of order 2. Also give the
physical significance of its components e;1 and e;,.



