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MPH-01
June - Examination 2019
MSc (Previous) Physics Examination
Classical Mechanics and Statistical Physics
Paper - MPH-01
Time : 3 Hours ] [ Max. Marks :- 80

Note: The question paper is divided into three sections A, B and C.
Write answers as per the given instructions. In case of any
discrepancy, the English version will be final for all purposes.
Check your paper code and paper title before starting the
paper. For paper MPH-01 calculators are NOT allowed.

fAder: gg ueq uF ‘7, ‘¥’ @R ‘W dIF @usl § fawifoa 21 v
U o MR el & IR QIforg) et oft fzrfer &
fRUfT & 3t ®u g Sifcm J19 1 SRR U8 U g% A 3
T UR DIs g gHuA ofiiep S of | 9T MPH-01 & forg

PeIpeiex H argafy TE Bl

Section - A §X1=16
(Very Short Answer Type Questions) (Compulsory)
Note:  Answer all questions. As per the nature of the question delimit
your answer in one word, one sentence or maximum up to 30
words. Each question carries 2 marks.
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1) (i) Iflagrangian of a particle is given by
L=M PP+ +r?cos’p)

Find the Generalized momentum p,

Ife Th B 1 SRH 7 8

L=M (PP + r* + r*cos’¢) A UG FAT p, ST DR

(i) If Lagrangian of a system is given by
L= %ulz b+ mglcos ¢

Find the equation of motion. Here y, [, g, m are constants.

afe v oy @1 Ui =1
LZ%ulzqﬁz—l-mglcosd)
ar iy BT FHBROT ST BRI T&T 1,1, g, m IR Bl

(ii1) Three identical particles are moving with velocities.
V=243, v, =—31, V,=—2j
What is the velocity of centre of mass of the system of these
three particles in centre of mass frame.
A T FE AR BT b ot T B
V,=2i+3], v,=—30, V,=—2j
S Bg ISy 73 ° 9 ™ & gead™ g 7 97 T
g ?
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asin’x*
(iv) Potential energy of a particle of mass m is given by ——5——
X

What is the angular frequency of oscillation for one dimensional

motion for small values of x. Here a is constant.
2

)

21 3 x P "I & forg Uep faefir wifer & forw Qe ot
DT sgfr a1 grit? 8l ¢ 3R gl

(v) Consider a long thin rod and neglect the vibrational motion.

How many degrees of freedom can be assigned to this rod?

T el Idell B Dl AT TAT IHD HFI— T Dl A0
v T Bs I fhaHl Tad=dr &t ife Jag Y ST Jepet
g?

(vi) Writing all steps find the value of Poisson bracket [p, p]

Tt gl @l forad gU Ige Sfebe [p, p] BT A ST BRI |

(vil) Thermodynamic relation is given by dE =TdS + PdV — udx
Here symbols have usual meaning. What does x represent ?
SSANIS A dE = TdS + PdV — pdx GRT &1 SITm 82
TgT Uit & Amg 3ref 81 Tl x a1 uefefd awar g7

(viii)Is following relation correct?

P==(57 hus

Here symbols have usual meaning.
a1 o ey Al g ?

P==(50 hus

IgI Uil o A 37ef g
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Section - B 4 X8=32
(Short Answer Questions)

Note:  Answer any four questions. Each answer should not exceed

200 words. Each question carries 8 marks.
(@vs - 9)
(TSR aTel Ue)

fAder: gl IR Ul & IR ST 3T 3 IR Dl 3ferhad

2)

3)

4)

200 9rect o gRAfAT HIRTTI T U9 8 37l & gl

Consider At wood machine in which pulley has moment of inertia I
and blocks have masses m, and m,. Obtain the equation of motion
using Lagrangian.

U Ucgg AefH I olifTg R T geft & STecd 31Temf 1 g aef
&Pl &b GIHIM m, TAT m, g1 AURTIT Bl IUANT B gY T
T FHIPRUT T BRY

Obtain the Lagrangian for system of two interacting particles for

which the potential energy of the interaction depends only on the
distance between i.e. U = U (7). Express the Lagrangian in terms of

relative position vector and reduced mass.

QI 3AfHAT IR a1l BN & BRI BT AR UTed BRY o
fory siefshar 1 fRUfrsT S5of dhaet b 72 g R AR el
g 31T U= U (r) TR Geom= qe aufére fRAfr afqer & gt
§ RIS P &b BT

Discuss the free motion of symmetrical top.

STEf g & e Ml Y ke Hifo)
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Obtain the equation of motion for Simple pendulum using Hamilton’s

equations.

2ffce & FHIBRUN 6l TERIAT ¥ AR SAleteh i Ty T FHiepeor
e HRRT

For what values of the parameter « the following transformation is

canonical?
Q=gcosa — psina
P=gsina + pcosa

Ut @ & DAY A1 & folv 97 SU=aRur hAlfehel BRI 2

Q=gqcosa — psina

P=gsina + pcosa

What do you mean by ensemble average? Also write the Liouville’s

theorem.

TN 3G I TR T g g7 fornfaetl g @ oft
forRau|

What do you mean by partition function? What the key points of
microcanonical ensemble and canonical ensemble?
IR He A JMUBT T AR g ? HIZh! brl-idhed T=Awdal
Td PpAIfTepeT Tael o g favgall @l fefau|

Find the partition function & mean energy for N weakly coupled
harmonic oscillators.

N el ®U | YA et Qe & oy FAaRT e & A1eg
ENISISECAT

MPH-01/900 /7 (5) (P.T.0)



Note:

780

Section - C 2X16=32
(Long Answer Questions)
Answer any two questions. You have to delimit your each
answer maximum up to 500 words. Each question carries 16
marks.

(Tvs - ¥)

(SrefSTR aTet U9 )

fAder : gl T U9l & IR SINITI 31T 399 IR B 31frpad 500

grect o gRIAITT AT 81 UAD U9 16 3ihi & gl

10) What do you mean by Degenerate Electron Gas? Obtain the

11)

expression for Fermi energy for it and also explain the white dwarf

star.

SIoTRe Selaci- KT | JMIHT FT ATH g ? 30D T HHf ot
B oI U HRT qAT 47 d49 IR D1 ff Joem|

(a)

(b)

(a)

(b)

When will be significant departure from typical classical
behavior exhibited by the system of particles? Explain it with
help of De Broglie wavelength. Also explain the key points of

Bose-Einstein distribution (B-E statistics).

Obtain the equation of motion for Linear Harmonic Oscillator

using Hamilton’s equations.

HU & e & UgRia fF) M arel fRRTT JagR &
Ag@qul JFdRUl e BT 8 T S el dReerRf
HERIdT | ISV 9 3s<A faavur (B-E |ifegdt) &
gy fmgall 1 ff THesu

gifiee FHIARUI &l FEar W MgfT qiferd & T &
FHYRRT BT TTed BT
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12) Determine the period of oscillations of a simple pendulum as a
function of the amplitude of the oscillations.
U ARA AlcIdh & QIeld & IMAIDBIS Pl Gl &b 37T &b UGi &b
w4 g i

13) Determine the oscillations of a system with two degrees of freedom

whose Lagrangian is :

L=%( +y?) — wo(x +y?) + axy

(i.e. two identical one-dimensional systems of eigenfrequency w,
coupled by an interaction — axy)

&1 2pIfe el eIl dTet ey & Grerl el FeiRor hifsTy frgept
HIRRE 77T 8

L=%(§c2+y2)—% 2 (x* +y*) + axy

(ererfa g v 9 U farta e Y o Smaf o, 8 de
Ifdafhar — axy GIRI gﬁﬁﬁ %I
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