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June - Examination 2026

M.Sc. (Previous) Examination
PHYSICS
Classical Mechanics and Statistical Physics
Paper } MPH-01 _
(Time: 3 Honrs) o [Maximum Marks: 80]

Note:-  The question paper is divided into thre®Sections A, B and C. Write answers as per the given
instructions in each section. In case of any discrepancy, the English version will be final for
all purposes.
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Section-A 8>2=16
(Very Short Answer Type Questions)
Note:-  Answer all questions, As per the nature of the question delimit your answer in one word,
one senlence or maximum up to 30 words. Each question carries 2 marks.
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1. (1) A point particle moves on the sugtace of a sphere of constant radivs. What are
generalized coordinates for this motion in spherical coordinates?
ve fig @1 ua sree fiow @ M @) wag W wean &) el fdwe &
TEH MY B AW @yw RS (generalized coordinates) FT BI?
(11) A particle of mass m moves inside a surface of a cylinder of fixed radius r.
Write the expression for kim;tic energy of the particle in cylindrical
coordinates. s
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(iii) In centre of mass [rame, mnm:mtm of the original particle is zero. It

disintegrates into four particles. In centre of mass frame, after disintegration,
four particles move with momenta By = 21, B, =- 41, B3 = J and P4. What
is the magnitude of P4? Al units are in SI.
g B PEw oF § e w0 T O # ) 9w un @i ¥ Tear 8
e @ 9w F@md P B @3 ¥ 3 ww wmor waw
Py = 20,5, =—41, P3 =1 w0 Ps @ Ry & &) @i B, @ afemor
g1 grm? @t g@eai SI # &)
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Liv)

(v)

(vi)

{vii)

In central foree field, potential energy of a particle in three-dimensional motion

is —
= 2 4 y2 472 b
W=HER I Rt (Z+y*+2%)

Here a and b are constants. Find the force acting on the particle in spherical
coordinates.
> a9 &3 A, v T @ Py wRy @ Refter et e # -
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U=a(x?®+y*+2z%) t—
7E 2 o b orax | TN Frivim v W @ aTe I 9 HR
Consider a particle of mass m, which i§ suspended by a massless inextcns-iblc
string of length | at its one end in free space. It forms a simple pendulum. Fixed
suspension point (other end of string) is at & height d above the BT?UHd- Here,
d >1, the straight string makes an angle of 8 with the vertical at give instant.
Consider the gravitational potential energy i assumed to ?5 zero at ground
level. If 8 is the instantaneous angular position and Pg its corresponding
canonical momentum, Hamiltonian of the system at that instant is —
£
o + mg(d-e)
What is the value of £ ? What does e represents in terms of 1 and 67?
@ BV fora@l @A m 8 THE | A= Aol UH w@mE e fa|r
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wR R et Rafie ot oy A | af 8 arefre wfa Refy
£ T pp €A DAIIHA TAT B, W g9 gU1 e #1 efieer T e 8 -

b Y
sz + me(d-e)

TEt £ T |9 T B L aur O & gt ¥ e Ry ugfia wwan 87
In statistical physics, entropy S and probability Py (for state r) has relation —
S = kg Zr[X(logeF:)]
What does X represent?
wittereh St 4 9PN S 7 wifear p, (3@ ¢ @ fo) e W R -
S=Kkpg Zr[xﬂogepr)]
el X ¥ et wear 272
In statistical physics, a system having N particles, chemical potential p,
Helmboltz free energy A, lemperature T, volume V has the fQ‘“UWing
relation - '
(2
W= \ox/ry \
What does X represent?
waifezdn AR W@ Mbry & N oy 2, TTERAS AT 0, TR FI
ol A, T4 T, AT V & Ry iy gra el & —
A
p= X/ 1y
gt X a1 usfiifa g=an 22
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Note -
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2.

6,

(viii) Fermi-Dirac distribution function 13 Wrillen as —

n__ 1
g eBlEI-EF)-2Y
What is the value of Y?
o fox freer wer e ke ¥ R v @ -

n __ 1

& eB(e-Br)_2y
&7 Y @1 "9 9 grn?
Section-B 4x8=32

(Short AIISWEI'!Type Questions)
Answer any four questions. You have to delimit your each answer maximum up 1o

200 words. Each question carries 8 marks.
qre—q’
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What do you understand by grand canonical ensemb

geq TR & ST Fa dTerd ¥7 T WS
Obtain the effective cross-section for particle of mass m to,strike a sphere of mass
m, and radius R to which they are attracted in accordance with Newton’s law.
qasmﬁmwmﬁm,%mﬁﬁﬁmﬁamﬁﬁWRﬂ%Wﬂwa
& sl e & W By | get A g from & HFE piia 8 T
A bead slides on a wire in the shape of the cycloid as given by eguations —
X = b(¢-sind)
andy = b(1 + cos¢) - Y

where y is the height of the bead and Of5 ¢ <2n
Obtain the Lagrangian and equation 9 ‘motion for bead. Here g is the acceleration

wee @ sifd@an 200 wreal # 9R&EfHa

le? Explain this.

due to gravity.
%T (cycloid) =91 T& AR U% UF ¥ [ael @1 8, T &1 AR
x = b(¢-sind)
a y = b(1+ cos}) .
il yad A wEd 230 < ¢ 21
wa @ auforaa g wIfey @ OIme SHRY | T8 g Tod B PROT @R & |

Check that whether the following transformation is canonical or not canonical —

1 3

z "’ 2 Y
ﬁmﬁﬂ%ﬂwrﬁﬁmqﬁﬁﬁfm&wmﬁﬁﬁmﬁ%—
1 _aqp? :
Q=5 -F =7 l
Deduce the equation of motion for twasdimensional isotropic harmonic oscillat
using Hamilton's equations in Cartesian coordinates, RSB

Frdta fdura ¥ Eftees W@l B ST T §U, R-Rie wife sk

Obtain the Maxwellian distribution formuli using Gibbs distribution formula

firsy RVl @ @ wErgen & Aawae DR i3 gy
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8. Show that in the high-temperature limit the heat capacity of a two level system is
proportional to the inverse square of the temperature.

a7 Tuee f5 9= @9 WA 4 Ry few @ it e aw @ o @
YGPRTART B & |

9, Explain the Atwood machine using Lagrangjan equation.
i FH@oT BT SYAT FX §U Tge #¥f9 & x|
Section-C 2x16=32
(Long Answer Type Questions)

Note :- Answer any two que_stiuns. .YC'“ have to delimit your each answer maximum up to
500 words. Each question carries 16 marks.
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10. (A) Obtain the angular momentum component Mx and M of a pa_rticle of mass m

in spherical coordinates. ! ()
g m aA U B9 B Pl WA wed My a1 M, @ e Adeie
§ yrg HfRY |

(B) What do you understand by Micro Canonical Ensemble? @)

HIZHT BAIP Tl § 3T Fa7 arfmrg 87
11. (A) What do you mean by Generalized co-ordinates? Explain them. Explain

Galileo’s relativity principle also, (8)
W(mm—as)ﬁ%mﬁ T aead 87 39 waemey | defaa &

AnRear @ fagia @ @ w‘ﬁ'?;vl '
(B) Obtain the principal moments of ncl‘!{qf a hollow sphere about a diameter

using inertia tensor. A
g AR @1 IUAIT HY §Y, ATH @B et g wWiEer M B §Eg Jed
et gt HRY | __*

2. (A) For the two particle problem (the reduced mass), obtain the following
Lagrangian for the system — (8)

1 3¢ m, m,
P = where m=—1-2%2_
L 2mr U(n), : )

Y Hor e W'W}%ﬁqﬁﬂﬂﬁﬁwmmﬁﬁm
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m, +m,
(B) What do you understand by Ensemble A\r;erng:'? ®)
gl RIS A T a i 82,

13. A rigid body is moving with velocity ¥ and rotating with angular velocity @, then
prove the following relation where symbol have usual meanings — (16)

= Imy2 41 .
KE=:mv®+-¥m(@ x )2 \

g 4@ g ATV T @ik ) @ aon g P A & B, o w welRm
fa:ﬁtzﬁ?ﬁﬁgqﬁﬁmm’rmézﬁﬂ_ '

K.E.= %m'«'2 +%E m(@ x )2
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(8)
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