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Note :-

foder —

Note :-

(ii)

The question paper is divided into three 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.
T8 YTI-UF o, T AR W A @Gusl § T B | Te @vs & FRYTgER ueAl &
IR ARTg | feed ft fadafay @ Rerfa & sfch wu € oifos @ S|
Section-A 8x2=16
(Very Short Answer Type Questions)

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.
Ygus—3’
CINACIPASSHp RS )
T Ul & IR QINIY | 3MMY U IR Bl YAAR Uh 9eq, U ared IT Afhad
30 vl d aRAMT IR | TS U 2 3% &1 ¢ |

A point particle moves on the surface of a sphere of constant radius. What are

generalized coordinates for this motion in spherical coordinates?
e fIg BT Uh IR o & Mol @1 Adg W Fgerdl 8| Meig Adene #§
g®! T & AT S Qed (generalized coordinates) FIT EF1?

A particle of mass m moves inside a surface of a cylinder of fixed radius r.

Write the expression for kinetic energy of the particle in cylindrical
coordinates.

U HUT FTAPT S m &, 98 U MR B r & 9o & ATARS A8
TR T BRAT B | JAATPR fHAeidl H ST B TS SHoll &l old foRau |

(iii)) In centre of mass frame, momentum of the original particle is zero. It

disintegrates into four particles. In centre of mass frame, after disintegration,
four particles move with momenta p; = 21, p, =- 41, p3 = jand P4. What
is the magnitude of P,? All units are in SI.

S b5 G 9F H o T BT WA I | T IR B H e B
el @ IWd T dw Moy 93 H Y AR B FdT
p1 = 21,p, =—4, p; =] T P, ¥ T IS T | FIT P, BT gRATO0
a7 BIT? |/l geprear ST H €|
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(iv)

)

(vi)

(vii)

In central force field, potential energy of a particle in three-dimensional motion
is —
b
U=ax’+y?+28) + ——
( y ) VJ (xZ+y?+22)
Here a and b are constants. Find the force acting on the particle in spherical
coordinates.

D1d 91 &5 H, U Sl 1 e a1 Rerfast et =1 & —
— (2 24,2 b

U=ax*+y° +z )+W
IEf a TAT b 3R T | Melrd Fdenad! § HU1 R T a1l 9o 91d BRY |
Consider a particle of mass m, which is suspended by a massless inextensible
string of length 1 at its one end in free space. It forms a simple pendulum. Fixed
suspension point (other end of string) is at a height d above the ground. Here,
d >1, the straight string makes an angle of 6 with the vertical at give instant.
Consider the gravitational potential energy is assumed to be zero at ground
level. If O is the instantaneous angular position and pg its corresponding
canonical momentum, Hamiltonian of the system at that instant is —

Ph
p— + mg(d-e)

What is the value of f ? What does e represents in terms of 1 and 6?
Th BV T SEE m 2, SHBT | A9 arell e SHd ]fed e
fRATRT 81 arell IRA & Y R W ACHIAT ST 2 | I8l U AR Al
B HY 94T § | S F Fas d R e g (RN &1 ga (1) i
21 g8l d>1 % 3T 7Ty o7 R efl =W FHeaer | 0 PIvr g4 ¥ | o
TR R ey ur ReIfast Soil ol I #1Y | Ife O dreerfores ooy Rerf
T T po AT BANTh FIT B, A1 39 & b1 &1 2ffeeH g 7 & —
f
Pe
o T me(d-e)
el BT A1 RT BT? 17T O & Ul H e o1 gaffd $xar &7
In statistical physics, entropy S and probability P; (for state r) has relation —
S = kg Xr[X(logeP)]
What does X represent?
wiRera wifaar # et S g wi¥edr P, @@E=en r & forg) =1 v 8 —
. S = kg 2r[X(logeP)]
el X T YaRIT HRal 87
In statistical physics, a system having N particles, chemical potential L,
Helmholtz free energy A, temperature T, volume V has the following
relation -

1= (5

What does X represent?
[ikega! Wifdat § te Fer 3§ N &7 &, I9Hd 39y, seeiees gad
ol A, T T, 3gas V & forg foe awaeer & —

(@),

gl X 1 U &ar 87
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(viii) Fermi-Dirac distribution function is written as —
nj 1
g eBEER) 2y
What is the value of Y?
T fexre faaRer W 1 oRe 9 e omar € —
1

nj
g eBGEiER) oy
T8l Y & A 9T BRI
Section-B 4x8=32
(Short Answer Type Questions)
Note :- Answer any four questions. You have to delimit your each answer maximum up to
200 words. Each question carries 8 marks.
Tug—g’
(19 SR 57 )
fder — & IR oA & IR QARG | 3T (0 UAd IR DI AMBTH 200 TTeal # IRAHT
DI | TAH YT 8 3 &l 2 |

2. What do you understand by grand canonical ensemble? Explain this.
g2 TN ¥ IMUHT T dread 2?7 39 FHeISy |
3. Obtain the effective cross-section for particle of mass my to strike a sphere of mass

m; and radius R to which they are attracted in accordance with Newton’s law.
U BT ST SdHH my & Sl {6 gegdE mp @ B ar R & el & SRl &,
Al g HIC &5 U BRY | T2 aFl ed & 99 & AR AHNd B 2 |
4. A bead slides on a wire in the shape of the cycloid as given by equations —
X = b(¢-sing)
and y = b(1 + cos¢)
where y is the height of the bead and 0 < ¢ < 2m
Obtain the Lagrangian and equation of motion for bead. Here g is the acceleration

due to gravity.
e sl (cycloid) ¥ U AR W Tdh #9961 (A BT 7, bl B FHIBRI

X = b(¢$- sind)
9 y = b(1 + coso)
SEl y 7d B Gars 8 9 0 < ¢ < 2m
A9 P NI T TRT BT AHDRT Ul HRY | I8T g [ b PRV @R & |

5. Check that whether the following transformation is canonical or not canonical —
3

1 _qgp
Q_F’P_T
fT ®UTRYT BT SifU fb daifde § 3ferdT I~ el & —

3

_1 p_a?
Q_pzlp_z

6. Deduce the equation of motion for two-dimensional isotropic harmonic oscillator
using Hamilton’s equations in Cartesian coordinates.

FIAE Fraenal § 2fee Tl &1 ITIRT w-d gy, fg—fadia waf¥e smafa
qiferd & fog i & wfiaRvr A1 By |
7. Obtain the Maxwellian distribution formula using Gibbs distribution formula.

fireq faaRor = &1 werdr 9 Haqdel b1 fdoRol G g B |
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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.

I8 quigy b Sea dm dmr # &1 'R e @ ke oW & 9 b
AT B B |

9. Explain the Atwood machine using Lagrangian equation.
SUTSTRIAT TN B IUANT B Y Ucds A Bl FHeMSY |
Section-C 2x16=32
(Long Answer Type Questions)
Note :- Answer any two questions. You have to delimit your each answer maximum up to
500 words. Each question carries 16 marks.
gre—4’
(& SR u9E)

fde — 5 <1 uysl & SR ST | 3T 3109 Uh IR DI Afhad 500 el F ufRdifdd
PIT | TJb T 16 3ih T 2 |

10. (A) Obtain the angular momentum component Mx and M; of a particle of mass m
in spherical coordinates. (8)
A m dlel U HUT & DIUIY HAT TS My TAT M, Bl et fFcersd
H ured HRY |
(B) What do you understand by Micro Canonical Ensemble? )

TS BAlThel TaFe 3 3D FT AN 77
11. (A) What do you mean by Generalized co-ordinates? Explain them. Explain
Galileo’s relativity principle also. (8)
AR (@d) Qe | M9eET R Ay 8? 39 9Hsigy | defiferar @
AT & RAgia o W |JHsTsy |

(B) Obtain the principal moments of inertia of a hollow sphere about a diameter

using inertia tensor. (8)
SIS TrAR BT SYANT BRI gY, AT & Y&l Uh @RI el BT I STecd
3ol U SR |
12. (A) For the two particle problem (the reduced mass), obtain the following
Lagrangian for the system — )
2 m, m,

1
= — h =
L Zmr U(r), where m m, +m,
T HO (e (FHd §9M) & fog e &1 71 e urd iRy |
D i
L:;m?—U(r), STt m =

m, m,
ml +m2

(B) What do you understand by Ensemble Average? ®)

Ul AMNd ¥ 3MMUGT FT ST 72

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

K.E.=%mv2+%Zm($><F)2
U g a% I V ¥ T PR Y& & FAT SHPT DIV AT @ &, T AH gaEferd
el @1 oI gy =1 W &1 Rig a1 —

K.E.=-mv2 +-% m(@ x i)?
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