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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.

{ZX}e :	 ¶h àíZ nÌ "A', "~' Am¡a "g' VrZ IÊS>m| ‘| {d^m{OV h¡& àË¶oH$ 
IÊS> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma Xr{OE& {H$gr ^r {dg§J{V H$s 
pñW{V ‘| A§J«oOr ê$n hr A§{V‘ ‘mZm Om¶oJm& àý nÌ ewê$ H$aZo go 
nyd© nona H$moS> d àýnÌ erf©H$ Om±M bo& àýnÌ MPH-01 Ho$ {bE 
Ho$bHw$boQ>a H$s AZw‘{V Zhr h¡&

	 Section - A	 8 × 1 = 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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	 IÊS> - "A'
(A{VbKw CÎma dmbo àíZ) (A{Zdm¶©)

{ZX}e :	 g^r àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo àíZmZwgma EH$ eãX, 
EH$ dm³¶ ¶m A{YH$V‘ 30 eãXm| ‘| n[agr{‘V H$[aE& àË¶oH$ àíZ 
2 A§H$ H$m h¡&

1)	 (i)	 If lagrangian of a particle is given by 

		  cosL M l r r2 2 2 2 2 2i i z= + +o^ h

Find the Generalized momentum pi

		  ¶{X EH$ H$U H$m b|J«§{O¶Z {ZåZ h¡

		  cosL M l r r2 2 2 2 2 2i i z= + +o^ h Vmo ì¶mnH$ g§doJ pi kmV H$amo&  

	 (ii)	 If Lagrangian of a system is given by

		  cosL l mgl
2
1 2 2n z z= +o

		  Find the equation of motion. Here , , ,l g mn  are constants.
		  ¶{X EH$ {ZH$m¶ H$m boJ«§{O¶Z {ZåZ h¡

		  cosL l mgl
2
1 2 2n z z= +o

		  Vmo J{V H$m g‘rH$aU kmV H$amo& ¶hm± , , ,l g mn  AMa h¡&

	 (iii)	 Three identical particles are moving with velocities.
		  , ,v i j v i v j2 3 3 21 2 3= + =- =-v t t v t v t

		  What is the velocity of centre of mass of the system of these 
three particles in centre of mass frame.

		  VrZ EH$ g‘mZ J{V‘mZ H$Um| Ho$ doJ {ZåZ h¡
		  , ,v i j v i v j2 3 3 21 2 3= + =- =-v t t v t v t

		  Ðì¶‘mZ Ho$ÝÐ {ZX}e V§Ì ‘| Bg {ZH$m¶ Ho$ Ðì¶‘mZ Ho$ÝÐ H$m doJ ³¶m 
hmoJm?
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	 (iv)	 Potential energy of a particle of mass m is given by sin

x

a x
2

2 2

		  What is the angular frequency of oscillation for one dimensional 
motion for small values of x. Here a is constant.

		  EH$ H$U {OgH$m Ðì¶‘mZ m h¡, CgH$s pñW{VO D$Om© sin

x

a x
2

2 2

 

		  h¡& Aën x Ho$ ‘mZm| Ho$ {bE EH$ {d‘r¶ J{V Ho$ {bE XmobZ H$s 
H$moUr¶ Amd¥{V ³¶m hmoJr? ¶hm± a AMa h¡&

	 (v)	 Consider a long thin rod and neglect the vibrational motion. 
How many degrees of freedom can be assigned to this rod?

		  EH$ b§~r nVbr N>S> H$mo br{OE VWm CgHo$ H$ånÝZ J{V H$mo ZJÊ¶ 
‘m{ZE& Eg N>S> go {H$VZr ñdV§ÌVm H$s H$mo{Q> g§~Õ H$s Om gH$Vr 
h¡?

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

		  g^r nXm| H$mo {bIVo hþE nmoBgZ ~«o{H$Q> [ , ]p p  H$m ‘mZ kmV H$amo&

	 (vii)	Thermodynamic relation is given by dE TdS PdV dxn= + -  
Here symbols have usual meaning. What does x represent ?

		  D$î‘mJ{VH$ gå~ÝY dE TdS PdV dxn= + -  Ûmam {X¶m OmVm h¡? 
¶hm± àVrH$m| Ho$ gm‘mÝ¶ AW© h¡& ¶hm± x ³¶m àX{e©V H$aVm h¡?

	 (viii)	Is following relation correct?

		  P
V
A

,N T2
2=-` j

		  Here symbols have usual meaning.
		  ³¶m {ZåZ gå~ÝY ghr h¡?

		  P
V
A

,N T2
2=-` j

		  ¶hm± àVrH$m| Ho$ gm‘mÝ¶ AW© h¡&
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	 Section - B	 4 × 8 = 32
(Short Answer Questions)

Note:	 Answer any four questions. Each answer should not exceed 
200 words. Each question carries 8 marks.

(IÊS> - ~)
(bKwCÎma dmbo àíZ)

{ZX}e :	 {H$Ýht Mma àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo A{YH$V‘ 
200 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 8 A§H$m| H$m h¡&

2)	 Consider At wood machine in which pulley has moment of inertia I 
and blocks have masses m1 and m2. Obtain the equation of motion 
using Lagrangian.

	 EH$ EQ>dyS> ‘erZ H$mo br{OE {Og‘o EH$ nwbr H$m OS>Ëd AmKyU© I h¡ VWm 
ãbmoH$mo Ho$ Ðì¶‘mZ m1 VWm m2 h¡& boJ«§{O¶Z H$m Cn¶moJ H$aVo hþE J{V 
H$m g‘rH$aU àmßV H$[aE&

3)	 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 (r). Express the Lagrangian in terms of 
relative position vector and reduced mass.

	 Xmo A§V{H«©$¶m H$aZo dmbo H$Um| Ho$ {ZH$m¶ H$m boJ«§{O¶Z àmßV H$[aE {OgHo$ 
{bE A§V{H«©$¶m H$s pñW{VO D$Om© Ho$db CZHo$ ‘Ü¶ Xÿar na {Z^©a H$aVr 
h¡ AWm©V U = U (r) g‘m{ZV Ðì¶‘mZ VWm gmno{jH$ pñW{V g{Xe Ho$ nXm| 
‘| boJ«§{O¶Z H$mo ì¶º$ H$[aE&

4)	 Discuss the free motion of symmetrical top.
	 g‘{‘V bÅz> Ho$ ‘wº$ J{V H$s {ddoMZm H$s{OE&
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5)	 Obtain the equation of motion for Simple pendulum using Hamilton’s 
equations.

	 ho{‘ëQ>Z Ho$ g‘rH$aUm| H$s ghm¶Vm go gab bmobH$ H$s J{V H$m g‘rH$aU 
àmßV H$[aE&

6)	 For what values of the parameter a  the following transformation is 
canonical?

	 cos sin

sin cos

Q q p

P q p

a a

a a

= -

= +

	 àmMb a Ho$ H$m¡Zgo ‘mZm| Ho$ {bE {ZåZ ê$nmÝVaU Ho$Zmo{ZH$b hmoJr?

	 cos sin

sin cos

Q q p

P q p

a a

a a

= -

= +

7)	 What do you mean by ensemble average? Also write the Liouville’s 
theorem.

	 EÝgoå~b Am¡gV go AmnH$m ³¶m VmËn¶© h¡? {b¶mo{dbr à‘o¶ H$mo ^r 
{b{IE&

8)	 What do you mean by partition function? What the key points of 
microcanonical ensemble and canonical ensemble?

	 g§{dVaU ’$bZ go AmnH$m ³¶m VmËn¶© h¡? ‘mBH«$mo Ho$Zmo{ZH$b EÝgoå~b 
Ed§ Ho$Zmo{ZH$b EÝgoå~b Ho$ ‘w»¶ {~ÝXþAmo H$mo {b{IE&

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

	 N Xþ~©b ê$n go ¶wp½‘V AmdVu Xmo{bÌmo Ho$ {bE g§{dVaU ’$bZ Ed§ ‘mÜ¶ 
D$Om© kmV H$amo&
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	 Section - C	 2 × 16 = 32
(Long Answer Questions)

Note:	 Answer any two questions. You have to delimit your each 
answer maximum up to 500 words. Each question carries 16 
marks.

(IÊS> - g)
(XrK©CÎma dmbo àíZ)

{ZX}e  :	 {H$Ýht Xmo àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo A{YH$V‘ 500 
eãXm| ‘| n[agr{‘V H$aZm h¡& àË¶oH$ àíZ 16 A§H$m| H$m h¡& 

10)	 What do you mean by Degenerate Electron Gas? Obtain the 
expression for Fermi energy for it and also explain the white dwarf 
star.

	 S>rOoZaoQ> Bbo³Q´>m°Z J¡g go AmnH$m ³¶m VmËn¶© h¡? BgHo$ {bE ’$‘u D$Om© 
H$m ì¶§OH$ àmßV H$[aE VWm œoV ~m¡Zo Vmao H$mo ^r g‘PmE&

11)	 (a)	 �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).

	 (b)	� Obtain the equation of motion for Linear Harmonic Oscillator 
using Hamilton’s  equations.

	 (a)	� H$Um| Ho$ {ZH$m¶ Ho$ àX{e©V {H$¶o OmZo dmbo {Magå‘V ì¶dhma H$m 
‘hÎdnyU© n¥W³H$aU H$~ hmoVm h¡? Bgo S>r ~«mo½br Va§JX¡Y¶© H$s 
ghm¶Vm go g‘PmBE& ~mog AmBÝQ>rZ {dVaU (B-E gm§p»¶H$s) Ho$ 
‘w»¶ {~ÝXþAmo H$mo ^r g‘PmBE&

	 (b)	� ho{‘ëQ>Z g‘rH$aUm| H$s ghm¶Vm go aoIr¶ Amd¥{V Xmo{bÌ Ho$ J{V Ho$ 
g‘rH$aU H$mo àmßV H$s{OE&
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12)	 Determine the period of oscillations of a simple pendulum as a 
function of the amplitude of the oscillations.

	 EH$ gab bmobH$ Ho$ XmobZ Ho$ AmdV©H$mb H$mo XmobZ Ho$ Am¶m‘ Ho$ nXm| Ho$ 
ê$n ‘| {ZYm©aU H$s{OE&

13)	 Determine the oscillations of a system with two degrees of freedom 
whose Lagrangian is :

	 L x y x y xy
2
1

2
12 2 2 2

0
2~ a= + - + +o o^ ^h h

	 (i.e. two identical one-dimensional systems of eigenfrequency 0~  
coupled by an interaction – xya )

	 Xmo H$mo{Q> H$s ñdV§ÌVm dmbo {ZH$m¶ Ho$ XmobZmo H$mo {ZYm©aU H$s{OE {OgH$m 
b|J«o{O¶Z {ZåZ h¡

	 L x y x y xy
2
1

2
12 2 2 2

0
2~ a= + - + +o o^ ^h h

	 (AWm©V Xmo EH$ g‘mZ EH$ {d‘r¶ {ZH$m¶ H$s AmBJoZ Amd¥{V 0~  h¡ VWm 
A§V{H©$¶m – xya  Ûmam ¶wp½‘V h¡&)


