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{ZX}e : ¶h àíZ nÌ VrZ IÊS>m| "A' "~' Am¡a "g' ‘| {d^m{OV h¡& àË¶oH$ 
IÊS> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma Xr{OE& àíZnÌ ewê$ H$aZo go 
nyd© àíZnÌ H$moS> Ed§ àíZnÌ erf©H$ Om±M bo§& {H$gr ^r {dg§JVVm 
H$s pñW{V ‘| A§Jo«Or ê$n hr ApÝV‘ hmoJm& nona MPH-01 Ho$ {bE 
Ho$b³¶wQ>a H$s AZw‘{V Zht h¡&

 Section - A 8 × 2 = 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 02 marks.
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 IÊS> - "A'
A{V bKw 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$V‘ 30 eãXm§o ‘| n[agr{‘V H$s{OE& àË¶oH$ 
àíZ 02 A§H$m| H$m h¡&

1) (i) Write the Lagrangian of a free particle in spherical polar 
coordinates ( , , ) .r θ φ

  EH$ ‘w³V H$U H$m boJaopÝO¶Z Jmobr¶ {ZX}em§H$ ( , , ) .r θ φ  ‘| {bI|&

 (ii) If Lagrangian is aL 2= bθ + θ φ cosφ θo  then find conjugate 
momentum pφ .

  ¶{X boJ«opÝO¶Z aL 2= bθ + θ φ cosφ θo  h¡ Vmo g§¶w½‘r g§doJ pφ 
kmV H$a|&

 (iii) Write the Hamiltonian of a one-dimensional harmonic 
oscillator.

  EH$ {d^r¶ gab AmdV© Xmo{bÌ H$m ho{‘ëQ>mo{Z¶Z {bI|&

 (iv) Which conservation law follows from the isotropy of 
space?

  AmH$me H$s g‘X¡{eH$Vm go ì¶wËnÞ g§ajU {Z¶‘ ³¶m h¡?

 (v) If the Poisson bracket { , } 1,x p =-  then find the Poisson 
bracket { , } .x p p2+

  ¶{X nm±em± ~«oHo$Q> { , } 1,x p =-  h¡ Vmo nm±em± ~«oHo$Q> { , }x p p2+  H$m 
‘mZ ³¶m hmoJm?

 (vi) State Liouville’s theorem.

  {b¶mo{dbo à‘o¶ H$s n[a^mfm X|&
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 (vii) What is the relationship between the entropy of a state and 
probability?

  E|Q´>m±nr Ed‘² àm{¶H$Vm ‘| g§~§Y ³¶m h¡?

 (viii)Define partition function.

  nmQ>ueZ ’§$³eZ H$mo n[a^m{fV H$a|&

 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> - ~)
bKw CÎmar¶ àíZ

{ZX}e : {H$Ýht Mma àíZm| Ho$ CÎma Xr{O¶o& 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) Obtain Lagrange’s equations using Hamilton’s principle of 
lease action. Deduce the Lagrangian of a simple pendulum 
oscillating in uniform gravitational field of intensity g.

 ho{‘ëQ>Z Ho$ Ý¶yZV‘ E³eZ {gÕmÝV go boJa|Or g‘rH$aU àmá H$a|& EH$ 
gab bmobH$ Omo {H$ JwéËdr¶ joÌ {OgH$s Vrd«Vm g h¡, ‘| XmobZ H$aVm 
h¡& Bg gab bmobH$ H$m boJ«opÝO¶Z àmá H$a|&

3) Deduce the law of conservation of energy from the principle of 
homogeneity of time.

 H$mb H$s g‘m§JVm Ho$ {gÕmÝV go D$Om© g§ajU {Z¶‘ àmá H$a|&



MPH-01 / 600 / 6 (4) (Contd.)

780

4) Define the effective scattering cross-section. Determine the 
effective cross-section for scattering of particles from a perfectly 
rigid sphere of radius a (i.e. When the interaction is such that 
U 3=  for  r a<  and 0U =  for r a> ).

 à^mdr àH$sU©Z H$mQ>joÌ H$mo n[a^m{fV H$a|& a {ÌÁ¶m Ho$ nyU© Ñ‹T> Jmobo go 
H$Um| Ho$ àH$sU©Z Ho$ {bE à^mdr H$mQ>-joÌ H$s JUZm H$a|& AÝ¶moÝ¶ {H«$¶m 
{ZåZ ê$n go n[a^m{fV h¡…

  U 3=  ¶{X r a<
  0U =  ¶{X r a>

5) What are canonical transformations? Obtain canonical 
transformations involving generating functions which depend 
on the variables q and Q, or q and P. Also show that the difference 
between the new Hamiltonian and the old Hamiltonian is equal 
to the partial derivative of the generating function with respect 
to time.

 H¡$ZmoZrH$b ê$nm§VaU ³¶m hmoVo h¢? CZ H¡$ZmoZrH$b ê$nm§VaUm| H$mo kmV H$amo 
{OZHo$ O¡ZoaoqQ>J ’§$³eZ q VWm Q na {Z^©a H$aVo hm| ¶m q Am¡a p na. 
¶h ^r {gÕ H$a| {H$ H¡$ZmoZrH$b ê$nm§VaU Ho$ AÝVJ©V Z¶m ho{‘ëQ>mo{Z¶V 
VWm nwamZm ho{‘ëQ>mo{Z¶Z H$m AÝVa O¡ZaoqQ>J ’§$³eZ Ho$ g‘¶ Ho$ gmnoj 
Am§{eH$ AdH$bO Ho$ Vwë¶ hmoJm&

6) Obtain Maxwellian distribution formula using Gibbs distribution 
formula.

 {Jãg Ho$ {S>ñQ´>rã¶yeZ ’§$³eZ H$m Cn¶moJ H$aVo hþE ‘o³gdob {dVaU {Z¶‘ 
àmá H$a|&
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7) Prove the thermodynamic relation E T
T T

F2

2

2
=- dd nn, where 

 E is the internal energy, and F is the free energy.

 D$î‘J{VH$ g§~§Y E T
T T

F2

2

2
=- dd nn ñWm{nV H$a|& E AmÝV[aH$ 

 D$Om© h¡ VWm F ’«$s-BZOu h¡&

8) Deduce the Fermi distribution function of a completely 
degenerate electron gas. Show that the pressure of a Fermi gas 

at absolute zero is proportional to the 
3
5  power of its density.

 nyU© An^¥îQ> Bbo³Q´>m°Z J¡g Ho$ {bE ’$‘u {dVaU ’$bZ àmá H$a|& {gÕ H$a| 

{H$ ’$‘u J¡g H$m na‘eyÝ¶ Vmn na Xm~ H$Um| H$s g§»¶m KZËd Ho$ 
3
5  KmV 

Ho$ g‘mZwnmVr h¡&

9) Consider a system of harmonic oscillators in thermal 
equillibrium. Find the partition function Q, free energy F, and 
average energy of the system of oscillators.

 Vmnr¶-gmå¶ ‘| gab AmdV© Xmo{bÌm| Ho$ {ZH$m¶ Ho$ nmQ>ueZ ’§$³eZ Q, 
’«$s BZOu F, Ed‘² Am¡gV D$Om© H$mo kmV H$a|&

 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© CÎmar¶ àíZ

{ZX}e : {H$Ýht Xmo àíZm| Ho$ CÎma Xr{O¶o& Amn AnZo CÎma H$mo A{YH$V‘ 500 
eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 16 A§H$m| H$m h¡&
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10) Express kinetic energy of rotation of a symmetrical top in terms 
of Eulerian angular velocities Hence discuss the free rotation of 
a symmetrical top.

 EH$ g‘{‘V bQ²>Qy> (Q>m°n) H$s J{VO D$Om© H$m ì¶§OH$ Am¶br[a¶Z H$moUr¶ 
doJm| Ho$ ê$n ‘| ì¶³V H$ao§& AV… g‘{‘V bQ²>Qy> Ho$ ‘w³V KyU©Z H$s ì¶m»¶m 
H$a|&

11) What are normal coordinates?

 Determine the normal cordinates and eigen frequencies of 
normal oscillations of a system with two degrees of freedom 
whose Lagrangian is

  x y w x y
2
1

2
1L 2 2

0
2 2 2 α= + - + + xyo o_ _i i

 Note it is two identical one-dimensional systems of 
eigenfrequency w0 coupled by an interaction –axy).

 Zm‘©b H$moAmo{S>©ZoQ> ³¶m hmoVo h¢? EH$ {ZH$m¶ {OgH$s ‘w³VMa g§»¶m Xmo h¡ 

VWm {OgH$m boJa|{O¶Z x y w x y
2
1

2
1L 2 2

0
2 2 2 α= + - + + xyo o_ _i i  

h¡, BgHo$ Zm‘©b H$moAmo{S>©ZoQ> VWm AmBJZ Amd¥{ÎmAm| H$s JUZm H$a|&

 ZmoQ>… ¶h Xmo EH$ g‘mZ EH$ {d{‘¶ {ZH$m¶ H$s AmBJoZ Amd¥{Îm w0 dmbo 
{ZH$m¶ H$m ¶w½‘Z –axy AÝV{H«©$¶m Ho$ Vwë¶ h¡& 

12) Apply Bose-Einstein statistics to photons and obtain the Planck 
law of black-body radiation.

 ’$moQ>moZm| Ho$ {bE ~mog-AmBÝñQ>rZ ñQ>o{Q>pñQ>³g H$m Cn¶moJ H$aVo hþE ßbm§H$ 
Ho$ {Z¶‘ H$m ì¶§OH$ àmá H$a|&

13) What is degenerate Bose gas? Explain the phenomenon of 
Bose-Einstein condensation.

 An^¥îQ> ~mog J¡g ³¶m hmoVr h¡? ~mog-AmBÝñQ>rZ g§KZZ H$s ì¶m»¶m H$a|&


