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Section-I 

 1. Answer any five questions: 2×5=10 

  ˆÎ ˆÑ˛y Ï̂òy ˛ô§yâ˛!›˛ ≤ÃˆÏŸ¿Ó ̊v˛ z_Ó ̊îyÁ É 

  (a) What do you mean by generalised coordinate? 

    Generalised coordinate ÓúˆÏì˛ Ñ˛# ˆÓyˆÏG˛y⁄ 

  (b) What do you understand by stable and unstable equilibrium? 

    !fl˛i!ì˛ü#ú ¶˛yÓ¢̊yõƒ Á x!fl˛i!ì˛ü#ú ¶˛yÓ¢̊yõƒ ÓúˆÏì˛ ˆÓyˆÏG˛y⁄ 

  (c) What is gyro-radius and gyro-frequency? 

    Gyro-radius ~ÓÇ gyro-frequency Ñ˛#⁄ 

  (d) Give the example of massless particle or particle with rest mass zero. What is the velocity of 

the particle? 

    !fl˛iÓ¶̊˛Ó ̊ü)òƒ ~£zÓ*̊˛ô Ñ˛íyÓ ̊v˛ zîy£Óí̊ îyÁ– ~£z Ñ˛íyÓ ̊ˆ«˛ˆÏe Ü!ì˛ˆÏÓÜ Ñ˛ì˛⁄ 

  (e) What do you mean by lagrangian of the system? 

    ì˛ˆÏs˛fÓ ̊Lagrangian ÓúˆÏì˛ Ñ˛# ˆÓyˆÏG˛y⁄ 

   (f) In which condition, Hamiltonian (H) represents the total energy of the system? 

    ˆÑ˛yò üˆÏì≈̨ ñ Hamiltonian (H) ì˛ˆÏs˛fÓ ̊ˆõy›˛ ü!_´ˆÏÑ˛ ≤ÃÑ˛yü Ñ˛ˆÏÓ ˚⁄ 

   (g) Write down the postulates of the special theory of relativity. 

    xyˆĮ̈ ô!«˛Ñ˛ì˛yÓˆÏîÓ ̊!ÓˆÏü°Ï ì˛ˆÏ_¥Ó˚ fl˛ ∫#Ñ˛yÎ≈=!ú ˆúˆÏÖy– 

  (h) What are ‘inertial frames of reference’? 

    ãv˛ ¸c#Î̊ !òˆÏî≈üì˛s˛f Ñ˛yˆÏîÓ ̊ÓˆÏú⁄ 
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Section-II 

  Answer any four questions: 5×4=20 

  ˆÎ ˆÑ˛y Ï̂òy â˛yÓ!̊›˛ ≤Ã Ï̂Ÿ¿Ó ̊v˛ z_Ó ̊îyÁ É 

 2. Find out the Hamiltonian of simple pendulum and then establish the equation of motion. What is 
the advantages of Hamiltonian approach? 2+2+1=5 

  ¢Óú̊ ˆîyúˆÏÑ˛Ó ̊HamiltonianÙÈ~Ó ̊õyò ˆÓÓ ̊ Ñ˛ˆÏÓẙ ~ÓÇ ì˛y ˆÌˆÏÑ˛ ¢Óú̊ ˆîyúˆÏÑ˛Ó ̊Ü!ì˛Ó ̊Óẙ!üõyúy!›˛ !òí≈Î̊ Ñ˛ˆÏÓẙ– 
Hamiltonian approachÙÈ~Ó ̊¢%!Óïy ˆúˆÏÖy– 

 3. A charged particle is introduced in a uniform magnetic field ܤሬԦ along any arbitrary direction with 
velocity ሬܸԦ making an angle θ with ܤሬԦ. How will be shape of the path of the charge particle? 
Explain it. 

  A positron of kinetic energy 200 eV is projected at an angle 30° with respect to the direction of 
uniform field of induction ܤ = 10ିଶ tesla calculate the radius of the spiral path? 2+3=5 

  ~Ñ˛!›˛ ì˛!v˛ì̧˛y!fl˛iì˛ Ñ˛íyˆÏÑ˛ ¢%°Ïõ â%̨ ¡ ∫Ñ˛ ˆ«˛ˆÏe SܤሬԦV ሬܸԦ Ü!ì˛ Ï̂ÓˆÏÜ ~ÓÇ ܤሬԦ ÈÙÈ~Ó ̊ ¢yˆÏÌ θ ˆÑ˛yˆÏí ≤ÃˆÏÓü Ñ˛yÓ ˚̂ Ïòy £ú– 
ì˛!v˛ì̧˛y!£ì˛ Ñ˛íy!›˛Ó ̊Ü!ì˛˛ôˆÏÌÓ ̊xyÑ,̨ !ì˛ ˆÑ˛õò £ˆÏÓñ ÓƒyÖƒy Ñ˛ˆÏÓẙ– 

  200 eV Ü!ì˛ü!_´ ¢¡ôß ̈ ˆÑ˛yˆÏòy ˛ô!ã›˛ ΔòˆÏÑ˛ ¢%°Ïõ â%̨ ¡ ∫Ñ˛ˆÏ«˛e Sfield of inductionV	ܤ = 10ିଶ ÈÙÈ~Ó ̊ ¢yˆÏÌ 30° 
ˆÑ˛yˆÏí ≤ÃˆÏÓü Ñ˛Óẙ Ï̂òy £ú– ¢!˛ô≈ú ˛ôˆÏÌÓ ̊Óƒy¢yï ≈ !òí≈Î ̊Ñ˛ˆÏÓẙ– 

 4. What is length contraction and time dilation? Prove that length of a moving rod is always shorter 
than its proper length. 2+3=5 

  ˜îˆÏá ≈ƒÓ ̊xy˛ôyì˛ ¢ÇˆÏÑ˛yâ˛ò Á ¢õˆÏÎ̊Ó ̊xy˛ôyì˛ !Óhfl+̨ !ì˛ ÓúˆÏì˛ Ñ˛# ˆÓyˆÏG˛y⁄ ≤Ãõyò Ñ˛ Ï̂Óẙ ˆÎñ ˆÑ˛yˆÏòy Ü!ì˛ü#ú Ó ˚̂ Ïv˛Ó ̊˜îá ≈ƒ 
ì˛yÓ ̊ˆ≤Ãy˛ôyÓ ̊˜îˆÏá ≈ƒÓ ̊Sproper lengthV ˆÌ Ï̂Ñ˛ ¢Ó≈îy ˆäÈyˆÏ›˛y £ Ï̂Ó– 

 5. Explain relativistic Doppler effect. What do you mean by time-like and space-like intervals?  
       3+2=5 

  xyˆĮ̈ ô!«˛Ñ˛ì˛yÓyî ¢Çe´hs˛ v˛˛ôúyÓ˚ !e´Î̊y ÓƒyÖƒy Ñ˛ˆÏÓẙ– time-like ~ÓÇ space-like intervals ÓúˆÏì˛ Ñ˛# ˆÓyˆÏG˛y⁄ 

 6. The potential energy of a particle is given by 

  ܸሺݔሻ = ସݔ − ଷݔ4 − ଶݔ8 +  ݔ48

  Find the points of stable and unstable equilibrium. Explain the terms (i) normal frequencies  
(ii) normal modes of vibrations. 3+2=5 

  ˆÑ˛yˆÏòy Ñ˛íyÓ ̊!fl˛i!ì˛ü!_´ £ú !ò¡¨Ó*̊˛ô 

  ܸሺݔሻ = ସݔ − ଷݔ4 − ଶݔ8 +  ݔ48

  !fl˛i!ì˛ü#ú ¶˛yÜ¢yõƒ Á x!fl˛i!ì˛ü#ú ¶˛yÓ¢̊yõƒ !Ó®% !òÏí ≈Î̊ Ñ˛ˆÏÓẙ– SiV òÓõ̊yú SnormalV Ñ˛¡ôyB˛ SiiV òÓõ̊yú SnormalV 
ˆõyv˛ñ ÈÙÙÙÈ !Ó°ÏÎ=̊!ú ÓƒyÖƒy Ñ˛ˆÏÓẙ– 

 7. A particle of mass ݉ moves in a plane in the field of force given by ܨԦ = ݎ݇	ݎ̂− cosθ where ݇ is a 
constant and ̂ݎ is the radius unit vector. Show that ݉ݎଶθሶ = constant. What do you mean by 
conservative force? 4+1=5 

  ˆÑ˛yˆÏòy ¢õì˛ˆÏúñ ݉ ¶˛ˆÏÓÓ̊ ̊~Ñ˛!›˛ Ñ˛íy ܨԦ = ݎ݇	ݎ̂− cos θ ÓˆÏúÓ ̊ˆ«˛ˆÏe Ü!ì˛ü#úñ ˆÎÖyˆÏò ݇ £ú ~Ñ˛!›˛ ï  &ÓÑ˛ ~ÓÇ  ̂ݎ £ú ݎԦ ÓÓẙÓÓ ̊~Ñ˛Ñ˛ ˆ¶˛QÓ–̊ ˆîÖyÁ ˆÎ ݉ݎଶθሶ = ï  &ÓÑ˛– ¢ÇÓ˚«˛# Óú ÓúˆÏì˛ Ñ˛# ˆÓyˆÏG˛y⁄ 
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Section-III 

  Answer any one question: 10×1=10 

 8. Derive the equations of Lorentz transformation. Establish the relation ܧଶ ≡ ଶܿଶ݌ + ݉௢ଶܿସ for a 
particle of rest mass ݉௢, momentum ܲ and total energy ܧ. What is twin paradox? 5+3+2=10 

  ˆúyˆÏÓO̊ Ó*̊˛ôyhs˛Ó ̊¢õ#Ñ˛Óí̊=!ú ≤Ã!ì˛¤˛y Ñ˛ˆÏÓẙ– ܧଶ ≡ ଶܿଶ݌ + ݉௢ଶܿସ ¢¡ôÑ≈̨ !›˛ ≤Ã!ì˛¤˛y Ñ˛ˆÏÓẙñ ˆÎÖyˆÏò ݉௢ £ú Ñ˛íyÓ ̊
!fl˛iÓ ̊¶˛Óñ̊ ܲ £ú ¶˛Ó ˚̂ ÏÓÜ ~ÓÇ ܧ £ú ˆõy›˛ ü!_´– Twin paradox Ñ˛#⁄ 

 9. What is meant by an ideal fluid? What is the significance of Reynolds number? Derive  
Navier-Stokes equation. For what condition, Navier-Stokes equation can be solved? 1+2+5+2=10 

  xyîü≈ ≤ÃÓy£# ÓúˆÏì˛ Ñ˛# ˆÓyˆÏG˛y⁄ ˆÓò̊”˛ ¢ÇÖƒyÓ ̊ì˛yÍ˛ôÎ≈ ˆúˆÏÖy– Navier-StokesÙÈ~Ó ̊¢õ#Ñ˛Óí̊!›˛ !ò Ï̂í≈Î ̊Ñ˛ˆÏÓẙ– ˆÑ˛yò 
üˆÏì≈̨  Navier-Stokes ¢õ#Ñ˛Óí̊ ¢õyïyò Ñ˛Óẙ ¢Ω˛Ó⁄ 

__________
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 1. Answer any five questions: 2×5=10 
  (a) Show that gradient of a scalar function is a tensor of order one. 
  (b) Find the second order anti-symmetric tensor associated with the vector: 2ଓ̂ − 3ଔ̂ + ෠݇. 
  (c) Prove that product of tensors of rank one is a tensor of rank two. 

  (d) Show that ܣԦ ×  .ሬԦ transforms like tensor of rank oneܤ
  (e) Show that ܣఓ	ܤఓ is invariant. 
   (f) Define Quotient Law. 
   (g) What do you mean by cyclic group? 
  (h) Prove that every cyclic group is abelian. 

 2. Answer any four questions: 5×4=20 
  (a) Show that: ߳௜௞௦߳௠௣௦ = ௞௣ߜ	௜௠ߜ	 −  .௞௠ߜ	௜௣ߜ
  (b) Define kronecker-delta function, Show that it is 
     (i) an isotropic tensor, 
     (ii) a symmetric tensor of order 2. 1+2+2=5 
  (c) Derive an expression for the Moment of Inertia tensor. 
  (d) Prove that Moment of Inertia is a symmetric tensor and it transform like a second order 

tensor. 
  (e) A man is known to speak truth 2 out of 3 times. He throws a die and reports that number 

obtained is a four. Find the probability that the number obtained is actually a four. 
   (f) Show that if ܪ and ܭ are subgroups of an abelian group ܩ, then {ℎ݇|ℎ ∈ ,ܪ ݇ ∈  is {ܭ

subgroup of ܩ. 

 3. Answer any one question: 10×1=10 
   (a) Using tensors, prove the following identities: 

      (i) ∇ሬሬԦ × ൫߶ܣԦ൯ = ߶൫∇ሬሬԦ × Ԧ൯ܣ + ൫∇ሬሬԦ߶൯ ×  Ԧܣ
      (ii) ∇ሬሬԦ × ൫∇ሬሬԦ × Ԧ൯ܣ = ∇ሬሬԦ൫∇ሬሬԦ. Ԧ൯ܣ − ∇ଶܣԦ 
  (b) Define pure strain Tensor ݁௜௝. Establish that it is a symmetric tensor of order 2. Also give the 

physical significance of its components ݁ଵଵ and ݁ଵଶ. 

__________ 


