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DHANAMANJURI UNIVERSITY 
JUNE – 2021 

  Name of Programme : M.Sc. Mathematics 

  Semester  : Fourth 

  Paper Code  : MAT-614 

  Paper Title  : Mechanics 

  Full Marks : 40 

The figures in the margin indicate full marks for the questions. 

Answer all questions. 

  1. a) If a transformation equation is independent of time then show that the Kinetic Energy of the  

    system is a homogeneous quadratic function of generalised velocities  

   b) Deduce Lagrange’s Equations of motion from D’ Alembert’s Principle 5+5=10 

Or 

   a) A particle of mass m is projected in space with an initial velocity u at an angle of elevation α.  

    Prove that the trajectory is parabolic in nature. 

   b) Describe the equations of motion of an isotropic harmonic oscillator in three dimension using  

    spherical polar coordinates. 5+5=10 

  2. a) Establish Euler-Lagrange’s equation of calculus of variation. 

   b) Show that the extremals of the functional I[y(x)] = 2ysinx)dx are of the form 

     y +
1

2
xcosx = Acosx + Bsinx where A and Bare some constants. 5+5=10 

Or 

   a) If H(qj, pj, t)be the Hamiltonian of a holonomic dynamical system then prove that 

      

      5+5=10 

   b) Determine the path on which a particle from one point to another point (not in the same  

    vertical height) will slide in the shortest possible time under the action of gravity. 

  3. a) State and prove the Principle of virtual work. 

   b) Deduce D’Alembert’s Principle from the principle of virtual work. 5+5=10 

Or 

   a) Write the different types of constraints that may be imposed on a mechanical system. Explain  

    the meaning that imposing constraints on a mechanical system is to simplify the mathematical 

    description of the system. 

   b) Set up the Lagrangian for motion of a particle falling under the action of gravity and solve the  

    equation by Lagrangian approach assuming the acceleration due to gravity is uniform. 5+5=10 

  4. a) Show that the transformation 

     i) 𝑄 = (2𝑞)
1
2⁄ . 𝑒−𝑎 cos 𝑝  

     ii)  𝑃 = (2𝑞)
1
2⁄ . 𝑒−𝑎 sin 𝑝 

    is canonical. Further, show that the generating function 𝐹(𝑃, 𝑄) is 

     
1

4
(sin 2𝑝 − 2𝑝)𝑒−2𝑎. 𝑠𝑒𝑐2𝑝. 𝑄2. 
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   b) Show that the attraction of an infinite rod at an external point varies inversely as the  

    perpendicular distance of the point from the rod. 5+5=10 

Or 

   a) Show that if u,v and w are any three dynamical variables then 

    [u,[v,w]]+[v,[w,u]]+[w,[u,v]]=0   

   b) Show that the potential at an external point P due to a thin spherical shell is the same as it  

    would be due to a body of mass M equal to the mass of the shell placed at its centre. 5+5=10 
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