KING FAHD UNIVERSITY OF PETROLEUM AND MINERALS

DEPARTMENT OF PHYSICS

PHYS.302- Classical Mechanics II (TERM 072)
Final Exam
Dr M S Abdelmonem
(3 hours)                                                                                       
Q1 
(a) Electron and positron collide from opposite directions head-on with 
equal energies in a storage ring to produce proton-antiproton pair by the reaction:
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The rest energy of a proton and antiproton = 938 MeV and the rest energy of an electron and positron = 0.5 MeV . What is the minimum kinetic energy for each particle to produce this reaction?

(b) Consider a one dimensional, relativistic harmonic oscillator for which 
the Lagrangian is      
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(i) Obtain the Lagrange equation of motion and show that it can be integrated to yield  the constant of integration E = mc2 + ka2/2 where   a = xmax when u = 0.

(ii) Obtain a relativistic form for the Hamiltonian H of the motion. 

( H = up –L where p is the relativistic momentum). 
Does H equal to( T + U)?

Q2 (a) A string with no initial displacement is set into motion by being struck over a length 2s about its center. The center section is given an initial velocity v0. Describe the subsequent motion (i.e. find q(x,t)).

(b) Two coupled harmonic oscillators with masses m1 and m2(= 2m1) are connected with springs with spring constants k1, k12 and k2. For the special case k1 =k12 = k2 = k, the equations of motion for m1 and m2 are
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 . Solve the pair of coupled equations, and obtain the frequencies of the normal modes of the system then find the normal coordinates and discuss the coupled oscillations of the system.

Q3
  (a) A particle moves under the influence of a central force given by 
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. Show that the particle can move in a stable circular orbit at     r = r0 ,  if  r02 >  k’ / k. 
(b) A proton (mass = m) of kinetic energy T0 (non-relativistic) collides with a helium nucleus (mass = 4m) at rest. Find the recoil angle of helium (ζ) if the angle through which proton is deflected is ψ = 45◦and the inelastic collision has            Q = -T0/6. 
Q4 
(a) If a particle is projected vertically upward to a height h above a point on Earth’s surface at a northern latitude λ, show that it strikes the ground at a point 
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to the west. (neglect air resistance, and consider only small vertical heights).
(b) A symmetric body moves without the influence of forces or torques. Let x3 be the symmetry axis of the body and L be along x3’. The angle between ω and x3 is α. Let ω and L initially be in the x2-x3 plane. Prove that the angular velocity of the symmetry axis about L is  
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Good luck
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