Question 1:

Consider the following rotation matrix from ê1, ê2, ê3 basis vectors to ê1, ê2, ê3 basis
A = 
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a) Find the value of a, so that A becomes a proper rotation (det A = 1).
b) For the above value of a find ê1, ê2, ê3 in terms of ê1, ê2, ê3 and deduce A-1.
c) Find the new coordinates of the points O (0,0,0) and P (2, 1, 3) after the rotation we call them O( and P(.
d) Do you expected the distances (O,P) and (O(, P() to be preserved ? why ?.

Question 2
a) Write down the infinitesimal displacement  ds  in spherical coordinates and deduce the element of area dAr perpendicular to  r.
b) Using dAr calculate the area of the surface of half a sphere of radius R.
c) If ф(r,φ,z) = r2 tan φ + rz2 tan φ in cylindrical coordinates, Find ( ф.

Question 3:

Consider a point mass particle (m) moving along the x axis and subject to the following potential:



U(x) = e-2αx - e-αx
Where α is a real positive constant.

a) Draw carefully U(x) and show that it has a minimum at x = 0 denoted by U(0) = - Uo, idenfity Uo.

b) Describe the motion of the particle for the following energies:

E1 = Uo and E2 = -Uo/2 and plot the phase diagram for both E1 and E2.
c) Find the approximate period of small oscillations for E = -0.9 Uo.

Question 4
A boat of mass m with initial velocity Vo is launched upstream.  The boat is slowed by the river frictional force F = -αeβν where α and β are positive numbers.

a) Find the expression of the velocity of the boat V(t) if it is subject only to the river force (this is a one dimensional problem).

b) 
Find the time necessary for the boat to stop and show that the rate of change of the kinetic energy is negative 
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Question 5
Consider a damped oscillatory motion characterized by the following equation of motion

X + 12.8X + 64X = 10 Cos (4t)



(1)

The solution of this problem is given by 

X = 4e-6.4t Cos (4.8t – 0.93) + 0.23 Cos (4t+3.88)
(2)

where certain initial conditions have been used for  X (0) and  
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 (0).  Suppose we want to evaluate the average of the potential energy: U = 
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<U> = 
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1. From the form of the solution (2) of equation (1), identify the regime of these oscillations and deduce the steady state and transient solutions.

2. What is the time scale over which the transient solutions decays.  Explain what you should do in evaluating (3) for t = 0.05 and then t = 160 (assume t in seconds).  That is, what will be the most contributing part of (2) in (3) and what will be the part that you can neglect, if any.

Question 6
Consider a driven RLC circuit by an AC emf ( = (o sin (t.  Knowing that the energy stored is given by 

Uc = 
[image: image6.wmf]C

Q

2

2

 (Capacitor) ; UL = 
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LI2 (Inductor)

and that the power dissipated in a resistance is RI2, while the power supplied by the source is (I.

a) Deduce from energy conservation the equation satisfied by the charge Q.

b) Using the solution of the driven damped oscillator in your textbook find the voltage at the end of the capacitor C.

c) The figure below shows the amplitude of the voltage at the end of the capacitor as a function of (.   Deduce the value of inductance L.
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