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Question. 1:

Consider a simple pendulum of mass and length 
[image: image1.wmf]l

 whose point of suspension moves uniformly along a circle of radius R with a constant frequency  .

a. Show that the Lagrangian of this system can be written as:
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And explain the reasons behind the omission of any terms.

b.
Find the stable small oscillatory solutions for (t) when 
[image: image3.wmf]l

 > > R and comment on the nature of the anharmonic corrections if any.

Question. 2:

Consider a particle of mass m moving along the positive x-axis and subjected to the following potential.
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where a , b  are two positive quantities.

a. Using the phase diagram, study the possible types of motion for :

0 < E1 < U1  ; E2 = U1  and E3 > U1  

where  U1 is the value of U(x) at the unstable equilibrium position.

b. Find the period of small for 
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 ? Study the stability of this orbit.

Question. 3:

Consider an anharmonic oscillator
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(1)

where  is a perturbative term that takes both signs.

a. Using phase space arguments study the possible types of motion for   > 0 and  < 0 and draw the corresponding orbits in phase space.

b. Assuming straightforward perturbation holds i.e.
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(2)

Keeping terms only to order 2 in equation (1) find the equations obeyed by
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, by setting to zero terms o , 1 , and 2 , respectively.

c. Show that : 
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with 
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  while 
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, is solution to the equation:
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(3)

which expresses a resonance phenomenon, the amplitude of the oscillator would increase proportionally to time t , explain

d. To avoid the above mentioned problem we expand the frequency of the oscillator as
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and choose 
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to eliminate the resonant term. Substitute (2) and (4) in equation (1) using 
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and show that for the choice 
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we have:


[image: image17.wmf])

3

cos

(cos

32

;

cos

2

3

1

0

t

t

a

x

t

a

x

w

w

w

w

-

=

=


Numerical Part of Physics 507 Exam

Question 4:

In your numerical homework I you have diagonalized the Hamiltonian:
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Using Matlab this diagonalization can be easily done:

H = 
toeplitz ([2k - k   Zeros (1, N – 3) – kb]  ,  [2k – k   Zeros ( 1, N-3 ) – kb ] ) 

In our numerical computations we choosed : k = 1, kb = 0 , 1 depending on the nature of the boundary conditions and 
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a.
Find the spectrum of eigenvalues of H for both boundary conditions

b.
Find the corresponding “density of eigenvalues” defined by:
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or numerically through
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where dE is small energy step to be fixed and N(E) is the number of eigenvalues less than E i.e.
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spectrum of H such that 
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Plot  () i.e.  versus E for the two boundary conditions kb = 0 , 1 and conclude.
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