Phys 401: Midterm Exam 1
IFall 2017

o Write your name and Student 1D number in the space provided below and sign.

Name, Last Name:
ID Numbenr:
Signature:

e You have 2.5 hours.

o You must show the details of all vowr work. Tlegible and ambiguons explanations and caleulations

will lead to deduction ol vou grade,

Problem 1 Consider a point particle of mass m that moves on a straight line under the

mfluence of a conservative force F' = F(a) where o denotes the position of the particle.
L.a (10 points) Prove that the total energy of the system is conserved.
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Now. let /" be given by IF'(.r) := ac """, where a and { ave nonzero real constants.

L.b (10 points) Give the Euler-Lagrange equation for the svstem. simplify it as much as

possible, and show that it is equivalent to Newton's equation for this systen,
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L.e (10 points) Give Hamilton's equations for the system. simplify them as much as possible.

and show that they are equivalent to the Newton's equation.
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Problem 2 (20 points) Iu Problem 1. take #(0) = 0 and (0) = 0. and use conservation

of total energy to obtain the position of the particle for 1 > 0. To get full credit vou must
simplily the expression you find for (1) as much as possible.
Hint: For any real number b.
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where ¢ is an integration constant.
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Problem 3 (20 points) Give the Hamilton-Jacobi equation for the svstem described in

Problem [ Show that the solution of this equation reproduces your response to Problem 2.
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Problem 4 Cousider a particle moving on the real line whose motion is described by the
Hamiltonian
2/3

2N g =2
H = n('”"r,r“pl‘ Y+ Be "’p /
where a3 and gy arve positive real parameters. and ¢ and p arve respectively the position and

momentum of the particle.

d.a (5 points) Find a function f(1) such that for every real nmunber v the following coor-
dinate transformation of the phase space of this particle is a canonical transformation:

(q.p) — (q.p) where

j 7= ('"’p”". . . b= fit)qp*".
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4.b (5 points) Choose » so that when vou express the right-hand side of the above expression

for 1 in terms ol ¢ and p it does not depend on { explicitly. re 2
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4d.c (15 points) For the function f(#) and the value of » vou find in Problems La and 1D,
(4. p) — (g.p) is a canonical transformation. Find a generator of the form F{q.q) for
this canonical transformation.
Hint: Recall that
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4.d (5 points) Determine the transformed Hamiltonian [ and simplify it as much as pos-
sible.
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