Examination |l for PHY S 6220/7220, Fall 2011

1. A one dimensional simple harmonic oscillator mess m, and generalized canonical
coordinates g and p, and angular vibrational fraque., and Hamiltonian H(q, p).

(a) Evaluate [u, H] wherel = —iwt + In(p+i ma)q) andi =+/-1. (2 points)

(b) Use result in part (a) to obtain du/dt. Commamiyour result.Z points)
(c) Express H as H = H(u) and other known constgh{soint)

2. A collision cross sectioa; is defined as the area normal to the paralledini beam

of particles in which all particles are absorbedily center of the central potential. No
particles falling outside this area are absorbeshsitier a beam of particles of initial
speed ¥ incident on a planet of mass M and radius R. Asstinat any particle that
lands on the surface of the planet sticks to it @oes not bounce. The magnitude of the

escape velocity from the planet igd¢4 The maximum collision impact parametg{ss is

defined such that all particles having an impacapeeter s< snax land on the planet’s
surface while others do not.

(a) Write a simple expression relatiog to Spax (1 point)

(b) Draw the trajectory of a particle with s 7,8« Clearly mark the planet and its
radius in your drawing. What is the direction oé thelocity of the particle when it
lands on the surface of the plane2?dint)

(c) From the results in part (a) and (b) and apprograinservation laws obtain an

expression foog purely in terms of the initial speechWegcand R. 4 points)

(d) If you could not answer part (c) guess its solutlmased on standard physical
principles. Explain your reasoning. Make approgrighecks such as limits of
different parameters to verify the correctnesshaf answer in part (c) or of your
guess. Z points)

3. A 3 x 3 square matri& is given by its matrix elementsyia &, = 9/10, g3 = 4/5, a,
=a1=1/10, 31 = -a3= @3 =-&2 = (3\/5)/10. You may express all answers for angles as

unambiguous inverse trigopnometric functions of ntioa constants.

(a) Does this matriXA correspond to a physical rotation? If the answeyeis then give
reasons for your answer.

(b) Does this matribA correspond to a reflection in a plane? If the arsw yes then give
reasons for your answer? (parts a and b tog8tphemts)

(c) If it corresponds to a rotation find the undrmal along the axis of rotation and the
angle of rotation. If this rotation is to be accdisiped by three Euler angle rotations what
are the values of the Euler angles?

(d) If it corresponds to a reflection find the unibrmal to the plane. (parts ¢ and d
togethers points)

(e) If it corresponds neither to a rotation or #exion justify your answer.1(point)



