UNIVERSITY OF TORONTO
Test, Mar 31, 2008
PHY2918: ELEMENTS OF PHYSICS 111 (Quantum Physics)
Aid: Open Book, Open Notes, Any Calculator Allowed
Duration of exam: 60 mins (10am-11am)

Instructions:

1. There are five questions in this test, five pages including this cover page and rough

work page at the end if needed.

]

. Answer all questions.
3. You do not need te show all steps, you will be marked on the final answer only.

4. PLEASE WRITE YOUR NAME AND STUDENT NUMBER ON EACH PACE OF
THE EXAM BOOK BEFORE YOU BEGIN.

5. If needed assume: Electron mass m, = 10~%g, I = 10~% Jsec.

NAME:

STUDENT NUMBER:




1. You are given that the ground state wavefunction of a Hamiltonian H, = ;1; d‘i 5 -+ Vo(x)
is Uy(z), and the ground state energy is Ey. Which of the following statements is true about
the ground state wavefunction Py(2) of a new Hamiltonian H, = 2H, + Vi, where 1] is
independent. of z?
() T (a) = W3(z)

— Vq(z) = Uy(z).
(¢) Wilz) = 2Wg(x) + (Va(z) — V1) / Ky

(d) Cannot be determined from the availabie information.

it H o= 2H+V
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2. At time t = 0, you are given a superposition state exp(ikz) + exp(—ikz) describing free

particles. Is this a stationary state? Why or why not? (1 point)
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3. At time ¢ = 0, you have a superposition state
W(z) = Afsin(wz/L) + 3sin(2ma/L)] (1)

{or a particle in a box with walls at 2 = 0, L.
£) Is this a stationary state? (1 point)
b) What is the normalization constant A? (1 point)
@) If the right wall is suddenly moved from o = L to x = 2L at time ¢ = 0, what is the
probability at that instant that it is in the first excited state (n=2 state) of the new box?
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4. Po*?. a radioactive isotope of Polonium, emits alpha particles with an energy of about,
10MeV. The half life of Po*'® is 5 x 1077 sec. Find the spread in energy of the emitted

alpha particles. (2 points)
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5. An electron has kinetic energy of 9.0 eV. It is incident upon a rectangular barrier of
height 13.0 eV and thickness 0.3 nm. What is the probability for this electron {o funnel
across the barrier? {2 points)
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