Midterm 2

May 31, 2006

Physics 130A

NAME

Secret Number

Score

Constants
i = 1.05 x 107%7 erg sec ¢ = 3.00 x 10'° cm/sec e =1.602 x 107! coulomb
leV =1.602 x 1072 erg a = ;Ti =1/137 fic = 1973 eV A= 197.3 MeV F

1A=1.0x10"8 cm

1 Fermi = 1.0 x 10713 ¢m

I —0.529 x 107% cm

ag —

m, = 938.3 MeV/c?

m, = 939.6 MeV/c?

me = 9.11 x 10728 g = 0.511 MeV/c?

kp =1.38 x 10716 erg/°K

ge:2+%

gp =9.6

fiBohr = 5o = 0.579 x 107

eV /gauss

I da f(@) o(g(@) = |

J dr f(@) da—a) = f(a)

T

o0 2
[ dxe
— 00

use % for other forms

[e.°] o0 o0
A An . o on n—1 o on n
et =X Ir sinfl = 3 (=1)"7 | cosf = P> —(=1)2
n=0 n=1,3,5... n=0,2,4...
[ee]
P(x) = %2;0267362/202 Ofdr rheT = I m2ct + p2c?

HARMONIC OSCILLATOR
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GENERAL WAVE MECHANICS
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1. At t = 0, a one dimensional harmonic oscillator is in the state (¢t = 0) = \/gul - i\/gug.
Calculate the expected value of p as a function of time. If a measurement of the energy is
made, what are the possible outcomes and what are the corresponding probabilities?

2. Assume the potential for a particle of mass m is independent of y, V() = V(x,z). What
symmetry is the problem said to have? Use an infinitesimal step in the symmetric direction to
show that some operator commutes with the Hamiltonian. What quantity is conserved (that
is does not change with time) in this potential?



3. Use the commutator relation between the x, y, and z components of angular momentum
to derive [L,, L?] and [L,,L.]. Now use these commutators to show that L, is the raising
operator for the harmonic oscillator energy. Finally, compute the constant in the equation
L Yim = C Yigms1)-



