Midterm Nov. 8, 2006 Physics 130B

1. At t =0, an electron is the spin state

A magnetic field B is applied in the z direction. a) Find the spin state of the particle as

a function of time. b) Find the expectation value of S, as a function of time. c¢) What is

the probability to measure that the electron’s spin along the x direction is % as a function of

time? (10 points)
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a) The eigenstates are then spin up and spin down along the z direction since these are the
eigenstates of o,. The energies for spin up and down along the z direction are £ugB. So it
is easy to write 1(t) since the two components of the spinor represent the energy eigenstates.
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b) Simply compute the expectation value in this state.
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c¢) To get the amplitude to have spin up in the x direction, dot with that eigenstate ( ‘{5 )
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2. Consider a two dimensional harmonic oscillator problem described by the Hamiltonian

+ 1
P py—i— —mw?(2* + ).
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Remember that this unperturbed problem can be easily solved in Cartessian coordinates. a)
Accurately calculate the energy shifts to the degenerate first excited states, to first order, if
the additional potential V' = fzy is applied. b) What are the new energy eigenstates for the
degenerate first excited state (in terms of the standard eigenstates u((]x)ug and u u ) (10
points)

As stated in the problem, the degenerate first excited states are ug @) (y) = |10) and uo Uy W —
|01). The excitation in x has the same energy as the excitation in y. The perturbation V' can
be written in terms of the raising and lowering operators for x and y (which are not the same

thing).
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V= pay =g (A+4) (A+AT)y

We need to compute the 2 by 2 matrix for V' for these two states. The only non-zero matrix
elements are
ﬁh ph

01/V|10) = (10|V|01
(01|V]10) = (10[]o1) = —
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Ey =2hw + % for the energy eigenstates o,bi = ﬁ (uouy £ uyug).

3. Two non-identical spin % particles have a Hamiltonian given by
H=Ej +B§1 : 572 + C(S12 + S22).

There are no spatial coordinates for this problem. Find the allowed energies and the energy
: : m,@ O, 2 1,2 1,2
eigenstates in terms of the four product states x:'xi’, x4+ x-', X= X4 , and x_'x". (10

points)

The elgenstates of the the total spin operator S? will be the elgenstates of this Hamiltonian
since S; - Sy = 1 (S? — S? — S3). The energies are E = Ey + Bh ( (s+1)— 7> + Chmg for
the states ]sms).
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i = 1.05 x 107%7 erg sec ¢ = 3.00 x 10'° cm/sec e =1.602 x 107! coulomb
leV = 1.602 x 10712 erg o= %20 =1/137 hic = 1973 eV A= 197.3 MeV F
1A=1.0x10"% cm 1 Fermi = 1.0 x 1002 em | ag = MZ'C =0.529 x 1078 cm
m, = 938.3 MeV/c? m, = 939.6 MeV/c? me = 9.11 x 10728 g = 0.511 MeV/c?
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HARMONIC OSCILLATOR
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GENERAL WAVE MECHANICS
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ANGULAR MOMENTUM
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ADDITION OF ANGULAR MOMENTUM
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PERTURBATION THEORY AND RADIATIVE DECAYS
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Fermi’s Golden
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ATOMS AND MOLECULES
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