Exam 1 solution

Wednesday, March 9, 2016 07:22

[20 pts] 1. a) What are the physical implications of the commutation relations L x L =ihL?
h) Show that [L..Ly] =¥hly, where Ly = L, +iL,. using [L;. L;| = €;rihLy.

¢) Show that if [¢/) is an eigenvector of L. with eigenvalue fim, then L. |¢0) is also an eigenvector
of L. but with eigenvalue A(m + 1)

d) What is the value of LoY (6. 0)7
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[20 pts] 2. a) Compare and contrast orbital (L) and spin (S) angular momentum.

. . a . . . P . .
b) How does the complex spinor y = (! ) encode both directions (#.0) of spin? Which directions
)
can be measured? What about the magnitude?

c) A n‘])iu—% particle with magnetic moment g = %ﬁ",& precesses freely in a magnetic field B = B

with total energy H = —pi - B. Calculate the evolution of the state. v(t), given the initial state

V(D) = (ll})' (for —5 pts, you can use the field B=:zB)
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[20 pts] 3. a) Given a parity up(‘l';llnl‘ P such that P? = I, and an arbitrary state ¢», show that the
superposition 1’4 = ¢» &+ P> has even/odd parity, ie. that Puy = +i4.

b) Specity and explain the configuration and spectre 11 term of the und state of the lithinm
atom (Z = 3). What is the l ener: Ill ar¢ ulll
¢) Write the exact wavefunctic 0(ry.ra.ry) of the above ground state in terms of hydrogen-like
(Z = 3) .\'ill:_’,'l('—|);ll'ti('l(~ wave fulu-tinns Untmgms- 1gnOring vlv(-trnn pair interactions, but of course,
taking into account the Pauli exclusion principle.
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120 pts] 4. a) Given N particles in a system with only two energy levels Ey = 0, and E| = ¢, each
nondegenerate, calculate the total energy of the configuration (Ny. Ny).

b) Count the total number of microstates of the tull N-bodyv wave tunction for the confisuration
(Np. Np) above, assuming that the particles are i) distinguishable, i) fermions, and iii) bosons.
Explain vour results.

¢) Explain the distinctive features of ideal boson and fermion gasses at densities above the
quantum concentration n.. Include plots for illustration.
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