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—. If two 1nitial protons are moving toward each other with equal speed v such that the total kinetic energy is
2m,c” in the zero-momentum reference frame, then transform to the laboratory’s frame in which one proton
is at rest and another proton is moving, what is the kinetic energy of the moving proton in the laboratory’s

frame? (10 %)

=.. A spaceship of mass M is initially at rest in space, then suddenly ejects 0.01M of fuel in a very short time at

a speed of ¢/2 relative to the spaceship, calculate the change in the rest mass of the system. (10 %)

Jiy

. Consider a particle of mass m moving in a potential V(x) = —V,8(x — a), write the (a) eigenvalues (5 %)

and (b) eigenfunctions (5 %) of the bound states.

. In the hydrogen atom for angular momentum quantum number /=5,
(a) Draw the diagram illustrating the possible orientations of the angular momentum vector L (2 %)
(b) What are the possible values of n (principle quantum number) and m (magnetic quantum number)? (4 %)
(c¢) Compute the minimum energy (2 %)

(d) What are the values of the magnitude of the total angular momentum? (2 %)

%.. A container at 300 K contains He gas (4 g - mol™) at a pressure of 10° Pa.

(a) To what temperature will the He gas be cooled such that the use of Boltzmann distribution is no longer
appropriate? (5 %)
(b) Assume He gas of total N particles in the container of volume V, using N and V to derive the critical

temperature 7, below which Bose-Einstein condensation occurs. (5 %)

Boltzmann constant k= 1.38 x 10?2 J/K and Planck’s constant #=6.63 x 102*J - S
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7<. Consider a system of two uncoupled harmonic oscillators, which we call the plus type and the minus type.
We have the annihilation and creation operators, denoted, for the plus type, by a, and ai respectively.
Likewise we have a_ and al for the minus type oscillator. We also define the number operator N, and

N_ as follows: N, =ala, and N_=ata_
If the angular momentum operator J, is defined as J, = g(aia_,_ — aia_) and the ladder operator are

definedby J, = hala_ and J_ = hala,.
(a) Show the following commutation relations:
(i)  Express [/, /.] intermsof J.. (10 %)
(i) Express [J4,/-] intermsof J,. (10 %)
(b) Prove the relation
BA3Ud- gD =2 =N+ 1)

where the total NV is definedby N = N, + N_. (10 %)

+. (a) The probability current S(7,t) is defined by

v-§+2=9¢
at

where p = Y* (7, t)y(#,t). Derive the above expression for S in terms of ¥* and i for the
Schrédinger equation with potential V(#). (10 %)
(b) For a Schrédinger equation with a spherical symmetric potential V(r). Calculate the value of

[Lv()] (10%)




