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Problem Sheet X

23rd October 2019 due date 30th October.

46. Initially an ideal gas of N spin half fermions occupies a volume Vi and is at zero
temperature. Then the gas undergoes an adiabatic expansion into a region which had
no particles earlier. The new volume is Vf The gas reaches a new thermal equilibrium
at temperature Tf , where the system can be treated classically.

(a) Find Tf in terms of Vi and N and physical constants.
(b) Derive the condition on Vf/Vi for classical description to be valid.

47. Consider a neutron star having N neutrons forming a sphere of radius R. Assume
it is temperature T=0 . Compare the gravitational energy to the total neutron kinetic
energy as a function of R. Can the gravitational force make the star collapse to radius
0? Justify your answer.

48. Assume all the neutrons have extreme relativistic energies, E = cp. Repeat the
calculation of the previous problem and discuss the result.

49. The second experiment to produce BEC was in a dilute gas of sodium atoms. The
number density was 1020atoms/m3 It had a single state of angular momentum and so
degeneracy factor due to spin be introduced. Mass of the sodium atom is 3.8× 10−26kg.

(a) Assuming it is confined in cubical box, at what temperature would BEC set in?

(b) How low a temperature would be required for 90 percent of the particle to be in
the ground state?

50. Write the density matrix for a two spin half system with probability of total
spin S = 1, Sz = 0 is 25 percent and S = 0 is 75 percent . What is the probability of
observing spin up for the first article with no observation on the second?


