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GENERAL PHYSICAL CONSTANTS

Permesbility of vacuum

Permittivity of vacuum

Speed of light in vacuum
Elementary charge

Electron (rest) mass

Unified atomic mass congtant
Proton rest mass

Neutron rest mass

Ratio of eectronic charge to mass

Planck congtant

Boltzmann congtant
Stefan-Boltzmann congtant
Gas congtant

Avogadro congtant
Gravitationd congtant

Accderation due to gravity

Volume of one mole of an ided gasa STP

One standard atmosphere

MATHEMATICAL CONSTANTS
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1. (a) Sketch the spectrum of dementary excitations in superfluid “He. Discuss briefly its
important features, and how it differs from that of anidedl Bose ges. [6]
(b) Giveafull derivation of the Landau critical velocity of superfluid “He. Compare this result
with that for an ided Bose gas. [10]
(c) Discusshow, in most cases of practica importance, the onset of dissipation in superflow is
limited by phase dippage due to the motion of quantized vortex rings, rather than the
mechanism discussed by Landau. [4]
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Describe fully the phase diagram of liquid isotopic solutions *He and *He. [6]
Explain the functions of the still and mixing chamber of adilution refrigerator, including a
description of the mechanism by which circulation of *He is achieved and the factors
influencing the choice of optimd 4ill temperature. [5]
With the information given below estimate the *He concentration in the still, when operated
at0.7kK. [2]
Cdlculate the molar entropy of pure *He and a saturated solution of *Hein “He and hence
show that the cooling power at the mixing chamber is given by
& =846T% (XK 2mol )
where # isthe *He circulation rate (expressed in mole s%). (4]
An experimentalist wishes to detect gravitational waves, using as an antenna a 100 tonnes
sphere of copper cooled by to 10 mK by adilution refrigerator. Evauate the claim that the
time taken to cool the sphere from 1 K to 10 mK islessthan one day. The dilution
refrigerator has a circulation rate of 10° mole s*. Assume that the molar hest capacity of
copper isgivenby ¢ = g T, where g = 0.7 mJ K*male™, arising soldly from the eectrons.
[1 tonne = 10° kg. The mass of one mole of copper is 0.0635 kg.] 3]

[The heat capacity of aFermi gasis given by

e POT I LG PRPTNp 7
c=Nk;—— whee T =—— N
"2 T F 2ka[aO /V]7
is the Fermi temperature, N isthe number of fermionsin volumeV, of effective mass m*.
For pure *He at saturated vapour pressure, the molar volume is 36.8 cnt® and the

quas particle effective mass ratio m* /m; = 2.8. For a saturated solution, the molar volume
is27.5 o’ and the effective mass ratio m*/ms = 2.5. The *He atomic mass mg= 5.10%

kg.
The osmotic pressure p of aFermi gasis given by

b = N

for T3 T. ; P:ZN;;TF

for T<<T.. ]
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Describe the main features of the phase diagram of *He. Y our account should include brief
comments on the nature of the various phases, and an explanation of the temperature
dependence of the melting curve. [8]
Discuss the different Cooper pair wavefunctionsin the A and B phases of superfluid *He
and contrast with a conventiond metdlic superconductor such aslead, tin or zinc. Give
examples of how the different pairing Sate gives rise to distinct behaviour of two
propertiesin the superfluid state. [8]

A sample of superfluid ®He-A is confined within a dab geometry, i.e. between two flat
pardld plates of separation D. Discuss the superfluid textures of | and d that occur as a
function of the magnetic fidld gpplied normd to the plates, for D =1 mmand D =5 nm.
Briefly explain how NMR measurements can be used to characterize these textures.

[4]
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