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Hints and Tips for PHYM421/501, Statistical Mechanics

1. This is covered in the notes.

2. The mean number of photons in state k is

2

Ne= o7

(including polarisation). The energy density of black body radiation with frequency
less than w is found by summing over all k < w/c

Z Nk hwkz—gﬁy—/wwzdw i

3.3 s
oy 8m3c3 Jo ef 1

hw3dw
_ v/ Lo eﬁhw — V/w(w,T)dw

Maximum of w occurs at Aw = 2.82kgT".
Differentiating wm?c®/h
3w? Fiw3 el
P — 1 (P —1)2
3(1 — &™) = Bhw

Solution to this is fhw = 2.82.
For Sun, T = 5770K, hence maximum intensity at 2.82kpT or 1.4 eV. An efficient
solar cell requires, at least, a band gap of around this value.

3. For an ideal gas, G is easily found from expressions for E,S and the equation of
state. The chemical potential is then found from

_ (%
#=\aN ),

N{ orh? \*?

and yields the result:

Altering the subject of this equation yields,

N onh2 \ 3/
= () el - ) ksT)
Pon = pip = Pd
gn 3/2 g
ndnf;’ = eNy(To/T) e
P

.= 2mhimy 3/2
- mnmpkBTO
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Taking ny = no(T/Tp)*/? ecm™3, ng = 10730 g/cm?, B/kg = 25.8 x 10° K, Ty = 3.
e =9.14e — 22 and ny = 5.98¢ — 7(T/Tp)® cm™2.

UZUIN

= 5.473e — 28(T/Tp)*/? exp(25.8¢9/T)
NpTd

The RHS 18 0.0005 at 1.1%x 10° K and abotut 10 at 7x 108 K. Hence deuteron production
complete at the lower temperature.

. Energy levels for 6 states with dipole aligned along +z, are =pE, and 0 when aligned
along z,y with with degeneracy 4. Hence

+PEP
Z

p(Ez) = ¢

, Z = 2cosh(BEp) + 4

sinh(GEp)
cosh(BEp) + 2

(p:) =p

Average value of p,, for small E, is pF/3kgT. and tends to p for large Ep/ksT.

The variance in p, is

2
zi: exp(_ZﬂEi)pi . <pz>2
_ p°cosh(BpE)  p* sinh?(BpE)
"~ cosh(BpE) +2  (cosh(BpE) + 2)2
o 1+ 2cosh(BpE)

=P (cosh(BpE) + 2)?

and becomes p?/3 for low fields and high temperatures.
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PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY4423
Name of module . Classical and Quantum Fluids
Date of examination January 2008

()

(i)

M

. (i)

Not applicable
Entrance length = 1.14 m

Molar entropy of liquid: S(7) = | OTdQ/T’ = OT C(T')dT'/T' = m*x®RT/2mT;
Molar entropy of solid: S = kg In(RQ) = kg ln(ZN*\ ) = RIn(2)
At minimum, RIn(2) =2.87°RT/2Ty = Ty, ~2T¢In(2)/2.87” =250 mK

Thrust on turbine = 24.2 kN

Provided the force on the piston is fairly small a pressure difference will be established that
exactly cancels it. For a cylinder of cross-section a:

Fla=AP =(Py - Pg)

AT =(Ty - Tg) = F/ap$

4
IV _Te1 | £8 | 959673 =29707° JK™* ™
Jar  2m* flCl

For comparison, use density and atomic mass to convert to molar SHC:

%(;- _29707? JK* m™ =0.08277 JK~* mol™!

which matches the experiment at tempaertures below 0.5K. E.g. at 0.1K calculated SHC is
82 uJ K™ mol™



GENERAL PROBLEMS

FOR DISCUSSION WITH PERSONAL
TUTORS, THEREFORE NO HINTS &
TIPS ARE PROVIDED.



Hints and Tips for PHYM432, General Relativity and Cosmology

1. (i) An inertial reference frame (IF) is one in which free particles move in straight
lines with constant speed, eg ball rolling on frictionless horizontal table while
non-inertial frame is one which is accelerating wrt this.

If z(¢) is path of free particle in S, eg z(t) = A + Bt, and S’ moves uniformly

“wrt S along z-axis, then 7' = bx + at in either Newtonian theory or relativity.
Now as z(t) is linear function of ¢, then so is z’ and hence S’ is inertial.
(iii) If two events occur at the same point in some inertial reference frame S, prove

that their temporal order is the same in all inertial frames and that the least
time separation is assigned to them in S.

Events are (ct,z) and (cT,z) in S and in S’ are

T =~z —vt), X =v(z—vT)
¥ =t~ (0/P)s), T = (T — (o] P)a)

Hence T" —t' = y(T' —t) > 0, and LHS is least when - is as small as possible or
when v = 0.

(iv) Equivalence principle equates a gravitational force with an inertial one.

If a particle was subject to a constant force in S so that z(t) = A + Bt + Ct?,
then force is mC. If S’ is accelerating wrt S, eg 2 = z + D#?, then 7' =
A + Bt + (C + D)t?. This is the same parabolic equation as one for which the
particle is uniformly moving in S (ie C = 0). In general observer could check
whether there was a force acting in S as changing the mass of the particle would
change C and 7’ would obey a different parabolic equation. However, this fails
for an inertial force like gravity as C is independent of mass.

2. This is largely book work.

3. (i) Definition of proper time is time interval measured by co-moving clock. Thus
dz = dy = dz = 0 and ds? = c2d? = ggoc?dt®. Hence dt = d7/./go0.

(ii) In Newtonian limit ggp = 1 + 2®/c?

dd

o or centrifugal potential is

(iii) Centrifugal force on photon is F, = mrw? = —m
® = —r’w?/2

(iv) Metric goo = 1 — 7%w?/c? and hence coordinate time interval at detector is
dty = dr/4/1 —1r2w?/c?. This is longer than the proper time dr and hence
frequency is red shifted. The red-shift is ~ v2/2c2.

(v) Transverse Doppler effect is derived from LT for light propagating along ¢’ axis,
ie perpendicular to direction of motion of observer, w' = y(w — vk/c?) and
w

ke = (kg — vw/c?) = 0. Hence ky = vw/c? and o' = y(1 — v?/c?)w = 2.
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