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Hints for Statistical Mechanics PHYM421/PHYM501

1.

(i) Use F' = E — T'S and differentiate.

(ii) Recall that for a system in equilibrium, the free energy is minimized. Therefore,
find the solution of

dF

—_— — f— 3
- =0=(a(T = T)M +bM°)

which yields lowest value of F'

Show for T' > T,

a2 9 CL2 9 0,2 9
F=F0—‘2—b(T-"Tc) +£—15(T—Tc) =F0~‘-"(T—-TC)

4b

dF dFO CI,2
S—-"“-C-l-:[:;-——“zﬁ:'{—"z‘g(T—Tc)
ds d?Fy, a*T
=TE =" T

and hence deduce discontinuity in Cy.

Recall the Boltzmann definition of entropy in terms of p, amd write down the ther-
modynamic variable corresponding to -g%.

If p, = 1/92, write S in terms of  where Q is statistical weight.

For the problem, Stirlings approximation shows

(N—=1+fN)! (N-1 + fN)N-1HIN

O= TN T - DR

and use this to show S/kp = (1+ f)NIn(1+ f) — fNIn f.
Hence use 1/T = 22 to deduce f = 1/(e™/*sT —1).
First section is in the notes.

Recall to find the chemical potential, we have that the total number of particles
satisfies

In(1 — &)

gE) N /oo dE Ny
0

V= [ s =B b A1 AR

Then show
1 — &Pt — g=BEoN/No
g = kT In(1 — e~ PBoN/No)

For any value of IV, there is always a solution to y < 0, hence Bose-Einstein conden-
sation does not occur. :

1 PHYM421/PHYM501



4. Recall,
®=E-TS—uN

and for this problem,

® = n(Bo— )+ keToln(n/Nee) + Nalf (Ba— i)+

kgTfIn f +kgT(1~ f)Inl — f} + (N, — p)(By — p) + kpTpln(p/Nye)

—g% =E, — u+ kgTlIn(n/N.) =0
or n = N~ (Fe~i/ksT
0P
.5}. = Nyg(By — pp+ kgTIn f — kgT'In(1 — f)=0
_ 1
or f = T ot
o
= ~E, +u+kgTlnp/N, =0

Use fN;g ~ n >> p, at low temp to show that u = 3(E, — Ey) + kgT In(Ng/N) at
low temperatures and @%&l + kT In(N,/N,) at high temperature.

2 PHYM421/PHYM501
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SOLUTION TO DEGREE EXAMINATION QUESTION

PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHY4423
Name of module Classical and Quantum Fluids
Date of examination January 2006

L. Use conservation of mass, i.e. pA,V, = pA,v, to argue that v, =2v,

Start from Q =v,A, =v,4, and p, + 3 pv = p, +$pv;

2(p. - pa)
h = |\ P2
e € \/ o421/ 47)

2. (i) Refer to lecture notes
(i1)
Qcooling+ Qleak = N3T1%1c84 J mol"l K_2 =20 “W + Qleak
Oteate = NyT%0c84 T mol "' K72 = Ny x 225x107% x84 Jmol ™
N3((100 mK)? - (15 mK)”)x 84 J mol ™! K =20 W

= Ny=244pumols™! and Qey = 0.46 uW
The base temperature is high but the cooling power is only slightly reduced => problem must be

extra heat leak. Using above equations, the heat leak is equivalent to 5 uW into the mixing
chamber. A reduced value of N3 would have a much big effect on the cooling power.

F, 3mduy 24
3. @) Co= 7 = 2 7=
0.50v.,A 05pv,0257d” Re

(i) Refer to handouts.

4. The normal boiling point of 4He is 4.2 K so

7.2K) =5.5 bar
4.2K)

po = 1bar x exp(
72K ) =3x107>! bar
100 mK/

3x 1073! bar x 10° N m 2 bar~!
1.38x10723 JK1x 01K

p(100 mK) = 5.5 bar x exp(

=0.02m™?

pV =nkgT so n=



PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHYM424
Name of module Semiconductors and Heterostructures
Date of examination June 2006

1. (i) AES=049eV
Ef -E!=23x107 1 =14eV



PHYM 428
General Problems

FOR DISCUSSION WITH
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Hints for Relativity and Cosmology 2006, PHYM432

1. Use Lorentz transformation

7 =y(z —ut), t'=(t—vz/c?),

and-let cosh- ¢ = - to-show

sinh ¢ = /cosh® ¢ — 1
=7 —1=v/c

Recall for a particle moving with speed w

dr? = Adt? — da? — dy® — d2°
= 2dt*(1 — w?/c?)
Use Lorentz transformation

dz" = y(dz' — (v/c)dz")
dz® = (dz® — (v/c)dz")
and dz! = (wg/c)dz® and dz" = (w}/c)dz® to show
I ('w,, - ’U)
Yo = T "vwg/

Applying this we get

2. Use composition of velocities, to deduce

du’ 212
B 1 o) + = 0o/ (1 - v/
_du (1—0?/c)

T dt (1—uv/c?)?
Finally, set v = u and v’ = 0. to deduce

v’ _ du d’y'u,
@ Ua T Tt

1 PHYM432



If LHS is constant = o, then, integrate twice to obtain at = yu

ot

U = —
1+ a?t?/c?

and

r = (c*/a)y/1+ a2t2/c?

If photon emitted a distance z behind particle, then in time t travels a distance ct

but by then particle having proper acceleration « is at distance z = 1/c?t? 4 c*/a?
and hence photon never catches particle.

This is covered in notes.

First sections are book work.

In early Universe, gravitation terms dominates & in Friedmann eqn. Hence choose
k = 0 and rewrite Friedman equations:

2 p3 ,

WL — 3RR, p=pdf3

p/p=—4R/R or pR* = pyR: Now as pc® = aT*, T = To%
, ., 8wGpR? :

Friedmann first eqn R* = ———-—-3’0—, RR = /87GpoRE/3

4
Hence %Rz(t) = {/ w—é@ﬁgt

2 PHYMA432



PHYSICS EXAMINATION PROBLEMS
SOLUTIONS AND HINTS FOR STUDENT SELF-STUDY

Module Code PHYM433
| Name of module ' MRI & Biophysics
Date of examination ' June 2006
1. - -Descriptive material covered in lectures.
2. Descriptive material covered in lectures.
N = L A
3G) T TR T I3l x/0F 232
L L
N ( — — ~ 7 - .
Maa up[ g( ¥ 71)1 >0 L Corbre e St
. _ L, =6
= L, L < A AB, = 00 x(5¢T
To T 7€ |

Q?) 9\3# QV*NM -H/ EESRCA
US‘L er £Jﬁabu—- [\\/ | ok l\f mft«m»v'f 0-&1S" pam

Z‘IL', W = (U’L = ’IS (BD T G)\_’“‘) - Lo ¢+ X G)LDL

L pf\g\\?l oh}\r (Fau o\~ fn /’(‘\50)«(&, , Q“J' k)Lf ¥ C_}Lt

L«(y 67/\*? FML%W\L Q,wa/). &‘W’L N ”g/
k“ AV-M;, WL\'.,A. g:?ru\L \\J &W(’I

—
[ A—

— \

f* -
|



