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SECOND PUBLIC EXAMINATION

Honour School of Physics Part A: 3 and 4 Year Courses

Honour School of Physics and Philosophy Part A

Al: THERMAL PHYSICS

TRINITY TERM 2012

Wednesday, 13 June, 9.30 am — 12.30 pm

Answer all of Section A and three questions from Section B.

For Section A start the answer to each question on a fresh page.
For Section B start the answer to each question in a fresh book.

A list of physical constants and conversion factors accompanies this paper.

The numbers in the margin indicate the weight that the Ezaminers expect to

assign to each part of the question.

Do NOT turn over until told that you may do so.
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Section A

: lear,
1. Draw alabelled diagram showing how the spem.ﬁc heat per mole of a tfluiteesr (:tmucrhjch
diatomic gas varies with temperature. Give expressions for the tempera

' 6
the magnitude of the specific heat changes in terms of molecular properties. [6]

2. Prove the Maxwell relation

(as ) Y ( Qf)
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Calculate the entropy change when one mole of a perfect gas undergoes a Joule exp ansion (6]
from a volume V to a volume 2V.

3. Two bodies of heat capacity C, which are initially at temperatures 74 and

I's < Ta, are brought to thermal equilibrium by the operation of a reversible heat : (( \
engine. Calculate their final temperature. [4]

4. Estimate the change in the boiling point of water between sea level and a height
of 10° m. You may assume that the density of air is 1kgm 2. [6]

[The latent heat of vaporization of water = 4.0 x 10* J mole~.]

5. The partition function of a perfect, classical gas of N indistinguishable particles
of mass m occupying a volume V at temperature 7' is

1 [ [ Varp? p? Y VN (onmkpT3N/2
IN = — / exp | — dp, = 5 :
N! | Jo h3 2mkgT N! h
E lain the words in italics, and their relevance to the form of the partition function.

- Estimate the number density at which the gas can no longer be treated as classical
n terms of m and 7. (6]

s £

‘he Poisson distribution for a non-negative integer variable 7 is
._- |

pe
n!

. P(n|p) =

il number. Define the mean and variance of n, and show that
hat obeys Poisson statistics, justifying your choice. 7]

ice from the sun of a sun radii. Estimate its
are of the sun, stating any assumptions
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Section B F=r—lexTAn 2

8. A paramagnetic solid consists of a large number N of non-interacting, spin-;

particles, each of magnetic moment p, on fixed lattice sites. The solid is placed in a
uniform magnetic field B at a temperature 7.

Write down an expression for the partition function of the solid (neglecting lattice
vibrations). Show that the entropy of the solid can be written as

S = Nkg{CIn(coshz) + Dz tanhz + E} ,
€

where z = (uB/kpT'), and give values for C, D and E. é / (7]

The paramagnetic solid is taken slowly around the following cycle: % ¢ g

Q -
(1) isothermal magnetization from (B;,T;) to (B2, T;), where By > By, 2
(2) adiabatic demagnetization from (B, T;) to (B, Ty), where T; > T, 4_
(3) demagnetization at constant applied field from (B, Ty) to (B, Ts). s (& )
(i

- Plot the entropy as a function of temperature for fields B, and Bs, and indicate the

y ,'.';»steps of the cycle on your diagram. Find an expression for the temperature 7 in terms
| of T;, 31 and Bs. [7]

Describe and explain the changes in the relative occupation numbers of the
“EaTia s elhergy levels during each of the three steps of the cyc]e / 6]

-

l.'.-::‘ ‘;: @t 6/ {//)’ =

4

...

M
kK= "-"Cmol )\(c) : A

¢ heat at constant olume of a molecule, n is the number
yath and the mean tqs d of the molecules of the gas, and
of order unity. State the assumptlons that underlie this

8]
and length *f'_i'(ﬂ"f<f§?i'oﬁ's. ::":'.-iri)??ji, ts of concentric inner and
sopicor itains a.u' at a low pressure of
t loss by conduction if the qu1d in the flask is at

Y M) ("' - [7]
ey ——— o .
ake to ff:«{gsrg__,, 40 C. Discuss
£ [5]
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10. Show that, for a two-dimensional gas of free electrons of mass m, occupying an /

area A, the density of states D as a function of energy € is given by

Am
D(€) de = (ﬁz'n’) de .
+ de for a two-

Write down the number of electrons n(e) de in the energy range € to € o
dimensional electron gas, defining any new symbols you introduce.

Define the Fermi temperature, Ty, and sketch the dependence of n(e) on e for
() T =0, (b) T < Ty and (c) T > Ty. Show that, at T =0, the mean energy per :
particle is equal to kpTy/2. 8]

Obtain the temperature dependence of the heat capacity (numerical prefactors
are not required). Explain why the magnitude of the heat capacity 18 much smaller
than that of a classical, two-dimensional gas.’ (6]

ey “‘W. 11. The diffusion constant D is defined by

s j=—-DVn

=1

where j is the number of particles crossing unit area in unit time and n is the number
lensity of the particles. Assuming that the number of particles is conserved, derive the

aquation
i b A

on 9

' B DV*n . (4]

7, rigid tube, of length L and constant cross section is initially filled

laced in a solution of colloidal particles, with number density ny,

1be is impermeable to the particles. At time ¢ = 0 the end of

ned to allow the particles to enter. Solving the diffusion equation

n of variables | igcluding the solution that corresponds to

herwise, show : the number density of colloids in the

- 1)y ‘*l"»f 9 " ?
ey (L (0]

S
0N [12]

LIy

werage collo ‘_'(;I'ignber density inside
YRR [ I'.f'

. » % l N

4]

s < A

y ‘: ,n
u; +"N ' !
: ‘a.l“" ‘
" ""‘ : l
R
. e ="
AT

A
oy - p

Ll
ol E,,.J.Q‘V..l",.‘
LAST PAGE]
(yy . e in
- P -






M
T T C ‘ ' ] 7 R No heovt ‘l’f‘a’\é&'l'r*-‘d to
o _]. : |

S PPl e
S\AWMAMO \ 2

=y
| éntre

’P o SN R uncliaun %M"’> 65& ==
0 (AN, £




»
)l y P}. P e

2 |
,l—‘; = D=l (92X (o=
2 \

E 3o 3. <
\—'.""' Lo 2-4 <
B | /
o
N0 wter ol wnler
A ‘|;'\4~.,W o R O %
- " ;'\:"
Tk










i - =
! A S e ¢ A
J Pusifei 2 b(g—o\i ?K/fx = X s oL 5
e oA = T A AT
E 'EZF:: 1—6* G e
b 2
["‘“ g 3

=2

o - ;

bl 4 3 . | MY | M E( = ‘\—-N =3 (= :'JAJB jﬁ
> Stf\(g’lﬂ- PO‘T‘*\-\CLC PO\“'T;‘(‘«\'M ’Eyvr\.(,‘t%vs
T Q,hsﬁ =6 @‘F =94 COSI')(E)JB>

—

N
= overull ISl Z= Gz [lcm/v 65)3&))

ul 3'(&42 ’a—.
= 2B -yB(LU/tA(ZothCM))J
“J‘ IR '
+ N IQBJH(ZW)\CT%)J__
B










i )\(pﬁﬁ
\ —

o Q& /- —C}\oose‘ar
) ] T

22







T — 293K







)

.

-







4#’-

AU ~ NOE ~ m,ac.)g\cg_)’“v %% U=T)

Yks 27 1p s
~ Li)f £, %’
- Cv ~ A e JU) s
e ;i L - Ll oY
‘ T RN du? 2 N
/ C ENRE
—— -r — —
/ =S = Gt x  Nlas — ‘
2 & =2
C \ 2o ( 4 = 7&:\ 2-D 7@ [é?u.'f)m-t.’-ﬂ'on}

2 C | e C GALK Al << Tf: 7 944 LX Fur-l.‘d;""‘

SV +o QF Can ?k‘f To. 545.1;.@‘:_—'
TSy naweoged , Where od
oo T ormaged ol

Sil < g k\‘:}LQr onorgy seates,




9

(|

"

)' N .—a'-; J
\Po Y€/

. \
AN >
Y\ V

3

—







(pt—=Qo

(he Eg:j__ié_:f__l\____———
nt> =L

-

T A LIGNX) B — P By 512 C0X) )

= .j

-l o




L_( ‘s (D § Al )G "ém—&*B = Ggwm AT M«%—‘;;—
T2 mu)%o b x il
ks | e+ N=2p+t! = 2.9+ | g :

—

= LSwn {@F-H)T)( )S\" C@?{-(} aX) A

—_—

- —

W e i
“‘. “3 B







