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3(a) (i) >"0! : an energy level associated with rotation of a diatomic molecule.

8”1
h Planck’s constant
I Moment of inertia of the molecule

m  Quantum number of rotation (=0, 1, 2, ...)

gn Degeneracy of energy level m

o Symmetry factor: takes value 2 for homonuclear molecule
1 for heteronuclear molecules

(ii) The rotational contribution to the partition function is given by,

i &
7N e exp
rot %:gm p— ICT}
ie.,
& i ’ 2
Z/'Ot = Z —1—(2111+1)6Xp —-M
m=09 | 8xlIkT

(iii) The characteristic temperature of rotation is,

h?

0. =
8721k

r

(b) The internal energy is,

U=nrY L inz
oT v
and the partition function is,

L=7,7

r<rot
Thus,
U = NkT? {[5% Inz, } + [-{% Inz,,, }}
14
or, simply,
u=U,+U,,
The translational contribution is,
v, = 3 NET
2
and, from,
T )
Z rot = ?‘—'0,_
the rotational contribution is,
U,, = NkT

(5]

(3]



Thus, with R = k/m, the specific internal energy becomes,

v = éRT+RT = éRT
Nm 2 2

u =
The specific heat capacity at constant volume is,

I3 :[QLL) —éR
Y o\er), 2

The specific heat capacity at constant pressure is,

And, finally,

(c) A general outline of the following is required:
The vibrational energy levels are given by,

1
Sy = (n+5)/zv

forn=0,1, 2 ..., with degeneracy g, = 1.
The vibrational contribution to the partition function is,

1
"~ 1-exp(=6,/T)

Z vib

with characteristic temperature,

hv
g, =—
Yk

Vibrational modes are not excited at room temperature because, for common gases, &> T.

For example, for nitrogen, § = 3390 K.

[3]



(a) Einstein and Planck:

E=mc* = hv = he
With De Broglie:
= mc = hv _ b
P c A
‘ [3]
(b) (i) Student, estimated mass 70 kg, velocity 5 m/s, A= Ip = h/mv=1.89x10%m.

(i1) Tennis ball, estimated mass 0.1 kg, velocity 40 m/s, A= 1.66107>*m.

(iii) Hydrogen atom, mass W/A = 1/6.022x13%kg, velocity 500 m/s, A = 7.98x107"m.
(6]

For both the student and the tennis ball, the waelength is much less than the length scale.

For the hydrogen atom the wavelength and the length scale (e.g., the diameter) are comparable

1]

¢) Tabulate:

(i)

Microstate | =0 =2 &=2 =4 E=0
1 X X X

2 X X X

3 X X

4 XX

5 XX

6 X XX

For bosons, any number of particles are allowed in each state, i.e., 6 possible microstates as
shown. Macrostates are (1 and 2), (3 4 and 5), and (6)., i.e., 3 macrostates with
thermodynamics probability 1/3, 1/2 and 1/6 respectively.

[7]

For fermions, only one particle is allowed in each statej.e., 3 possible microstates 1,2 and

3. Macrostates are (1 and 2), and (3),i.e., 2 macrostates with thermodynamic probability
2/3 and 1/3 respectively.

[3]
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