Solved Examples

Unit II- Lattice vibration

Solid State Physics

1. Compute the cut-off frequency for a linear monoatomic lattice if
the velocity of sound and the interatomic spacing in the lattice are

3 x 10°ms~! and 3 x 1071%n respectively.

We know that,
The cut-off frequency for a linear monoatomic lattice is
48 2v,

(_UC: e
m a

Here,
vs =3 x 10°ms™!
a=3x10""m
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2. NaCl has the same structure as KCl. The Debye temperature of
NaCl and KCI are 281K and 230 K respectively. If the lattice heat
capacity of NaCl at 5K is 1.6 x 1072Jmol 'K ~!, estiamte the heat
capacity of KCI at 50K and 5K.

We know that for T' < 6p, the specific heat capacity is,
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Here,
(Op)kcr = 230K
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T=5HK
R =8.314JK ‘mol1

(Co) et = 2 (3.14)* x 8.314 x 0 3 Jmol 1K
WRCET Ty A ' 230

However, for T' << 91—8 above relation isn’t valid. In such case, the specific heat
capacity is

Cy = Cete + Clant
Here, C,. = aT is the specific heat due to free electron
And, Cj,y = bT? is the lattice specific heat. For molecules of same structure,
C.j 1S same.
Given, (Cy)Nacisx = 1.6 x 1072Jmol 1K1

(0p)Nact = 281K Now for 5K temperature,

(Cy)Nac1 = Ha + 2 (3.14)* x 8.314 x <i)3
5 230
— 1.6 x 1072 =5a+ 1.09 x 10~*
— 5a =0.51 x 1072
— 4 =0.102 x 107*

Thus,

(Co)kci =5 +12><(314)4><8314>< 5"
v KOL= 04 T 2 | 281

(Co)kcr =5 %0102 x 1072+ 1.9 x 1072 = 2.49 x 10 2Jmol ' K~!



