Ques : Describe Einstein’s theory of specific heat of solids. Discuss its success and failure. (2011,
2013, 2015) v Md. NAYAR PERWEZ

Ans : Dulong and Petit’s law has been explained by Einstein for the first time in 19070n the basis
of quantum theory of heat radiation. According to quantum theory of heat radiation, heat is

radiated in the form of discrete particles known as photon. Each particle (photon) has energy
equal to hy where h = Planck’s constant and v = frequency of heat radiation.

Einstein proposed his theory under following assumptions.

(1) A solid is made up of atoms. at absolute zero temperature (0K) , these atoms are at rest
under the action of mutual attraction or repulsion. The energy of solid in this state is zero. But
when the temperature of the solid is raised i.c. heated then these atoms begin to vibrate about
their mean position of equilibrium under the action of restoring force |, hence these atoms
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begin to excute SHM. The frequency of these vibration is one and the same i.e, natural and
characteristic frequency of the particular solid under consideration.

(i) Each atom of solid has three degree of freedom like monoatomic gas molecule,

. hv
(111) The mean energy per degree of freedom is not KT but KT _p 38 calculated by Planck
c -

by using quantum theory.

. . - 3hv
Theory : Every atom has three degree of freedom. So energy of each atom of solid =Wr_—]
A 3 . ; , . . 3Nhv
Total energy of one gram atom of the solid consisting of N atoms is given by E = VKT ]
c —

. i ' . JE (l(ch\'/Kr~])_ d(chv/KT _l)
Atomic heat of the solid at constant volume is Cy, = H =3Nhv d(ch”“ 5 l) X o

3 2_.12 hv/KT
= Cy = 3Nl\\'x(—l)(c""""1’ - l): % @v/KT xll\ix(_l)”[‘z = 3Nh 2\/ x : 7 ;
K KT (chv’l(l' _])

hv/KT
= C, =3NKx s ,x(h\)
hv/KT o
B

/T -
: : . : € 0
This equation can be conveniently written as C,, =3R (—5—[-1:} ............... (2)
0/T o
e -1

where NK = R = gas constant per gramatom and ¢ =hv/K
The value of v giving fit for a particular solid is represented by v known as Einstein’s fre-
quency for that solid and @ corresponding to v, is represented by 0. known as Einstein’s
temperature.

Equation (1) is known as Einstein’s equation for the atomic heat (or specific heat) of the
solid at constant volume. From equation (2), it is clear that atomic heat (or specific heat) is a
function of temperature. The experimentally observed variation of atomic heat of solid are as
follows.

(i) At high temperature, the atomic heat approaches the constant value 3R as given by Dulong
and Petit’s law.

Explanation :

,+'1+1(h_‘f] +1(1_“:) P .
B 8 (hv )’_m. KT (2\KT) B\KT (th'
o N ; | 37 = N 2
gy R ("1 KT hv l(hv]" 1(|w]’ N
1+ +— +— + =1
KT [2\KT) BLKT
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hv 1 hvY 1/ hvY hv ‘
1+,+;(}‘)+G£E‘ﬂ+... o n+[th (ﬂ‘i]+---
Cy =3R.— KT L\KT (LJ 3. KT 2(KT) "BlkT

(hv J[ l(hv) l( hv J: J KT ( (hv) (hv Jz Jz
—— 1t — 14— | + s 1+— — 1+, .
K1 R\KT/) B\ KT 2\ KT,/ 13\ KTéaa "5

. hv
AS Tis highie, T—>» so KT — 0 Using this in the above equation we get

(1+0+0+0+ . . )
(140+0+0+ - . )

C, =3R = C, =3R

This result agrees well with the experiment and Dulong and Petit’s law.

(i1) The atomic heat of solid decreases with decrease in temperature and C, tends to zero at
absolute zero temperature.

hv hv
s , - hv L. = =
Explanation : If T— 0 then K—T—Mo = e 5w and eXT —] xekT

Using these in equation (1),

hv/KT 2 hv/KT 2 2
C, =3R ¢ )Z[IWJ :3[{.(_L_(I”J :3R.([l/_KT_)

(eh\'/KT =i KT ehv/KT ) KT ehv/KT
=C, =3R- (hv/KT)]
1+hv/KT +—(hv/KT hv/KT) + - - .
@ (/KT 2 (b k)
=C, = ol e - 1 2R =3—R:>C =0
I I (_W__)+. .. 0+0+=—+0+0+ - o
(v/kTY  (v/KT) RT3 2

This is again in good agreement with experimenatl result and Dulong and Petit’s law.

(iii) The experimental curves drawn for atomic heat of solid against temperature show that
the curves has same form for all substances as shown in figure.

According to Einstein’s equation (1)
atomic heats of different elements differ only

o

because of different v, the characteristic

= W
=

frequency. At corresponding temperature
such that the ratio v /T is same for all solids
then from equation (1), the atomic heats will
also be same for all solids. Thus the experi-
mental curves have the same from for all sub-
stances. This agreement also fits with experi-
mental fact and Dulong and Petit’s law.
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