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UNIT-I SPECIFIC HEAT 

SPECIFIC HEAT: 

 It is defined as the quantity of heat required to raise the temperature of unit 

mass of a substance through one degree. 

 Mass of the substance= m  :               Specific heat of the substance=C:      

           Rise in Temperature=Ɵ 

                H=m C Ɵ 

                                            C=H/m Ɵ  

                Unit=Calorie/g
o
C 

 

  Specific heat of Solid: 

 The solid is heated to a constant high temperature and then it is quickly 

transferred into a calorimeter containing water at room temperature, that heat lost 

by the solid is equal to the heat is gained by the calorimeter and contents. 

DULONG AND PETIT’S LAW: 

 The specific heat of various elements in a solid state and enunciated a law, 

called Dulong and Petit’s law 

 According to this law, the product of the specific heat and the atomic weight 

(i.e) atomic heat of all the elements in the solid state is a constant. 

 Dulong and Petits law was obtained from Boltzmann’s consideration of the 

law of equipartition of energy. 

 According to it, the energy associated with one-gram atom of a substance for 

each degree of freedom at temperature T=1/2 RT. R-is the universal gas 

constant. 

 Each form of energy there are three degrees of freedom, an atom has got six 

degrees of freedom. 

 Total energy associated with one-gram atom of a substance at a temperature 

T=3RT 

U=3RT 

AH=dU/dT=3R 

 Dulong and Petits law was modified by woestyn for metallic compounds 

 According to this law, the molecular heat of a compound is equal to the sum 

of the atomic heat of its constituents. 

 Neumann found by that the molecular heat of the compound of similar 

nature is also constant. 

 



 

Method of mixtures: 

Specific heat of solid: 

 REgnault was the first to device the apparatus commonly used in the 

laboratories to find the specific heat of a solid or liquid employing the 

method of mixtures.  

  In this the given solid is heated to a constant high temperature nd then it is 

quickly transferred into a calorimeter  containing water at room temperature, 

 The final temperature of the mixture is noted 

 From the Principle that heat lost by the solid is equal to the heat gained by 

the calorimeter and contents ,the specific heat of the given solid is calculated 

Theory: 

 The theory is based on the principle of heat transfer from high 

temperature to low temperature. 

 The method consists in imparting the quantity of heat to be measured to a 

certain mass of water contained in a vessel  of known thermal capacity 

and measuring the rise of temperature produced. 

 If m1 is the mass of a given substance of specific heat C1 and initial   

temperature 𝜃1 be plunged into m2 gram of water at temperature  𝜃2 and 

W be the thermal capacity  of the calorimeter and 𝜃 be the final 

temperature of the mixture .then 

Heat lost by the substance 

   Q1=m1C1(𝜃1 −  𝜃)------------------------------------(i) 

and heat gained by water and calorimeter 

                          Q2=(m2+W) (𝜃-𝜃2)------------------------------------(ii) 

Equating equation (i) and(ii), We have 

 

  m1C1(𝜃1 −  𝜃)= (m2+W) (𝜃-𝜃2) 

    C1=(m2+W) (𝜃-𝜃2)/  m1(𝜃1 −  𝜃) 

Thus the specific heat C1 of any unknowm substance can be determined by the 

method of mixtures, various corrections are ,however ,necessary, for heat is lost by 

the system by the system by conduction, convection and radiation. Therefore, for 

𝜃,we must put (𝜃 + 𝛥𝜃),where 𝛥𝜃 is the correction. 

Radiation Correction: 

 Regnault made use of a more accurate but slightly more elaborate method of 

radiation correction. 

 A sensitive thermometer capable of measuring 1/10th C is used  



 Readings of the mixture are taken at every ½ minute internal just after the 

solid is dropped into the  calorimeter attains the maximum temperature and 

then cools down say by 1 0𝑐 

 𝜃 be the  room temperature ,t1 be the maximum temperature observed and n 

the total number of half  minute intervals taken to cool down by 1 0𝑐 

 Then the rate of  cooling per interval At the mean temperature t1+(t1-1)/2 c 

is 1/n ,while it  is zero at𝜃0𝑐    

Variation of specific heat and Atomic heat with Temperature 

 It is found that Dulong and Petits law is not true in the case of  carbon 

,boron, silicon 

 In the case of these elements the atomic heats at 20 c 

 These values differ from the constant value of 6 

 This variation in atomic heat could not be explained on the basis of kinetic 

theory of matter 

 however ,it was found by nearnst that the specific heat of a substance 

decreases with decreases in temperature  and at absolute zero the specific 

heat tends to be zero. 

 Further it was able to show that the specific heat increase with the rise in 

temperature and tends to a maximum value. 

 therefore ,the atomic heat of a substance tends to a maximum value of six 

and decreases with  decrease in temperature 

 

 

 

 

 



 

 

 

Quantum Theory: 

 According to quantum theory, heat is radiated in the form of discrete 

particles called photons 

 Each particle has energy equal to the hv where h is the Planck’s constant and 

v is the frequency of heat radiations. 

EINSTEIN’S THEORY OF SPECIFIC HEAT CAPACITY: 

 According to quantum theory, heat is radiated in the form of discrete 

particles called photons 

 Each particle has energy equal to the hv where h is the Planck’s constant and 

v is the frequency of heat radiations. 

 Einstein assumed: 

 Every solid is composed of atoms. The atoms are at rest at 0K.The thermal 

energy is zero at 0K.When the solid is heated, the atoms vibrate simple 

harmonically about their mean equilibrium positions. All the atoms vibrate 

with the same frequency. 

 Each atom has three degrees of freedom. 

 The mean energy per degree of freedom is hv/e 
hv/KT

-! As calculated by 

Planck by the application of quantum theory. 

 The energy of each atom=3hv/e 
hv/kT

-1 

 The internal energy of a solid consisting of N atoms 

U=3Nhv 

      e 
hv/KT

-! 

 Atomic heat capacity at constant volume 

                       Cv=dU/dT=3Nk(hv/kT)
2
 e 

hv/kT
/(e

hv/kT
-1)

2 

                                        

                                                              C
v
=3R {( Ɵ/T)

2
 e Ɵ/T

/ (e Ɵ/T
-1)

2
}, where Ɵ=hv/k 

This is Einstein’s equation for the atomic heat of a solid at constant volume 

Merit: 

1) In the above equation, as T->O, Cv->O,Also according to equation 

(1),atomic heat capacity decreases with decrease of temperature. 

2) At high temperature, the atomic heat capacity approaches 3R, which agrees 

with experiments. 

Demerit: 

1) It was observed that at low temperature, there is some disagreement between 

experiment and theory. 



2) It was observed that in the case of some elements the atomic heat 

capacity at low temperature decreases more rapidly than that 

predicted by Einstein’s theory 
3)
 The dis agreement due to the assumption that all atoms of a solid 

vibrate at the same frequency
. 

 

 

DEBYE’S THEORY OF SPECIFIC HEAT CAPACITY OF A SOLID: 

Debye assumed that: 

1) Any solid is capable of vibrating elastically in many different modes 

2) The frequency of vibration in one mode is different from that in another 

mode 

3) The number of modes of vibration of solids are limited in number 

 A solid can be considered as an elastic body in which stationary waves, of 

both the longitudinal and transverse types 

 The frequencies range from 0 to a definite upper limit Vm. 

 This limit is chosen so that the total no of possible independent vibrations is 

equal to the number of vibrations of the separate atoms in the solid. 

 The number of independent modes of vibration per unit volume, with 

frequencies between v and v+dv  =4π(1/Cl
3
+2/ Ct

3
)v

2
dv 

Here, Cl=Velocity of longitudinal waves and Ct=velocity of transverse waves 

If there are N atoms in Volume V 

The total No.of independent modes of vibration    = 4πV(1/Cl
3
+2/ Ct

3
)v

2
dv 

Each atom has 3 degrees of freedom and hence the possible number of vibrations 

will be equal to 3N 

                                                                                           ∫
𝑣𝑇

0
4π(1/Cl

3
+2/ Ct

3
)v

2
dv=3N 

4πV(1/Cl
3
+2/ Ct

3
)v

2
dv=9N/Vn

3
 

According to quantum theory, the energy associated with each degree of freedom 

is hv/e 
hv/kT

-1 

Hence, the energy in the solid for frequencies between v and v+dv 

    =4πV(1/Cl
3
+2/ Ct

3
)v

2
dv *hv/

ehv/kT
-1 

    =9N hv
3
dv/vm

3
 (e

hv/kT
-1) 

The total thermal energy associated with the solid 

          U=9N/vm
3∫

ℎ𝑣3𝑑𝑣
− − − −

𝜈

0

 



       (e
hv/kT

-1) 

Let hv/kT=x,then v=KT/h dx 

Let us introduce a characteristic temperature Ɵ defined by Ɵ=hvm/k 

when v=0,x=0 and when v=vm,x=hvm/kT=Ɵ/T 

Substituting these values in equation 

    U=9NkT
4
/Ɵ

3∫
𝑥3

𝑒𝑥
− 1

𝜃′

0

 dx 

   Cv=du/dT 

      =9R(4(T/Ɵ)
3
 x3 dx/ex-1 -Ɵ/T 1/e

Ɵ/T
-1) 

This is Debye’s formula for the atomic heat capacity. 

 

SPECIFIC HEAT OF A LIQUID-NEWTON’S LAW OF COOLING 

NEWTON’S LAW: 

This law states that the rate of loss of heat of abody is directly proportional to the 

difference of temperature of the body and the surroundings 

Statement: 

 dQ/dt α (Ɵ-Ɵ0)    or dQ/dt=k ((Ɵ-Ɵ0)     

Consider a body of mass m, specific heat C and at temperature Ɵ.Let Ɵ0 be the 

temperature of the surroundings. suppose, the temperature falls by a small amount 

d Ɵ in time dt.Then the amount of heat lost. 

    dQ=Mc dƟ ------------------1 

Rate of loss of heat 

    dQ/dt=mCdƟ/dt-------------2 

From Newton’s law of cooling 

             dQ/dt= k(Ɵ- Ɵo) 

where k is a constant  

From1&2 

                                    mCdƟ/dt  = k(Ɵ- Ɵo) 

or                                          dƟ/(Ɵ- Ɵo)  =k/mC.dt=kdt--------------------------3 

Integrating  

                                            log /(Ɵ- Ɵo) =-Kt+c 



if a graph is plotted   between t along the Z axis and log (Ɵ- Ɵo) along the Y-axis 

,it is a straight line. Hot water is taken in a calorimeter and is placed in a double 

walled vessel. Temperature of water after regular intervals of time is noted.  A 

graph between log (Ɵ- Ɵo) and time t is plotted. It is a straight line. This Verifies 

Newton’s law of cooling 

 

 

 

Specific heat of a liquid 

  
A and B are two identical calorimeters containing equal volumes of hot 

water and the hot liquid respectively. 

 The two calorimeters are made of the same material and their outer surfaces 

are equally polished 

 The calorimeters are kept inside a constant temperature enclosure 

 The thermometers T1 and T2 measure the temperature of water and liquid 

 The temperature of the two calorimeters are noted after regular intervals of 

time  

 Graphs are plotted between temperature and time, for water and the liquid 

From equation(3) 

 ∫ dƟ/Ɵ-Ɵ0=k/mC∫ dt------------------------4 

In the case of water, suppose 

 Mass of water=m 

Water equivalent of the calorimeter A=w 

Time taken by water to cool from 600C to 550C=t1 

             ∫ dƟ/Ɵ-Ɵ0 =k/(m+w).t1---------------------5 

Suppose mass of the liquid =M 

Water eqivalent of the calorimeter B=w 

Specific heat of the liquid=C 

Time taken by the liquid to cool from60oC to 550C=t1 

             ∫ dƟ/Ɵ-Ɵ0 =k/(MC+w).t2------------------6 

From equations 5 and 6 

MC+w/t2=(m+w)/t1 

C=(m+w)t2/Mt1-w/M 

 

 

 



 

 

 

Specific heat of gas: 

 It is defined as the quantity of heat required to raise the temperature of unit 

mass of the material through 1 degree 

Mayer’s relation: 

 The internal energy of a system is a single valued function of the state 

variables via. pressure. volume, temperature 

 In the case of gas, any two of the variables P, V, T are sufficient to define 

completely its state. 

 If V and T are chosen as the independent variables, 

U=f (V.T) ---------------------------------------------(i) 

Differentiating equation (i) 

    dU=(ӘU/ӘT)v dT+(ӘU/ӘV)T dV ----------------(ii) 

If an amount of heat δQ is supplied to a thermodynamically  system ,say an ideal 

gas and if the volume increases by dV at a constant pressure P,then according to 

the first  law of thermodynamics 

    δQ=dU+δW 

    δW=P.dV 

    δQ=dU+P.dV 

substituting the value of dU from equation(ii) 

  δQ = (ӘU/ӘT)v dT+(ӘU/ӘV)T dV + PdV-------------------------(iii) 

Dividing both sides by dT, 

   δQ/dT=((ӘU/ӘT)v +(ӘU/ӘV)T dV/dT + PdV/dT 

or                (δQ/dT) =(ӘU/ӘT)v+[𝑃 (
ӘU

ӘV
) T]dV/dT --------------------------------(iv) 

If the gas is heated at constant volume 

   (δQ/dT)v=Cv 

And                                 dV/dT=0 

 (δQ/dT)v=(ӘU/ӘT)v=Cv-----------------------------------------------------(v) 

 the gas is heated at constant Pressure 

(δQ/dT)=Cp 

From equation (iv) 



Cp=(
𝜕𝑈

𝜕𝑇
)

𝑣
+[P+(ӘU/ӘV)T]  [

𝜕𝑣

𝜕𝑇
]

𝑃
 

Cp=Cv[P+(ӘU/ӘV)T. ]  [
𝜕𝑣

𝜕𝑇
]

𝑃
 

Cp-Cv=(ӘU/ӘV)T. ]  [
𝜕𝑣

𝜕𝑇
]

𝑃
 

From joule’s experiment for an ideal gas on opening the stopcock, no work was 

done and no heat transfer took place. So δQ=0=dU+0, Therefore, dU=0, Even 

though the volume changed, while the temperature is constant, there is no change 

in the internal energy. 

(
𝜕𝑈

𝜕𝑇
)

𝑇
= 0 

From the ideal gas equation               PV=RT 

or    P[
𝜕𝑣

𝜕𝑇
]

𝑃
= 𝑅 

Cp-CV=P(
𝜕𝑣

𝜕𝑇
)

𝑃
= 𝑅 

Cp-Cv=R 

The formula is known as Mayer’s relation. 

SPECIIFIC HEAT OF DI ATOMIC GAS: 

A diatomic gas molecule has two atoms. Such a molecule at ordinary temperatures 

has three degrees of freedom of translation and two degrees of freedom of rotation. 

Energy associated with each degree of freedom=1/2 KT 

Energy associated with 5 degrees of freedom=5/2KT 

Consider one-gram molecule of gas 

Energy associated with 1-gram molecule of a diatomic gas 

N*5/2KT=5/2 NKT 

             U=5/2 RT 

            Cv=dU/dT 

                 =5/2 R 

                                                   but , Cp-Cv=R 

                                                         or   Cp=Cv+R 

                                                                   =5/2  R+R=7/2  R 

 

 



 

Therefore, the ratio of specific heats, 

                                                            ϒ  =Cp/Cv 

                                               =7/2 R/5/2 R=7/5=1.40 

The value of ϒ  =1.40 has been found to be true experimentally for diatomic gases 

like hydrogen .oxygen, nitrogen 


