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THERMODYNAMICS

Thermal Equilibrium

Specific Heat Capacity

DQ = msDT = ms(T  – T ) or f i

Molar specific heat capacity, C = 

s = DQ
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Zeroth Law

Two systems in thermal 
equilibrium with a third 
system separately are in 
thermal equilibrium with 
each other.

First Law

Heat supplied to a gas may 
(i) raise its internal energy
(ii) enable it to expand and thereby 

do external work. dQ = dU + dW

Second Law

There is no heat engine can have 
efficiency h equal to 1 or no 
refrigerator can have coefficient of 
performance is equal to infinity.

Refrigerator

The coefficient of performance of a refrigerator 
is  ; 

here, (Q  < Q )1 2
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Heat Engine

The efficiency h of the engine is ; 

here (Q  > Q )1 2
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State Variables and
Equation of State

The relation between the state variables 
(P, V, T) of the system is called equation of 
state.
For m moles of an ideal gas, equation of 
state is PV = mRT and for 1 mole of an ideal 
gas it is PV = RT.

IsothermalCompression

P

O E F VG H

A (P , V , T )1 1 1

B (P , V , T )2 2 1

T , Q2 2

C (P , V , T )3 3 2

D (P , V , T )4 4 2

T , Q1 1
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Adiabatic

expansion

Adiabatic

Com
pression

Carnot's Cycle

Isothermal expansion:

Adiabatic expansion:
 

Isothermal compression:
 

Adiabatic compression:

W  = 1 mRT  log1 e
V2
V1

Adiabatic Process

Adiabatic Process : A thermodynamic process in which 
no heat flows between the system and the surroundings.
· Equation of adiabatic process,

g PV  = constant, where g = C /C .P V
· Work done during adiabatic process,

· The slope of adiabatic curve on a P-V diagram at any 
point on the curve is given by

W =
(P V  – P V )i i f f

(g – 1) ; W =
mR(T  – T )i f

g – 1

Isobaric Process

Isobaric process : A thermodynamic process in 
which pressure remains constant.

· Equation of isobaric process :      = constant.
· Work done during isobaric process,
 W = P(V  – V ) = mR(T  – T ).f i f i
· The slope of the isobaric curve on a P-V 

diagram is zero.

V
T

Isothermal Process

dP
dV

= – P
V

Isothermal process : A thermodynamic process 
in which the temperature remains constant.
· Equation of isothermal process, PV = constant.
· Work done during isothermal process,

· The slope of isothermal curve on a P-V 
diagram at any point on the curve is given by

W = mRT ln 
Vf
Vi

;  W = mRT ln 
Pi
Pf

Isochoric Process

P
T

Isochoric (isometric) process : A 
thermodynamic process in which 
volume remains constant.

· Equation of isochoric process :     

       = constant.

· No work is done by the gas in an 
isochoric process.

· The slope of the isochoric curve 
on a P-V diagram is infinite.

THERMODYNAMICS

Laws of Thermodynamics

Thermodynamic Processes

The macroscopic variables 
such as pressure, temperature, 
volume, mass, composition, 
etc., which characterize a 
system, do not change with 
time.

Relation between Coefficient of 
Performance and Efficiency of Refrigerator

a =
1 – h
h
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W  = mRT  log  3 2 e

W  = m 2
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W  = m4
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Ne t  w o r k  d o n e  d u r i n g  t h e 
complete cycle,
W = W  + W  + (–W ) + (–W )1 2 3 4
     = W  – W  = Area ABCD 1 3

(As W  = W ) 2 4

Efficiency, h = Work done
Heat input
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DUAL NATURE OF 
RADIATION AND MATTER

Experimental Study and Conclusion of
Photoelectric Effect

· At constant frequency u and potential V 
 (Photo-current) i  µ I (intensity)  p
· At constant frequency and intensity, the minimum 

negative potential at which the photocurrent becomes 
zero is called stopping potential (V ).0

–· At stopping potential V , K  of e  = eV0 max 0
· For a given frequency of the incident radiation, the V  is 0

independent of I.
· The V  varies linearly with u.0

Particle Nature
of Radiation

Wave Nature
of Matter

Electron Microscope
· Electron microscope is a device designed to study very 

minute objects
· Based on principle of de Broglie wave and the fast 

moving electrons can be focussed by E or B field in a 
same way as beam of light is focussed by glass lenses.

Photoelectric Cell
· An electrical device which converts light energy into 

electrical energy, is called as photocell or photoelectric cell.
· It works on the principle of photoelectric emission of 

electrons
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DUAL NATURE OF
RADIATION AND MATTER

Nature's Love with symmetry arises
the matter-wave duality
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de Broglie Hypothesis
· Due to symmetry in nature, the particle in motion 

also possesess wave-like properties. And these 
waves are called matter waves.

Photoelectric Effect
· The phenomenon of emission of electrons from a 

metal surface when an electromagnetic wave of 
suitable frequency is incident on it is called 
photoelectric effect.
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Photoelectric Equation
· E = K + f , where f  = work function0 0max 

– E = energy of incident light K  = maximum KE of emax

Þ���hu = 2mvmax+ hu0
1
2 Þ��� = h(u –�u )0

2mvmax
1
2

de Broglie Wavelength

· For electron having K.E. (K) is

 
· For a charged particle accelerated 

by potential V is

l = 
h

  2mK
, here p =    2mK

l = 
h

     2qmV
, here p =    2qmV

Transmission electron 
microscope

Application of de Broglie W
aves

Davisson and Germer Experiment
· Study of wave nature of electron.
· At a suitable potential V, the fine beam of electrons from electron gun 

is allowed to strike on the nickel crystal. The electrons are scattered in 
all directions and following assumptions were made : 
Ø Intensity of scattered electrons depends over scattering angle�f.
Ø A kink occurs in curve at f = 50° for 54 eV beam.
Ø The intensity is maximum at accelerating voltage 54 V. After this 

voltage, intensity starts decreasing.

Ø Here, q =     (180° – f)���Þ�� q = 65° at f = 50°
  From Bragg’s law (particle nature), l = 2d sin q  Þ  l = 1.65 Å.

  Also, from wave nature at V = 54 volt, 

1
2

l =           = 1.65 Å12.27
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