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Three classes of system

• Open System : A system which can exchange matter and 
energy with the surrounding called open system. Ex. – Air 
compressor i.e. Air at low pressure enters the system  and air 
at high pressure leaves the system.

• Closed system : A system can exchange only energy (not 
matter) with the surrounding is called closed system. Ex. Gas 
enclosed in a cylinder expands when heated and drives the 
piston outwards. The boundary of the system moves but 
matter remains constant.

• Isolated system: A system which is thermally insulated and 
has no communication of heat or work with the surrounding  
is called isolated system.
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Zeroth law of Thermodynamics

• Statement: The zeroth law of thermodynamics states that if two bodies A 

and B are each separately in thermal equilibrium with the third body C, 
then A and B are also in thermal equilibrium with each other. 

• Conversely the law is stated as :If three or more systems are in thermal 
contact each to each by means of dia-thermal walls  and all are thermal 
equilibrium together, then any two systems taken separately are in 
thermal equilibrium with one another.

To explain consider two systems A and B insulated from each other but in 

good thermal contact with a common system C. System A and B will attain 
thermal equilibrium with third system C.

C

A B A B

C
Adiabatic walls
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Proof of zeroth law of thermodynamics

• Consider A and B are in thermal equilibrium, then  let 

φ1 (PA , VA ) = φ2 (PB , VB )

or 

F1 (PA , VA , PB , VB ) = 0                                               (i)

let PB = f1 (PA , VA , VB )                                                (ii)

If B and C are in thermal equilibrium,

φ2 (PB , VB ) = φ3 (PC , VC ) or 

F2 (, PB , VB ,PC , VC ) = 0 which implies 

PB = f2 (VB , PC , VC ,)                                                  (iii)
From eq. (ii) and (iii) we get ,

f1 (PA , VA , VB ) = f2 (VB , PC , VC) which results to 

F1 (PA , VA , PC , VC ) = 0 Thus we have,

φ1 (PA , VA ) = φ3 (PC , VC )                                          (iv)

In general, φ1 (PA , VA ) = φ2 (PB , VB ) = φ3 (PC , VC )

Hence φ (P , V) = T is an equation of state of thermal equilibrium system.
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Temperature

• From zeroth law of thermodynamics, it can be concluded that 
whether or not the body is in thermal equilibrium with the 
thermodynamics. Thermal property of the system is related a 
quantity that is represented by single numerical value which is 
called as temperature. 

• When two systems are in thermal equilibrium than they are 
said to be at same temperature.
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Concept of Heat
• Heat is defined as energy in transit.
• Heat is a form of energy .
• When two systems at different temperatures are in contact with each other ,then hotter body 

loses ‘something’ and colder body  gains ‘something’. This ‘something’ which flows from hot 
body to cold body is called as ‘Heat’ 

• Heat energy flows from one system to another system as a result of temperature difference 
only.

• Work and Heat is undefined in the body.
• Work is either done on a body or by a body, similarly heat can flow from a hot body or to a cold 

body.
• When a body is at constant temperature, it has both mechanical and thermal energies due to 

its molecular agitations which can not be separated. Thus Heat energy can not be defined in 
such case as there is no energy transfer.

• If energy is transferred from one system to another then it is said that that Heat is flowing from 
one system to another.

• The contact between the two systems that permits heat exchange is called ‘Thermal Contact ‘
between the two systems.

• The Interaction between the two systems which are in thermal contact is called as ‘Thermal 
interactions’
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Energy transfer in adiabatic system

• If a systems A and B are in thermal contact and they are surrounded 
by adiabatic walls, then 

• Energy  for A is given by Q = U2 – U1 + W                      (i)

(U2 ,U1 are internal energies and W – work done)

• For system B  we have, Q’ = U2’ – U1’ + W’                    (ii)

• Adding (i) and (ii) we get 

Q+Q’ = (U2+U2’) – (U1 + U1’) + W+ W’                             (iii)

Total change in internal energy  is given by (U2+U2’) – (U1 + U1’)

Total work done is W+ W’  and total energy or heat transferred by 
composite system is Q+Q’. 

For adiabatic composite system  Q+Q’ = 0 or Q = - Q’ . This shows that 
in such case heat gained by A is equal to heat lost by B system.
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Work Done and Adiabatic interaction  in Thermodynamics

• When energy is transferred to/from the system, then this is done by means 
of work. 

• Work can be mechanical, electrical, magnetic or any of such kind.

• The term ‘Work’ in thermodynamics includes all energy transfer processes 
excluding the energy transfer arising from temperature difference.

• If two systems which are thermally insulated from each other such that 
some energy is exchanged between the two , the interaction is called as 
‘Adiabatic’ interaction. 

• The process in which no heat enters or leaves a system is called 
‘Adiabatic ‘ process.

• In adiabatic process, work done by the system is considered to be positive 

and work done on the system is considered negative.
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Magnetic Work
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A

As an example of work done adiabatic process /interaction , consider an example of 
paramagnetic solid placed in an adiabatic enclosure.

System A is placed inside U shaped magnet, so a 
magnetic field is applied to it. 
The solid gets magnetized and its temperature is 
increased.
Increase in temperature is an indication of energy 

transferred to the system which is due to external 
system. This energy is called as magnetic work 
done.



Mechanical Work 
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To find the mechanical work in adiabatic interaction , consider the gas contained in an 
adiabatically insulated cylinder fitted with adiabatically insulated piston as shown in fig. 

Gas

B
A

dx

PA

Let us consider the area of piston is A.
If the force acting on the piston due to pressure of 

the gas is F, then F = P A . 
So If piston is displaced by a small distance dx then 
work done by the gas on the piston is 
dW = F•dx = PA•dx = P dV
For infinitesimal change pressure remains almost 
constant so Net work done for finite change is given 
by,

𝑊 = න𝑑𝑊 = න
𝑉1

𝑉2

𝑃𝑑𝑉



Expression for work done 

• Work done by the system

• Thermodynamic interaction of a system brings some important 
changes in the system 

• Four types of Interactions -Isothermal, Isobaric, Isochoric 
change or Adiabatic change/Interactions  


2

1

V

V

pdVW
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The statements for the kind of changes

• Isothermal Change – If the temperature of the system during interaction is kept 
constant i.e. dT=0 such change is called as Isothermal change.

• Isobaric change: The pressure of the system is constant during interaction then such 
change is called as Isobaric change

• Isochoric change: The Volume of the system is constant during interaction then such 
change is called as Isochoric change.

• Adiabatic change : The heat exchange during the interaction is zero. Such change is 
called as Adiabatic change.
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Path dependence of the work

• The system undergoes a change from its initial 
state (p1,V1,T1) to final state (p2,V2,T2)

A(p1,V1)

(p2,V2)

C

B

V1 V2

D

V

p1

p2

p

FE
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• Total work done for the system undergoing the change from the 
initial state A to final state B is given by 

= area ABFE

• A system can undergo the change from A state to B state by the 
path ACB which involve isobaric change followed by isochoric 
change. Work done calculated for it is given by W2 = p1(V2-V1) 
(Area- ACFE)

• The system can also have change by choosing the path ADB 
which involves isochoric change followed by isobaric change. 
Work done in such case is given by W3 = p2(V2-V1) (Area – DBFE)

• Since W1 ≠ W2 ≠ W3 . Thus work done depends upon path of the 
process when the system goes from one state to another.

2

1

V

1

V

W pdV 
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Internal Energy and First Law of Thermodynamics

• General interaction involves work done and transfer of energy.
• If heat transfer is given by Q and work done is W then Q-W  for 

the system undergoes the change from initial to final state does 
not depend upon path taken by the system.

• Q-W is path independent.
• It depends upon internal energy of the system.

If Uf –Ui is the difference between final energy and initial energy 
then 

Q-W= Uf –Ui ---------------------------------------(1)
above Eq. can be rewritten as
Q= U +W---------------------------------------------(2)
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First Law of Thermodynamics
1. It states that net heat transfer is equal to sum of total change in 

internal energy and total external work done by the system during heat 
transfer. The law is expressed as Q = (Uf –Ui ) + W

2. It explains the principle of Energy conservation rule.

3. Besides expressing the principle of conservation of energy  and the 
existence of internal energy , it also defines that heat is a form of 
energy.

4. For an infinitesimal change in heat transfer  Eq. (2) is rewritten as 

δQ = dU+ δW---------------------------------(3)

Where dU is the change in Internal Energy and δW is the work done. 

5. Above Eq. is differential form of first law of Thermodynamics 

6. In  adiabatic processes since there is no heat transfer hence 

δQ = 0 , so δW = -dU
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6. In  adiabatic processes since there is no heat transfer hence δQ = 0 , 
so δW = -dU
7. If the work is done on the system, its internal energy increases and 
if it is done by the system , internal energy decreases.
8. In adiabatic processes work done  depends upon only initial and 
final states i.e. it is path independent in adiabatic processes. 
Significance of the First law  (Importance): 
i. It is applicable to any process by which a system undergoes a 

physical or chemical change.
ii. It introduces concept of energy.
iii. It provides the method for determining the change in internal 

energy.
Limitations : 
(i) It does not specify the condition under which a system can  

use heat energy that can produce mechanical work.
(ii)   It does not say how much of the heat energy can be converted 

into work.
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6. It is an extensive property of the system. 
7. Internal Energy is  a function of Thermodynamic 

Co-ordinates i.e. p, V, T. 
8. U can be function of any two independent  co-ordinates 

keeping fixed third co-ordinate. U = f(p, V) or f(V, T) or f(p, T)
9.If U is a function of T and V and p is fixed then dU can be  

written as, 

INTERNAL ENERGY 
1. Internal Energy is thus defined by Wadiab and it is state function of the 
system.
2. Internal Energy depends upon properties of the system.
3. It  is associated with motion , configuration of the particles 
constituting the system.
4. It is sum of Kinetic Energy (translational, rotational & vibrational 
motion of molecules) and potential Energies (due to intermolecular 
forces) of the particles constituting the system.
5. The energy content of a system  is called its internal energy. 
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Path Dependence of Heat

• From First Law of Thermodynamics , we have Q-W= Uf –Ui = (U)

• For cyclic path initial  state coincides with final state , so Uf =Ui , U=0 

• Since Q=W , so net heat flow to the system is equal to net work done by the system.

• Since W is path dependent ,hence Q is path dependent.

• Hence Heat is a path function.
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Specific Heat of perfect gas

• Heat capacity : It is an amount of heat absorbed per unit change in 
temperature. It is given by 

Heat capacity = 

• Specific heat is defined as amount of heat required to raise the 
temperature of unit mass of a substance through one degree. In 
other words specific heat is heat capacity per unit mass.

• If Specific heat is defined for one mole of substance then it is called 
as molar specific heat. 

• Specific  heat  at constant pressure is given by 

•

Q
T
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• Specific heat at constant volume is given by

• To prove that Cp > CV 

Let heat is supplied to a gas and allowed to expand at constant 
pressure. Heat supplied is used up in doing two things: 

(i) It raises the temperature of the gas (increase in internal energy)

(ii) It does work in expanding the gas against external pressure.

Hence we have δQ = dU+ δW = dU + pdV. 

• At constant volume pdV = 0 thus Heat supplied is utilized in raising 
temperature thereby increasing internal energy.

• This heat required to raise the temp. by one unit at constant 

volume is CV which is < Cp as at constant p pdV is finite.
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Application of First law of Thermodynamics to the perfect gas

• 1. Relation between CP and CV for perfect gas and Mayer’s relation 

• Consider differential form of first law of thermodynamics 

δQ = dU + δW  or more specifically dQ = dU + dW.= dU + PdV-------(1)

Keeping volume constant we have dQ = dU ------- (2)

So 
𝑑𝑄

𝑑𝑇 𝑉
=

𝑑𝑈

𝑑𝑇 𝑉
. But 𝐶𝑉 =

𝑑𝑄

𝑑𝑇 𝑉
so dQ= CV dT for one mole of the gas.

For n mole of the gas dQ = n CV dT, so Eq. (2) is rewritten as   n CV dT=dU-------- (3)

By keeping pressure constant , We know that 𝐶𝑃 =
𝑑𝑄

𝑑𝑇 𝑃
, so we write (for n mole of gas) 

n CP dT= dQ ----(4) . Using (3) and (4) in (1) we get n CP dT =n CV dT + PdV -------(5) This 
equation is at constant pressure. Consider PV =nRT (perfect gas eqn). At constant pressure we 
can write it 

P dV = n R dT ------(6) Substitute (6) in (5) we get CP dT =n CV dT + n R dT ------- (7)

Equation (7) is now rewritten in a simpler form as CP - CV = R ---------(8) This equation is 
called as Mayer’s relation.
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2. Adiabatic Equation of a perfect gas

1. As per the First law of  thermodynamics dQ= dU + dW

2. In an adiabatic system dQ= 0 ,dU + dW=0 so we have ,dW= PdV, so,

dU+ pdV=0-----(1), We know that  dU= nCV dT. Eq. (1) can be rewritten as 

nCV dT+pdV=0 ------------------(2) ; nCV dT= -pdV -------(2a)

n(Cp –R) dT+ pdV =0------------(3) [Using Mayer’s relation CP - CV = R]

For a perfect gas pV= nRT

Vdp + pdV=nRdT so we have

pdV= nRdT –Vdp----------------(4) [In adiabatic change , P, V. T are variables]

Eq. (3) is modified as: n(Cp –R)dT+ nRdT –Vdp =0

 nCpdT- Vdp =0----------------(5); nCpdT=Vdp -----------(5a)

 Dividing Eq.(5a) by (2a) ; p

V

C Vdp
=- -------------(6)

C pdV
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We know that                 so Eq.(6) will now be simplified as,

------------(7) ; ϒln V + ln p =lnK

pV =K  --------------(8) Similarly we can get the relation between T and V  which  can 
be obtained if we consider gas equation as 
pV =nRT ;                which will modify  Eq.(8) as,  

TV-1 =K’ ----------------(9) 
From gas equation we also have the relation between p and T and it is written as 

p1-  T = K” ------------(10)

Cpγ=
C

V

dV dPγ + =0pV

nRTp=
V
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Application  of First law of Thermodynamics to real gas –

Determination of Cp - CV for real gases if the variables are Temperature and 

Volume of the system

For the perfect gas the relation between specific heats at constant pressure and 

volume have been demonstrated by Mayer’s relation i.e. CP -CV =R , but for real 

gas the expression gets modified. 

It is possible to obtain the Cp - CV for system filled with real gas if any two 

thermodynamic co-ordinates are taken to  be variable .i. e. either T, V or T, P are 

variable. In such case internal Energy can be function of either T, V or T, P .

Using first law of thermodynamics, we have,

dQ = dU + pdV-----------------------(1)
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(2)--------dV
V

U
dT

T

U
dU

TV




























U is the function of T and V

dT
T

U
dQ

V















(3)---------pdVdV
V

U
dT

T

U

TV


























dQ

V T

U U
dT p dV---------(4)

T V
dQ

     
      

     

For the process to take place at constant volume, dV=0  
which give an expression of dU  in terms of CV

VV

V
T

U

dT

dQ
C 





















 dTCU VV


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T

U dV
p (6)

V
P VC C

dT

  
     

  

T

U
p dV -----------(5)

V
P VC dT C dT

  
    

  

0

















TV
U

From Joule’s experiment no work was done if there is no heat transfer., so dU = 0 . Thus we have

From Equation (6) we get,                                        -------- (7)                                   

Considering  ideal gas equation  i.e. PV = RT  or 

CP – CV = R which is a Mayor relation. ------- (8)

PT
VP

V
C

P
C


















R
T

V
P

P













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REVERSIBLE ADIABATIC PROCESS

For adiabatic process dQ = 0, Hence according to first law of thermodynamics  for 

independent variables V and T,  we write,  

.

Above equation is written in the following form as, 

------------------- (7)

--------------(8 )                              

Consider coefficient of volume expansion i.e.                   or

For real gas i.e. equation (6) is modified  as

or,                              .  

From this equation rate of change of internal energy w. r. t. volume for real gas can be 

determined. 

dVP
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dT
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 
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 
 
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Work done in various processes

• 1] Work done in Isochoric processes – In Isochoric process, since change in volume is 

zero i.e. PdV = 0 so work done in such process is zero. 

• 2] Work done in Isobaric processes – In this process or change pressure is constant. 

Let us consider the system has initial state as (p, V1, T1) and let final state is (p, V2, T2)                               

= p (V2 – V1) --------------- (1)

•

• For a perfect gas we have pV= nRT ,  Eq. (1) is rewritten in the following form i.e. 

• W = nR (T2 – T1) by substituting p V2 = nRT2 and p V1 = nRT1.

• 3] Work done in Isothermal processes – In an isothermal change temperature of the 

system is constant. Let (p1, V1, T) be the initial state and (p2, V2, T) be the final state. 

For a perfect gas p = nRT/V for n mole of the gas. 
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2

1

V

V

W pdV p dV   
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Work done is given by,                               

. Thus we obtained 

we can write above equation as given below.

by considering p1V1 = nRT . It is also possible to 

Substitute p1V1 in above equation.

4. Work done in Adiabatic  processes – In adiabatic change 

we have p Vγ = K or p = K / Vγ .

2 2

1 1

V V

V V

nRT
W pdV dV

V
   2

1

V
W nRT ln

V


2
1 1

1

V
W p V ln

V


2 2

1 1

V V

V V

K
W pdV dV

V
  

2

1 1

1

V
1

2 1

V

V K
W K V V

1 1

  
 

          
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The above equation is further simplified as given below.

This will be simplified by  considering p1 V1
γ = p2V2

γ =K.

Thus above equation is modified in the following form. Now substituting  p1 = K / V1
γ and p2 = K / V2

γ

. 

But for a perfect gas  we have pV = nRT

p1 V1 = nRT1 and p2 V2 = nRT2 . Using these relations work done in adiabatic process is obtained as

Let γ = CP / CV and R = CP - CV hence  above equation is modified in the following form.

which will be simplified further as 

Or  W = nCV (T1-T2) is the work done in adiabatic process.

2 1

2 1

KV KV1
W

1 V V 

 
  

   

 2 2 1 1

1
W p V p V

1
 

 

 2 1

nR
W T T

1
 

 

 2 1
P

V

nR
W T T

C
1

C

 


 V

2 1

V P

nRC
W T T

C C
 


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