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INTRODUCTION

• First law of Thermodynamics – Principle of conservation of energy –

Heat exchange between system and surrounding is equal to 

mechanical work done and change in Internal energy : dQ = ∆U +W 

(U – internal energy and W – work done), or more specifically dQ = 

dU +dW (dW = PdV)

• Isothermal process : ∆U= 0 so dQ = W 

• Isobaric Process : dQ = ∆U +PdV

• Isochoric Process :  dV =0 , dQ = ∆U

• Adiabatic Process : dQ = 0, 0 = ∆U +W or , ∆U = -W 



PLOT OF P V/S V ( P-V INDICATOR DIAGRAM)

• For different processes P-V indicator diagram is as shown in fig. below.

Thermodynamic coordinates – P,V,T. P, V, T are also called as state variables.

.                                                         A state variable is a physical property

that characterizes  

thermodynamic state variables.

For Isobaric system P =constant 

For Isochoric system V= constant

For Isothermal system P 1/V as PV = K       

For Adiabatic system PV =K so P 1/V .
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CONVERSION OF HEAT INTO WORK

• Energy is a form of work .

• Work of any kind W may be done upon a system in contact with a 

heat reservoir giving rise a flow of heat Q without any change in 

the state of the which functions as an intermediary.

• According to First law of thermodynamics, W= Q if there is no 

change in internal energy

• It is possible to convert entire work into heat and also heat into 

work, but the process should involve change of state.



HEAT ENGINE AND ITS EFFICIENCY

• Heat Engine : A machine that converts heat into work is said to be heat engine

• For conversion of heat into work, heat engine must operate continuously , absorb heat at higher 

temperature,  converts part of absorbed heat into work and  rejects remaining heat at low 

temperature. 

• The conversion of heat into work takes place with the help of a substance known as the working 

substance.

• Engine has to work in a cycle in order to avoid permanent changes.

• Ex. Of working substances – water vapor in a steam engine, for gas engines – combustible 

mixture. 

• Working substances undergoes the change from its initial state to final state and returns back to 

initial state. The complete changes through which it undergoes from initial state and back to 

starting state constitute one cycle of operation.



THERMAL EFFICIENCY OF HEAT ENGINE

• The net work done in the cycle is known as output of the engine and heat absorbed by the 

working substance is the input. 

• Thermal efficiency : It is defined as the ratio of the net work done  by it to the heat 

absorbed during one complete cycle of the heat engine.It is denoted as η.

• Thermal efficiency --𝜂 =
𝑢𝑠𝑒𝑓𝑢𝑙 𝑤𝑜𝑟𝑘 𝑜𝑢𝑡𝑝𝑢𝑡

𝐻𝑒𝑎𝑡 𝑖𝑛𝑝𝑢𝑡

• Let in a cycle Q1 – Amount of heat absorbed.                      

• Let Q2 – Amount of heat rejected, W – net work done 

• W = Q1 - Q2 = dQ, as in a cycle ∆U =0 = dQ-W

𝜂 =
𝑊

𝑄1
=

Q1 − Q2

Q1
= 1 −

Q2

Q1
, η % = 1 −

Q2

Q1
× 100
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CARNOT IDEAL HEAT ENGINE

• Sadi Carnot  imagined an ideal engine which is free from all imperfections. 

It works in a cycle which is called Carnot cycle.

• Carnot cycle has maximum efficiency.

• Carnot cycle – important parts

• 1. The Cylinder with two non-conducting sides and bottom conducting side 

and fitted with non-conducting piston which is movable and frictionless.

• 2. Cylinder is filled with working substance

• 3. It consists of source at higher temperature. Heat is absorbed here.

• 4. It consists of Sink at lower temperature. Heat is rejected here.

• 5. Stand which is made up of insulating material such as wood.



FOUR STEPS OF HEAT ENGINE
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CARNOT CYCLE
• Carnot Engine undergoes four processes to complete one cycle of operation. These processes are called 

quasi-static processes .

• Quasi-static processes are  reversible processes and involve infinitesimal changes. These are,

Step 1. Isothermal expansion –Path AB – In this process, Cylinder filled with gas is kept over heat source. Gas   

undergoes isothermal expansion by absorbing heat Q1 at temperature T1 .  Work  is done on the gas let say W1. The 

state of gas is changed from A (P1 ,V1 , T1 ) to B (P2 ,V2 , T1 )

Step 2 - Adiabatic expansion – Path BC : The cylinder is now removed from the source and kept on a stand and gas 

is    allowed to expand. Since no heat is exchanged between cylinder and stand so expansion continues till the 

temperature falls to T2 . Here now  state  is changed from B (P2 ,V2 , T1 ) to C (P3 ,V3 , T2 ) and let work done 

during this process is W2 . 

Step 3: Isothermal compression – Path CD – Now cylinder is kept on sink which is at T2 where the heat Q2 is 

rejected at this temp. by compressing the gas isothermally. Let state of the gas is changed from C (P3 ,V3 , T2 ) to  

D (P4 ,V4 , T2 ) . Let say work done is W3.  

Step 4 : Adibatic compression – Path DA – The cylinder after rejecting the heat is kept on insulating stand so that 

there is no heat exchange between cylinder and stand. Gas is compressed adiabatically so that it finally acquires 

initial state, i.e. From D (P4 ,V4 , T2 )  to A (P1 ,V1 , T1 ) so that now engine is ready to start fresh cycle.  Work done 

during this process is given by W4. 



DETERMINATION OF TOTAL WORK DONE
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Step 1 – Isothermal expansion –Path AB

Let work done is W1 =׬𝑉1
𝑉2 𝑃𝑑𝑉 𝑉1׬ =

𝑉2 𝑅𝑇1

𝑉
𝑑𝑉

using PV = nRT in above equation , For n =1 

mole of gas ,we get

𝑊1 = 𝑅𝑇1𝑙𝑜𝑔 𝑒
𝑉2

𝑉1
-------- (1)

Step 2 – Adiabatic expansion –Path BC

Work done during this process is W2=׬𝑉2
𝑉3 𝑃𝑑𝑉

For Adiabatic process PV=K so P = K/V

W2=׬𝑉2
𝑉3 𝐾

𝑉𝛾
𝑑𝑉 =

𝐾𝑉1−𝛾

1−𝛾 𝑉2

𝑉3
=

𝐾 𝑉3
1−𝛾

−𝑉2
1−𝛾

1−𝛾
=

𝑃3𝑉3−𝑃2𝑉2

1−𝛾
=

𝑅 𝑇2−𝑇1

1−𝛾
− −(2)



Continued….

Step 3 – Isothermal compression –Path CD

Let work done is W3 =׬𝑉3
𝑉4 𝑃𝑑𝑉 𝑉1׬ =

𝑉2 𝑅𝑇2

𝑉
𝑑𝑉

using PV = nRT in above equation , For n =1 mole of gas ,we get

𝑊3 = 𝑅𝑇2𝑙𝑜𝑔 𝑒
𝑉4

𝑉3
-------- (3)

Step 2 – Adiabatic compression –Path DA

Work done during this process is W4=׬𝑉4
𝑉1 𝑃𝑑𝑉

For Adiabatic process PV=K so P = K/V

W4=׬𝑉4
𝑉1 𝐾

𝑉𝛾
𝑑𝑉 =

𝐾𝑉1−𝛾

1−𝛾 𝑉4

𝑉1
=

𝐾 𝑉1
1−𝛾

−𝑉4
1−𝛾

1−𝛾
=

𝑃1𝑉1−𝑃4𝑉4

1−𝛾
=

𝑅 𝑇1−𝑇2

1−𝛾
−−(4)

Total work done in the cyclic process ABCDA we have W=𝑊1 + W2 +𝑊3 + W4 ---(5)



Continued…..

• We observe that work done in adiabatic processes i.e. W2 and W4 are equal and opposite

W4 =
𝑅 𝑇1−𝑇2

1−𝛾
= −

𝑅 𝑇2−𝑇1

1−𝛾
= -W2 so In equation (5) we have only 𝑊1 and 𝑊3 so Net 

work done is given by

• W= 𝑊1 +𝑊3 = 𝑅𝑇1𝑙𝑜𝑔 𝑒
𝑉2

𝑉1
+ 𝑇2𝑙𝑜𝑔 𝑒

𝑉4

𝑉3

• 𝑊 = 𝑅𝑇1𝑙𝑜𝑔 𝑒
𝑉2

𝑉1
- 𝑇2𝑙𝑜𝑔 𝑒

𝑉3

𝑉4
------(6)

• Now consider points B and C i.e. path BC since this is the Adiabatic process so we have

𝑇1𝑉2
−𝛾

= 𝑇2𝑉3
−𝛾

------ (7)

• We also have similar relations at points D and A (DA path) i.e. 𝑇1𝑉1
−𝛾

= 𝑇2𝑉4
−𝛾

------ (8)

• Dividing Equation (7) by (8), we get 
𝑇1𝑉2

−𝛾

𝑇1𝑉1
−𝛾 =

𝑇2𝑉3
−𝛾

𝑇2𝑉4
−𝛾 =

𝑉2

𝑉1
=

𝑉3

𝑉4

• So  W = 𝑅(𝑇1− 𝑇2)𝑙𝑜𝑔 𝑒
𝑉2

𝑉1
-------(9)



Continued….

• The efficiency of heat engine is given by 

• 𝜂 =
Heat converted into useful work done

Heat absorbed from the source
=

𝑊

𝑄1
------ (10)

• For Isothermal process Q1 = W1 because ∆U=0 (there is no change in temperature) so  

𝜂 =
𝑊

𝑊1
=

𝑅(𝑇1− 𝑇2)𝑙𝑜𝑔 𝑒
𝑉2
𝑉1

𝑅𝑇1𝑙𝑜𝑔 𝑒
𝑉2
𝑉1

=
𝑇1−𝑇2

𝑇1
= 1 −

𝑇2

𝑇1
------(11)

• Efficiency only depends upon temperatures of source and sink but independent of 

mass of working substance.

• Carnot Engine is perfectly reversible engine.  If  cycle is reversed then it acts as 

refrigerator, i.e. Heat is absorbed at T2 (Q2) and rejected heat at T1 (Q1) . 

• When an engine works as refrigerating machine then it’s efficiency is termed as 

coefficient of performance and it is given C.P. = 
Q2

𝑊
=

𝑇2

𝑇1−𝑇2
.



Continued….

• We know that thermal efficiency is given by

• 𝜂 =
𝑊

𝑄1
=

Q1 − Q2

Q1
= 1 −

Q2

Q1
and Carnot engine efficiency

• 𝜂 = 1 −
𝑇2

𝑇1
so we have 1 −

Q2

Q1
=1 −

𝑇2

𝑇1
so ∴

Q2

Q1
= 
𝑇2

𝑇1

• Or above equation can be rewritten as 
Q1

T1
= 
𝑄2

𝑇2
. 

• It is also observed that if T1=T2 then efficiency is zero and if T2 = 0K 

then efficiency is 1 i.e.it is 100%. No engine can have 100% efficiency


