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Self-Assessment Questions:

State 1
(initial)

State 2
(initial)

This is work
 done on the

 system

W = -PDV

Piston is pushed into the cylinder
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Normal Gas (Low T)

Gas molecules are free 
to move and have no 
intermolecular forces

Heated Gas (High T)

The Gas molecules move
much faster with higher

kinetic energy

Bunsen burner 
heats up the
 container

The molecules have 
more internal energy

Low internal energy High internal energyas shown in the
figure 16.2.
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Self-Assessment Questions:

System

System

Surroundings

Surroundings

Boundary

The Universe
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Open System Closed System Isolated System

Exchange of heat and matter Exchange only heat No exchange

A

Force exerted by the

 gas on the piston

Piston pushed

 by gas

Gas

Gas with 
pressure P

Cross sectional area

S
Distance

Volume V of gas
Expanded = A ´ S
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Worked Example 16.1
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Worked Example 16.2

Heat
Transfer

Q

Work

W

State 1 State 2
DU = DQ - W
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Constant volume
containerP1 P2

Initial 
Temperature T1

Gas Gas

Pi

Pf fPr
es

su
re

 (P
a)

3Volume (m )
V  = Vi f

Before After

Piston

ContainerVi

Vf

Heat source

Final 
Temperature T2
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Pr
es

su
re

 (P
a 

or
 a

tm
) P  = Pi f

3Volume (m  or L)
V  i Vf

Work Done = pDV
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Pi

Pf

­

P
A(P , V )i f

B(P , V )f f

V  i Vf

Shaded area = work done
during isothermal 

expansion

®V

Isothermal
expansion

(a)

Pf

Pi

­

P
A(P , V )f f

B(P , V )f f

V  f Vi

Shaded area = work done
during isothermal 

compression

®V

Isothermal
compression

(b)

Isothermal 
expansion

Q > 0, W > 0

Isothermal 
compression
Q < 0, W < 0

 Thermal 
contact

SystemSu
rr

ou
nd

in
g

Insulator

No heat exchange between 
system and surrounding

Figure 16.9 Isothermal Expansion, Compression and their graph (a, b)
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Worked Example 16.3

Self-Assessment Questions:

Pr
es

su
re

 (P
a 

or
 a

tm
)

3Volume (m  or L)

(P , V , T )i i i

Work done (W)

(P , V , T )f f f
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Self-Assessment Questions:
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Worked Example 16.4
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Worked Example 16.5

Self-Assessment Questions:
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SUMMARY

CONCEPT
MAP

Heat and work Thermal System Internal energy 

First law of thermodynamics

At constant volume

At constant pressure

At constant 
temperature

Adiabatic process

Thermodynamics

Work done by gas

Heat capacity

Specific heat capacity

Molar specific heat capacity
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EXERCISE
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