
Work and Heat Transfer 

A closed system and its surroundings can interact in two ways: (a) by work 
transfer, and (b) by heat transfer. These may be called e11ergy interactions and 
these bring about changes in the properties of the system. Thermodynamics 
mainly studies these energy interactions and the associated property changes of 
the system. 

3.1 Work Transfer 

Work is one of the basic modes of energy transfer. In mechanics the action of a 
force on a moving body is identified as work. A force is a means of transmitting 
an elTect frotn one body to another. But a force itself o.ever produces a physical 
effect except when coupled with motion and hence it is not a form of energy. An 
effect such as the raising of a weight through a certain distance can be performed 
by using a small force through a large distance or a large force through a small 
distance. The product of force and distance is the same to accomplish the same 
effect In mechanics work is defined as: 

Tire "WOrk is done by a force as it acts upon o body moving in the direction of 
the force. 

The action of a force through a distance (or of a torque through an angle) 
is called mechanical work since other forms of work can be identified, as 
discussed later. The product of the force and the distance moved parallel to the 
force is the magnitude of mechanical work. 

In thermodynamics, work transfer is co.nsidered as occurring between the 
system and. the surroundings. Work is said to be do11e by a system if the sole 
effect on things external to the system can be reduced to the raising ofo weight. 
The weight may not actually be raised, but the net effect external to the system 
would be the raising of a weight. Let us consider the battery and the motor in 
Fig. 3. I as a system. The motor is driving a fan. The system is doing work upon 
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the surroundings. When the fan is replaced by a pulley and a weight, as shown 
in Fig. 3.2, the weight may be raised with the pulley driven by the motor. The 
sole effect on things external to the system is then the raising of a weight. 
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Fig. 3.1 &ltffJ·motor syslnn driuing a fan 
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Fig. 3.2 Work lransfrr from a systtm 

W7ien work is done by a system, it is arbitrarily taken to be positive, and 
when work is done on a system, it is talu!n to be negative (Fig. 3.3.). The symbol 
Wis used for worlc transfer. 
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Fig. 3.3 Work inuradion IHtwem a sysum. and l}rt sur1ourulini1 

The unit of work is N . .m or Joule [I Nm= I Joule]. The rate at which worlc is 
done by, or upon, the system is known as power. The unit of power is J/s or watt. 
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Work is one of the forms in which a system and its surroundings can interact 
with each other. There are various types of work transfer which can get involved 
between them. 

3.2 pdV-Work or Displacement Work 

Let the gas in the cylinder (Fig. 3.4) be a system having initially the pressure Pi 
and volume Vi. The system is in thermodynamic equilibrium, the state of which 
is described by the coordinates Pi , V1• The piston is the only boundary which 
moves due to gas pressure. Let the pis
ton move out to a new final position 2, 
which is also a thermodynamic equi
librium state specified by pressure p 2 
and volume V2• At any intermediate 
point in the travel ofthe piston, let the 
pressure be p and the volume V. This 
must also be an equilibrium state, 
since macroscopic properties p and V 
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Fig. 3.4 pdV work 

are significant only for equilibrium states. When the piston moves an 
infinitestimal d.istance di, and if 'a' be the area of the piston; the force F acting 
on the piston F = p .a. and the infinitesimal amount of work done by the gas on 
the piston 

<tW= F· di= pad/= pdV (3.1) 

where dV = ad/ = infinitesimal displacement volume. The differential sign in 
. d W with the line drawn at the top of it will be explained later. 

When the piston moves out from position I to position 2 with the volume 
changing from V1 to V2, the amount of work W done by the system will be 

II. 

W1-2 = j pdV 
"i 

The magnitude of the work done is 
given by the area under the path 1- 2, 
as shown in Fig. 3.5. Since p is at all 
times a thermodynamic coordinate, all 
the states passed through by the sys
tem as the volume changes from V1 to 
V2 must be equilibrium states, and the 
path 1- 2 mu.st be quasi-static. The pis
ton moves infinitely slowly so that 
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Fig. 3.5 Q.uasi•statie fldV work 

every state passed through is an equilibrium state. The integration f pd V can 

be performed only on a quasi-static path. 
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3.2.1 Path Function anti Point Function 

With reference to Fig. 3.6, it is possible to take a system from state 1 to state 2 
along many qnasi-static paths. such as A, B or C. Since the area under each 
curve represents the work for each process, the amount of work involved in 
each case is not a function of the end states of the process, and it depends on the 
path the system follows in going from state I to state 2. For lhis reason, work is 
called a path .function, and it Wis cm i11exacr or imperfect differential. 
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Fig. 3.6 Work-a path function 

Theanodynamic properties are point functions, since for a given state, lbere 
is a definite value f'or each property. The chan.ge in a thermodynamic property 
of a system in a change of state is independent or the path the system follows 
during the change or state, and depends only on lhe initial and final states of the 
system. The difforentials of point functions are exact or perfect differentials, 
and the integration is simply 

y, 

/dY,,,J'2 -Y1 

>'i 
The change in volume thw depends only on the end states of the system 

itrcspective of the path the system follows. 
On the other hand, work done in a quasi-static process between two given 

slates depends on the path followed, 

Rather, 

2 

f dW .e W2 -W1 
I 

2 

Jdw = w1_2 or 1W2 
I 

To distinguish an ine~t differential d· W from an euct differential dVor dp 
lhe differential sign is being cut by a line at its top. 
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From Eq. {3.1), 

(3.2) 

Here, l ip is called the i11tegrating factor. Therefore, an inexact differential 
(t W when multiplied by an integrating factor 1/p becomes an ex.act differential 
dV. 

For a cyclic process, the initial and final states of the system are the same, 
and hence, the change in any property is zero, i.e. 

fdV=O,fdp=O,f dT=O (3.3) 

where lhe symbol f denotes lhe cyclic i.ategra.l for lhe closed path. Therefore, 

the cyclic integral of a property is always zero. 

3.2.2 ptlY-Work tn Yarwus Quast-Static Processes 

. (a) Constant pressure process (Fig. 3.7) (isobaric or isopicstic process) 
It. 

W1-2 = j pdY= P<V2- Y1) (3.4) 
l'i 

(b) Constant volume process (Fig. 3.8) (isochoric process) 

w1_2 = J pdY = o (3.S) 
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Fig. 3.7 Constant pmrurt procm Ftg. 3.8 O/,uta11l 110U11111 proms 

(c) Process in which pV"' C (Fig. 3.9) 
V, 

W1_2 = j pdV, pV= p1 V1 = C 

Vi 

p = (P1Vi) 
V 

(3.6) 


