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Fig. 4.1 Adisbatic work

or the mechanical equivalent of heat. In the simple example given here, there are
only two energy transfer quantities as the system performs a thermodynamic
cycle. If the cycle involves many more heat and work quantities, the same result
will be found. Expressed algebraically.

(X W]cy:lc =J (I’Q)qclc t4.1)
where J is the Joule's equivalent. This is 2lso expressed in the form

$aw = sfag

where Lthe symbol § denotes the cyclic integral for the closed path. This is the first

law for a closed system undergoing o cyele. It is accepted as a gemeral law of
nature, since no violation of it has ever been demaonstrated.

In the S.1. system of units, both heat and work are measured in the derived
unit of energy, the Joule. The constant of proportionality, J, is therefore unity
(/=1 Nm/J).

The lirst law of thermodynamics owes much to LP. Joule who, during the
period 1840-1849, cammied ont a series of experimenls fo investigate the
equivalence ol work and heat. In one of these experiments, Joule used an
apparatus similar to the one shown in Fig. 4.1. Work was transierred to the
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Flg. 43 Cysie compleied by a rystem with twe eergy intergelions:
adiabatic work transfer W, ; followed by heat trencfer Q;
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Energy is thus comserved in the operation. The first law iz a particular
forrmulation of the principle of the conservation of energy. Equation (4.2) may
also be considered as the definition of energy. This definition does not give an
absolutle value of energy E, but only the change of energy AE for the process. [t
can, however, be shown that the encrgy has a definite value at every state of a
system and is, therefore, a property of the system.

43 Energy-A Property of the System
Consider 2 system which changes its state from sute | o siate 2 by following the

path A, and returns from state 2 to stale | by Tollowing the path B {Fig, 4.5). So
the systemn undergoes a cycle. Writing the {irst law for path 4

Qu=AE, + W, {4.3)
and for path 8
Qp=AEg+ Wy {4.4)
The processes 4 and 8 together constitute a cycle, for which
(}:W)q:le = (EQ)r.y:Ie
or at Wn QA + Qs
ar Q.-\ - {4.5)
From equations (4.3), {4.4), a.nd (4.5_], it yields
AE, = -AEp (4.6}

Similarly, bad the system returned from state 2 1o state 1 by following the path
Cinstead of path B

AE, =-AE. “.n
From equations {4.6) and {(4.7)
AEB = AEC (‘1.8}

Therefore, it is seen that the change in energy between two states of a system is
the same, whatever path the systern may follow in undergoing that change of
state. If some arbitrary valuc of energy is assigned (o state 2, the value of energy
al sute 1 is fixed independent of the path the systemn follows. Therefore, evergy
has a definite value for every state of the system. Hence, it is a point function and
a property of the system.
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Fig. 45 Ernagy-a property of a xystem




