262.

Problem 26.41 (RHK)

One mole of a monatomic ideal gas is taken from an

Initial state of pressure p, and volume V, to a final state
of pressure 2p, by two different processes. (1) It expands

isothermally until its volume is doubled, and then its
pressure is increased at constant volume to the final
state. (2) It is compressed isothermally until its pressure
Is doubled, and then'its volume IS increased at constant
pressure to the final state. We have to show the path of
each process on a pV diagram. For each process we

have to calculate “interms~of p,and V,: (a) the heat

absorbed by the gas in each part of the process; (b) the
work done on the gas in each part of the process; (c) the

change in the internal energy of the gas, E, ; —E,;; and

in,i

(d) the change in entropy of the gas, S; —S..



¥

Solution:

We are consideringronesmelerefraamonatomic ideal gas
as it undergoes thermodynamic processes as shown in the
diagram. Its initial |state is at the point a in the diagram.

At a pressure of the gas IS p,and its volume is V,. Its
temperature at a will therefore be

To — pOVO .
R

(1)
As the gas undergoes isothermal expansion at

temperature T,from volume V, to 2V, from a to b along
the path 1, the work done on the gas will be

2V, 2V, RT
W, =— [ pdv =- ~ 0V =R In2=—p,In2.



As the process is isothermal there is no change in the
internal energy of the gas, therefore, the heat absorbed

by the gas, Q, , during the process 1 will be
Q, =—-W,|=pyV,In2.
The change in entropy

Sb—Sa=Q1= RT,In2 _
TO TO

Rin2.

(2)
The process b to d takes place at constant volume.

Therefore, no work'is done on the gas during this

process. Therefore, the heat absorbed by the gas during 2

will be
Qz = Cv (Td _Tb)
_3R(4pV, PV _9 oV,
2 R R 2
We have used that for a monatomic gas
3
=R,
v 2
andat b

p=Po voay, TPV p;:/O.

And at d



p=2p,, V=2V, and T :4p_r3\/0
And
Ein,d _Ei E E po

The change in entropy of the gas during the process 2
will be

4T,
S, - S, —jCVdT ‘;’Rl (‘”J 3RIn2.

0

The change in entrepysfremyastostsin the combined
processes 1 and 2 will be
S;,—-S,=5,-5,+S,-S,=3RIn2+RIn2=4RIn2.

(3)
We consider part 3 process. It is an isothermal

compression at temperature T, from volume V, to V, /2.

Therefore, the work done on the gas

W, = -RT |n(v0/2j =RT,In2,

VO
and
—W,|=—p,V,In2.

Therefore,



S -§, :%:—Rlnz
TO

(4)

In the process 4 the gas is subjected to an isobaric

expansion from volume V, /2 to 2V, at pressure 2p,.

Therefore, the work done on the gas during the path 4

will be

W, =-2p, (2\/0 _Vo/z) =—3PyV,.-

And the heat absorbed by the gas during 4 will be

4T,
’ 5 15 15
Q,= Tj C,dT :§R(4TO =l =S RT, == D,
We have used that for an.ideal monatomic gas
c. -5k
2

And
9
Ein,d o Ein,c = Ein,d o Ein,a :W4 +Q4 = E pOVO'

The change in entropy

4T,

Sy—S, = [ C,dT :%Rln4:5RIn2.
TO

Therefore,
S,-S,=S5,-S,+S.-S, :5Rln2+(—RIn2):4RIn2.






