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Isothermal Gas Expansion (A7-=0)

gas (p1, 11, T) = gas (p2, Vo, )
Irreversibly (many ways possible)

(1) Set put=0
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p(TV) eq. of state
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Note, work is negative: system expands against surroundings
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(3) Carry out change in two steps

gas (p, Vi, T) = gas (ps, V5, T) = gas (p2, Vo, T) p > ps > pe
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p A p(TV) eq. of state
p1T //////
P31 More work delivered to
P21 > surroundings in this case.
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(4) Reversible change  p = p.xt throughout

pA [/2

~ p(IV) eq. of state w,,, =— aVv
01+ / rev Vl p

Maximum work delivered to
surroundings for isothermal gas
expansion is obtained using a
reversible path

For ideal gas:
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The Internal Energy U

aU =dg +dw (First Law)

av = dr -p,.dV

pafh

oV
And U(T,l/) = dU-= (87’} dTJ{aVJ av

Some frequent constraints:

Reversible =  dU =dg,., +*aW,., =4g,., - pdV

b = Porr)
. Isolated = dg=dw=0
reversible
. Adiabatic = dg=0 = dU=dw =  -pdV
. Constant V = w=0 = dU-=dgy
Constant V
dU = (2 ‘;j JT + W
but also U 4
=|— 1| dT
= dg, (8 ij

dg, =¢,dT = (%) =C, | very important result!l
4

So dU-= C'a’T+£aVJ av

*“—— what is this?
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Joule Free Expansion of a Gas (to get (2‘;} )

LSS / o L Adiabatic g=0

/ /// /5 /// Exparzsion i(;\)‘ro Vac. w=0
Pex‘r:

gas (PL T, W) = gas (p2, Tz, Vo)

Since ¢=w=0 = dUor iy Constant U

Recall  dU=C,dT+ (av} av 2o

[81/] dv,=-¢,dT,
ov) _ arr\ . | AT
[W}r =-C, (WJU measure in Joule exp't! (ﬁju
id thi (AT _(oT) _ . B -
Joule did this. A'['/@Q(WJU _(WJU =71 \ au = C'Va’T C’andl/

Joule coefficient

. For Idealgas = 7,=0 exactly
dU=¢,dT  Always for ideal gas
ur) only depends on T

The internal energy of an ideal gas depends only on temperature

Consequences = AU=0  For all isothermal expansions or
compressions of ideal gases

= AU=[G,dT  For any ideal gas change in state





