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Characteristic ldeal Gas Expansion Paths



ALL REVERSIBLE RoOADS LEAD ToO...
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AU must be the same for all
paths, but ¢ and w?

Path A: reversible
iIsothermal expansion

Path B+C: reversible
adiabatic expansion
followed by heating at
constant volume.

Path D+E: reversible
constant-pressure
expansion followed by
cooling at constant
volume.



PATH A
5.0V.1L = B

Reversible isothermal expansion

Since the energy of an ideal gas
depends onlyon T

AU =qg+w
4 AU, =0 > TGieva = Wieva
Since the process is reversible,
~0G, ey p =OW,, 4 = =P, dV = —%dV
And we have, AV v Note that heat
~Grevr = Wievn = —RI, Vlz v -R1, IHVT irea;jﬁg?olzaintain

temperature



PATH B
VL —— BV,

Reversible adiabatic expansion

Adiabatic means no enerqgy is
transferred as heat, i.e., ¢ =0, and
therefore AU =w and dU = dw

For an ideal gas, U depends onlyon T

aU ideal gas dU
> C,(T) = > dU =C,(T)dT
aT)V v dT v

Cv (T) = (

Wevp =AU, = [ TT v = [ TT C, (T)dT
AN

(from T, to T,)



PATH C
PV, T, —— P.V,.T,

Reversibly heat at constant volume

AV=0,sow_ .=—-PdV =0

ev,C

That leaves only heat, i.e., AU, =¢,.,c + W,y.c = Grevc +0

T,
QreV,C = Al]C = sz CV (T)dT
AN

(from T, to T))



PATHS B + C

For the sum of B + C

T,
Qrev,B+C = QI'CV,B + QI'GV,C = O + sz CV (T)dT

T,
WreV,B+C = WreV,B + WreV,C = le CV (T)dT + O

For the energy,

T, T,
AU, =AU, + AU = [ . Cy(DdT + | . Cy(1)dT =0

AU=0, the same as for path A (as must be true for a state
funCtion), bUt WreV,A = WreV,B+C y qrev,A = qreV,B+C



PATHS D + E

 RERAZTRE For the sumof D + E

+Wer =—B(V,-V)+0

WreV,D+E =W revE —

rev,D

T3 Tl
AU, = | . C(T)dT + | - C(DdT =0

Another illustration that it’s

usually easiest to get g by ~
difference from more S0, Grevner = H (V2 B Vl)

easily computed AU and w



COMPARISON OF PATHS

W pee = —H (Vz - ) 41evD+E = B (Vz -W )
BV.T,
WreV,A = _RT{ hl&
p v
v
= RT In—=
QI‘GV,A 1 I/I

T, | T
WreV,B+C = le CV(T)dT qrev,B+C = sz CV (T)dT

AU=0 for all paths (state function), but ¢, and w,_, differ



