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Reversible Adiabatic Expansion (or compression) of an Ideal Gas

1 mole gas (W4, T1) = 1 mole gas (15, Tz)

adiabatic =

dg=0 Reversible= dw=-pdV
Idealgas = dU=CdT
From 1" Law  dU= -pdV =

&d T=-pdV along path
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For monatomic ideal gas: 5 7=3 (> 1 generally)
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In an adiabatic expansion (V2> Vi), the gas cools (7 > T7).
And in an adiabatic compression (V5 < Vi), the gas heats up.

= pll/ly = pzl/zy

For an ideal gas (one mole) r-2% L&] :[KJ
R A) W

pV’ is constant along a reversible adiabat

For an isothermal process

T=constant =  pV= constant
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p A
V20diobo’r < V2iso‘rherm

P11
because the gas
COOls during reversible
Pot— === e == ~— . _ adiabatic expansion

e Irreversible Adiabatic Expansion of an ideal gas against a constant
external pressure

1 molgas (g1, 71) = 1 molgas (p2,72)  (pext=p2)

adiabatic = d¢=0

Constant poxr = po = dw=-pdV

Ideal gas = dU=CdT

1" Law = dU=-pdV
C:,d T=- pzd V

Integrating: G(Tz-T)=-p(Vo- W)

Using pV= RT 7;(cy+/e)=7;(cy+%/2j
Note P2 < pr = T2< T Again, expansion cools
Note also (-Wrey) > (- Wirrey) Less work is recovered through

an irreversible process
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Some Thermodynamic Cycles
. Reversible Ideal Gas processes: Find AU, AH, g, w, jd?q

(1) (11)
,O A ,O A
p] 1 (T]] p] | (T]] D [CO”ST. ,O) [TS)
A (isotherm)
B M) A E (const. V)
g%: (rev. C const.v) 2T isotherm) ()
adiabat) (T2)
| | » | | >
| | v | | "
V1 Vo 4 Vi Vo v

const. T

[A] 1molgas (p1,Vi,T1) = 1molgas (p2, V2, T1)

Ideal gas isotherm: AU, =0 AH, =0
w, =—R7[ln% g, :Rﬁln% Id?q :Rln%
[B] 1molgas (p1, W, Th) = 1 mol gas (p3, V5, T2)
Adiabat: g =0
Ideal gas: i/(_/’z ;Z(é :773
1" Law: w, =C, (T, -T,) j%:O
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reversible

[C] 1 molgas (p3,V2,72) = 1mol gas (p2, V2, Th)
const. V
AU.=¢ (T, -T,
Constant V. w, =0 Ideal gas:| ¢ /(1= T.)
A/L/cch(n_n)
1" Law: 9.=6,(T-T,)
4% _ o inl L
[ -cn(7]
[A] VS. [B]+[C]
AU, =0 AU, +AU, =0=AU,
AH, =0 AH, + AH. =0=AH,
v
9a=RTInT7 %+ =C (T —T,) # g
1
WA:—REIH% wo+w, =C,(T,-T) = w,
1
49, _pine 4% 199 _ pin( %2 - (9%
.|'7_—R|nl/1 IT+IT—RInK—jT

This result suggests that U%j is a state function!

[D]
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AU =6, (T-T;)
[E] = w. =0 g.=C (T -T,
A%=CP(E_E) E E V(l 3)
j%=cyln(ﬂl
T T
[A] VS. [D]+[E]
AU, =0 AU, +AUL = AU,
AH, =0 AH, +AH, = AH,
v
¢A=R7I|"7 7D+7E:'Q(7;_7I)¢7A
1
WA:—Rﬁln% Wy +We =—R(T,-T,) = w,
1
49, _ pinke 4% , (9% _ o[ 2| 199
jT_/ean1 Ir+Jr‘R'"l/1_Ir

Here again U%} looks like a state function!



