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First Law: ideal gas calculations

relationships that apply to ideal gasses for all conditions with wother=0 
and constant composition (some also apply more generally):
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first law calculations for ideal gas no work other, constant n:
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ideal gas  even
if V or P not constant
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ideal gas  even
if P or V not constant

but

so

show:
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isothermal reversible expansion P1=10 atm ô P2=1 atm at 300K
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-1 -1 1 atm
(1 mol) (8.3145 J K mol ) (300 K)

10 atm
w=-5.743 kJ      and    q=5.743 kJ

lnw
   
 

NOTE:  H π q why ???

did
earlier
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First Law: ideal gas calculations

relationships that apply to ideal gasses for all conditions with wother=0 
and constant composition (some also apply more generally):
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Pressure-Volume work   reversible adiabatic expansion

expansion

Pext=Pint (10 atm ö 1atm)

9atm

1atm

P=10 atm

1atm

adiabatic
reversible

Vinitial VinitialVfinal

• q=0

• w= -  PextdV

• ΔU=q+w

• ΔV > 0  w < 0 (wsurr > 0)

• ΔU= w < 0  gas cools as V increases
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adiabatic processes and the First Law

0q

U w


 

0expansion V > 0    -    U  <  0  (ideal gas) system cools PdV w   

0compression  V < 0    -    U  >  0  (ideal gas) system warms PdV w   
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ideal gas adiabatic reversible processes WORK
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 so as before ??:
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but T varies along
path initial Ø final

DUH ! 
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equate dU and work for reversible adiabatic process Pext=Pint=P

-dU d w PdV  

 (ideal gas)VdU nC dT PdV  
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for adiabatic, reversible, ideal gas: TvsV 2 1
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for any two states (T1, V1,P1) and (T2, V2,P2) 
along an adiabatic reversible path
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(other) TvsP relationship for adiabatic reversible (HW#15)
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for any two states (T1, V1,P1) and (T2, V2,P2) 
along an adiabatic reversible path
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summarizing (and HW #15)
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for any two states (T1, V1,P1) and (T2, V2,P2) 
along an adiabatic reversible path

TvsV

TvsP

PvsV
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P
 (

at
m

)

V (liter)

 Pinitial=10 atm
Tinitial= 300K
Vinitial=2.46 

Pfinal          = 1 atm 
Tisothermal=
Visothermal= 24.6 


nRT
P
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Pfinal = 1 atm
Vadiabatic=

Tadiabatic=
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Reversible Expansions
1 mole, monatomic ideal gas
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adiabatic reversible expansion: P1=10 atm ô P2=1 atm 

P1= 10 atm
T1= 300K 

P2= 1 atm
T2= ??? 
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119 4 300 180 6
-1 -1(1 mol) (1.5) (8.3145 J K mol )(-180.6K)

-2.257 kJ

-3.762 kJ

( . ) .final initial

V

P
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0

2.257 kJ

use TvsP

calc
U, H

calc
q,w vs -5.743 kJ for isothermal reversible

10 atm → 1 atm at 300K
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HW#2 Problem 10 (Raff 2.14)
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Problem  HW#2 Prob10

I isothermal expansion
II adiabatic expansion
III isothermal compression
IV adiabatic compression

cyclic process

HINT:  TL=457.3K


