Solution

Physics 213 Problem 2 Week 3
Closed Cycle

Nitrogen gas initially at 300K and atmospheric pressure in a volume of 1 liter (state a) is
adiabatically expanded to 2 liters (state b), then isothermally returned to 1 liter (state ¢c). How
much heat is required to restore the gas to its initial conditions?

1. Draw and label a pV diagram and complete the following tables.

Hints: Start by using the ideal gas law pV = nRT and the known values of p, V and T to find nR.
Remember the relationships for isothermal work and adiabatic work.
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For a diatomic gas, oo =5/2 and y= (o+ 1)/oe=7/5. n=#moles
U= anRT = opV nR =pV/T =.00333 l-atm/K
state p \Y% T process Q Wiy gas
a I A |4 300 K 1 (a—b)| O 0.60 /-atm
b 038A |2/ 2274 K 2 (b—c) [ -0.52 /-atm |-0.52 /-atm
c 076 A |17 2274 K 3 (c—a) |0.60 /-atm | O
The calculations:
Process 1:  VpTp® = V,T.* —  Tpy=Tu(Vs/Vy)"*=2274K
Q=0) paVa' = poVo' = po= pa(Va/Vp)' =.379 atm

Wiy =-AU = o(paVa — ppVp) = .605 l-atm
oruse Wpyy=-AU = onR(T, —Ty) = .605 l-atm (don’t need to compute p)

Process 2: PoV/ Ty = pcVo/Te - Pe = pu(Ve/Ve) =.758 atm
(AU =0) Wpy = nRTp In(Ve/Vp) = -524 I-atm = Q

Process 3: Q=AU=onR(T,—T;) =.6051-atm (W =0)



