Thermodynamics HW #2

1.

The initial state of one mole of a monatomic ideal gas is P = 10 atm and T = 300 K.
Calculate the change in the entropy of the gas for (a) an isothermal decrease in the
pressure to 5 atm, (b) a reversible adiabatic expansion to a pressure of 5 atm, (c) a
constant-volume decrease in the pressure to 5 atm.

jnftial condition : Po= foatm / To = 300K /Vo= 5= = 2 462 L
4) isothermal decrense : aU=0 - .. F=w
(pi=Batm /Vi=4924L) PoVo =nRTo =P Vi V=R p 2 Vo = B4V, =2V
b=w=Ju pdv = [ 25 "'éT dV = nRT Ao () = nRT-An2
48=4 = 1R 002 = Imet - 8314555 AR = 5.763 Tik
b) reversible adiabafic expansion : g=o0 .. 48 = -er =0
(Pe=Batm / Ve = Vo (B/es)* = 3.932 L)
¢) consfant-volume decrease  : aS= JdS = J(&+Ldv) = nCuJFT = nCutn &)
(po=S5am/ Vs =V / Te= $To = (50K) = Inof -3 %831 g I =

20190322 OkeoH

-8.644d/K



2. One mole of monatomic ideal gas is subjected to the following sequence of steps:
a. Starting at 300 K and 10 atm, the gas expands freely into a vacuum to triple its volume.
b. The gas is next heated reversibly to 400 K at constant volume.
c. The gas is reversibly expanded at constant temperature until its volume is again tripled.
d. The gas is finally reversibly cooled to 300 K at constant pressure.
Calculate the values of g and w and the changes in U, H and S.

a) expands freely into a vacuun
(To =300K / Pa = (Oatm / Vo =0==2451L— T, = 300K /P, = 5 atm /v,= 3V =1.385L )
. §=0, w=0,480=0, AHH=0,
a8=Jds = §(L+Ldv) = [3av = nR-LnYg = Imed - 8314 g a3 =9.134 J/K
b) hedled at constant - volume.
(Ti= 300K /P, = 5atm /vi=1385L — T, = 400K/ P2 ="5-atm /\o=v,=1.385L)
:dV=0 = w=0 .. a0=§=nCvaT = (x2>x8.31455 100K = |.248 kJ
AH=nCpAT = | %2 x8.31%x (00 = 2.018kJ
aS=Jd8 = J(L+Ldv) = [H = [2Lg7 = nev- At
= Imod x3x8.31 et * Labh) = 35864
C) reversibly expanded at constant - temperature
(Ta = 400K/ Po= - 6m /o= 13851 — Ts=th00K / Po= =38 atm /\ig= 3V = c2.55 L)
:dT=0 = 4U=0,4H=0 .. §=w = JPdV=nRT{dV = nRT L'k
= Imol - B8R Y0OK - £n3 = 3.654kJ
48=Jd8 = J(F+Ldv) = [ffav = nR a2
=[x 8.314x £nd =9.13% I/

d) reversibly Coo[ecl at constant- pressure
(Ta =400 / Ps= o 8 an [Vs= 2.55L — Ty = 300K, Pe=2aim , V= (6,616 L)
= P-4V = 27 x (I6.blb-22.185) x 101325 = - 0. 83| kJ
‘&= NCoAT = Imtx X 8. 314 Kk % (-100K) = = 2.018kJ
a0= 3-w =-124B kI / aH=aU+a(fV)=-2.018kJ
AS =\HS = S(i.ru--l':%-dV) = ﬂCvj'TdT + YIR}#JV = nCvin @a—) +nﬂ‘ln%)=‘5.980 J/k

S Total : §=2.823k3 , w=2.823kJ, aU=0kKJ, aH=0kJ, aS=[5.8163/K



3.(a) Find the extreme value of the function,

z=(x-2)*+(y-27+4.

Find the constrained maxsaurm of this function corresponding to the condition
minimum(z)

x+y=1

(b) by eliminating one variable and (c) by using a Lagrange undetermined multiplier
method.

Q) F=(z-2Y +(§-2)" t 4 ={1(x.g)
‘Fz =e(x-2)=2ex-4% , 'F:cr, =Z - 'Fxé‘:o
fy=e@-a=24-u , fy=¢
—at x=2,§=C, =4 )= 10“'{:33 - (ﬁa)‘= 4 >0 .. minmimum value
e, fz2)=4 is extreme minimum value .

b) Z=(z-eY+(§-2) t 4 . wtd=1—>{=1-%
- 2= (x-aY+(-X-1)*+4
= (*-fxtY) t(+ax+ ) t4
= 2x*-2x +9
S & = Ux-2=0 5 0="F 2 dj%%‘ = 4 = The funclion has minimum value.
i.e. minimum value is
= e@-2(k)+9=5-1+9=4 <.
C) %(z.3)=(x-e)‘+(;1—c)‘+4 — vf= (%.éia) = (&4, 24-4)
goc = xtd=l — v3= G, F) =D

ea-y4 =
Let (a,b) sofisfies iVJﬂ =A'Vy = Then, ieb_t =A
xtd=1 atb=|

= .. A=-3, alei-vb:‘—l’_-
. , —
Le. ninmun value is £, 5)= () (3=



4. A rigid container is divided into two compartments of equal volume by a partition. One
compartment contains 1 mole of ideal gas A at 1 atm, and the other compartment contains
1 mole of ideal gas B at 1 atm.
(a) Calculate the entropy increase in the container if the partition between the two
compartments is removed.
(b) If the first compartment had contained 2 moles of ideal gas A, what would have been
the entropy increase due to gas mixing when the partition was removed?
(c) Calculate the corresponding entropy changes in each of the above two situations if both
compartments had contained ideal gas A.

Trifta| : [ A :imol, latm, Vo
B : Imod, latm, Ve
a) partition removed ="V, Ve’
2Sy= JdSy= [V = 1R Ln-Y = Imod- 8.31470r *n@ =5.1633/k
2Sy= [dSg= [l = nR-An-Ye = fneg- 631455 42 =5.163T/k
- AS= ASp+aSg = I1.526T/K

b) aSa= JdSy=[H4V = nR-La e <2mef 8.3l4xmr An = I1. 526 T/
a85= [dSg= [ 4V = nRAnE = Imod- 83145t AnB =5.163T/k
. AS=ASp+a8g = [1.289J/K

C-1) &2 Gas > parfifon HMIHT ind‘tsﬁndu‘lshable‘érﬂi .48=0

c_2) (* emoll, cam No (fh : 2moll otm, S Ve =V,
Ae : Imol, latm Vo Ae - Imof, Fam Vo =\p
AS, = nRAne = ex8.314 x Ant = £.78% T/c
ASs = pR-An¥e = [x B34 x AnF =-3.37(T/K
. AS= A4S, + 4S: = |.413 J/K



