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py  1013x10° Pa[$7(0150 m)’]
kT (138x107° J/K)(293 K)

e 5
(b) K:EkBT:%(IBle(J'J)(Z%)J: 6.07x107% J

(c) For helium, the atomic massis m= 200 gyl = 6.642107 g /molecule

6.02%10% molecules/mol

P217  (a) PV =NksT: N

= [i5‘* x10% atoms

! a7
m=6.64x10"" kg/molecule

[

T _ 3kyT
Smv’ =SkaT ,,am,_ﬁ:k/ = =[ 135 km/s

|
1

P219 ' (a)

3 -3 21
ksT=>(138x107 J/K)(423 K)=

mv?,, =8.76x107 |

~20
% s [175x1077 ] (1)
m

1
For helium, m= 40 gme =6.64x10™* g/molecule

 6.02x10% molecules/mol

G
A
i

o= oW

m=6.64x10"7 kg/molecule

39.9 g/mol
6.02x10® molecules/mol

Similarly for argon, =6.63x 10 g/molecule
m=663x10"* kg/molecule

Substituting in (1) above,

we find for helium, l Ums = 1.62 km/s ‘

and for argon, | Vs =514 mys |
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\ P21.13  We us the tabulated values for Cp and C,
SR
(a) Q=nCpAT =1.00 mol(28.8 J/mol-K)(420 -300) K =i 3.46 kJ 1
(b) AE,, =nCyAT =1.00 mol(20.4 J/mol-K)(120 K) =[ 2.45 k]

(c) W =-Q+AE,, =-3.46 k] +2.45 k] =[ —1.01 k] |
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In the isovolumetric process A— B, W =0 and Q =nCy,AT =500]

3R 2(500])
‘ 500 I——- H(T)(TB - TA) or TB = TA + 3nR
Ty =300 K + 2500]) =340 K

3(1.00 mol)(8.314 J/mol-K)

In the isobaric process B—C,
5nR

Q =nCPAT =—2-—-(TC —TB)= "500 J.
Thus,
' 2(5007]) 1000 ]
a Te=Tg - =340K- =316 K
@ €8 5uR 5(1.00 mol)(8.314 J/mol-K)
() The work done on the gas during the isobaric process is

Wie = ~P3AV = =nR(Te = T3) = =(1.00 mol)(8.314 J/mol-K)(316 K - 340 J)

or Wy =+200]

The work done on the gas in the isovolumetric process is zero, so in total

i f
p=p[ L) -500 am(lé-ﬂjl'“’ ~[139.am ]|
v ) 7 300 :
7 5.00(1.013x10° Pa)(120x 107 m?)
L T mol(8.314 J/mol-K)
PV, 139(1013x10° Pa)(30.0x107 m®)
T = =
nR 2.00 mol(8.314 J/mol-K)
{c) The process is adiabatic:
y=1a0=S2RiCv o O
Cy, Cy 2

5
AE;, =nCyAT =2.00 mol(—2-(8.314 J/mol-K))(253 K - 365 K) = —4.66 k]

W = AE,

ine ~Q =466 k] -0=[ 466 K] |

-[¥



. P22.6'  The heat to melt 15.0 g of Hg is IQc|=mL; =(15x107 kg)(118x10* J/kg)=177]

- The energy absorbed to freeze 1.00 g of aluminum is
|Qul=mL; =(10 kg)(3.97x10° J/ kg) =397 ]

and the work output is Weng =|Qu - Q| =220
Weng 2207
e=——=——-==0.554, 0r| 55.4%
Qs 3977
The theoretical (Carnot) efficiency is Tp—T. 93BK-2431K

=0.749=74.9%
T, 933K .

P22.7 COP(refrigerator) = —%‘—

(@) IfQ. =120] and COP =5.00, then | W =240 ]
(b) Heat expelled = Heat remeved + Work done.

Qh=QC+W=12l)]+24I=i 144}[

P21Y  T,=703K T, =2143K

AT _1440
@ ec"Th -2143"
®) Q4 =1.40x10° J, W, = 0.420Q,|

4/ 5.88 x 104
P EN8 _> X ]'_
A P 58.8 kW

P22.13  Isothermal expansion at T,=523K
Isothermal compression at T,=323K
Gas absorbs 1200 J during expansion.

@ Rl )

(b) Wmlg = 'th - chl = (1 200 - 741) I=



PVeY (pvY
P22.17  (a) [n an adiabatic process, PV} =PV’ Also, L = _uT_a ,
\\ : Jr !.
P. L?’—l}."rk
Dividing the second equation by the first yields T, = T{?f] :

y—-1

Ul | 12

Since y =§ for Argon, =0.400 and we have

0.400
300 x 10° Pa
T =103 ) ———= =! 564 K |,
5 )[ 1.50 x 10° Pa] |S6LK]
(b) &Ein{ = NCVAT = Q = We“g = 0 = chg » 90 WL‘l'lg = —HCV AT,
and the power output is

Weng = —HCV AT
£ t

(~80.0 kg)( 4L )(3)(8.314 J/mol-K)(564~1073)K
60.0 s

#=212x10° W =
VRt e —
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