Chapter 18

The Laws of Thermodynamics

Answers to Even-numbered Conceptual Questions

2.

4.

10.

12.

14.

16.

18.

20.

22.

24,

From Equation 18-3, we can see that 300 J of heat must be added to this system.

(a) Yes. Heat can flow into the system if at the same time the system expands, as in an
isothermal expansion of a gas. (b) Yes. Heat can flow out of the system if at the same
time the system is compressed, as in an isothermal compression of a gas.

No. The heat might be added to a gas undergoing an isothermal expansion. In this case,
there is no change in the temperature.

Yes. In an isothermal expansion, all the heat added to the system to keep its temperature
constant appears as work done by the system.

The final temperature of an ideal gas in this situation is T that is, there is no change in
temperature. The reason is that as the gas expands into the vacuum is does no work — it
has nothing to push against. The gas is also insulated, so no heat can flow into or out of
the system. It follows that the internal energy of the gas is unchanged, which means that
its temperature is unchanged as well.

This would be a violation of the second law of thermodynamics, which states that heat
always flows from a high-temperature object to a low-temperature object. If heat were to
flow spontaneously between objects of equal temperature, the result would be objects at
different temperatures. These objects could then be used to run a heat engine until they
were again at the same temperature, after which the process could be repeated indefinitely.

The work done from A to B is negative; the work done from B to C is positive; the work
done from C to A is negative.

Yes, this would be possible. The problem is that you would need low-temperature
reservoirs of ever lower temperature to keep the process going.

In principle, less energy would be required if the kitchen is cooler. The reason is that in
this case the heat extracted from the water can be expelled at a lower temperature, which
means that less work must be done by the refrigerator’s engine.

The entropy of the universe will increase if you rub your hands together, as in all frictional
processes.

Assuming a reversible, adiabatic expansion, there will be no increase in entropy because
there is no heat exchange.

The law of thermodynamics most pertinent to this situation is the second law, which states
that physical processes move in the direction of increasing disorder. To decrease the
disorder in one region of space requires work to be done, and a larger increase in disorder
in another region of space.
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Chapter 18: The Laws of Thermodynamics Physics: An Introduction

Solutions to Problems

1. 0=|-4.1x10° ]

W=|67x10"J

AU =Q-W =-4.1x10° J-6.7x10° T =| -10.8x10° J

2. W=0-AU
3
=0 ——nRAT
© 2
=1210 J—z(lmol) 8.31L (276K —272K)
2 mol -k

- [1i607]

3. (@) AU=Q-W=771-(-421)=[1197]
(b) AU=Q—W:77J—42J:
© Q:AU+W=—120J+120J=@

4- AUAB "rAUBC +AUCD +AUDA :O
AUcp =—AUpp —AUpc —AUpy =82 J-15 1 —(=56 J) =

5. (@) Wap=PAVap=P0)=[0]
(b) AUap = Oxp —Wap =53 J_0:

(©) AUgc =0pc —Wgc =-2801—(-1301)=|-1501]

(d) AUAB +AUBC +AUCA =0
AUgp =~AU g — AUpc
= (=53 J)= (=150 J)

(€) Oca =AUcp +Wea =200 1+150 1=[3501 |

6. (a) AU=0-W
ZnR(T ~T) = 0~

20-W) 2(3280 1-722 1)
T; = +T = +283 K =[ 488 K
-2, )

- 3(1mol)(831 L

(b) When there are more molecules to share the energy, the average energy gained per molecule is smaller,
resulting in a in the final temperature found in part (a).
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7. (a) Let Q', AU', and W' represent heat per mile, change in internal energy per mile, and work per mile,
respectively.

8.1
~1.19x10 I

o o gal | s 4 :
Ohim = AU =Wy ==| — 55 | =5.20x10 424 MI/mi

mi

(b) Increasing miles per gallon improves efficiency, resulting in a of heat released to the atmosphere.

3 3 J
8. =W +AU =W +=nRAT =-560 J+=(4 mol)| 8.31 130°C)=| 5.9 kJ
0 > 2 o[ 831 Ja30°0) < [5570

J 5
9. (a) AU=0-W =-mL-W =-(0.110 k 2.26><106— —2.13x10° J=| 462 kJ
® AU=0 0101226010 L

(b) (4.62x10° J)[%ﬁcalj: 110 keal

10. W=0-AU
PAV =Q-AU

AV = O-AU

@) AV:820J_8320J:|E|
110x10° Pa

8201360 ]
110x10° Pa

42x107 m3

(b) AV =

11. PAV =W
Py -V)=W

P[%—Vij:W

Vi:ﬂ
P

~2(-760 1))
120x10° Pa

=[13x1072 m?

12. PV -V,)=W
w
i =V
~ 93]
23m>-0.74 m’

[oom

P=
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3. R = R1Y

Bf V. V4 V. V4 1 5/3
S ST A LS B =-0.315
R [ij (ZVJ (Zj

1

14. (@) Wyp =) PAV
=area under P-V curve from A to B

= Arect + Ay
Apeer = 1w
- (6 m® -2 m3)(2oo kPa)
=800 kJ
1
Atri = Ebh

- %(6 m® 4 m? )(600 kPa—200 kPa)
— 400 kJ

Wag =800 kJ+400 kJ =| 1200 kJ

(b) @, it only depends on the P-V curve.

15. (a) Wac =D PAV =areaunder P-V curve from A to C = Aoy + Ayi 1 + Agri 2 + Asquare
Aot = Iw= (10 m® =2 m*)(200 kPa) = 1600 kJ
Ayig = %bh = %(6 m> —4 m>)(600 kPa — 200 kPa) = 400 kJ

Ain = %bh = %(8 m? —6 m>)(600 kPa — 400 kPa) = 200 kJ

Asquare = Wh= (8 m* —6 m?)(400 kPa — 200 kPa) = 400 kJ
Wac =1600 kI +400 kJ +200 kJ + 400 kJ =

w =Tt

3
:lom3 (220 K)
2m

~[1100K]
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() O=AU+W
=%nRAT+W

:i il RAT +W
2\ RT;

1

2 220 K

~[sow]

16. (a) The expansion of the gas at constant pressure implies that work was done by the gas. Heat is required for a
gas to do work, therefore heat was to the system.

_ E{W}(ggo K)+2.60x10°

(b) EZE
L T;

(%
4

PV; = nRT,

T

1

1.01x10° Pa

= (330 L2.15L) -
(2.00 mol)(8.31 m)

-[@90K]

(©) O=AU+W

= %nRAT + PAV

=%(2.00 mol)[8.31

~[290K)
Ve J 433L
17. (@) W =nRTIn| -L |=(5.00 mol)[ 8.31 245 K)ln| 2222 | = [138 K
@ Wen H(V] ( mo)[ 1~Kj( )n[l.IZLJ

f mo

(b) O=AU+W =0+13.8kJ=|13.8kJ

(¢) Both answers |increase by a factor of 2| because work is proportional to number of moles.

J
mol-K

](6989 K)+(101x10° Pa)(3.30 L-2.15 L)
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PBVy  (100x10° Pa)(4.00 m®)

nR (145 mol)(8.31 mOJI.K)

332x10% K

18. (a) T;=T; =

(b) W =nRT m[ﬁj

1

=nR[ﬂj1n 7
nR Vi
= Ri| L
Vi
4.00 m3j

= (400 kPa)(1.00 m3)1n( >
1.

[

19. (a) Since the temperature and internal energy do not change, heat must the gas to make up for the energy
used by the gas to do work.

00 m

(b) Heat input equals the work done; work done is equal to the area under the PV. The area from 1.00 m’ to
2.00m> is than the area from 3.00 m® to 4.00 m>.

(©) Q=W =nRTIn (ﬁj =nR (ﬂj In (Ej
Vi nR Vi

~Ryim| 2
Z

= (400 kPa)(1.00 m3)ln(

-[775]

@ 9= W:nRTln[%jan[%jln[%)

1
=PV In| =—
V; [V}
4.00m3J

= (100 kPa)(4.00 m3)ln{ ;
3.

-[i5%]

2.00 m>
1.00 m

=

0 m
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20. (a) Heatis to the system.
(b) O=AU+W
= %nRAT +PAV

R[PAVJ+PAV
nRk

3
—n
2
o)
=|=P+P|AV
2
ZEPAV
2

= %(160 kPa)(0.93 m® —0.76 m*)

=| 68 kJ
21. () W=nRTn E =(3 mol)(8.3l ! j(273.15 K+21 K)ln ﬂ =|10kJ
Vi mol-K

i f

1
(b) O=AU+W =0+10kJ=[10kJ

22. (@) AU=0-W >0
AU =0-W >0
W <0

The work is done .
(b) W=-AU=—(6701)=|-6701]

23. (a) W=0-AU

=0—§nRAT
2

J
mol-K

= —%(5.50 mol)(8.3l

-[i920]

(b) Since the process is adiabatic, Q = @

© av=-w-[192]

24. (a) W=WAB+WBC +WCA

j(ZlSOC—495°C)

= %(3 m>)(100 kPa) + (3 m>)(50 kPa) + (-3 m>)(50 kPa) +0
=

(b) |AU =0 over a complete cycle]

(© Q=W+AU=

387
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25. (a) W =PAV =(210 kPa)(1.9 m® -0.75 m’) =[ 240 kJ

PV
b) T=-—
(b) R
3 3
7 = Q10x10° P)0.75 1) _ g5
(49 mol)(8.3lWJl_K)

3 3
= (210x10° Pa)(1.9 m’) _rooeer
(49 mol)(8.31¢)
mol-k

3 3 (PAVY 3 3 N 3
(©) AU=ZnRAT == R( =2 PAV =>(210 kPa)(1.9 m®> —0.75 m®) =[ 360 kJ
S nR|— =3 S X )=| 360 kJ |

3 5 5 3 3
d =AU+W ==PAV + PAV ==PAV ==(210 kPa) (1.9 m” —0.75 m”) =| 600 kJ
d o > > S X )=| 600 kJ |

3
26. (a) Ty = P‘;ZA _ (150 kPa)(1.00 mJ) )z 314K

(57.5 mol)(8.31 L

kPa)(4.00 m’
TB _ PEZB _ (50 a)(4 00 mJ) ):

(57.5 mol)(8.31 L

3
oo PVe (50 kPa)(1.00 mJ) ):

nR (575 mol)(831 o

(b) A — B: The temperature rises and the gas does work so heat the system.
B — C: The temperature drops and work is done on the gas so heat the system.
C — A: The temperature rises and no work is done on or by the gas so heat the system.

(© Q:AU+W:%nRAT+W

A —>B: Q:§(57.5m01)[8.31 ! j(419K—314K)+l(150kPa+50kPa)(3.00m3)
2 mol-K 2
=|375k]
B—>C: Q=§(57.5m01)(8.31 ! j(lOSK—419K)+(50kPa)(—3.00m3)
2 mol-K
=|-375KkJ
3 J
Co>A: 0==(57.5mol)| 8.31 (314 K-105K)+0
2 mol-K

-[1501]

27. (@) W = P(V; —V;)= P2V, —V;) = PV, = (120 kPa)(0.66 m>) =] 79 kJ
_ _ ol K _ 2., 2 3,
(b) W—P(Vf—Vi)—P(?—ViJ——gPVi——5(120 kPa)(0.66 m>) = —53 kJ
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28. (a) Q=AU+W =AU +PAV =65J+(105x10° Pa)(0.75 m®) =| 79 kJ; into the gas |

(b) Q=AU +PAV =-1850 J+(105x10° Pa)(0.75 m’)=| 77 kJ; into the gas |

29. (a) Doing work on the system must the internal energy when no heat flows into or out of the system.

BV; _RV;
I Iy

no(B) %)
B )\

For adiabatic processes, PV, = PV;”, where y = %

1 _1
i _(RY _(BY”
v \n) (A

Substitute.

_1 1-L (1_})

BNBY7 .. (B) 7. (140kpa)
=[] p= L) o 222 280 K)=[ 310 K
! (PJ{P-) : (Pj i [IIOkPa (280 K)=[310K |

1 1 1

(b)

1
30. (a) W =area under curve=5(3Vi -V:)P +2P)=

3 3 APY)) 3 3 15
(b) AU ==nRAT ==nR =ZAPV)==[QP)3V.)-PV:|=| =PV
3 2 R 2( )2[( )3V,) - BV;] 5 i
© =AU+ =RV +3R%; =| 2R
31. P
Constant
pressure
Isothermal
Adiabatic
1 1 V
Vi Vf= 2V|

(a) The area under the curve is the greatest, so that process does the most work.
(b) The area under the curve is the smallest, so that process does the least work.
(c) The expansion, because for a given final volume, temperature varies with pressure.

(d) The expansion, since at final volume, temperature varies with pressure.
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32. (a) Qp:%nRAT:%(&S mol)(8.3l i J(z3 K)=[1.7kJ

mol-K

3 3 J
b =—nRAT ==(3.5 mol)| 8.31 23 K)=|1.0KkJ
0 0, =2nrar=>( )( mol.Kj< )=[10W|
3
33. (a) szanAT

20y
3nR

AT =
~ 2(570 J)
3(45 mol)(S.SIFJLK)

-[i0%]

(®) O =2nRAT

2%
5nR

AT =
~ 2(570 1)
5(45 mo1)(8.31 ﬁ)

-[06TK]

3, Y32t
L2 Ty

T; :(ﬁ]ri :(2UiJTi =2T,
Ui Ui

@) Q= 2nR(T; ~T)

~ 2 WRQT, - )

:%nRTi

:%(2.5 mol)[8.3l )(325 K)

mol-K
=|17kJ

3 3 3 J
b =—nRAT =—nRT; =—(2.5 mol)| 8.31 325K)=|10kJ
®) 0, = 30T =201 =225 mon 831 1 |325 1) =[ 101
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35. (a) Qp:—nRAT

ﬁ
5nR

AT =
~ 2(130 J)
5(2.8 mol)(8.31 ﬁ)

-[z2¢]

() O, = —nRAT

2Qv
3nR

AT =

~ 2(130 J)
32.8 mol)(8.31 ﬁ)

SESL

36. (a) No work is done by the gas so all the heat added results in an increase in internal energy. heat is

required.
(b) AT = SQ —3Q—V
0,=30,= 2101 =[e6]
5 5

-6_3
37. (a) W =PAV =(140x10% Pa)(8600 cm® — 5400 cm3)[1X10—3mj =045k

cm

(b) Work is directly proportional to the change in volume. Therefore, the work done by the gas in the second
expansion is to that done in the first.

—6_3
_ _ 3 3 3 Ix10" m _
(©) W =PAV =(140x10°Pa)(5400 cm> —2200 cm )(—3J = 0.45kJ

cm
5/3 5/3
AB_(AY () (L)L
@ B _[VJ _(2I/ij _(ZJ =
(b) % (%]( J (0315)(2)— 0630
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v Ve
(¢ P=P (V—‘] =(330 kPa)[

f
B 104 kPa
B 330kPa

Tf=Tii %
AN

12m? Jm

24m’

=0.315

r_ BV _ (330x10° Pa)(1.2 m>)

=l =353
nR (135 mol)(8.31 m)
T; = (353 K)(0.315)(2) =
39. (a) RV =BV
1
2 7
B
3/5
(1S KPa YT 6 6750 m?)
145 kPa
=|0.0653 m*
by B4
I Ty
T (&%
I, \R)\N
() (e
" Vi
1—
(% ] ’
i
1/(1-y)
T
Ve Z(—fJ 4
T
1/(1-2
= (ﬂj (0.0750 m®)
325K
=|0.0867 m>
40. (a) T=ﬂ
nR
3 3
- (106x10° Pa)(1.00m*) _,
(60.0 mol)(8.31 _ OJLK)
3 3
T _ 12x10° Pa)(1.00m*) _ oo o

(60.0mol)(8.31 J )

mol-K

K
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~ (212x10° Pa)(3.00 m®)

' ] =1275.6 K
(60.0 mol)(8.31 mol‘K)
process 1:
3 3 J
==nR(T; -T.) ==(60.0 mol)| 8.31 212.6 K)=|159 kJ
Oy =nR(T; ~ 1) = ( )( mol_Kj( )=[159 kJ |
process 2:

5 5 J
=—nR(T; —1;) = —(60.0 mol)| 8.31 850.4 K) =| 1060 kJ
Gy = SR} =) =2 (600 moD) .31 —1— 8504 K) <[ 10601

(b) W =PAV =(212x10° Pa)(3.00 m®> —1.00 m*) =[ 424 kJ

(©) AU=Q-W =159 kJ +1060 kJ —424 kJ =| 795 kJ

_rr
nR
_ (106x10° Pa)(1.00 m*)

~(60.0mol)(831 1)

~ (106x10° Pa)(3.00 m?)

(60.0 mol)(8.31 mOJI.K)

_(212x10° Pa)(3.00 m®)

(60.0 mol)(8.31 mOJLK)

41. @) T

=212.6 K

i

=6378K

; ~1275.6 K

process 3:

5 5 J
=—nR(T, —T;) =—(60.0 mol)| 8.31 4252 K)=|530kJ
Op = nR(Ty ~T}) = ( )( molKj( )=[530KkJ |

process 4:

3 3 J
=—nR(T; —T;) = —(60.0 mol)| 8.31 637.8K)=|477k]
0, = JR(Ty ~T)= 3600 mob| 831 - J(637.8 ) =477 1

(b) W =PAV =(106x10° Pa)(3.00 m> —1.00 m>) =| 212 kJ

(© AU=0Q0-W=530kJ+477k]I-212kJ =| 795 kJ
2. W=0,-0,=1200]-680J=|5201]

wow 340 7
43, e=—>= = =028
0, W+0Q, 3401+8701]
4. @) W=0,-0, =690 T-430T=[2601]
W 2607
b) e=—="">"=[038
(b) O, 6901]
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w w 2500 )
45. (a) the AT 4 8.5 kJ

max 17 410K

(b) O =0, —W =8.5x10° 1-2500 ] =| 6.0 kJ

46. @) 0. =0y W
Q _O W

t t t
=820x10° W—250x10° W

~[s7omv |

47. (a) e=—

&_Z(l_lj
t  t\e

= (548 MW) (;—1)
0.320

~[ii66v]

d) Oy =W+0,
G W, O
t t t
= 548 MW +1165 MW

[i716v]

T.

(273.15+12.0) K
48. ey =1--S=1- =(0.0436
max T (273.15+25.0) K

W 24001]
49, (a =—= =|13KkJ
@ 0 =—=="==[134]
) O, =0, —W =126x10* 1-2400 1=[10KJ

(¢) Higher efficiency means less heat input is needed to produce the same work, with less heat lost to the
surroundings. The answers in parts (a) and (b) will .
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50.

51.

52.

53.

54.

T
€max =1 T_C
h
T 295 K
I, = £ = %5 =3734K
l-en,x  1-0.210

T, = Ty (1 — ey ) = (373.4 K)(1-0.250) =[ 280 K

@) T, =T, (1€, )= (545 K)(1-0.300) =

(b) The efficiency of a heat engine increases as the difference in temperature of the hot and cold reservoirs
increases. Therefore, the temperature of the low temperature reservoir must be .

(©) T.=T,(1-ep,,)=>545 K(1-0.400) =] 327 K
W 22007

S === 088

0, 25001

(b) O.=0,-W =250071-2200J=|300]J

T,
Cmax =1——
(©) emax T,
T_h_ 1
TC 1_emax
1
1-0.88
5
T.
Crax =1——=
‘max T
T
e
max ch+55
TCZSSK—SSK
emax
:ﬂ_55K
0.11
=450 K
T 445 K
T. = c - =1 500 K
b e, 1-0.11
20n
(a) ezl_&zl_iz
On On
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T
(b) emax =1 ﬁ
T, 1 |2
il g —1-==|Z
Th emax 3 3
55. (a) O, =0.+W =130J+4201=5501]
0. 1307
(b) coP==2=—""-0.31
W 4207
s6. (a) cop=2
W
0. 3.45x10*7]
W= = =[19.7 k3
cor= 175 ~L7H]
() O, =0.+W =3.45x10* 1+1.97x10* 1=[542 k]
T
57. (a) W:Qh—QC:QC[&—I):QC(—h—Ijz(ISSOJ){
0. I
(b) O, =W+0,=5801+15501=[16101]
58. (a) O, =0, —W =32401-345]=[290k]
T,
(b) w= 1--=<
Qh( ThJ
TC:[I—KJT}I
Oh
:(1-ﬂj(273.15+21.0)1<
3240 ]
=263K
=(263-273.15)°C
B
59. cop:%: Q _ % :Ql
0, -0, Qc(j:_) o
COPyy = —— = ! ~26.74
max = 1_ (Q73.15+32) K _ | e
T, (273.15+2)K
o % kw
ot =22 [ 041kW
;= Cop = 2674 ~LOAV |

396
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w w 1 1 1
60. e=—= = = = =10.0909
o, W+0Q, O. 1+COoP 1+10.0

1+=
w
61. O =mcy (AT); +mLg +mcice (AT)y = mcy, (AT) + Lt + ¢ice (AT); ]

)
cor

m
= W[CW (AT); + Lg + ¢ (AT), ]

_15kg
4.0

SIET

4186 1 (15"C)+33.5><104 i+ 2090 I (5.0°C)
kg-C° kg kg-C°

62. €HE-max — 1-—

COPHP :% = Qh Qh = 1

COBp.max = lT = ! 1

1- TTi €HP-max 0.23

oL (125 kg)(22.6><105 g

Q v kg)
63. AS=== =|7.57 kI/K
T T (273.15+100) K

4
. _—(3.1kg)(33.5><10 ki)

Q —mLy g
64. AS=== = =|-3.8 kJ/K
T PAT0K

6. AS:(QJ {2)
T inside T outside

as (7] (%
;| T T
inside outside
__200kW  200kW
(273.15+22) K | [273.15+ (-14.5)] K
~[9.6W/K
(82 kg)(9.81 m)(350 m)

66 AS—Q AU_mgh: 2

_AU _ =[0.96 kI/K
T T (273.15+21) K
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67. (a) The entropy of the universe [stays the same], because the air conditioner has Carnot efficiency.

Qo Qo
(b) & | L + L
t T T
inside outside
_2) (G
t _t
Tc Th

_9 ) (w8

__ UKW 04114 KW +11TkW
(273.15+2) K~ (273.15+32)K

- -W ] -6400J 64007J-22001]
o (5 (0B o5 e

T Ty T, 610 K 320K

69. Work = area enclosed by cycle.

(a) W =(4.0kPa)(1.0m>)=
1
(b) W'=2(3.0KkPa)3.0 m’) =

(¢) W =(1.0kPa)(3.0m’)=

70. AS :Q

T
0 =TAS =(273.15 K)(73 %) =19.9kJ

Ly 335x10% L
g

_ PV _ (400 kPa)(1.00m®)
1. (a) T= mh 365 K

nR (132 mol)(8.31 I

(b) Heat is added to the gas, and the temperature is constant. The entropy will .

nRTln(ﬁ

v ) J 4.00 m?
=32 mol)[8.31 Jln( J: 1.52 kI/K

O AU+W _0+W
mol-K 1.00 m>

¢) AS=
© T T T
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3
Ve J 4.00 m
d) W =nRTIn| -L | = (132 mol)| 8.31 365 K)In =[555KJ |
@ ! (Vj ( )( 1~Kj( : (1.00m3]

f mo

kJ
TAS = (365 K)(I.SZ Ej =| 555kl
72. (a) Areaunder the process is .

(b) Area under the process is [zerd].
(¢) Area under the process is since AV is negative.

(d) Again, AV is|negative]
3 3
(©) W =0-AU=0-ZnRAT =0~ (PAV)

PAV = Q—%PAV

5
ZPAV =
> o

2 2
W=PAV =—Q=—Q271)=|11]
50=5@7n=[111

73. (a) W= Arectangle + Atriangle

:lw+lbh
2

=(2.00 m>)(106 kPa)+%(2.00 m>)(106 kPa)

SEIT

i RV
b) T; =1L =214
() f nR 1 1R

3
AU :EnR(Tf —71)

_3 [ BVe BV
2 nR nR

3
= J(BV; ~RV)

= %[(212>< 10° Pa)(3.00 m>) - (106x10° Pa)(1.00 m>)]

SET
(© Q=AU+W =795kI+318 kI =[1113KI |
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74. (a) Engine B does less work than engine A since it exhausts more heat to the low temperature reservoir.

Therefore, has the greater efficiency.

w
b =
(b) ep EthA

Wa
Oh
Oh —Oac

O

O

On
=1-2(1-e4)
=2ep —1
=2(0.66)—1

-[0]

75. (@) Q=mcy, (AT)| +mLy +mc;.o (AT),
=mlcy (AT + Lg + Ciee (AT), ]
J
ke-C°

=(1.75 kg)H4186

-[0]
_ O _ 751K _

®) W_COP 3.88

©) Oy =W+0Q, =194 kI+751 kI =[945kI |

(20.0 C°)+33.5x10% =+ 2090 —— |(5.00 C°)
kg kg-C°
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76. (a) Qp:%nRAT

ZQp
5nR

AU = %nRAT

2
3%
2 5nR
3

=§Qp

AT =

3
= (1400])
~[s07]

(b) ATZZQp_ 2(1400 J) 9K

5nR  5(3.5 mol) (831 1)

© WwW=0-AU
PAV =0 -AU

AV = 0-AU

1400 J -840 J
120x10° Pa

=1 4.7%x1073 m?

A _Bh,
R
_hh
SRR
=Pl(3V1)T1

AN
=37

5
==nRAT
% =3

77.

b n

=2 nRGT 1)

= 5nRT;

J
mol-K

=535 mol)[8.31 J(zso K)

=40.7 kJ

401

Chapter 18: The Laws of Thermodynamics



Chapter 18: The Laws of Thermodynamics

79.

BV, Bl
T, I3
RV,
T3=LT2
1512}
2P)V-
_(@h) 27,
Br,
:2T2
AT =T7-T, =27, -T, =T, =31

Oy

=—nRAT =
2

3 3
—n
2

Ototal =0p +0, =40.7 k) +36.6 k) =| 77 kJ

7. () AS:(QJ +[2j
T Sun T space

(b)

(b)

©

()

(e)

®

(@

R(3T}) = %nRTl = %(3.5 mol)(8.31

J
mol-K

J(zso K)=36.6kJ

26 J\(3600 24 h 26 J 24 h
_(—3.80x10 g)(TS)(E) (3.80><10 g)(3600 %)(W)
(5500°C+273.15 K) 30K
As=|1ax103t L in one day
K
T 30K . o
W=e 1=z g = 10— 1328x10%! 1) =|3.28x103"
max Ch ( ThJQh [ (5500+273)Kj(

5 3
W=Q—AU:EnRAT—EnRAT:
0=0

AU = Q—W:O—(—%nRATJ: —nRAT

=D

AU:Q—W:%nRAT—Oz %nRAT

Q=AU +W =0+nRT In(V; /V;) =| nRT In(V; / V)

AU=@
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80. (a) PV =nRT
_ nRT
B
J
(@50 mol)(8.31 —J)(295 K)

Ve

121x10° Pa
=15.06%x107% m>

_ "
(b) W—nRTln[V J

1

=nRT In ﬂ
B

=(2.50 mol)(8.3l

SENT)
(©) Q=AU+W=O+(—1.111<J)=

W 11201]
81. e=—=—-—=10.896
(@) 0, 12507

J
mol-K

)(295 K)In (m]

121 kPa

T, 302 K
b) emax =1-—S=1- =10.701
®) max T;, 1010 K 0.701]

Don’t invest.

82. @) AS,, :[%J {%
h c

O

I, Tt
O O -W

Th c
_—6601 660J-2501]

= +
810 K 320K

[0 €]

T 320K
) Wiy =| 1--5 =|1-———1](660 J)=| 0.40 kJ
=115 0 12205 a0 - [000

h

(1Ll —0 —0y=-_T [, |
(C) AW—[I Th]Qh (Qh Qc) Tth+Qc TC[T +T] TCAStot

h c
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83. (a) The entropy because heat flows out of the water.

0 -mL (0.51kg)(33.5x104i

kg)
b) AS==%=—""fl_ =] -0.63 KJ/K
(b) e ALK

(¢) [Wherever the heat flows, there will be an increase in entropy |

84. A—>B:W =PAV =P0)=0

O=AU=-38]

(@)

() [

B>C: Q=AU +W =-82J+ (-89 J)=-1717J
(©

C—oA: AUC—)A+AUA—>B+AUB—>C =0
AUC—)A :_(AUA—>B +AUB—)C):_[_38 J+(—82 J)]:120J
W=0-AU=3321-1201=212]

)
()
. T, T, . . . L
85. Since e=1-—, we need to make T smaller to increase the efficiency. We can determine which is smaller,
h h
T T. - AT
€ or & by checking the sign of their difference.
Th +AT Th
T, _TC—AT_TCTh—(TC—AT)(Th+AT)_AT(Th—TC)+(AT)2
Th +AT Th (Th +AT)Th (Th +AT)Th

which is > 0 since AT > 0. So, [lowering the temperature of the low temperature reservoir would result in the
greater change in efficiency.

86. (a) A—B:

WAB = I’IRTA In [V—B]
Va

VB
=PV, In| —=
ATA (VAJ

=(600x10° Pa)(0.750x107> m*)In —
0.750x10~> m

450x1073 m3 J

=806 J
Onp = AUpp +Wap = 0+806 ] =806 ]
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(b)

o

88.

B—>C:
Ogpc :%nRAT

SEFNG
2

5

=-9387
Wy = PAV
= (100x10° Pa)(0.750x10° m® ~4.50x107> m?)
=-375]
AUgc = Opc —Wge =938 1 — (=375 1) =563 ]
CoA:
Wep = PAV =0
Upag+Upc +Ucp =0
AUcp =AU pp —AUpe = —0—(~563) =563 J
Oca =AUcp +Wep =5631+0=5631]

0 w AU
A—>B|806J | 806] | 0
B> C|-9381]-3757]-5631
CoA| 5631 0 5631

e:Z:806J—375J:
O, 806J+5631]

Wj _PAV _ nRAT _
- =3 _| 2
0), O 3nRAT |5
BV =RV
LY _A
Ve R
nRT;
ET T
v. | — nRT;
! z
-1
i _(nY
N
5_
3
_|
A
25
2
=253
-[55]
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L . . PV; BV, o L
89. For the adiabatic processes, starting with BV = Pfo7 and % = ; £, and dividing corresponding sides,
i f

produces T;V;” o vy 1 So
LV, =Ty and

-1 -1
LV =TV,

. . . Vy, Vi
Dividing these equations gives 23

n 7

For the isothermal processes, Oy, =W = nRT}, = ln(%J and O, =W; =nRT, ln(éJ =nRT, In (%) Dividing

1 4 1
. . T
these equations gives G _ Zh
C C
ezl—%:l—ﬁ
h T
T
e=1--*%
90. T
I, 1
. l-e
cop @ __C _Ql _T1 _11 _l-e
W On-0, ?:_ T]:_ g—l e

406



