
Q19.5 Thermal expansion of the glass bulb occurs first, since the wall of the bulb is in direct contact with the hot 
water. Then the mercury heats up, and it expands. 

Q19.12 At high temperature and pressure, the steam inside exerts large forces on the pot and cover. Strong latches hold 
them together, but they would explode apart if you tried to open the hot cooker. 

P19.11 For the dimensions to increase, iL L Tα∆ = ∆  
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P19.33 0yF =∑ : ( )out in 200 kg 0gV gV gρ ρ− − =  
 

  ( ) ( )3out in 400 m 200 kgρ ρ− =  
 

 The density of the air outside is 31.25 kg m . 
 

 From PV nRT= , n P
V RT

=  
 

 The density is inversely proportional to the temperature, and the density 
of the hot air is 
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FIG. P19.33 

P19.38 At depth, 0P P ghρ= +  and i iPV nRT=  

 At the surface, 0 f fP V nRT= :  ( )
0

0

f f
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P V T

TP gh Vρ
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+
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f i
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( ) ( ) ( )5 3 2
3

5

3

1.013 10  Pa 1025 kg m 9.80 m s 25.0 m293 K
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278 K 1.013 10  Pa
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P19.58 (a) B gVρ= ′   0P P gdρ= +′   0 iP V P V=′ ′  
 

 ( )
0 0

0

i igP V gP V
B

P P gd

ρ ρ
ρ

= =
′ +

 

(b) Since d is in the denominator, B must decrease  as the depth increases. 

 (The volume of the balloon becomes smaller with increasing pressure.) 

(c) ( )
( )

( )0 0 0

0 0 0

1
2 0

i

i

gP V P gdB d P

B gP V P P gd

ρ ρ
ρ ρ

+
= = =
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( ) ( )

0 0

5 2
0

3 3 2

2

1.013 10  N m
10.3 m
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+ =
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= = =
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P19.2 (a) 1.06 atm ; (b) 124 C− °  
P19.4 (a) 37.0 C 310 K° = ; (b) 20.6 C 253 K− ° =  
P19.6 ( ) S1.33 C S 20.0 CCT T= ° ° + °  
P19.8 0.313 m 
P19.10 1.20 cm 

P19.12 15.8 mµ  
P19.14 0.663 mm to the right at 78.2°  below the 

horizontal 
P19.16 (a) 20.109 cm ; (b) increase 
P19.18 (a) 437 C° ; (b) 3000 C° ; no 



P19.20 (a) 6 22.52 10  N m× ; (b) no 

P19.22 30.812 cm  
P19.24 (a) 396 N; (b) 101 C− ° ; (c) no change 
P19.26 (a) 2.99 m ol; (b) 241.80 10  m olecules×  
P19.28 884 balloons 
P19.30 (a) 211.06 10  kg× ; (b) 56.9 K  
P19.32 (a) 900 K; (b) 1200 K  

P19.36 23.96 10  m ol−×  
P19.38 33.67 cm  
P19.40 between 110  kg  and 210  kg  

P19.42 112.41 10  m olecules×  

P19.44 (a) 2.24 m; (b) 59.28 10  Pa×  
P19.46 0.523 kg 
P19.48 (a) see the solution; (b) α β<<  

P19.50 (a) 0.169 m; (b) 51.35 10  Pa×  
P19.52 6.57 M Pa  

P19.54 (a) 
( )2 1 iL T

r

α α
θ

− ∆
=

∆
; (b) see the solution;  

 (c) it bends the other way; (d) 0.830°  
P19.56 (a) increase by 95.0 sµ ; (b) loses 57.5 s 

P19.58 (a) ( ) 1
0 0iB gP V P gdρ ρ −

= +  up; (b) decrease;  
(c) 10.3 m 

Q20.14 The materials used to make the support structure of the roof have a higher thermal conductivity than the 
insulated spaces in between. The heat from the barn conducts through the rafters and melts the snow. 

Q20.29 The person should add the cream immediately when the coffee is poured. Then the smaller temperature 
difference between coffee and environment will reduce the rate of energy loss during the several minutes. 

P20.17 The bullet will not melt all the ice, so its final temperature is 0°C. 
 

 Then 2

bullet

1
2 w fm v m c T m L⎛ ⎞+ ∆ =⎜ ⎟⎝ ⎠

 
 

 where wm  is the melt water mass 
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P20.26 ( )2 1

f f

i i

W PdV P dV P V nR T nR T T= − = − = − ∆ = − ∆ = − −∫ ∫  

P20.43 In the steady state condition, Au Ag=P P  

 so that A u A u A g A g
A u A g

T T
k A k A

x x
∆ ∆⎛ ⎞ ⎛ ⎞=⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠∆ ∆

 

 In this case A u A gA A=  

  
( )

A u A g

A u 80.0

x x

T T

∆ = ∆

∆ = −
 

 and ( )A g 30.0T T∆ = −  

 
 

FIG. P20.43 

 where T is the temperature of the junction. 
 Therefore, ( ) ( )A u A g80.0 30.0k T k T− = −  

 And 51.2 CT = °  

P20.51 The sphere of radius R absorbs sunlight over the area of its day hemisphere, projected as a flat circle 
perpendicular to the light: 2Rπ . It radiates in all directions, over area 24 Rπ . Then, in steady state, 

 ( ) ( )
in out

2 2 2 41340 W m 4e R e R Tπ σ π

=

=

P P
 

 The emissivity e, the radius R, and π all cancel. 

 Therefore, 
( )

1 4
2

8 2 4

1340 W m
277 K 4 C

4 5.67 10  W m K
T

−

⎡ ⎤
⎢ ⎥= = = °
⎢ ⎥× ⋅⎣ ⎦

. 

*P20.61 The loss of mechanical energy is 

 ( )
11 2 2422 4

2 6

10 10 11

6.67 10  N m  5.98 10  kg 670 kg1 1
670 kg 1.4 10  m s

2 2 kg  6.37 10  m

6.57 10  J 4.20 10  J 1.08 10  J

E
i

E

GM m
m v

R

−× ×
+ = × +

×

= × + × = ×

 



 One half becomes extra internal energy in the aluminum: 10
int 5.38 10  JE∆ = × . To raise its temperature to the 

melting point requires energy  

 ( )( ) 8J
670 kg 900 660 15 C 4.07 10  J

kg C
m c T∆ = − − ° = ×

°
.  

 To melt it, 5 8670 kg 3.97 10  J kg 2.66 10  Jm L = × = × . To raise it to the boiling point, 

( ) ( ) 9670 1170 2450 600 J 1.40 10 Jm c T∆ = − = × . To boil it, 7 9670 kg 1.14 10  Jkg 7.64 10 Jm L = × = × . Then 

 
( ) ( )10 9

4

5.38 10  J 9.71 10  J 670 1170 2450 C J C

5.87 10 C

f

f

T

T

× = × + − ° °

= × °
 

P20.2 0.105 C°  
P20.4 87.0 C°  
P20.6 The energy input to the water is 6.70 times larger 

than the laser output of 40.0 kJ. 
P20.8 88.2 W  
P20.10 (a) 25.8 C° ; (b) no 

P20.12 
( )Al Al

Al A l

c w c h w h
f

c w h w

m c m c T m c T
T

m c m c m c

+ +
=

+ +
 

P20.14 (a) 380 K ; (b) 206 kPa  
P20.16 12.9 g 
P20.18 (a) all the ice melts; 40.4 C° ;  
 (b) 8.04 g melts; 0 C°  
P20.20 34.0 km 
P20.22 liquid lead at 805 C°  
P20.24 (a) 12.0 M J− ; (b) 12.0 M J+  
P20.26 ( )2 1nR T T− −  
P20.28 (a) 567 J; (b) 167 J 
P20.30 (a) 12.0 kJ; (b) 12.0 kJ−  
P20.32 42.9 kJ 
P20.34 (a) 7.65 L; (b) 305 K  
P20.36 (a) 48.6 m J− ; (b) 16.2 kJ; (c) 16.2 kJ 
P20.38 (a) 4 i iPV− ; (b) 4 i iPV+ ; (c) 9.08 kJ−  
P20.40 (a) 1300 J; (b) 100 J; (c) 900 J− ; (d) 1400 J−  
P20.42 10.0 kW  
P20.44 1.34 kW  

P20.46 (a) 20.890 ft F h Btu⋅ ° ⋅ ;(b)
2ft F h

1.85
Btu
⋅ ° ⋅ ;(c) 2.08  

P20.48 (a) 3~ 10  W ; (b) 1~ 10  K s−−  
P20.50 364 K  
P20.52 47.7 g  
P20.54 (a) 13.0 C° ; (b) 0.532 C s− °  
P20.56 (a) 64.1 C° ; (b) 113 C°  

P20.58 see the solution (a) 1
2 i iPV ; (b) 1.39 i iPV ; (c) 0 

P20.60 (a) 109.31 10  J× ; (b) 128.47 10  J− × ;(c) 128.38 10  J×  
P20.62 (a) 2000 W ; (b) 4.47 C°  
P20.64 3.76 m s 
P20.66 (a) 15.0 m g ; block: 0Q = ; 5.00 JW = − ; int 0E∆ = ; 

5.00 JK∆ = − ; ice: 0Q = ; 5.00 JW = ; 

int 5.00 JE∆ = ; 0K∆ =  
 (b) 15.0 m g ; block: 0Q = ; 0W = ; int 5.00 JE∆ = ; 

5.00 JK∆ = − ;metal: 0Q = ; 0W = ; int 0E∆ = ; 
0K∆ = (c) 0.00404 C° ; moving block: 0Q = ; 
2.50 JW = − ; int 2.50 JE∆ = ; 
5.00 JK∆ = − ;stationary block: 0Q = ; 2.50 JW = ; 

int 2.50 JE∆ = ; 0K∆ =  
P20.68 10.2 h  
P20.72 800 Jkg C⋅ °  

Q21.5 The alcohol evaporates, absorbing energy from the skin to lower the skin temperature. 

P21.2 
( ) ( ) ( )23 265.00 10 2 4.68 10  kg 300 m s

14.0 N
1.00 s

F

−⎡ ⎤× ×⎣ ⎦= =  

 and 4 2

14.0 N
17.6 kPa

8.00 10  m

F
P

A −= = =
×

. 

P21.24 (a) i fi fPV P Vγ γ=  so 
1 5 71.00

0.118
20.0

f i

i f

V P
V P

γ
⎛ ⎞ ⎛ ⎞= = =⎜ ⎟ ⎜ ⎟⎝ ⎠⎝ ⎠

 

(b) ( ) ( )20.0 0.118
f f f f f

i i i i i

T P V P V

T PV P V

⎛ ⎞ ⎛ ⎞
= = =⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

 2.35
f

i

T

T
=  

(c) Since the process is adiabatic, 0Q =  

 Since 1.40 VP

V V

R CC
C C

γ
+

= = = , 5
2VC R=  and 2.35 1.35i i iT T T T∆ = − =  

  ( ) ( ) ( )int
5

0.0160 m ol 8.314 Jm olK 1.35 300 K 135 J
2VE nC T ⎛ ⎞∆ = ∆ = ⋅ ⎡ ⎤ =⎜ ⎟ ⎣ ⎦⎝ ⎠

 

 and int 0 135 J 135 JW Q E= − + ∆ = + = + . 



P21.26 
22

4 32.50 10  m
0.500 m 2.45 10  m

2iV π
−

−⎛ ⎞×
= = ×⎜ ⎟⎝ ⎠

 

 The quantity of air we find from i i iPV nRT=  

 
( ) ( )

( ) ( )

5 4 3

3

1.013 10  Pa 2.45 10  m

8.314 Jm olK 300 K

9.97 10  m ol

i i

i
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n
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n

−

−

× ×
= =

⋅

= ×

 

 Adiabatic compression: 101.3 kPa 800 kPa 901.3 kPafP = + =  

(a) i fi fPV P Vγ γ=  

 

1 5 7
4 3

5 3

101.3
2.45 10  m

901.3

5.15 10  m

i
f i

f

f

P
V V

P

V

γ
−

−

⎛ ⎞ ⎛ ⎞= = ×⎜ ⎟ ⎜ ⎟⎝ ⎠⎝ ⎠

= ×

 

(b) f f fP V nRT=  

 

( )

( )

1 1 1

5 7 1101.3
300 K 560 K

901.3

f f f i i
f i i i

i i i f f
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P V P P P
T T T T

PV P P P

T

γ γ −

−

⎛ ⎞ ⎛ ⎞
= = =⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠
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(c) The work put into the gas in compressing it is int VE nC T∆ = ∆  

 ( ) ( ) ( )3 5
9.97 10  m ol 8.314 J m ol K 560 300  K

2
53.9 J

W

W

−= × ⋅ −

=
 

 Now imagine this energy being shared with the inner wall as the gas is held at constant volume. The 
pump wall has outer diameter 25.0 m m 2.00 m m 2.00 m m 29.0 m m+ + = , and volume 

 ( ) ( )2 23 3 2 6 314.5 10  m 12.5 10  m 4.00 10  m 6.79 10  mπ π− − − −⎡ ⎤× − × × = ×⎢ ⎥⎣ ⎦
 

 and mass ( ) ( )3 3 6 37.86 10  kg m 6.79 10  m 53.3 gVρ −= × × =  

 The overall warming process is described by 

 

( ) ( ) ( )
( ) ( ) ( )
( ) ( )

3

3

53.9 J

5
53.9 J 9.97 10  m ol 8.314 Jm ol K 300 K

2

53.3 10  kg 448 J kg K 300 K

53.9 J 0.207 J K 23.9 JK 300 K

300 K 2.24 K

V

ff

ff

ff

ff

nC T m c T

T

T

T

T

−

−

= ∆ + ∆

= × ⋅ −

+ × ⋅ −

= + −

− =

 

P21.41 (a) From av
8 Bk T

v
mπ

=  

 we find the temperature as 
( ) ( )

( )

227 4
4

23

6.64 10  kg 1.12 10  m s
2.37 10  K

8 1.38 10  Jm olK
T

π −

−

× ×
= = ×

× ⋅
 

(b) 
( ) ( )

( )

227 3
3

23

6.64 10  kg 2.37 10  m s
1.06 10  K

8 1.38 10  Jm olK
T

π −

−

× ×
= = ×

× ⋅
 

P21.2 17.6 kPa  
P21.4 215.05 10  J m olecule−×  

P21.6 276.64 10  kg−×  
P21.8 477 m s 

P21.10 (a) 2.28 kJ; (b) 216.21 10  J−×  
P21.12 74.8 J 
P21.14 7.52 L  

P21.16 (a) 118 kJ; (b) 36.03 10  kg×  
P21.18 (a) 719 Jkg K⋅ ; (b) 0.811 kg ; (c) 233 kJ; 
 (d) 327 kJ 
P21.20 13.5PV  
P21.22 (a) 4 iT ; (b) ( )9 1 m ol iRT  
P21.24 (a) 0.118 ; (b) 2.35; (c) 0; 135 J; 135 J 
P21.26 (a) 5 35.15 10  m−× ; (b) 560 K ; (c) 2.24 K  



P21.28 (a) 1.55 ; (b) 30.127 m  
P21.30 (b) 2.19 iV ; (c) 3 iT ; (d) iT ; (e) 0.830 i iPV−  
P21.32 25.0 kW  
P21.36 (a) No atom, almost all the time;(b) 202.70 10×  

P21.38 (a) 1.03 ; (b) 35Cl 
P21.40 132 m s 

Q22.7 Suppose the ambient temperature is 20°C. A gas can be heated to the temperature of the bottom of the pond, 
and allowed to cool as it blows through a turbine. The Carnot efficiency of such an engine is about 

80
22%

373c
h

T
e

T
∆

= = = . 

*P22.5 (a) The input energy each hour is 

 ( ) ( )3 960 m in
7.89 10  J revolution 2500 rev m in 1.18 10  J h

1 h
× = ×  

 implying fuel input ( )9
7

1 L
1.18 10  J h 29.4 L h

4.03 10  J

⎛ ⎞
× =⎜ ⎟⎝ ⎠×

 

(b) engh cQ W Q= + . For a continuous-transfer process we may divide by time to have 

 

eng

eng

3 3
5

5
eng

U seful pow er output

2500 rev7.89 10  J 4.58 10  J 1 m in
1.38 10  W

revolution revolution 1 m in 60 s

1 hp
1.38 10  W 185 hp

746 W

ch

ch

W QQ
t t t

W QQ

t t t

= +
∆ ∆ ∆

= = −
∆ ∆ ∆

⎛ ⎞× ×
= − = ×⎜ ⎟⎝ ⎠

⎛ ⎞= × =⎜ ⎟⎝ ⎠
P

 

(c) ( )
5

eng
eng

1.38 10  Js 1 rev
527 N m

2  rad2500 rev 60 s
τω τ

ω π
× ⎛ ⎞= ⇒ = = = ⋅⎜ ⎟⎝ ⎠

P
P  

(d) 
3

52500 rev4.58 10  J
1.91 10  W

revolution 60 s
cQ

t
× ⎛ ⎞= = ×⎜ ⎟⎝ ⎠∆

 

P22.11 703 KcT =  2143 KhT =  

(a) 
1440

67.2%
2143c

h

T
e

T
∆

= = =  

(b) 51.40 10  JhQ = × , eng 0.420 hW Q=  

 
4

eng 5.88 10  J
58.8 kW

1 s

W

t
×

= = =
∆

P  

P22.21 For the Carnot engine, 300 K
1 1 0.600

750 K
c

c
h

T
e

T
= − = − = . 

 Also, eng
c

h

W
e

Q
= . 

 so eng 150 J
250 J

0.600h
c

W
Q

e
= = = . 

 and eng 250 J 150 J 100 Jc hQ Q W= − = − =  
 

(a) eng 150 J
214 J

0.700h
S

W
Q

e
= = =  

 

 eng 214 J 150 J 64.3 Jc hQ Q W= − = − =  

 
(b) ,net 214 J 250 J 35.7 JhQ = − = −  
 

 ,net 64.3 J 100 J 35.7 JcQ = − = −  
 

 The net flow of energy by heat from the cold to the hot 
reservoir without work input, is impossible. 

 
 

FIG. P22.21(b) 



 

(c) For engine S: eng
eng engc h

S

W
Q Q W W

e
= − = − . so eng 1 1

0.700

100 J
233 J

1 1
S

c

e

Q
W = = =

− −
. 

 and eng 233 J 100 J 333 Jh cQ Q W= + = + = . 
 
(d) ,net 333 J 250 J 83.3 JhQ = − =  

 net 233 J 150 J 83.3 JW = − =  

 ,net 0cQ =  

 The output of 83.3 J of energy from the heat engine
by work in a cyclic process without any exhaust 
by heat is impossible. 

 
 
(e) Both engines operate in cycles, so Carnot 0SS S∆ = ∆ = . 

 For the reservoirs, h
h

h

Q
S

T
∆ = −  and c

c
c

Q
S

T
∆ = + . 

 Thus, total Carnot
83.3 J 0

0 0 0.111 JK
750 K 300 KS h cS S S S S∆ = ∆ + ∆ + ∆ + ∆ = + − + = − . 

 A decrease in total entropy is impossible. 
P22.34 (a), (b) The quantity of gas is 

  

( ) ( )
( ) ( )

( ) ( )

3 6 3

3 6 3
int, 

100 10  Pa 500 10  m
0.0205 m ol

8.314 Jm olK 293 K

5 5 5
100 10  Pa 500 10  m 125 J

2 2 2

A A

A

A A A A

P V
n

RT

E nRT P V

−

−

× ×
= = =

⋅

= = = × × =

 

 In process AB, ( ) ( )1.403 6100 10  Pa 8.00 1.84 10  PaA
B A

B

V
P P

V

γ
⎛ ⎞

= = × = ×⎜ ⎟⎝ ⎠
 

  

( ) ( )
( ) ( )

( ) ( ) ( )

6 6 3

int, 

1.84 10  Pa 500 10  m 8.00
673 K

0.0205 m ol 8.314 Jm ol K

5 5
0.0205 m ol 8.314 J m olK 673 K 287 J

2 2

B B
B

B B

P V
T

nR

E nRT

−× ×
= = =

⋅

= = ⋅ =

 

 so int, out out287 J 125 J 162 J 0ABE Q W W∆ = − = = − = −  162 JABW = −  

 Process BC takes us to: 

  

( ) ( ) ( )

( ) ( ) ( )

6
6 3

int, C

int, out

0.0205 m ol 8.314 Jm ol K 1023 K
2.79 10  Pa

62.5 10  m
5 5

0.0205 m ol 8.314 J m olK 1023 K 436 J
2 2

436 J 287 J 149 J 0

149 J

C
C

C

C

BC

BC

nRT
P

V

E nRT

E Q W Q

Q

−

⋅
= = = ×

×

= = ⋅ =

= − = = − = −

=

 

 In process CD:  

  

( )
( ) ( )
( ) ( )

( ) ( ) ( )

1.40
6 5

5 6 3

int, 

int, out

1
2.79 10  Pa 1.52 10  Pa

8.00

1.52 10  Pa 500 10  m
445 K

0.0205 m ol 8.314 Jm ol K

5 5
0.0205 m ol 8.314 Jm ol K 445 K 190 J

2 2

190 J 436 J 246 J

C
D C

D

D D
D

D D

CD

V
P P

V

P V
T

nR

E nRT

E Q W

γ

−

⎛ ⎞ ⎛ ⎞= = × = ×⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠

× ×
= = =

⋅

= = ⋅ =

∆ = − = − = − out0

246 JCD

W

W

= −

=

 

 



 and int, int, int, out125 J 190 J 65.0 J 0D A A DE E E Q W Q∆ = − = − = − = − = −  
 

  65.0 JD AQ = −  

 
 For the entire cycle, int, net 162 J 149 246 65.0 0E∆ = + − − = . The net work is 

  
eng

net

162 J 0 246 J 0 84.3 J

0 149 J 0 65.0 J 84.3 J

W

Q

= − + + + =

= + + − =
 

 
 The tables look like: 
 

  State T(K) P(kPa) V( 3cm ) intE  (J) 
  A    293    100 500    125 
  B    673 1 840 62.5 287 
  C 1 023 2 790 62.5 436 
  D    445    152 500    190 
  A    293    100 500    125 
 
  Process Q(J) output W(J) intE∆  (J) 
  AB    0 –162        162 
  BC 149 0   149 
  CD    0 246    –246 
  DA   –65.0 0     –65.0 
  ABCDA     84.3 84.3      0 

 
(c) The input energy is 149 JhQ = , the waste is 65.0 JcQ = , and eng 84.3 JW = . 

(d) The efficiency is:  eng 84.3 J
0.565

149 Jh

W
e

Q
= = = . 

(e) Let f represent the angular speed of the crankshaft.  Then 
2

f
 is the frequency at which we obtain work 

in the amount of 84.3 J/cycle: 
P22.2 (a) 667 J; (b) 467 J 
P22.4 (a) 30.0% ; (b) 60.0%  
P22.6 55.4%  
P22.8 77.8 W  
P22.10 (a) 869 M J; (b) 330 M J 
P22.12 197 kJ 
P22.14 546 C°  
P22.16 33.0%  
P22.18 (a) 5.12% ; (b) 5.27 TJ h ;  
P22.20 453 K  
P22.22 (c) 23.7% ; see the solution 
P22.24 11.8 
P22.26 1.17 J 
P22.28 (a) 204 W ; (b) 2.43 kW  
P22.30 (a) 2.00 ; (b) 3.00 ; (c) 33.3%  
P22.32 (a) 51.2% ; (b) 36.2%  
P22.34 (c) 149 JhQ = ; 65.0 JcQ = ; eng 84.3 JW = ;  

 (d) 56.5%; (e) 31.42 10  rev m in×  
P22.36 4.88 kJkg K⋅  
P22.38 (a) isobaric; (b) 402 kJ; (c) 1.20 kJK  
P22.40 3.27 JK  
P22.42 718 JK  
P22.44 (a) 39.4 L ; (b) 2.50 kJ− ; (c) 2.50 kJ− ;  

 (d) 6.87 JK− ; (e) 9.16 JK+  
P22.46 0.507 JK  
P22.48 34.6 JK  
P22.50 (a) 2 heads and 2 tails ; (b) All heads or all tails;  
 (c) 2 heads and 2 tails  
P22.52 8.36 M JK  
P22.54 32.9 kJ 
P22.58 (a) 32.62 10  tons d× ; (b) $7.65 m illion yr; 

 (c) 44.06 10  kg s×  

P22.60 ( )
c

h c

T

T T c T− ∆
P

 

P22.62 (a) 4.11 kJ; (b) 14.2 kJ; (c) 10.1 kJ; (d) 28.9%  
P22.66 ln3PnC  
P22.68 no; see the solution 
P22.70 (a)  P, atm V, L 
  A 25.0 1.97 
  B 4.14 11.9 
  C 1.00 32.8 
  D 6.03 5.44 
 

 (b) 2.99 kJ; (c) 33.3% 


