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, AL=alL AT

100x10% an =130x10*°C~*(220 an )(T - 200°C)
T=[550C
P19.33 > F,=0: PoutdV - pin@V —(200 kg)g=0
(Pout—/?'n)(400 m 3) =200 kg
The density of the air outside is 125 kg / m3.

From PV =nRT, =
V _RT

The density is inversely proportional to the temperature, and the density
of the hot air is

1 F; of 200 kg

(283K )
i =(125 kg/m 3
o=l / )L Th FIG. P19.33
(. 283K)
3 3\
Then (125 kg/m )kl_ T J(400m )_200kg
1-28K b0
n
283K
0500:T T,, =| 472K
P19.38  Atdepth, P =P,+pgh and PV;=nRT;
POVf Tf
At the surface,  PoV§=nRTy: —_—=—
(Po +Pgh)Vi T
(Te)(P h
Therefore Ve=V; _f [Lpg\
U %
,( 293K | 1013x10° Pa+(1025 kg/m *)(980 m /<*)(250m )
Vf=l.00(m [ ) =
278K 1013x 10° Pa
Ve=|367an?®
P19.58 (a) B=pgV’ P’ =Py +pgd PV’ =PoV;

_PPVi | _pPFVi
P’ (PO + pgd)

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

(The volume of the balloon becomes smaller with increasing pressure.)
1_B(d)_pgPoVi/(Po+pad) Py

B

2 B(0) pPVi/Py P+ pod
Po +pgd= 2R,
P 1013x10° N /m 2
d=—= =[103m
P9 (100x10° kg/m*)(980 m /|
P19.2  (a) 106amm ; (b) —124°C P19.12  158um
P19.4 (a) 370°C =310K; (b) —206°C = 253K P19.14  0.663 mm to the right at 782° below the
P19.6 T, =(133 C°/S°)Tg+200°C horizontal
P19.8 0.313 m P19.16  (a) 0109 an ?; (b) increase

P19.10 1.20cm P19.18  (a) 437°C; (b) 3000°C ; no



P19.20

P19.22
P19.24

P19.26
P19.28

P19.30
P19.32

P19.36
P19.38
P19.40

P19.42
Q20.14

Q20.29

P20.17

P20.26

P20.43

P20.51

*P20.61

(a) 252x10° N /m 2; (b) no P19.44  (a)2.24 m; (b) 928x10° Pa
0812 an 3 P19.46 0523 kg
(a) 396 N; (b) —101°C ; (c) no change P19.48  (a) see the solution; (b) a <<
(a) 299m ol; (b) 180x 10% m okecu ks P19.50  (a) 0.169 m; (b) 135x10° Pa
884 balloons P19.52 657 M Pa
21 | . L
(a) 106x10°" kg; (b) 569K P1954 (a) @ ﬂ ; (b) see the solution;
(a) 900 K; (b) 1200 K Ar
_ (c) it bends the other way; (d) 0830°
396x1072 mol i
P19.56  (a) increase by 950 us; (b) loses 57.5 s
367 an®
P19.58 (a) B = pgPyV; (PO + pgd) up; (b) decrease;

between 10" kg and 10% kg

241x10" m okecukes
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.
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.
The bullet will not melt all the ice, so its final temperature is 0°C.

()10.3m

Then (Emvz+mc|AT|) =m,L¢
2 bullet

where m, is the melt water mass
osoo(:aoox 1073 kg)(24o m /9)° +300x 10°° kg (128 Jkg-°C )(300°C)

m =
" 333x10° Jkg

864J3+115J
m, = —————>-_0204
f f
W =—[Pdv=_Pj_dv=—PAV=—nRAT=
] 1

In the steady state condition, P, =P,q4
AT AT
NN o o
sothat KyuAau( 7] =KagAagl r 80°C [Au | Ag |30°C
In this case Apu=Ang Insulation
AXyy = Ay g
AT,, =(800-T) FIG. P20.43

and ATpg = (T-300)

where T is the temperature of the junction.
Therefore, Kyy (800-T) =k, (T -300)

The sphere of radius R absorbs sunlight over the area of its day hemisphere, projected as a flat circle
perpendicular to the light: 7R?. It radiates in all directions, over area 47R?. Then, in steady state,
Pin =Pout
e(1340 W /m ?) 7R = eo(47R?)T*
The emissivity e, the radius R, and 7 all cancel.
14

2
Therefore, T = 1340W/m 2-K4) ==4°C.

4(567x10° W /m

The loss of mechanical energy is

2 667x10 Nm?598x10* kg 670k

lmv§+—GM e _ 170 kg(1.4x104 m/s) + . ;n XG 9 9

2 Re 2 kg 637x10° m
=657x10%° 3+ 420x 10° J=108x 10" J



P20.2
P20.4
P20.6

P20.8
P20.10

P20.12

P20.14
P20.16
P20.18

P20.20
P20.22
P20.24
P20.26
P20.28
P20.30
P20.32
P20.34
P20.36
P20.38
P20.40
P20.42
P20.44
Q215

P21.2

P21.24

One half becomes extra internal energy in the aluminum: AE;, = 538x 10" J. To raise its temperature to the
melting point requires energy

AT = 670 kg 900——

kg°C
To meltit, mL =670 kg 397 x 10° Jkg = 266x 10® J. To raise it to the boiling point,
m AT = 670(1170)(2 450 600) J= 140x 10°J. To boil it, mL =670 kg 114x 10" Jkg =764x10°J. Then

538x 10" J=971x 10° J+ 670(1170) T~ 2450°C ) J°C

(660-(-15°C)) = 407x 10° J.

T¢=| 587x10%C

0105°C f.°F-h
87 0°C P20.46 (a) 0890 fE-°F-h/Bw ;(b)185———— ;(c) 208

The energy input to the water is 6.70 times larger 3 -1
P20.48 ~10°W ;(b) ~-10" K
than the laser output of 40.0 kJ. @ () /s

882\ P20.50 364K

(a) 258°C ; (b) no P20.52 477 g )
(MGt MG ) Tt MG Th P20.54 (a) 130°C; (b) -0532°C/s

Te= GG, TG, P20.56 (a) 641°C ; (b) 113°C

(a) 380K ; (b) 206 kPa P20.58 see the solution (a) %Pi\/ i; (b) 139PV;; () 0

g)'gaﬁ the ice melts; 404°C : P20.60 (a)931x10 J; (b) -847x10% J;(c) 838x 10" J

(b) 8.04 g melts; 0°C P20.62 (a) 2000W ; (b) 447°C

34.0 km P20.64 376 m/s

liquid lead at 805°C P20.66 (a) 150mg;block: Q =0; W =-500J; AE;=0;

(2) ~120M J; (b) +120M J AK =-500 J; ice: Q =0; W =500 J;

~NR(T,~Ty) AE;x=500J; AK =0

(a) 567 J; (b) 167 J (b) 150m g; block: Q =0; W =0; AE;,=500J;

(a) 120kJ; (b) ~120kJ AK =500 Jmetal: Q =0; W =0; AE;=0;

(4?§:;L (b) 305K AK =0(c) 0004 04°C ; moving block: Q =0;

a)7. ;

W =-250J; AE;,=250J;
AK =-500 J;stationary block: Q =0; W =250 J;
AE;=2503 AK =0

P20.68 102h

(@) -486m J; (b) 162 kJ; (c) 162 kJ
(a) —4PV;; (b) +4PV;; (c) —908 kJ
(@) 1300 J; (b) 100 J; (c) —900 J; (d) —1400J

100 kw
1.34 KiW P20.72 800 Jkg-°C
The alcohol evaporates, absorbing energy from the skin to lower the skin temperature.

(500 10%)[ 2(468x 10 kg)(300 m /5]

E- = 140N
100s
F 140N
and P=—=————=|176kPa|.
A 800x10%m?2
Yy
Ve (P 100\%”
PV =P,VZ% —=| L —(—) =| 0118
@ PV=PNE s -2 (5
Te PNV (Pe)( Vi) T
b —= =|—|| —|=(200)(0118 —=|235
CEE vl Uy v e e B e ]
(o) Since the process is adiabatic,
Since 7:1.40:C—P:m, Cy _ 3R and AT =235T;-T;=1235T;
C, Gy 2

AEge=nNCy AT =(00160m o|)(—‘2)(8314 Jm ohK)[135(300K)]=[135J]
and W =-Q +AEpe=0+135J3=[ +135J].



( 2 m )
P21.26 V-=nkw) 0500m =245x 1074 m 3

The quantity of air we find from PV;=nRT;
Py, (1013x10° Pa)(2.45x 104 m 3)
RT; (8314 JmolK)(300K)

n=997x103mol
Adiabatic compression: P¢=1013 kPa+ 800 kPa= 9013 kPa

n=

@ PV =PV}

A Yr 57
vf=viLﬂJ =245%107* m3[%j
Ps 9013
Vg=|515%x10°m?3
(b) Pfo = nRTf
Py _ Pl P\ (T
Te=Ti—= i_L_ :TiL_
PVi Pi \ Ps Pe
1013)(%"Y
T¢=300K (—) =| 560 K
f 5013 | 560K |
C The work put into the gas in compressing it is AE;.. = nCy, AT
p g P g int v

W =(997x10°m ol)g(8314 Jm olK )(560-300) K

W =539J
Now imagine this energy being shared with the inner wall as the gas is held at constant volume. The
pump wall has outer diameter 250mm +200mm +200mm =290mm , and volume

[;:(145x 103 m )Z—H(QSX 103 m )14oox 102 m =679x10° m 3

and mass pV :(786>< 10° kg/m 3)(6.79>< 10°m 3)= 533¢g

The overall warming process is described by
539 J=nC, AT +m AT

539J=(997x10° m ol)g(8314 Jm okK) (T~ 300K ]|
+(533x10°% kg}(448 ;ykg-K)(Tff—e,oo K)
539J=(0207 JK +239 JK)(T—300K |
Tg—300K =[ 224K ]

8ksT
Tm

P2141 (a) From v, =

2

7(664x107 kg)(112x10* m /5] 4

we find the temperatureas T = > =|237x10" K
8(138x 10> Jm oK |

 #(684x107 kg)(237x10° m /5]

b T= =1 106x10° K
® 8(138x 10> Jm oK |
P212  176kpPa P21.16  (a) 118 kJ; (b) 603x10° kg
P214  505x10° Jmokawk P2118  (a) 719 Jkg-K ; (b) 0811Kkg; (c) 233 kJ;
P21.6 664x10% kg (d) 327 kJ
P21.8 477 m/s P21.20  135PV
P2110  (a) 228KkJ; (b) 621x10°2 J P21.22  (a) 4T;; (b) 9(1m oBRT;
P21.12 748 ] P21.24 (a) 0118; (b) 235;(c) 0; 135J; 135J

P21.14 752L P21.26  (a) 515x107° m 3; (b) 560K ; (c) 224K



P21.28
P21.30

P21.32

P21.36
Q22.7

*P22.5

P22.11

P22.21

(a) 155; (b) 0127 m 3 P21.38  (a) 103; (b) *C1
(b) 219V;; (c) 3T;; (d) T;; (e) —0830PV; P21.40 132 m/s
250 kW

(a) No atom, almost all the time;(b) 270x 10%
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

AT _ 80 oy
T, 373
(@) The input energy each hour is

MmN _y 18.10° gh

(789>< 10° Jrevohtnn)(ZSOO rev/m in)

implying fuel input (1_1.8>< 10° ¥ h)L 203 107 JJ = m

(b) Qh=Weng + |Q C| . For a continuous-transfer process we may divide by time to have
Qn_Weq [0
At At At

Weng _Qp Q]

At At At
(789x10° J 458x10° J) 2500 rev 1m i

U sefulpow eroutput=

e . - =138x10° W
revolution revobtnn) 1min 60s
1hp
_ 5
Peng = 138x 10 W(746W)
Peng  138x10° J/s(lrevj
c Poyg = 70 => 7 = = =| 527N -m
© Pae == = = (5500 1ev/609) L 27 rad
3
2500 rev
) [0 _ 458x10 J[ j: 191x10° W
At revolution 60s
T,=703K  T,=2143K
AT 1440
=—="—=| 672
@ e-ar-2
(b) |Qn|=140%10° J, Wy = 0420[Q |
W 4
p_Wew 588x10°J_
At 1s
T, =750 K
For the Carnot engine, €.= l—T— 1—ﬂ=0600. i
To 750K [
" Y
Also, €= 9 Carrg
|Q h| Engine Weng=1507]
W AN
s0 Qp|=—= - 299_o54.
€ 0600 0]
and = [Qu|~W gng = 250 3150 =100 J Q
|Qc| |Qh| eng TC:?)OOK
Weng 1503 T, =750 K
=——=—"—=(214J :
(a) Q| e 0700 /\250]

|Qc|:|Qh|_Weng :214‘3_15032 Carnot
Engine
(0)  |Qnped =214 3-250 3=

Q ¢ ee] = 643 3-100 3=

The net flow of energy by heat from the cold to the hot FIG. P22.21(b)
reservoir without work input, is impossible.




P22.34

(a), (b)

eng

eng - SO Weng = =

For engine S: |QC|:|Qh|—W -W 9T 1”1 _
Y 0700
and Qn| =[Qc]+W eng = 233 3+ 100 3=| 333 7).
Qu = 333 3-250.9-[ 833 T,=750K
333 ] 250]

W pee = 233 3-150 J=| 833 J ﬁ

Carnot
[Qened =[] 83.3 ]<J: :>150 J Engme
The output of 83.3 ] of energy from the heat engine ﬁ
by work in a cyclic process without any exhaust
by heat is impossible. L 100 ] 100 ]

Both engines operate in cycles, so  ASg = AS¢ et =0.

m and ASC:+M.
h c

833J 0
Thus, A ASc + AS +AS,+AS.=0+0-——++—+=| -0111 JK |.
5, DS = 85 + AScanor 45 T

A decrease in total entropy is impossible.
The quantity of gas is

PV, (100x10° Pa)(500x10° m °)

For the reservoirs, AS,, =—

n= = =00205mol
RTa (8314 Jm okK )(293K)
Einta =gnRTA =gPAVA =g(100><103 Pa)(500><10‘6 m 3): 1253

4
In process AB, Py =P, {V—A] = (100x 10° Pa)(8.00)"*° =| 184x 10° Pa

(184x10° Pa)(500x10°® m 3/8.00)

_PVg _ _
To = nR (00205m ol (8314 Jm olK) _

Ence :gnRTB :2(00205m ol)(8314 Jm okK)(673K) =] 287 J]
50 ABpgap =287 3-1253=[1623]=Q ~W o= 0-Woye W g =] -162J]

Process BC takes us to:
nRT, (00205m ol)(8314 Jm olK)(1023K)

Ve 625x10°%m 3
Eitc :lrz)nRTc :52’(00205m ol)(8314 JmokK)(1023K )=
Eqveac =436 J-287 J= =Q-Woe=Q-0

00 -[193]

In process CD:

P = =| 279x10° Pa

[VC 6 1 140 5
P, =P, o) = (279x10 Pa)[ﬁj = 152x10° Pa

L _PoVg (152x10° Pa)(500x10°° m ?) .
"~ R (00205mol)(8314 JmolK) 5K

Einto =§nRTD =g(00205m ol)(8314 Jm olK)(445K) =

AEqecp =190 J-436 J= =Q -We=0-W ¢




and  AEjipa =Einea —Eingp =1253-190 J= =Q-Wo,e=Q-0

Qpa =| -650J

For the entire cycle, AEj ¢ ner = 162 J+149—-246-650= @ . The net work is
W g =—162 J+ 0+ 246 J+ 0=

Q et = 0+149 3+ 0-650 J= [ 843

The tables look like:
State T(K) P(kPa) V(an ?) Eie ()
A 293 100 500 125
B 673 1840 62.5 287
C 1023 2790 62.5 436
D 445 152 500 190
A 293 100 500 125
Process Q() output W(]) AEq¢ (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
() The input energy is Q, =| 149 J|, the waste is |Q C| = yand W g = .
w 8433
d The efficiency is: €= —2 = 0565 |.
(d) y R
f
(e) Let frepresent the angular speed of the crankshaft. Then > is the frequency at which we obtain work
in the amount of 84.3 J/cycle:
P22.2 (a) 667 J; (b) 467 J (d) 687 JK; (e) +916 JK
P22.4 (a) 300% ; (b) 60.O% P22.46 0507 JK
P22.6 554k P2248 346 JK
P228 778W

P22.50 (a) 2 headsand 2 taiks; (b) A lheadsoralltaik;
(c) 2headsand 2 taik
P2252 836 M JK

P22.10 (a) 869 M J; (b) 330M J
P22.12 197 kJ

P22.14 546°C

P2254 329k
P22.16 330% >4 329k 5
P22.18 (a) 512% ; (b) 527 TJh; P22.58 (a) 262x10° tons/d; (b) $765 m illon/yr;
P22.20 453K (c) 406x10* kg/s
P22.22 (c) 23.% ; see the solution PT,

P22.60 ——S —
P22.24 11.8 (Th_TC)cAT
P22.26 117 P22.62 (a) 411kJ; (b) 142kJ; (c) 101KJ; (d) 28.%%
P22.28 (a) 204 (b) 243 kW P2266 nC. h3
P22.30 (a) 200 (b) 300; (c) 333% ' P ,
P22.32 (a) 512% ; (b ) 36 2% f)iigg no(, s)ee the solutlgn t L

. a , atm ’
P22.34 (c) Qp= =650 Wy =843 N 50 To7
(d) 56.5%; (e) 1.42><103 rev/m in B 414 11.9

P22.36 488 kJkg-K C 1.00 32.8
P22.38 (a) iobaric; (b) 402 kJ; () 120 kJK D 6.03 5.44
P22.40 327 JK (b) 299 kJ; (c) 33.3%

P22.42 718 JK
P22.44 (a) 394L ; (b) ~250KkJ; (c) —250 kJ;



