20.1

Chapter 20 Solutions

Taking m = 1.00 kg, we have
AU4 = mgh = (1.00 kg)(9.80 m/s?)(50.0 m) = 490 ]

But AU, = Q =mcAT = (1.00 kg)(4186 J/kg - °C)AT =490 so AT =0.117C°

Te=T;+AT=[(10.0 + 0.117)°C

Goal Solution
G: Water has a high specific heat, so the difference in water temperature between the top and

bottom of the falls is probably less than 1°C. (Besides, if the difference was significantly
large, we might have heard about this phenomenon at some point.)

The temperature change can be found from the potential energy that is converted to thermal
energy. The final temperature is this change added to the initial temperature of the water.

The change in potential energy is AU = mgy and the change in internal energy is
AE;: = mcAT so mgy = mcAT

_gy _ (9.80 m/s?)(50.0 m) _ s
Therefore, AT = C " 2.186x10°1/Kg - °C _ 0.117°C

T¢=T,+ AT =10.0°C + 0.117°C = |10.1°C

The water temperature rose less than 1°C as expected; however, the final temperature might
be less than we calculated since this solution does not account for cooling of the water due to
evaporation as it falls. It is interesting to note that the change in temperature is independent
of the amount of water.

20.2

The container is thermally insulated, so no heat flows: Q =0
and AEint = Q - Woutput =

0 = Woutput = +Winput = 2mgh. For convenience of calculation, we
imagine setting the water on a stove and putting in this same
amount of heat. Then we would have 2mgh = AE; ;= Q =

Myyater C AT.

AT = 2mgh  2x1.50 kg(9.80 m/s?)3.00m _ 88.2)
T Myaer € (0.200 kg)(4186 I/kg - C°) ~ 837J/C°

- [oamsC

Thermal
insulator
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2 Chapter 20 Solutions
20.3 AQ = MCsipver AT
1.23 kJ = (0.525 Kg)Csjiver (10.0°C)
Csitver = [0.234 kiZKg - °C
*20.4  From Q=mc AT, we find
_Q _ 12001 _ .
AT= ¢ = (0.0500 kg)(387 I7kg - °C) ~ 020°C
Thus, the final temperature is |87.0°C
205 Qcold = _Qhot
(mCAT)water = _(mCAT)iron
(20.0 kg)(4186 J/Kkg - °C)(T;— 25.0°C) = —(1.50 kg)(448 J/Kkg - °C)(T;— 600°C)
T;=[29.6°C
Goal Solution
G: Even though the horseshoe is much hotter than the water, the mass of the water is
significantly greater, so we might expect the water temperature to rise less than 10°C.
O: The heat lost by the iron will be gained by the water, and from this heat transfer, the change
in water temperature can be found.
Al AQiron = _AQwater or (mCAT)iron = _(mCAT)water
(1.50 kg)(448 J/Kkg - °C)(T — 600°C) = —(20.0 kg)(4186 J/kg - °C)(T — 25.0°C)
T=(29.6 °C
L: The temperature only rose about 5°C, so our answer seems reasonable. The specific heat of the
water is about 10 times greater than the iron, so this effect also reduces the change in water
temperature. In this problem, we assumed that a negligible amount of water boiled away, but
in reality, the final temperature of the water would be less than what we calculated since
some of the heat energy would be used to vaporize the water.
*20.6  Letus find the energy transferred in one minute.

Q = [mcupccup + mwatercwater]AT

] J o
Q= [(o.zoo kg) (900 kg_C) + (0.800 kg) (4186 G c)] (-1.50 C°) =-5290]

© 2000 by Harcourt College Publishers. All rights reserved.




Chapter 20 Solutions

If this much energy is removed from the system each minute, the rate of removal is

|Q| 2290 =88.2J§: 88.2 W

T At 600s

*20.7  (a) Qcold = —Qhot
(mwcw + mccc)(Tf - Tc) = _mCuCCu(Tf - TCu) - munkcunk(Tf - Tunk)
where w is for water, ¢ the calorimeter, Cu the copper sample, and unk the unknown.

[(250 9) (100 QCL'C) + (100 g) (0.215 gc.aolc)] (20.0 - 10.0) °C

= —(50.0 g) (0.0924 QCL'C) (20.0 - 80.0) °C — (70.0 g)Cynk(20.0 — 100)°C

244 x10%cal = (5.60x 103 g - °C)cypk  OF  Cynk = |O.435 cal/g - °C

(b) The material of the sample is |beryllium].

20.8  m=(4.00 x 1011 m3)(1000 kg/m?3)

(a) AQ=mcAT = Pt = (4.00 x 1014 kg)(4186 J/kg - °C)(1.00°C)

AQ =11.68 x 108 J| =Pt

1.68 x 1018 )
(b) t= 100 x 109375 =1.68x10%s=|53.1yr
20.9 (a) (f)(mgh) = mc AT

(0.600)(3.00 x 102 kg)(9.80 m/s)(50.0 m)
4.186 J/cal

AT = 0.760°C;

(b) Both the change in potential energy and the heat absorbed are proportional to

= (3.00 g)(0.0924 cal/g - C°)(AT)

the mass; hence, the mass cancels in the energy relation.

© 2000 by Harcourt College Publishers. All rights reserved.
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4 Chapter 20 Solutions

20.10 Qcold = _Qhot
MACAI(Tr = T¢) + MCy(Ts = T¢) = —MpCy (T = Th)
(MaiCar + MWy) Tr = (MaCar + MCy) Te = —MiCy Tt + MiCy, T

(MaiCar + MGy + MiCy) Tr = (MAaCal + ML) T + MyCy Ty

(MaiCar + McCy) T¢ + My, Thy
(mAICAI + McCyy + thW)

Tf:

20.11  The rate of collection of heat = g = (550 W/m?)(6.00 m2) = 3300 W. The amount of heat
required to raise the temperature of 1000 kg of water by 40.0°C is:

Q = mcAT = (1000 kg)(4186 J/Kg - C°)(40.0°C) = 1.67 x 108 ]

Thus, @At =1.67 x 108

1.67 x 108
or At =" 3300W - 50.7 ks| =14.1h

*20.12 The heat needed is the sum of the following terms:
Qneeded = (heat to reach melting point) + (heat to melt)
+ (heat to reach boiling point)
+ (heat to vaporize) + (heat to reach 110°C)
Thus, we have
Qneeded = 0.0400 kg[(2090 J/kg - °C)(10.0°C) + (3.33 x 10° J/kg)
+ (4186 J/kg - °C)(100°C) + (2.26 x 108 J/kg)

+ (2010 J/kg - °C)(10.0°C)]

Qneeded =

20.13  The bullet will not melt all the ice, so its final temperature is 0°C. Then
1 2
Emv + mc AT =my Ly
bullet

where m,, is the meltwater mass

_0.500(3.00 x 10-3 kg)(240 m/s)2 + (3.00 x 10-% kg)(128 J/kg - C°)(30.0 C°)
Mw = 3.33x 10° I/kg
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Chapter 20 Solutions

8641+115]

M =33300007kg 02949

© 2000 by Harcourt College Publishers. All rights reserved.
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6 Chapter 20 Solutions

Goal Solution
G: The amount of ice that melts is probably small, maybe only a few grams based on the size,
speed, and initial temperature of the bullet.

O: We will assume that all of the initial kinetic and excess internal energy of the bullet goes
into internal energy to melt the ice, the mass of which can be found from the latent heat of
fusion.

A: At thermal equilibrium, the energy lost by the bullet equals the energy gained by the ice:

AKpyitet + AQputtet = AQice

1
> MpV2 + MyCleadAT = MigeL¢

1
5 (3x 102 kg)(240 m/s) 2 + (3 x 107 kg)(128 I/kg - °C)(30.0°C) = mice(3.33 x 10° I/ kg)

4]+ 11.

Mice = ?;823>31T/5kjg =2.94x10%kg=0.294¢g

L: The amount of ice that melted is less than a gram, which agrees with our prediction. It
appears that most of the energy used to melt the ice comes from the Kinetic energy of the
bullet (88%), while the excess internal energy of the bullet only contributes 12% to melt the
ice. Small chips of ice probably fly off when the bullet makes impact. So some of the energy
is transferred to their kinetic energy, so in reality, the amount of ice that would melt should
be less than what we calculated. If the block of ice were colder than 0°C (as is often the case),
then the melted ice would refreeze.

*20.14 (a) Q= heat to melt all the ice = (50.0 x 1073 kg)(3.33 x 10° J/kg) = 1.67 x 10*)
Q, = (heat to raise temp of ice to 100°C)
= (50.0 x 10-3 kg)(4186 I/kg - °C)(100°C) = 2.09 x 10%]
Thus, the total heat to melt ice and raise temp to 100°C = 3.76 x 10*J

heat available

Q5= 2 stoam condenses = (10-0 % 103 kg)(2.26 x 106 /kg) = 2.26 x 104

Thus, we see that Q; > Q,, but Q; < Q; + Q..
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20.15

*20.16

Chapter 20 Solutions

Therefore, all the ice melts but T; < 100°C. Let us now find T;

Qcold =- Qhot
(50.0 x 103 kg)(3.33 x 105 J/kg) + (50.0 x 103 kg)(4186 J/kg - °C)(T; - 0°C)
= —(10.0 x 102 kg)(-2.26 x 108 J/kg)

— (10.0 x 103 kg)(4186 I/kg - °C)(T; - 100°C)

From which, | T; = 40.4°C

(b) Qp = heat to melt all ice = 1.67 x 10%J [See part (a)]

heat given up
Q2= 4 steam condenses (108 kg)(2.26 x 105 J/kg) = 2.26 x 103 )
heat given up as condensed = o o
Q3= steam cools to 0°C = (103 kg)(4186 J/kg - °C)(100°C) =419
Note that Q, + Q; < Q. Therefore, the final temperature will be 0°C with some ice
remaining. Let us find the mass of ice which must melt to condense the steam and cool
the condensate to 0°C.

mL = Q, + Q3 = 2.68 x 108 ]

2.68 x 103 ]

Thus, M = 323 X 105 17kg

= 8.04x103kg=8.04g

Therefore, there is |42.0 g of ice left over

AQ = Mg, Coy AT = My (Lvap)nz
|
(1.00 kg) (0 0920 g )(293 773)C°=m (48 0 %)

- [oatiig

Qcold = _Qhot

[mwcw + mccc](Tf - Ti) = _ms[_l-v + CW(Tf - 100)]

[(o 250 kg) (4186 e ! )+ (0.0500 kg) (387 g C ! )] (50.0°C - 20.0°C)

J J
= — 6 — o
ms[ 2.26 X 100 =+ (4186 5T )(50 0°C - 100° C):|
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3.20 x 104
m = m =0.0129 kg =|12.9 g steam

© 2000 by Harcourt College Publishers. All rights reserved.



20.17

20.18

20.19

Chapter 20 Solutions 9

(a) Since the heat required to melt 250 g of ice at 0°C exceeds the heat required to cool 600 g
of water from 18°C to 0°C, the final temperature of the system (water + ice) must be

(b) Let m represent the mass of ice that melts before the system reaches equilibrium at 0°C.

Qcold = _Qhot
mL¢ = -m,c,(0°C - T;)

m(3.33 x 105 J/kg) = —(0.600 kg)(4186 J/Kg - °C)(0°C — 18.0°C)

m =136 g, so the ice remaining=250g-136g=|114¢g

The original kinetic energy all becomes thermal energy:

1 1 1
> mv2 + 5 mv2 =2 (5) (5.00 x 10-3 kg)(500 m/s) 2=1.25 kJ

Raising the temperature to the melting point requires
Q =mc AT =10.0 x 103 kg(128 J/kg - C°)(327°C - 20.0°C) = 393 ]
Since 1250 J > 393 J, the lead starts to melt. Melting it all requires

Q =mL = (10.0 x 103 Kg) (2.45 x 104 I/kg) = 245 ]

Since 1250 J > 393 + 245 J, it all melts. If we assume |liquid lead| has the same specific heat as
solid lead, the final temperature is given by

1.25 x 103 J = 393  + 245 ] + 10.0 x 103 kg(128 1/kg - C°)(T; - 327°C)

T;=805°C
Qcold = _Qhot

MEeCre(AT)re = —Mpp[—L¢ + CAT)]py

‘] o
(0.300 kg) (448 kg-_"C) (T¢ - 20.0°C)

‘ J J
= — 4 — P _ o
0.0900 kg 2.45 x 10 | 9 + (128 | 9. OC)(If 327.3 C):I
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20.20

20.21

*20.22

20.23

Chapter 20 Solutions

(a) W=JPdV =P AV = (1.50 atm)(4.00 m3) = [6.08 x 105 ]
(b) W=]PdV =P AV = (1.50 atm)(1.00 — 4.00)m? = |- 4,56 x 105 J
Wit =] Pav P

The work done by the gas is just the area under the curve
P = aV 2 between Vj and V;.

f 1 3 3
Wir=] avidv = 3 @V -Vi)

>

Vi = 2V = 2(1.00 md) = 2.00 m3

1 t P
W, = 5(5.00 am—r?x 1.013 x 105 ﬁ) [(2.00 m3)3 — (1.00 m3)3] = [1.18 M

(a) W=]PdVv P(Pa)

= (6.00 x 106 Pa)(2.00 — 1.00)m?3 i
(6.00 x 3 m 6 x 106

+ (4.00 x 106 Pa)(3.00 — 2.00)m?
4 x 108

+ (2.00 x 106 Pa)(4.00 — 3.00)m?

w =[]

2 x 108

O I I

G0}
NG

(b) W, i=[-12.0 M3

During the heating process P = (P;/V;)V.
3V
(a) w:fipdv :fv_ (P/V) VdV

V2 3Vi

P 2 2
W=P/V) 5| =5y (OVi-Vi) =
. I

(b) PV =nRT

[(Pi/V)V]V = nRT

[T = (P/nRV)V?|

Temperature must be proportional to the square of volume, rising to nine times its
original value.

© 2000 by Harcourt College Publishers. All rights reserved.



Chapter 20 Solutions 11

20.24 W=f:PdV =Pf:dv =PV;-PV,

W= nRTf - nRTi
W 200 ]
N=RGT) ~ (8315 1/mol - K)(100 K) _ 20241 mol
4.00
m = nM = (0.0241 mol)( g) =[0.092 g
mol

nR
2025 W=PAV=P (F) (Tr=T;) =nRAT =0.200(8.315)(280) =

20.26 w:fip av = Pfidv = P(AV) = nR(AT) =

20.27 (a) Along IAF, W = (4.00 atm)(2.00 liter) = 8.00 L - atm =
(b) Along IF, W=500L -atm =
(c) Along IBF, W=2.00Latm =

P(atm)

[ A
4 7777777 *I
3%
2*

B
R ) F

l l l L \Aliters)

0 1 2 3 4

2028 (a) W =P AV =(0.800 atm)(-7.00 L) =
(b) AE;;=Q-W=—-400]+567]=
2029  AE;=Q-W
Q= AE; +W=-500]-220]=

Positive heat is transferred from the system.
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12 Chapter 20 Solutions

1
—\W = i = 3 —
20.30 (a) Q=W = Areaoftriangle = > (4.00 m3)(6.00 kPa) =[12.0 kJ

) Q=w=[T20K]

*20.31
Q | W |AE
BC |- 0 - (Q = AE;jy; Since Wge = 0)
CA |- - - (AEj <O0Oand W <0,s0Q<0)
AB |+ |+ |+ (W >0, AEj, > 0since AE; < 0forB— C — A;soQ>0)

2032 Wpc = Pg(Vc — V) = 3.00 atm(0.400 - 0.0900) M®  paimy

=94.2kJ
3.0
AEi=Q-W i
|
|
Eint.c — Eintg = (100 - 94.2) kJ A l
1.0 . ‘
| |
Eintc ~ Eints = 5.79KJ o |
| ! 3
0090 020 040 12 M)

Since T is constant,
Einto —Eintc =0
Wpa = Pp(Va - Vp) = 1.00 atm(0.200 — 1.20) m3 = —101 kJ
Einta — Eintp = —150 ki — (<101 kJ) = —-48.7 kJ

NOW, Eint,B - Eint,A = _[(Eint,C - Eint,B) + (Eint,D - Eint,C) + (Eint,A - Eint,D)]

Eints — Einta = —[5.79 ki + 0 48.7 kJ] = [+42.9 kJ

20.33  (a) AE=Q-PAV=125k] - (2.50 kPa)(3.00 — 1.00)m? = [7.50 kJ

ViV, V, 300 ~
(b) T =7, Te=y. Ti=1gp(300K) =[900K
f

Vi w
20.34  (a) W—nRTIn(z—i) —PfoInV—i SO Vi—erxp(—W)

3000
.= _ = 3
V; = (0.0250) exp[ G070/ (LT3 105)] 0.00765 m
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Chapter 20 Solutions 13

U PV (1013 x 105 N/m?)(0.0250 m?)
®) T =R " (ToomoN@315 /K -mol) 292K
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14 Chapter 20 Solutions

B ~ _ P(nRT) (18.0 g)
20.35 W=PAV=P(Vs-Vy)= —5— - FJ[(l.oo g/cm3)(10°5 cm3/md)

18.0
W = (1.00 mol)(8.315 J/K - mol)(373 K) — (1.013 x 105 N/m?) (W/gnﬁ)

W =(3.10 ki
Q = mL, = (0.0180 kg)(2.26 x 106 J/kg) = 40.7 kJ
AEine=Q - W =

2036 (a) W =PAV =P [3aV AT]

1.00 kg s
2.70 x 103 kg/m3) (18.0°C)

= (1.013 x 105 N - m?)(3)(24.0 x 10—5)(C°)—1(
W = [48.6 mJ
(b)  Q=cmAT =(900J/kg - °C)(1.00 kg)(18.0°C) =

(€) AEn=Q-W=162k]-486ml=[16.2 k]

2037 (a) P;V,=P;V;=nRT = (2.00 mol)(8.315 J/K - mol)(300 K) = 4.99 x 103 J

NRT _ 4.99 x 103]
P;  0.400 atm

nRT 4.99 x 103] 1
= = ==V = 3
Vs P, 120 atm 3 V,; 0.0410 m

(b) W:deV:nRTIn(é) = (4.99 x 109) In(%) = [-5.48 K]

Vi:

() AER=0=Q-W

0-[EaH]
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Chapter 20 Solutions 15

20.38 The condensing and cooling water loses heat
mL, + mc AT = 0.0180 kg [2.26 x 106 J/kg + (4186 J/kg - C°)90.0 C°]
Q=4.75%x10%]
From the First Law,
Q = AEjpe + W =0 + nRT In(V;ZV;)
4.75 x 104 J = 10.0 mol (8.315 J/mol - K)(273 K) In(20.0 L/V))

2.09 = In(20.0 L/V))

20.39 W =Wpg + Wge + Wep + Wpa

W:fiPdV +f;PdV +f:PdV +ngdV

W:nRTlfide+P2f:dV

+nRT2f:dV—V+P1f2dV

W = nRTl In (\é) + PZ(VC _VB) + nRT2 In (\\;_2) + P]_(VA _VD)
1 C

Now P,V = P,Vg and P,V = P;Vp, so only the logarithmic terms do not cancel out:

Al Vg Py V, P
S0V TR, AL TR,

Py P,
SW=nRT;In|==| +nRT, Inj =
P2 P1
= nRT, In(£2) + nRT, In( 22
=-nRT, In B, nRT, In B,

P2
=nR(T,-Ty) In (P—l)

Moreover P,V, = nRT, and P;V; = nRT;

P>
ZW = Pl(VZ - Vl) In (P—)
1
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16 Chapter 20 Solutions

20.40  AEjqtapc = AEintac (conservation of energy)

(a)  AEinaec = Qasc —Wasc (First Law) —_—

Qagc =800J+500J]=]13001]

(b) WCD = PCAVCDi AVAB = AVCD’ and PA = 5PC

1

5 PAAVAB=%WAB= °

Then, W¢p =

(- means that work is done on the system)
(€)  Wepa=Wcp 50 that Qea = AEjnica + Wepa =-800J—100J =
(- means that heat must be removed from the system)
(d)  AEintcp = AEjntcpa — AEintpa =—800J—500J = -1300 ]
and Qcp = AEjnicp + Wep =-1300J-100J =

KA(T, - Ty)

2041 p = -

_ (0.200 cal/s - cm - C°)(20.0 cm)(5000 cm)(180 C°)
= 1.50 cm

={2.40 x 106 cal/s

AT
2042 p= kAT

K= oL (10.0 W)(0.0400 m)
T AAT  (1.20 m?)(15.0°C)

=[2.22x102W/m - C°

_KAAT _(0.800 W/m - °C)(3.00 m?)(25.0°C) _ i
2043 =T = 5005105 =1.00x 10* W =

A AT (6.00 m2)(50.0°C)
20.44 = = =[1.34 kW
© L; 2(4.00 x 103 m) 5.00x 103 m
X 0800W/m-°C * 0023 W/m T
1
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20.45 In the steady state condition, @a, = #ag SO that

AT
Kau Aau (E) A =
u

In this case Aay = Apag: AXay = AXag, ATp, =(80.0-T)

and ATag=(T-30.0)

where T is the temperature of the junction. Therefore,

AT
kAg AAg (E) g

Kau (80.0-T) =kay (T-30.0) and [T=512°C

AT
20.46 Tworods: g = (kjA; + kZAZ)T

P =|(kA +

T, - T
szZ)( hL c)

In general:

AT
0 = EkA) T =

(S LT

20.47 From Table 20.4,

(a) R=[0.890ft- °F

- h/Btu

(b) The insulating glass in the table must have sheets of glass less than 1/8 inch thick. So

Chapter 20 Solutions

80.0°C

Au I Ag

Insulation

1

2

Th

Insulation

30.0°C

we estimate the R-value of a 0.250-inch air space as (0.250/3.50) times that of the
thicker air space. Then for the double glazing

0.250
Ry —[0.890 + (3.50 )1.01 + 0.890]

Btu

h

ft2 . Fo .

1.85

ft2

.°F.h

Btu

(c) Since A and (T, — T,) are constants, heat flow is reduced by a factor of

1.85

0890 208

2048 @ = oAeT = (5.6696 x 108 W/m2 - K*) [47(6.96 x 108 m)2](0.965)(5800 K)*

©=[3.77x10% W

© 2000 by Harcourt College Publishers. All rights reserved.
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*20.49

*20.50

*20.51

*20.52

Chapter 20 Solutions

Suppose the pizza is 70 cm in diameter and 1 = 2.0 cm thick, sizzling at 100°C. It cannot lose

heat by conduction or convection. It radiates according to g = cAeT*. Here, A is its surface
area,

A =272 + 2711 = 27(0.35 m)2 + 27(0.35 m)(0.02 m) = 0.81 m?

Suppose it is dark in the infrared, with emissivity about 0.8. Then

@ = (5.67 x 108 W/m?2 - K#)(0.81 m?)(0.80)(373 K)* = 710 W
If the density of the pizza is half that of water, its mass is
m = pV = pzr?l = (500 kg/m3)7(0.35 m)2(0.02 m) = 4 kg

Suppose its specific heat is ¢ = 0.6 cal/g - C°. The drop in temperature of the pizza is described
by:

Q=mc(T;-T))

_dQ __dTy
® =gy ~Mmegy 0

de _ﬂ _ 710 \]/S _ o -1
qt - mc - (4Kg)(0.6 - 4186 I/kg - C7) 07 C/s |- 107 K/s

@ = oAeT4

2.00 W = (5.67 x 10-8 W/m? - K4)(0.250 x 10-6 m2)(0.950)T4

T =[1.49 x 10 K44 = [3.49 x 103 K

We suppose the earth below is an insulator. The square meter must radiate in the infrared as
much energy as it absorbs, g = cAeT4 Assuming that e = 1.00 for blackbody blacktop:

1000 W = (5.67 x 108 W/m? - K*)(1.00 m2)(1.00)T*

T =(1.76 x 1010 K41/4 = (364 K| (You can cook an egg on it.)

The sphere of radius R absorbs sunlight over the area of its day hemisphere, projected as a flat
circle perpendicular to the light: zR2. It radiates in all directions, over area 47R2. Then, in
steady state,

£in = Pout
e(1340 W/m?2)zR2 = ec(47R2) T4

The emissivity e, the radius R, and x all cancel. Therefore,

1340 W/m? /4 .
1=\ | K] =#+c

© 2000 by Harcourt College Publishers. All rights reserved.



Chapter 20 Solutions 19
*20.53 77.3 K=-195.8°C is the boiling point of nitrogen. It gains no heat to warm as a liquid, but gains
heat to vaporize:
Q =mL, =(0.100 kg)(2.01 x 10° J/kg) = 2.01 x 10
The water first loses heat by cooling. Before it starts to freeze, it can lose
Q = mc AT = (0.200 kg)(4186 J/kg - C°)(5.00 C°) = 4.19 x 103 ]

The remaining (2.01 x 10% - 4.19 x 103)J = 1.59 x 104 ] that is removed from the water can freeze
a mass x of water:

Q =mL;

1.59 x 104 J = x(3.33 x 105 J/kg)

x=0.0477 kg = |47.7 g| of water can be frozen

*20.54 The energy required to melt 1.00 kg of snow is
Q =(1.00 kg)(3.33 x 10° J/kg) = 3.33 x 10°)J
The force of friction is
f = un = pumg = (0.200)(75.0 kg)(9.80 m/s?) = 147 N

Therefore, the work done is

W =fs = (147 N)s = 3.33 x 105 ]

and s=02.27x10%m

20.55 (a) Before conduction has time to become important, the heat energy lost by the rod equals
the heat energy gained by the helium. Therefore,

_ _ _(pVC AT)a
(MLy)pe = (MCAT)ar - OF  (PVLhe = (PVCAT)ar SO Ve == v——
(p v)He

: (2.70 g/cm?3)(62.5 cm3)(0.210 cal/g - °C)(295.8°C)
~(0.125 g/cm?3)(2.09 x 10% 1/kg)(1.00 cal/4.186 J)(1.00 kg/1000 g)

=168 x10*cm3=|16.8 liters

(b) The rate at which energy is supplied to the rod in order to maintain constant
temperatures is given by

Vie

dT 295.8 K
= _— = . . Q| ——— | =
= KA g = (3101/5 - cm - K)(250 cm )[25‘00 ] 917 W

This power supplied to the helium will produce a "boil-off" rate of
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.. 617 w N A
oLy - (0125 g/7cm®)(2.00 x 10° I7kg)(103 kg7g) o>+ s |39 5
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Goal Solution

G. Demonstrations with liquid nitrogen give us some indication of the phenomenon described.
Since the rod is much hotter than the liquid helium and of significant size (almost 2 cm in
diameter), a substantial volume (maybe as much as a liter) of helium will boil off before
thermal equilibrium is reached. Likewise, since aluminum conducts rather well, a
significant amount of helium will continue to boil off as long as the upper end of the rod is
maintained at 300 K.

O: Until thermal equilibrium is reached, the excess heat energy of the rod will be used to
vaporize the liquid helium, which is already at its boiling point (so there is no change in
the temperature of the helium).

A: Asyou solve this problem, be careful not to confuse L (the conduction length of the rod) with
L, (the heat of vaporization of the helium).

(a) Before heat conduction has time to become important, we suppose the heat energy lost
by half the rod equals the heat energy gained by the helium. Therefore,

(ML)He = (MCAT)a O (PVLy)He = (PVCAT)a)

that _(pVCAT) A (2.7 g/cmi3)(62.5 cm3)(0.21 cal/g °C)(295.8°C)
SO At Ve == Ve (0.125 g/cm?)(4.99 cal/g)

and v, = 1.68 x 104 cm? = 16.8 liters

(b) Heat energy will be conducted along the rod at a rate ofi—? =P :w .

During any time interval, this will boil a mass of helium according to
B dQ (dm
Q=mL, or at _(dt)l“’
dm  KAAT

Combining these two equations gives us the "boil-off" rate: JtLL
v

Set the conduction length L= 25¢cm, andusek =31 J/scm - K=7.41cal/scm - K:

dm _(7.41cal/s - cm - K)(2.5 cm?)(295.8 K)
dt (25 cm)(4.99 cal/g)

=43949/s

dm  439g9/s

T m =351 cm3/s = 0.351 liter/s

or

L:  The volume of helium boiled off initially is much more than expected. If our calculations are
correct, that sure is a lot of liquid helium that is wasted! Since liquid helium is much more
expensive than liquid nitrogen, most low-temperature equipment is designed to avoid
unnecessary loss of liquid helium by surrounding the liquid with a container of liquid
nitrogen.
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*20.56

20.57

20.58

20.59

Chapter 20 Solutions

(a) The heat thus far gained by the copper equals the heat loss by the silver. Your down
parka is an excellent insulator.

Qcold =—Qnot  OF  McyCeu(Ti = Ti)eu = —MagCag(Ti— Ti)ag

(9.00 g)(387 J/kg - C°)(16.0°C) = —(14.0 g)(234 J/kg - C°)(T; - 30.0°C)aq

(Ti-30.0°C)ag =-17.0°C 50 Tiny=[13.0°C

(b)  For heat flow: mpgCagq (?j—T) :_mCuCCu(‘;_T)
t Ag t Cu

(dT) _ mcUCCU(dT) _(9.00 g)(387 I/kg - C°)
Ag Cu

T ), " Miagong\ 0t |~ T(14.0 g)(234 17kg - C°) (T0-200 C°/5)

G—I) =1-0.532 C°/s| (negative sign = decreasing temperature)

Ag
_ S me=gy 49 v
Q=cmAT, m=pV, at —pcAT(dt)

o dQudt (30.0 /s)
€= p AT(dV/dt) ~ (0.780 g/cm?)(4.80°C)(4.00 cm3/s)

=200)/g-C°

c={2.00 ki/kg - C°

Q =mc AT = (pV)c AT

Thus, when a constant temperature difference AT is maintained, the rate of adding heat to the
liquid is

_dQ _ (dv _
p_dt —p(dt)cAT—pRcAT

- R I
and the specific heat of the liquid is ¢ R AT

Call the initial pressure P;. In the constant volume process 1 — 2 the work is zero.
P1V1 = nRTl
P2V2 = nRTZ

PV, _ T

¥ PV T

1
T, = 300 K(Z) 1) =75.0K
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Nowin2—3

(a)

(b)

(c)

(a)

(b)

(c)

(2)

(b)

3
W= szdV = Pz(Vg - V2) = P3V3 - P2V2
W = nRT;-nRT, = (1.00 mol) (8.315 J/mol - K)(300 K - 75.0 K)

w=[EFd]

Work done by the gas is the area under the PV curve P
(Vi | PiVi
W - Pi ?— Vi - |- T b

In this case the area under the curve is W = | PdV. Since
the process is isothermal,

\VA
PV =PV, = 4P; (Tl) =nRT; and

ViZ4 (dV J4
W = fvi (dv) (PV) =PV;In (V\'/—) =_PV;Ind=

The area under the curve is 0 and

The work done during each step of the cycle equals the area
under that segment of the PV curve 3P -

W =Wpa + Wpp + Wee + Wep

W = Pi(V; -3V} + 0 + 3P,(3V; - Vj) + 0 = p -2 D

|
|
|
The initial and final values of T for the system are equal. vV 3V

Therefore, AE;; =0, and Q=W=

W = 4PV, = 4nRT,; = 4(1.00)(8.315)(273) = [9.08 kJ

Fv = (50.0 N)(40.0 m/s) = [2000 W

Energy received by each object is (1000 W)(10 s) = 10* J = 2389 cal. The specific heat of
iron is 0.107 cal/g - °C, so the heat capacity of each object is 5.00 x 103 x 0.107 =
535.0 cal/°C.

2389 cal -
AT= 5350 cal7oc ~ LA47°C
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20.63

20.64
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The power incident on the solar collector is

i = |A = (600 W/m?)z(0.300 m)2 = 170 W

For a 40.0% reflector, the collected power is g, =67.9 W /

The total energy required to increase the temperature of the water
to the boiling point and to evaporate it is

Q=cmAT + mLy
= (0.500 kg)[(4186 J/kg - C°)(80.0 C°) + 2.26 x 108 J/kg]
Q=130x1061 -

. oo Q _130x108)
The time required is t = P 679w - 5.31h

From Q = mL, the rate of boiling is described by

O
—

L.y m_p
=7 t Tt T Ly

Model the water vapor as an ideal gas

PV =nRT= (| RT
oV =n - M

PV _ m(RT
t " tlMm

_ 2 (RT
PoAV LV(M

_ pRT
V= MLP,A

(1000 W)(8.315 J/mol - K)(373 K)

- (0.0180 kg/mol)(2.26 x 106 J/kg)(1.013 x 105 N/m2)(2.00 x 104 m?)
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*20.65 To vaporize water requires an addition of 2.26 x 10 J/kg of energy, while water gives up
3.33 x 10° J/kg as it freezes. The heat to vaporize part of the water must come from the

20.66

*20.67

heat of fusion as some water freezes. Thus, if x kilograms of water freezes while a mass of
(1.00 kg - x) is vaporized,

or

(3.33 x 10° J/kg)x = (2.26 x 108 J/kg)(1.00 kg — x)

X =6.79 kg — 6.79x

This yields, 7.79x = 6.79 kg, and

x=0.872 kg =872 g| of water freezes.

Energy goes in at a constant rate g. For the period from

0°C)

50.0 min to 60.0 min, Q = mc AT

©(10.0 min) = (10 kg + m;)(4186 J/kg - C°)(2.00 °C —

©(10.0 min) = 83.7 kl + (8.37 kiZkg)m; (1)

For the period from 0 to 50.0 min, Q = m;L¢

(50.0 min) = m;(3.33 x 10° J/kQ)

Chapter 20 Solutions 25
T°(C)

1) (]| ESR SO
|

|

1.00| 3.00 |
|

|

0.00 > |
|

| 1 L

20.0 40.0 60.0 t(min)

Substitute g = m;(3.33 x 10° J/kg)/50.0 min into Equation (1) to find

(a)

(b)

m;(3.33 x 105 J/kg)/5.00 = 83.7 ki + (8.37 ki/kg)m,

83.7 kJ
M= (66,6 -8.37) KiZkg _ =44 KY

1 1
The block starts with K; = = mvf 25(1.60 kg)(2.50 m/s) 2=5.00J. All this becomes extra

2

internal energy in the ice, melting some according to "Q" = m;, L. Thus, the mass of ice

that melts is

_'Q" _Ki_ 5000 o
Miee =T~ =T =333 105 7kg - L0 < 10°kg = [150mg

For the block: Q =0 (no heat can flow since there is no temperature difference),
W = +5.00 J, AE;,; = 0 (no temperature change), and AK =-5.00J. For the ice, Q =0,

W =-5.00J, AE;,, = +5.00 J, and AK = 0.

Again, K; =5.00 J and m;,. = [15.0 mg]| .

For the block of ice: Q =0, AE;,,; = +5.00J, AK =-5.00J, so W = 0.

For the copper, nothing happens: Q = AE;= AK =W =0.
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(c) Again, K; =5.00J. Both blocks must rise equally in temperature:

Q" =me AT = = 3160 kg)(387 I/kg - C°) _ 1404 x107°C

At any instant, the two blocks are at the same temperature, so for both Q = 0. For the
moving block: AK =-5.00J and AE;,; = +2.50 J, so W = +2.50 J. For the stationary block:
AK =0, AE;,; = +2.50 J, so W = -2.50 J.

20.68 A= Aend walls T Aends of attic T Aside walls T Aroof

1
A =2(8.00 m x 5.00 m) + 2[2 X 5 % (4.00 m) x (4.00 m tan 37.0°)]

400 m
+2(10.0 m x 5.00 m) + 2(10.0 m x —)

cos 37.0°
A =304 m?
kA AT . —4 - © 2 .0°
_ _ (4.80 x 104 KW/m - °C)(304 m?)(25.0°C) = 174 KW = 4.15 kcal
L 0.210 m S

Thus, the heat lost per day = (4.15 kcal/s)(86 400 s) = 3.59 x 105 kcal/day.

. _3.59 x 10° kcal/day _ 3
The gas needed to replace this loss = 9300 keal/m3 = |38.6 m3/day

LpAdx AT 8.00 _
20.69 T kA - Lpf“)ox dx =k AT f;dt
»[8.00
Lp > =KATt
4.00

(0.0800 m)2 — (0.0400 m)z) _ (2. 00

W
5 3 o
(3.33 x 105 1/kg)(917 kg/m?3) ( > . Oc) (10.0 C°) t

t:3.66><104s:

20.70  For a cylindrical shell of radius r, height L, and

. . dQ _ dT
thickness dr, Equation 20.14, qt - —kAdX ,

dQ dT
becomes at =—k(2nrL) ar
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a

Under equilibrium conditions, —- Tt

Tdt

d b
and T,-T,=- d?(anL) In() but T,>T,,.

dQ  27KL(T, - Tp)

d 1 d
is constant; therefore, dT = Q L
2rkL

Therefore, Jt- (072)
-

20.71  From problem 70, the rate of heat flow through the wall is ’ Ta
dQ _ 27kL(T, = T) \(\\,/\)/
dt =~ In(b/a)
dQ _ 2m(4.00 x 10~ cal/s - cm - C°)(3500 cm)(60.0 C°) -
dt In(256 cm/250 cm)

Tt =2.23x10%cal/s =(9.32 kW

This is the rate of heat loss from the plane, and consequently the rate at which energy must be
supplied in order to maintain a constant temperature.

20.72  Qoid =—Qnot  OF Qa1 = —~(Qwater + Qcalo)
MACAI(Ts = Ti)ar = =(MuCw + ML) (Tr = Tiw

(0.200 kg)cay(+39.3 C°)

= _[(o 400 kg) (4186 e ! )+ (0.0400 kg) (630 g C ! )] (-3.70 C°)

6.29 x 108 =
CAI_W_ 800J/kg - C
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