CHAPTER 14: Heat

Answersto Questions

1.

The work goes primarily into increasing the temperature of the orange juice, by increasing the
average kinetic energy of the molecules comprising the orange juice.

When a hot object warms a cooler object, energy is transferred from the hot object to the cold object.
Temperature does NOT flow. The temperature changes of the two objects are not necessarily equal
in magnitude. Under certain circumstances, they can be equal in magnitude, however. In an ideal
case, the amount of heat lost by the warmer object is the same as the amount of heat gained by the
cooler object.

(@ Interna energy depends on both the number of molecules of material and the temperature of the
material. Heat will flow naturally from the object with the higher temperature to the object with
the lower temperature. The object with the high temperature may or may not be the object with
the higher internal energy.

(b) Thetwo objects may consist of one with a higher temperature and smaller number of molecules,
and the other with alower temperature and a larger number of molecules. Inthat caseitis
possible for both objects to have the same internal energy, but heat will still flow from the
object with the higher temperature to the one with the lower temperature.

The water will coat the plants, and so the water, not the plant, isin contact with the cold air. Thus as
the air cools, the water cools before the plant does — the water insulates the plant. Asthe water
cools, it releases energy, and raises the temperature of its surroundings, which includes the plant.
Particularly if the water freezes, relatively large amounts of heat are released due to the relatively
large heat of fusion for water.

Because the specific heat of water is quite large, it can contain arelatively large amount of thermal
energy per unit mass with arelatively small increase in temperature. Since the water isaliquid, itis
relatively easy to transport from one location to another, and so large quantities of energy can be
moved from one place to another with relative simplicity by water.

The mechanism of evaporation of the water from the moist cloth jacket requires energy (the latent
heat of vaporization), some of which will come from the interior of the canteen. Thisremoval of
energy from the interior helps to keep the interior of the canteen cool. Also, the metal canteenisa
good thermal conductor, and so heat can transfer from the water to the cloth jacket to cool the water.

Steam at 100°C contains more thermal energy than water at 100°C. The difference is due to the
latent heat of vaporization, which for water is quite high. As the steam touches the skin and
condenses, alarge amount of energy is released, causing more severe burns. And the condensed
water is still at 100°C , and so more burning can occur as that water cools.

Evaporation involves water molecules escaping the intermolecular bonds that hold the water together
intheliquid state. It takes energy for the molecules to break those bonds (to overcome the bonding
forces). Thisenergy isthe latent heat of vaporization. The most energetic molecules (those having
the highest speed) are the ones that will be able to provide the most energy (from their kinetic
energy) to be able to overcome the bonding forces. The slower moving molecules remain, lowering
the average kinetic energy and thus lowering the internal energy and temperature of the liquid.
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The potatoes will not cook faster if the water is boiling faster. The boiling water is the same
temperature whether it is boiling fast or slow.

10. An ordinary fan does not cool the air directly. It actually warmsthe air dightly, because the motor

11.

12.

13.

14

15.

16.

used to power the fan will exhaust some heat into the air, and the increase in average kinetic energy
of the air molecules caused by the fan blades pushing them means the air temperature increases
dlightly. Thereason for using the fan isthat it keeps air moving. The human body warmsthe air
immediately around it, assuming the air isinitially cooler than the body. If that warmed air staysin
contact with the body, then the body will lose little further heat after the air iswarmed. The fan, by
circulating the air, removes the heated air from close to the body and replaces it with cooler air.
Likewise, the body is aso cooled by evaporation of water from the skin. Asthe relative humidity of
the air close to the body increases, less water can be evaporated, and cooling by evaporation is
decreased. Thefan, by circulating the air, removes the humid air from close to the body and replaces
it with less humid air, so that evaporation can continue.

Even though the temperature is high in the upper atmosphere, the density of gas particlesis very low.
There would be relatively very few collisions of high-temperature gas molecules with the animal to
warm it. Instead, the animal would radiate heat to the rarified atmosphere. The emissivity of the
animal is much greater than that of the rarified atmosphere, and so the animal will lose much more
energy by radiation than it can gain from the atmosphere.

Snow, particularly at very low temperatures, has alow thermal conductivity because it has many tiny
air pockets trapped in its structure — it might be described as “fluffy”. Since this*fluffy” snow hasa
low thermal conductivity, the snow will not conduct much heat away from an object covered in it.

We assume that the wet sand has been wetted fairly recently with water that is cooler than the sand's
initial temperature. Water has a higher heat capacity than sand, and so for equal masses of sand and
water, the sand will cool more than the water warms as their temperatures move towards
equilibrium. Thusthe wet sand may actually be cooler than the dry sand. Also, if both the wet and
dry sand are at alower temperature than your feet, the sand with the water in it is a better thermal
conductor and so heat will flow more rapidly from you into the wet sand than into the dry sand,
giving more of a sensation of having touched something cold.

. An object with “high heat content” does not have to have a high temperature. 1f a given amount of

heat energy istransferred into equal-mass samples of two substancesinitially at the same
temperature, the substance with the lower specific heat will have the higher final temperature. But
both substances would have the same “heat content” relative to their original state. So an object with
“high heat content” might be made of material with avery high specific heat, and therefore not
necessarily be at a high temperature.

A hot-air furnace heats primarily by air convection. A return path (often called a“cold air return”) is
necessary for the convective currents to be able to completely circulate. If the flow of air is blocked,
then the convective currents and the heating process will be interrupted. Heating will be less
efficient and less uniform if the convective currents are prevented from circul ating.

A ceiling fan makes more of a“breeze” when it is set to blow the air down (usually called the
“forward” direction by fan manufacturers). Thisisthe setting for the summer, when the breeze will
feel cooling since it accelerates evaporation from the skin. In the winter, the fan should be set to pull
air up. Thisforcesthe warmer air at the top of the room to move out towards the walls and down.
The relocation of warmer air keeps the room feeling warmer, and there isless “breeze” effect on the
occupants of the room.
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17.

18.

When the garment is fluffed up, it will have the most air trapped in its structure. Theair hasalow
thermal conductivity, and the more the garment can be “fluffed”, the more air it will trap, making it a
better insulator. The “loft” valueis similar to the R value of insulation, since the thicker the
insulation, the higher the R value. The rate of thermal conduction isinversely proportional to the
thickness of the conductor, so athick conductor (high loft value) means alower thermal conduction
rate, and so alower rate of losing body heat.

For all mechanisms of cooling, the rate of heat transfer from the hot object to the cold oneis
dependent on surface area. The heat sink with fins provides much more surface areathan just asolid
piece of metal, and so there is more cooling of the microprocessor chip. A major mechanism for
cooling the heat sink is that of convection. More air isin contact with the finned heat sink than
would be in contact with a solid piece of metal. Thereis often a cooling fan circulating air around
that heat sink as well, so that heated air can continually be replaced with cool air to promote more
cooling.

19. When there is atemperature difference in air, convection currents arise. Since the temperature of the

20.

21.

22.

23.

land rises more rapidly than that of the water, the air above the land will be warmer than the air
above thewater. The warm air above the land will rise, and that rising warm air will be replaced by
cooler air from over the body of water. The result is a breeze from the water towards the land.

We assume that the temperature in the house is higher than that under the house. Thus heat will flow
through the floor out of the house. If the house sits directly on the ground or on concrete, the heat
flow will warm the ground or concrete. Dirt and concrete are relatively poor conductors of heat, and
so the thermal energy that goes into them will stay for arelatively long time, allowing their
temperature to rise and thus reducing the heat loss through the floor. If the floor isover a
crawlspace, then the thermal energy from the floor will be heating air instead of dirt or concrete. |If
that warmed air gets moved away by wind currents or by convection and replaced with colder air,
then the temperature difference between the inside and outside will stay large, and more energy will
leave through the floor, making the inside of the house cooler.

Air isapoorer conductor of heat than water by roughly afactor of 20, and so the rate of heat loss
from your body to the air isroughly 20 times less than the rate of heat |oss from your body to the
water. Thusyou lose heat quickly in the water, and feel cold. Another contributing factor is that
water has a high heat capacity, and so as heat |eaves your body and enters the water, the temperature
rise for the water closeto your body issmall. Air hasasmaller heat capacity, and so the temperature
rise for the air close to your body islarger. This reduces the temperature difference between your
body and the air, which reduces the rate of heat loss to the air as well.

A thermometer in the direct sunlight would gain thermal energy (and thus show a higher
temperature) due to receiving radiation directly from the Sun. The emissivity of air issmall, and so
it does not gain as much energy from the Sun as the mercury and glassdo. The thermometer isto
reach its equilibrium temperature by heat transfer with the air, in order to measure the air
temperature.

Premature babies have underdeveloped skin, and they can lose alot of moisture through their skin by
evaporation. For ababy in avery warm environment, like an incubator at 37°C, there will be alarge
evaporative effect. A significant increase in evaporation occurs at incubator temperatures, and that
evaporation of moisture from the baby will cool the baby dramatically. Thus an incubator must have
not only a high temperature but also a high humidity. Other factors might include radiative energy
loss, blood vessels being close to the skin surface and so there is less insulation than a more mature
baby, and low food consumption to replace lost energy.

© 2005 Pearson Education, Inc., Upper Saddle River, NJ. All rightsreserved. This materia is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the
publisher.

342



Giancoli Physics: Principles with Applications, 6" Edition

Shiny surfaces absorb very little of the radiation that isincident on them — they reflect it back
towards the source. Thustheliner is silvered to reduce radiation energy transfer (both into and away
from the substance in the thermos). The (near) vacuum between its two walls reduces the energy
transfer by conduction. Vacuum isavery poor conductor of heat.

25. Theoveral R-value of the wall plus window islower than R; and higher than R,. The rate of heat
transfer through the entire wall + window areawill increase, but the total area and the temperature

Q

difference has not changed. Thus, since ==

(T,-T,), for the rate to increase means the R-
fective

value had to drop from its original value. However, the rate of heat transfer will be lower than if the

wall was totally glass, and so the final R-value must be higher than that of the glass.

26. (a) (1) Ventilation around the edgesis cooling by convection.
(2) Cooling through the frame is cooling by conduction.
(3) Cooling through the glass panesis cooling by conduction and radiation.

(b) Heavy curtains can reduce al three heat losses. The curtains will prevent air circulation around
the edges of the windows, thus reducing the convection cooling. The curtains are more opaque
than the glass, preventing the electromagnetic waves responsible for radiation heat transfer from
reaching the glass. And the curtains provide another layer of insulation between the outdoors
and the warm interior of the room, lowering the rate of conduction.

27. Thethermal conductivity of the wood is about 2000 times less than that of the aluminum. Thusit
takes along time for energy from the wood to flow into your hand. Y our skin temperature rises very
slowly due to contact with the wood compared to contact with the aluminum, and so the sensation of
heating is much less.

28. The Earth cools primarily by radiation. The clouds act as “insulation” in that they absorb energy
from the radiating Earth, and reradiate some of it back to the Earth, reducing the net amount of
radiant energy loss.

29. The emergency blanket is shiny (having alow emissivity) so that it reflects a person’ s radiated
energy back to them, keeping them warmer. Also, like any blanket, it can insulate and so reduce
heat transfer by conduction.

30. Cities situated on the ocean have less temperature extremes because the oceans are a heat reservair.
Due to ocean currents, the temperature of the ocean in alocale will be fairly constant during a
season. In the winter, the ocean temperature remains above freezing. Thusif the air and land near
the ocean get colder than the oceans, the oceans will release thermal energy, moderating the
temperature of the nearby region. Likewise, in the warm seasons, the ocean temperatures will be
cooler than the surrounding land mass, which heats up more easily than the water. Then the oceans
will absorb thermal energy from the surrounding areas, again moderating the temperature.

Solutionsto Problems

1. Thekca isthe heat needed to raise 1 kg of water by 1 C°.  Use the definition to find the heat
needed.

(300 kg)(95°C - 15°C) ——2 (418“):

(1kg)(1C°)\ L keal
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2.

The kcal isthe heat needed to raise 1 kg of water by 1 C°. Use that definition to find the
temperature change. Then the final temperature can be found.
£77oo J ( 1kea )(lkg)(lc‘J)

=0.61C° — Find Temperature=110.6°C
3.0kg J\ 4186 J 1kcd et

4.186x10%]
@ 2500Ca Tj

1kWh
860 Cal

(c) At 10 cents per day, the food energy costs |$0.29 per day|. It would be practically impossible

(b) 2500 Cd

]: 2.9 kWh

to feed yourself in the United States on this amount of money.

Assume that we are at the surface of the Earth so that 1 kg has aweight of 2.20 Ib.

18tu = (11b)(2 F)(O'ﬁkgj[s/lic) q klg';zi"co) ~[0252 kea

1055J

0.252 keal (4186 ‘]) =

1 kcd

The energy input is causing a certain rise in temperature, expressible as a number of Joules per hour
per C°. Convert that to mass using the definition of kcal.

3.2x10° J/h]( 1kea j(lkg)(lc°)

3BC 4186 J 1kcd

—|2.2x10% kg/h

The wattage rating is Joules per second. Notethat 1 L of water has a mass of 1 kg.

[ [ _Lkg . 1 kedl 4186 J)( 1s \ T ,
(2.50x10 L)( m )(400 )}(wg)(lco)( — j(ssmj_ll.leo s=2.0 min|

The energy generated by using the brakes must equal the car’ sinitia kinetic energy, since itsfinal
kinetic energy is 0.

Q-4 ~a2-10) s 2= [ L) i

3.6km/h )| \ 41867

The heat absorbed can be calculated from Eq. 14-2. Notethat 1 L of water has a mass of 1 kg.
1x10°m® |( 1.0x10°k
Q:chT{(leL)( X mj[ 9

L T H(4186J/kg-0°)(90°C—20°C):4.7><106J
m

The specific heat can be calculated from Eq. 14-2.
Q 1.35%x10°J

=meAT — c=——= =1961 J/kg-C® ~[2.0x10° Jkg-C’
° mAT  (5.1kg)(315°C-18.0°C) A 10 Jkg
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10. The heat absorbed by all three substancesis given by Eq. 14-2, Q = mcAT . Thus the amount of

mass can be found as m= % The heat and temperature change are the same for all three
C
substances.
- Q . Q Q 1.1 1 1 1 1
My, tm, tm,, = ; : =— = ; :
C., AT CWAT ¢, AT ¢, Cy C,, 390 900 4186

4186 4186 4186
= : : -10.7:4.65: |
390 900 4186

The heat gained by the glass thermometer must be equal to the hest lost by the water.
rnglascglas( |g|a$) m-l CHO( iH,0 Teq)
(359)(0.20cd/g-C*)(39.2°C-21.6°C) = (135 g) (1.00cdl/g-C°) T, , ~39.2°C)

T.,=[40.1C

iH,0

12. The hest lost by the copper must be equal to the heat gained by the aluminum and the water.
Mp.Cey ( icu - ) (T T|A| ) + mazoCHzo (Teq _Tino)

(0.145 kg) (900 kg-C*)

(0.245kg) (390 kg-C’)(285°C-T,, ) = +(0.825 kg)(4186/kg-C*)

T, -forc

13. The heat lost by the horseshoe must be equal to the heat gained by the iron pot and the water. Note
that 1 L of water has amass of 1 kg.

MG Fe( ishoe ):rnpotCFe( ) OHO( TiHO)
(0.40 kg)(4503/kg-C°)(T, 0°C) =(0.30 kg)(4503/kg-C*)(25.0C° - 20.0C°)

+(1.35 kg) (4186 )/ kg-C°)(25.0C° - 20.0C°)

(T,-120°C)

ishoe

T

i shoe

=186°C~|190°C

14. The heat lost by the substance must be equal to the heat gained by the aluminum, water, and glass.
M (T ~Ta) = MuCu (T = Toa )+ Muoi0 (T = Tito) + MyaeCen (T ~ g
~ MG (T =T ) + Moo (T = o)+ My (T~ i)
m, (T'x _Tw)
:(0.105 kg)(900/kg-C*) +(0.165 kg) (4186 J/kg-C") +(0.017 kg) (8403 kg-c°)](22.5c°)
(0.215 kg)(330°C-35.0°C)

c

X

—|2.84x10° Jfkg-C"
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15. The heat must warm both the water and the pot to 100°C. The heat is also the power times the time.
QPt(AI/—\I m40Ho) -
(MG + M, 0G0 ) AT, [(0.36 kg)(900J/kg-C®) +(0.75 kg) (4186 kg-C*) |(92C")
P - 750 W

:z7min

16. The heat released by the 15 grams of candy in the burning is equal to the heat absorbed by the bomb,
caorimeter, and water.

QlSZ[(n]nmb+rT](:up) M, H0:|AT
=[(0.725 kg +0.624 kg)(0.22keal/kg-C° ) +(2.00 kg) (1.00keal/kg-C° ) |(53.5°C-15.0°C)

=88.43 kca
The heat released by 75 grams of the candy would be 5 times that released by the 15 grams.

Qs =5Q,, =5(88.43 keal) = 440 keal =[440 Cd]

The heat lost by the iron must be the heat gained by the aluminum and the glycerin.
rnFeCFe (TlFe - ) mAI CAI ( |A| ) + rngly gy ( Tigly)
(0.290 kg) (450J/kg-C® ) (142C° ) = (0.095 kg) (900J/kg-C® ) (28C°) +(0.250 kg) c,,, (28C°)

=12.3x10° I kg-C°

Cgly

18. Weassumethat al of the kinetic energy of the hammer goesinto heating the nail.
KE=Q — 10(4m,, Vi, ) =M, CAT —

10(4 V2 i
1 M) SO0 ESMS

M..Cre (0.014 kg) (450J/ kg-C°)

19. 65% of the original potential energy of the aluminum goes to heating the al uminum.
0.65PE=Q — 0.65m,gh=m,c, AT —

0.65gh 0.65(9.80m/s’)(45 m)
¢,  (9003kg-C")

=10.32C°

AT =

20. (a) Since Q=mcAT and Q = CAT , eguate these two expressions for Q and solvefor C.

Q=mcAT =CAT —

(b) For1.0kgof water:  C=mc=(1.0kg)(4186)/kg-C’)=|4.2x10° J/C°

(c) For 25 kg of water: C=mc=(25 kg)(4186J/ kgeC®) =|1.0x10° Jc

21. Thesilver must be heated to the melting temperature and then melted.
Q = Qheet + Qmen = rmAT + mLTusion

= (1650 kg) (230 J/kg+C” ) (961°C — 20°C) + (16.50 kg) (0.88x10° J/kg) =
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22

23.

24,

25.

27.

Assume that the heat from the person is only used to evaporate the water. Also, we use the heat of
vaporization at room temperature (585 kcal/kg), since the person’s temperature is closer to room
temperature than 100°C.

Q  180kcd
L. 585kca/kg

vap

= 0.308 kg ~[0.31 kg| = 310 mL

szlwap — m=

The oxygen is all at the boiling point, so any heat added will cause oxygen to evaporate (as opposed
to raising its temperature). We assume that all the heat goes to the oxygen, and none to the flask.

5
Q:vaap - m:& M—lfgkg

L, 21x10°Jkg

Assume that all of the heat lost by the ice cube in cooling to the temperature of the liquid nitrogenis
used to boil the nitrogen, and so none is used to raise the temperature of the nitrogen. The boiling

point of the nitrogenis 77K =-196°C.
moecme (T| ice _Tf ice) = rnnitrogen Lvap -
 MeCe(T-T) (30x10°kg)(2100/kg-C°)(0°C--196°C)

o - =|6.2x10k
Mt Lo 200x10° J/kg 2

The heat lost by the aluminum and 310 g of liquid water must be equal to the heat gained by theice
in warming in the solid state, melting, and warming in the liquid state.

M, Ca (TiAI _Teq ) + mruzoCHzo (T| H,0 _Teq) =Me |:C|oe (Tmelt _Ti ice) + qusion + CHZO (Teq _Tmen ):I
(0.095 kg)(900/kg-C*)(3.0C°) +(0.31kg)(4186.J/kg-C® ) (3.0C°)

- — —3
- [(22009/kg-C")(85C°) +33x10° Jkg+ (4186 Y kg-C*)(17C°) | Y

ce

(@) The heater must heat both the boiler and the water at the same time.
Q=Py= (rnFeCFe + nLZOCHZO)AT -

(MG +M, G, o) AT i [ (230 kg)(4503/kg-C*) +(830 kg) (4186 J/kg-C*) ] (82C")

t =
52x10" J/h

' P
=5642h ~[5.6 h|

(b) Assumethat after the water startsto bail, all the heat energy goesinto boiling the water, and
none goes to raising the temperature of theiron or the steam.

m, oL, (830kg)(226x10°Jkg)
P 5.2x10" J/h

Thusthetotal timeis t, +t, =5.642 h+36.073h=41.72 h~

=36.073h

Q2:Pt2:m—|20L\/ep - =

We assume that the cyclist’ s energy is only going to evaporation, not any heating. Then the energy
needed is equal to the mass of the water times the latent heat of vaporization for water. Notethat 1 L
of water hasamass of 1 kg. Also, we use the heat of vaporization at room temperature (585
kcal/kg), since the cyclist’s temperature is closer to room temperature than 100°C.

Q=m, L, =(80kg)(585ked/kg) =[4.7x10°kea
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28. The heat lost by the steam condensing and then cooling to 20°C must be equal to the heat gained by
the ice melting and then warming to 20°C.

rnsteem':l‘\/ap+CHZO (Tisteam _Teq)]: moe[ us T G0 (Teq _Tiioe)]
(L G0 (T =T | [3:33x10° J/kg + (41869/kg-C* ) (20C°) |
J

[ Lo o (Taem — T | ~(100kg [ 22.6x10° J/kg + (4186 J/kg-C*) (80C")
~|1.61x10 kg

29. The heat lost by the aluminum and the water must equal the heat needed to melt the mercury and to
warm the mercury to the equilibrium temperature.

rnAIC/-\I (TiAI _Teq ) + rrl—izocHZO (Tl H,0 _Teq) = rn—ig [qusion + CHg (Teq _Tmelt ):'

LINION (TiAI _Teq ) + m—izoCHzo (Tu H,0 _Teq)

qusion = m, - CHQ (Teq —det)
9
_ [(0:620kg)(9003/kg-C*) +(0.400 kg) (41863/kg-C" ) |(12.80°C-5.06°C)
- 1.00 kg

- (1389/kg-C°)[ 5.06°C—(-39.0°C) |

=11.12x10" J/kg

30. Assume that the kinetic energy of the bullet was all converted into heat which melted theice.
%rnoulletv2 = Q = mcequs'on -
1m,v* _3(7.0x107kg)(250m/s)" _

- = 6.6x10°kg|= 6.6
Mee Lyison 3.33x10° J/kg 2 J

31. Assumethat all of the melted ice stays at 0°C, so that all the heat is used in melting ice, and nonein
warming water. The available heat is half of the original kinetic energy

%(% rnskaervz) = Q = rncel‘fusion -
im,. vV (540kg)(6.4m/s)’

= = = 1.7X1073k :17
Me =" - 3.33x10° J/kg A==09

32. Thekinetic energy of the bullet is assumed to warm the bullet and melt it.
%mvz :Q:rme(T ot _Ti)+mLf

m

usion ?

V=20 (T —T) + L] =42 (1309/kg+C*) (327°C- 20°C) +(0.25x10° J kg |

=13.6x10° m/s

33. The heat conduction rate is given by Eq. 14-4.
T-T 460°C-22°C
9Lt =(ZOOJ/S-m-C°)7z(1.0><10Zm)z(—)z 83W
t | 0.33m
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34. The heat conduction rate is given by Eq. 14-4.

Q L-T 0 2
= kA= (0.84YsmeC)(3.0m")

[15.0°C—(—5°C)]
3.2x10°m

~[Lex10'w]

35. (a) Thepower radiated is given by EQ. 14-5. The temperature of the tungstenis
273K + 25K = 298K .
A
T? = e AT* =(0.35)(5.67x10° W/m*+K*) 47 (0.22 m)’ (298 K )" =
(b) The net flow rate of energy is given by Eq. 14-6. The temperature of the surroundingsis 268 K.

2 e A(T,' - T,*) =(0.35) (5:67x10° W/ m’+K*) 47 (0.22 m)’[ (298 K ) - (268 K ) |

At
=[33W/

36. The distance can be calculated from the heat conduction rate, given by Eq. 14-4. Therateisgiven as
apower (200 W =200 J/s).

Q T,-T, T,-T . 050C" -
=Pl o =A< (02)/smC (15 m°)

Thisis a heat transfer by conduction, and so Eq. 14-4 is applicable.
Q_popalla (0.84J/s-m.c:°)(16m2)M = 2.24x10°W
t I 0.12m

If we assume that all of the energy from the light bulbs goes into this conduction, then:
2.24><103W( 110%”\'/3) — 22.4 bulbs and so [23 bulbs] are needed.

38. Eq. 14-7 gives the heat absorption rate for an object facing the Sun. The heat required to melt theice
isthe mass of the ice times the latent heat of fusion for theice. The massisfound by multiplying the
volume of icetimesits density.

AQ

AQ=mL, = pVL, = pA(AX)L, - (1000W/m*)eAcosd —
PA(AX) L, p(AX)L,

(1000W/m?)eAcosd ~ (1000W/m? )ecosd

_ (927x10° kg/m*) (10x10” m) (3.33+10° Y kg) [0 - 20n

(1000W/m? ) (0.050) cos30°

39. For the temperature at the joint to remain constant, the heat flow in both rods must be the same.
Note that the cross-sectional areas and lengths are the same. Use EQ. 14-4 for heat conduction.

T -T. T ..-T
(gj — (gj N kCuA hot middle __ kA|A middle cool -
t o tJa I I

kCu-l-hot + kAITcool (38OJ/S'm'CO ) ( 2500 C) + (ZOOJ/S.m.CO ) (O.OO C) 20
midde — = =11.6x10° °C
Keu Ky 380J/s+meC° +200)/ssmeC°
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40. (a) The cross-sectional areaof the Earth, perpendicular to the Sun, isacircle of radius R_,,, , and

so hasan areaof 7R’ , . Multiply thisareatimesthe solar constant to get the rate at which the
Earth isreceiving solar energy.

Q_ 2R, (solar constant) = 7(6.38x10°m)’ (1350W/m’ ) =

t
(b) Use Eg. 14-5 to calculate the rate of heat output by radiation.

Q

==ecAT" -
Q 1 ya l 1/4
T =(_ ) =| (1.7x10" ¥fs) z
t soA (1.0)(5.67x10° W/m?-K*) 4z (6.38x10°m)
=|278K =5°C

41. Thisisan example of heat conduction, and the temperature difference can be calculated by Eq. 14-4.
95 W)(1.0x10°m
Q_P kAT T, - AT:ﬂz ( )( ) ~=]10C°

t ! KA (0.84)/$m:C°)47(3.0x107°m)

42. The conduction rates through the two materials must be equal. If they were not, the temperaturesin
the materials would be changing. Call the temperature at the boundary between the materials T, .

klA kZAT PN g|—1=T1—TX QL =T -T,
I, I, t kA t kA

Add these two equations together, and solve for the heat conduction rate.

I I L L)1
QL +9 =T-T+T-T, > 9(—1+—2]—=T1—T2 -
tik kK

t kA t kA k, ) A
9 A(Tl_TZ) _A(Tl_TZ) —

= 2 (2401t%) (12F)
t [|_1+|_2j_ (R+R) (1+19)ft*-h-F°/Btu
kK

Thisis about 42 Watts.

=144Btu/h ~|1.4x10° Btu/h

43. (a) Weassumethat T, >T,. The conduction rates through the three materials must be equal. If
they were not, the temperatures in the materials would be changing. Call the temperature at the
boundary between the air and the left-most piece of glass, T , and the temperature at the
boundary between the air and the right-most piece of glass, T, . Write the conduction rate for
each maIeriaI separately, and solve for the temperature differences.

-T, T,-T
= klA =k, A—— Y =k,A .
1 2 |3

QllT QL + .98 _

t kA l’t|<2A kA P
Add these three eguations together, and solve for the heat conduction rate.

-
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[ P
L +

I | I 1
g—1+g—2+2—3:TX—'I'lJrTy—TX+T2—Ty - UL,k L —=T,-T, -
k Kk kJA

tkA tKA t kA T
2 A (Tz_Tl)

t o (I/k /K +1/k)

(b) For n materials placed next to one another, the expression would be

QZAM: N g:A(TZ_Tl)

t gli/lﬂ t ZR

44. Thisisan example of heat conduction. The heat conducted is the heat released by the melting ice,
Q=m_L...- Theareathrough which the heat is conducted is the total area of the six surfaces of

the box, and the length of the conducting material is the thickness of the Styrofoam. We assume that
all of the heat conducted into the box goesinto melting the ice, and none into raising the temperature
inside the box. The time can then be calculated by Eq. 14-4.

g — kATl _T2 - t = mcequs'onI
t | KAAT
(11.0kg)(3.33x10° J/kg ) (1.5x10°m)

) 2(0.023)/ssm-C°)[2(0.25m)(0.35m) +2(0.25m)(0.55m) +2(0.35m) (0.55m) | (32C° )
~[a5x10'd <121

45. The heat needed to warm the liquid can be calculated by Eq. 14-2.
Q = mcAT =(0.20 kg) (1.00keal/kgeC* ) (37°C-5°C) = 6.4 keal =

46. Since 30% of the heat generated islost up the chimney, the heat required to heat the house is 70% of
the heat provided by the coal.

2.0x10°MJ
m=
0.70(30MJY/kg)

2.0x10°MJ = 0.70(30x10° MJ/kg)(mkg) =|9.5x10°kg

47. The heat released can be calculated by Eq. 14-2. To find the mass of the water, use the density (of
pure weater).

Q= MEAT = PVEAT = (10x10° kg/m*)(1.0x10°m)’ (4186 3/kg-C* ) (1°) = [4x10° ]

48. We assume that the initia kinetic energy of the bullet all goes into heating the wood and the bullet.
3Muie¥ = Q= My oA + Moo CucosATooos =
. \/(mw.laqew + M) AT
| My
\/[(0.015 kg)(130/kg-C" ) +(1.05 kg) (17003 kg-C") |(0.020C°)
1(0.015kg)

=69m/s
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49. (a) UseEq. 14-5for total power radiated.

QAT = eodnRE, T* = (10)(5.67x10°° W/me+K* ) 47 (7.0x10°m) (5500 K )’

t
=3.195x10°W ~[3.2x10°W

(b) Assume that the energy from the Sun is distributed symmetrically over a spherical surface with
the Sun at the center.
P t 3.195x10°W
—= (22/ = a - =1.130x10’ W/m2 ~|1.1x10° W/m2
A AR ewn 47 (15x10%m)

50. Thetemperature rise can be calculated from Eq. 14-2.
Q=meAT o AT :g _ (0.80)(200kcal/h)(1.00 h) _Gac
mc  (70kg)(0.83keal/kg-C’ )

51. We assume that the starting speed of the boulder is zero, and that 50% of the original potential
energy of the boulder goes to heating the boulder.

=10.80C°

1gh 050(9.8m/s’)(140 m
iPE=Q — %(mgh)=mc AT — AT::g - (860J/kg?((3° )

marble

52. The heat lost by the lead must be equal to the heat gained by the water. Notethat 1 L of water hasa
mass of 1 kg.

M, Cay (Tin _Teq) =M, 0G0 (Teq _Tino)
(2.3kg)(1309/kg-C®)(T,,, - 28.0°C) = (25 kg) (4186 J/kg-C)(8.0C°) —

T, =308°C~[310°C

Use the heat conduction rate equation, Eq. 14-4.

Q T,

@ == kA%TZ=(0.025J/s-m-C°)(1.2m2)[34 c-(oc

35x107°m

t e
2wl - (0s69/smec)(12m) [3rc-(20c)] = [7.3x10° W]

b
®) t I 5.0x10°m

54. Weassume that al of the heat provided by metabolism goes into evaporating the water. For the
energy required for the evaporation of water, we use the heat of vaporization at room temperature
(585 kcal/kg), since the runner’ s temperature is closer to room temperature than 100°C.

oE h(950 kcalj( kg Hzo): 21kg

1lh 585 keal

55. For an estimate of the heat conduction rate, use Eq. 14-4.
T-T 37°C-34°C
Qalhl (o.zJ/s-m-C°)(1.5m2)(—2)
t I 4.0x10°m
Thisisonly about 10% of the cooling capacity that is needed for the body. Thus convection cooling

isclearly necessary.

=225W »
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56. (a) To calculate heat transfer by conduction, use Eq. 14-4 for all three areas — walls, roof, and
windows. Each area has the same temperature difference.

Qcon:uctim — |:EkI;A\\J + (kI—Aj + (kl—A] :| (Tl - Tz )

(0.023)/sm-C°)(410m") . (0.12)/sm-C°)(280m")

1.75x10"m 6.5x107cm 0
- 33C
(0.84)/sm.C°)(33m") (3¢)
_l’_

6.5x10°m

=1.596x10°W ~ [1.6x10°W
(b) The energy being added must both heat the air and replace the energy lost by conduction, as
considered above. The heat required to raise the temperature is given by Eq. 14-2,
Que =M, Cy, (AT), g+ Themass of theair can be found from the density of the air timesits

temp

volume. The conduction heat lossis proportional to the temperature difference between the
inside and outside, which varies from 20C° to 33C°. We will estimate the average temperature
difference as 26.5°C and scale the answer from part (a) accordingly.

Qadded = Qra'se + Qoonduction = pa'rv ar (AT)warming + (%j (1800 S)

temp
- (1.29k—93j(750m3 ) (0.24 kcag j(4186 Jj(lB“ C)
m kg-C kca

- (1.596x 10° 3)( Z;fccj (1800 s) =|2.4x10°J
S

(c) Weassume amonth is 30 days.

Q
0-9ans = (T 1:rnonth -
conduction

Q. = i(gj t = i(1.596><105 Ys)(30 d)(zihj(seoo S) = 4596x10"J
09\ t Jaucion 09 1d h
1kg ([ $0.080
4.6><10”J( j — [s680]
54x10'3)\ kg

57. (@ Thebullet will gain an amount of heat equal to 50% of itsloss of kinetic energy. Initially
assume that the phase of the bullet does not change, so that all of the heat causes atemperature

increase.
2

N 3V -v)  (220mys)’ —(160m/s) :
E[Em(\’i -V )]—Q—chbAT - AT = c = 4(130J/kg-C°) =[44C

(b) Thefinal temperature of the bullet would be about 64°C, which is not above the melting
temperature of lead, which is 327°C. Thus| none of the bullet will melt|.

2

58. (a) Therate of absorbing heat for an object facing the Sun is given by Eq. 14-7. Therisein
temperature is related to the absorbed heat by Eq. 14-2. We assume that all absorbed heat raises
the temperature of the leaf.
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AQ 2
= MCcAT =(1000W, eA
AQ=mcA I ( / m ) cos —

AT (1000W/m? )encoss (1000W/m2)(0.85)(40cmz)(ﬁj(l)

4186 J)

1 ked

(b) We assume that the rate of heat loss by radiation must equal the rate of heat absorption of solar
energy. Note that the area of the leaf that radiatesis twice the area that absorbs heat energy.

AQ AQ ; o
(Ej&"a :(Ejrwiaion ” (1OOOW/m )ea}m’”’ C0SO = €0 A (Tl _Tz) -

=[2.3¢c/s

At mc

(45x10kg)(0.80kcal/ kg-C")(

heating

- {(1000W/m2)c039 +T24T {2( (1000W/m?)(1) - K)AT

' 20 5.67x10° W/m’K*)
— 357K =
Thisisvery hot, which indicates that the leaf must |ose energy by other means than just

radiation.

(c) Theleaf can also lose heat by to the cooler air around it; by [ convection|, asthe

wind continually moves cooler air over the surface of the leaf; and | evaporation | of water.

59. Therate of energy absorption from the Sun must be equal to the rate of losing energy by radiation
plusthe rate of losing energy by evaporation if the leaf isto maintain a steady temperature. The
latent heat of evaporation is taken be the value at 20°C, which is 2450 kJ/kg. Also note that the area
of the leaf that radiates is twice the area that absorbs heat energy.

(&) (&) (A_Qj N
At Jsoa At ) agiation At ) evaporaiion

heating

(1000W/m2 ) A, 000 = €0 Ay (T14 —T24) +M

At
m,  (1000W/m’)coso-20 (T, -T,')
Tt_ mrb La/aporation
1000W/m?)(1) - 2(5.67x10° W/m?«K*)| (308 K )" - (293K )"
:(0.85)(4O><104m2)( [m’) (1) -2(567 /m )[( ) —( )]
(245x10° Jkg)

=1.1x10"° kg/s=|4.1g/h

60. Assume that the final speed of the meteorite, asit completely melts, is 0, and that al of itsinitial
kinetic energy was used in heating the iron to the melting point and then melting the iron.

2
%mll :rmFe(TnHt_-I—i)+mqus'on -

Y, =2[C (T = T) + Lyen ] = \/ 2[ (4504/kg-C* ) (1808°C--125°C) + 2.89x10° Jkg |

=[1.52x10° m/s
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61. (a) We consider just the 30 m of crust immediately below the surface of the Earth, assuming that all

the heat from the interior gets transferred to the surface, and so it al passes through this30 m
layer. Thisisaheat conduction problem, and so Eq. 14-4 is appropriate. The radius of the
Earth is about 6.38x10°m.
Q_ LT,
t I

T,-T, Loc®
Qe = KA=—51 = (0.80)/sm.C’)4zR:,,, —38C [1 day (_86’400 Sﬂ
m

day
=1.179x10®J ~ |1.2x10®J

(b) The cross-sectional area of the Earth, perpendicular to the Sun, isacircle of radius R_,,, and

so hasan areaof 7RZ . Multiply thisareatimesthe solar constant of 1350 W/ m? to get the
amount of energy incident on the Earth from the Sun per second, and then convert to energy per

day.
86, 400
Q. = 7R, (1350W/m’) [1 day (d—sﬂ =1.492x10?J
ay
Qe 1179x10%J - 7
Thus —meier — =7.902x107, or (Q,, =1.3x10°Q, .. | -

Q, 1492x10%J

62. Assumethat the loss of kinetic energy is al turned into heat which changes the temperature of the
sguash ball.

2 2 2 2
KE,=Q — im(V-v})=mcAT — AT =S Y _(2mjs) —(12m)s) _ 0.14C°
2c 2(12003/kg-C’)

63. The heat gained by the ice (to melt it and warm it) must be equal to the heat lost by the steam (in
condensing and cooling).

mL_ +mc, (T, -0)=mL, +mc, , (100°C-T,)

-L 2260kJ/kg — 333kJ/ k
T Lol g 2200kIkg - 333kIKG | o e
2c, 2(4.186kJ/kg-C’)
Thisanswer is not possible. Because this answer istoo high, the steam must not all condense, and
none of it must cool below 100°C. Calculate the energy need to melt akilogram of ice and warm it
to 100°C.

Q=mL, +mg, (T, -0)=(1kg)| 333kY/kg+ (4.186kJ/kg-C*)(100C°) | = 7516k

Calculate the mass of steam that needs to condense in order to provide this much energy.

Q=m,, - ngzLM:OBSBkg
L, 2260kJ/kg

Thus one-third of the original steam mass must condense to liquid at 100°C in order to melt theice

and warm the melted ice to 100°C. [The final mixture will be at 100°C, with 1/3 of the total mass ag

steam, and 2/3 of the total mass as water|
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64. The body’s metabolism (blood circulation in particular) provides cooling by convection. If the
metabolism has stopped, then heat loss will be by conduction and radiation, at arate of 200 W, as
given. The changein temperature isrelated to the body’ s heat loss by Eq. 14-2, Q = mcAT .

Q_p_MmeAT
t t
_MEAT (70 kg)(3470J/kg-C* )(36.6°C- 35.6°C)

P 200 W

=[1200 s| = 20 min

65. (a) Theamount of heat energy required is given by Eq. 14-2. 1 L of water has amass of 1 kg.
Q = MeAT =(185 kg)(4186J/kgeC® ) (50°C—10°C) = 3.098x10"J ~[3.1x10"J
(b) The heat energy isthe power input times the time.

3.098x107J .
Q=pt - 1= 3080 s~[33x10° =54 min

P  95x10°W

66. We assume that the light bulb emits energy by radiation, and so Eq. 14-6 applies. Use the datafor
the 60-W bulb to calculate the product ec A for the bulb, and then calculate the temperature of the
150-W bulb.

(Q/t)eoW:eO-A(TGZW_T'::Om) -
- (Mo _ (090)(60 W) =9.182x10° W/K*
(Tow —Tawm) [(273+65)K] —[(273+18)K]"
(U)o = ATt ~Tom) —

:[(Q/t)mw +T4m}ﬂ4{( (0.90)(150 W) +(291K)"

eocA ™ 9.182x10° W/K*)

1/4

T

150w

- 385K =112°C~[110°C]
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