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Goncept $ummary
Temperatule is the measurement that tells how
warm or cold something is.

I Tempcrature is directiyproportionai to the
average translational ki::ctic etrergv of the
molecules ivithin au ideal gas.

Heat is energy that transt'ers bet'uveen two things
due to a temperature diffetence.

I Matter does not contain heat; rather, it cln-
tains internal energy

Specific heat is a m.easrrre of how much heat is
required to raise the temperature of a uniL rnass
of a substance by one degree.

r lA/ater has a much higher specific heat than
other common substances.

Matter tends to expand r,vhen heateci ald to con-
tract when cooled.

r Iiquids usually expand slightly more thas solicls.

I Clases exparrd much more than liquids or
, solids for comparable increases in ternpcra-

tr.rre (and comparable prcssure).

r Vy'ater is higlily uriusual in that it contracrs as

iiwarms fronr 0"C to 4"C ald its solid tbrnt
(ice) is Iess dense than its liquid frrrm.

t(eryTerms
absoiute zero (21.-D

biraetaiiic strip (2].B)

calorie (2i.5)
Ceisius scaie (21.1)

Falu-enheit scale (21.U

heat (21,2)

interrrai enetgy (21. 4)

Kclvin sc;rle (21.1)

kilocalone (21.5)

specific heai capacity (21.61

temperaftrre (21.7)

thermal contact (21.2)

thermal equilibritrm (2I-3)

thermostat (2I.8)

Reviw (hrs$ons cher*co,rrylr
l. [{orv is temperature comtnonly measured?

(2r.1)

2. IJow many degrees are between rhe melting
point of ice and boiling point of ttater Gn tbe

Celsius scale? I.ahrenheit scale? (21.1)

3" Wh-v is it incorrect to say that matter conteia
heat? (21.2)

4. In ierms of differences in temperatLtre
bctween objects in thermal centact, in what

direction does heat florv? (21.2)

5. V&at is mcant by* saying that a thermometel
measures its orrr.n ternperature? (21.3)

O. What is thermal equilibrium? (21.:l)

7. \{hrrt is internal energy? (21.4J

8. \{hat is the difierence between a calorie and

a Calorie? (21.5)

9. l{4rat does it nlean to say that a material has

a high or low specific heat capacity? (2i.6)
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10. Do substances that heat up quickly normally
have high or lo,,v specific heat capacities? (21.6)

ll. How does the specific heat capaciiy of water
compare with that of other cornmon sutr-
stances? (21,7)

12, \{hy is tbe North American west coast
warmer in lvinter rnonflrs and cooler in sum-
mer rnonths than the east coast? (21.7)

13.'v\hy does a lriineta-llic strip cuiwe lvhen it is
heated (or cooied)? (21.8)

la. -vVhich expands rnost for increases in temper-
atrre: solids, liquids, or gasesiz {21.8)

15, At what temperature is the density* of water
SLeatest? (21,9)

16, lce is less dense than water because of its
open crlrstalline structure. But nhy is water at
0"C less dense than water at 4"C? (2J 9)

17. Wh-v do lakes and ponds fteeze from the top
rlowm rather than fi:om the bottom up? [21.9)

18. t\hy do shallorv lakes freeze quickly in lr.inter,
and deep lakes not atall? (.21.9)

PIug and Ghug tlse Equations

Heat transfer in calories is gir,en by Q= mc\
where nz is mass in grams, c is specific heat
capacity in calig"C, and A7'is in "C.

19, Calculate the number of calories of heat
needed to changc 500 gf-ams of r,vater by
50 Celsius degrees.

20. Calculate the number of calories giv'en off
b-r 50U grams of water cooling f:-om 50"C to
20"c.

21. A 30-gram piece of iron is heatecl to I00'C
and then ilropped into cool water where the
iron's temperaturc drops to 30"C. How lnany
calories cloes it lose to the water? ( Ihe spe-
cific heat capaci ty of iron is 0. I 1 caJlg" C=)

22. Suppose the sarne 3O-gram piece of iron is
drr-rprped into another container of water and
gives off 165 calories in cooling. Calculate the
iron's temperature change"

23. \\trat mass of rvater will glve up 240 calories
rvhen its ternpelature drops from 80"C to 68"C?

24. \Nhen a 5O-gram piece of a-lunlinum at 100"C
is placed in water, it loses 735 calories of heat
n'hile cooling to 30"C. Calculate the specific
heat capacity of the aluniinunr.

Think and Explaln Think Criticatty
25. If you drop a hot rock into a pail of r,rrater, the

temperature of the rock and the r.t ater 1,uill

change until both are equal. The rock.r,ill
cool and the water w.LU rn arm. Does the sane
principle hold true if the rock is droppeci into
.a large lake'/ Exp)ain.

26. If ;rou stake out a plot of land with a stcel tape
meas[Lre using map measurefirents on a very
hot day, rvill you enclose more or less land
than on a very cold day?

27. A metai ball is just ahle to pass flrrough a
metal ring. When the ball is heatcd, thermaj
expartsion'vrrill not allorc, it Lo pass through
tire ring" \41hat r,r,cuicl happen if thc ring,
rather tharr the ball, were heated? Wuuld the
ball pass throug-,h the heated ring? Dcles the
size of the hole in the ring increase, decrease,
or- stay the same?

28. A snuglv fitting steel pipe circling the lt'orld
lr,'ould stand abotit 64 meters offthe ground if
its ternperature \^re.re increased by tr"C, $firat
'would be the lesr.rlt if Lhe pipe vvere instead
cooled by 1'C?

29" After a nrachinist slips a
hr;t, snugll'fitting iron rirrg
o\7er a cold brass cylinder,
the ring becomes "locked"
in position and carit be
removed even by subse-
quent heating. This proce-
dure is cajled "shrink fitting." How does it
occur'? Can you conclude anythiilg about the
therrnal expansion rates of iron and brass?

@
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30. If 1,ou take a bite of hot pizza,the sauce m'ay
burn your mouth while the crust, at the same
temperature, n'ill not. Eqplain.

3t, In the old days, on a cold lvinter night it was
cornrnon to bring a hot abject to bed with
you. Wtrich vrould be better--a l0-kiJogram
iron brick or a lO-kilo#am jug of hotwater at
the same temperature? Explain.

32. On a hcit <Jay you refi]ove from a picnic cooler
a chilled rvarcrrne.lorr an<t some cliilled sancl..
rviches. Which will rerna'in cool for a longer
time?\Mh1'?

33. Iceland, so narrned to discourage conquest hy
exlpandirrg empires, is not at all ice-cover.ed
like Greenland and parts of Srberia, even
though it is nearly on the Arctic Circle. The
average winter temperatl.lre of lceland is oon-
siderably higher than regions at the same lati-
tude in castern Greenland and central
Siberia.ltVhy is this so?

34. IAthy is it irnportant to protect vrarer pipes so
they dodt f:eeze?

35, Supposeyoucuta
small gap in a metal
ring, as shown. If you
heat the rlng, rvill the
gap become',rrider or
nal.]oweI?

tl6. Would a birnetallic strip function if the trn'o
dtfferent metals happened to have ttre same
rates of expansion? Is it importart ttrat they
expand at different rates? Explain-

3?. 6tate w-hether water at the foilowinH rempera^
tues will expand or contract when warmed:
0"C;4"C;6"C.

38. In addition to the overall nrotion of mole'cules
that is associated with temperature, some
molecules can absorb large arnounts of
energy in the form of internal vibrations arrd
rotations of the molecuJes themselves. Would
yoll expect materials composed of such mol-
ecules to have a high or a low specifi.c heat
capacity? lAlhy?

39. If water had a lower specific heat capacity,
r'*,ould lakes be rnore Iikely or less k*lytq
freeze in the winter?

Think and Solve
Deve I o p P rahl em -S olving $kilts
40. lt you r,rrished to warm 100 kg of water by

15"(l foryour bat-h, how much heatrvouldh
reqrrircl<l? (Gir'.e your ans$rer in calories and

loules.)

41. What wouid be the final temperatwe if you

inixerl a liter of 20"C lvater with 2 ]iters of
40"C water'l

42. lMlat r,vould be the tinal temperature if -vuu
nri:..ed ir liter cf 40"C \^rater with 2 liters of
20'C water?

43. What would tre the fina} temperature of the
rnixture of 5O g of 20"C watel ancl 50 g of
40'C lvater?

44. Wrat would- be the final temper-ature when
100 g of 25"C water is mixed with 75 g of
40"C water?

45, \Aihat is the specific heat capaclty of a 50-gam
piece of i00"C metal that will change
400 grams of 20"Cwaterto22"C?

4{i. Suppose that a metal bar 1 m iong expands
0.5 cm when it is heated. How much woultiit
elEand if itwere 100 m long?

47. Steel expands 1 part in 100 000 for eac'h l"C fu-

crease in temperatuie.If the 1.5-km rnain opan

of a steel suspension bridge hari no expansion
joints, how much longer would it be for a tern-

perature increase of ZOC?

48. What will be th.e final tempcmture of 100gof
20oCwaterrv-hen 100 gof 40" ironnailsare
strbrnerged in it? (fire specific heat of iron
is 0,12 callgC'.)
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Concept Summary
Heat transfer by conduction takes place within
certain materials and from one material to
another when in contact.

r Metals are good conductors.

r Poor conductors, such as wood, cork, poly-
styrene, and most Iiquids and gases, are good
insulators.

lleat transfer by convection takes place by the
movement of heated material itself.

I Convection occurs in all fluids (both liquids
and gases).

r Winds result from convection currents that
stir the atmosphere.

Heat transfer by radiation takes place from
everythrng to everything, even in empty space.

I Energy transmitted by radiation is called
radiant energy.

r A good absorber of radiant energy reflects
very little radiant energy, including visible
light, and thus appears dark.

I Good absorbers of radiant energy are good
emitters.

r According to Newton's law of cooling, the
rate of cooling (orwanning) of an object is
approximately proportional to the tempera-
hre difference between the object and its
surroundings.

Key Terms
conduction (22.1)

conductor (22.1)

convection (22.2)

greenhouse etrect (22.7)

insulator (22.1)

Newton's law of cooling (22.6)

radiant energy (22.3)

rudiaaon(22.3)
te rrestrial r adiation (22.7)

Review Osestiotti Check Concepts

l. lVhat is the r<ile of "loose" electrons in heat
conductors? (22.L)

2. Why does a piece of room-temperature metal
feel cooler to the touch ttran paper, wood, or
clotH? (22.1)

3. \A/ha,t is the difference betvveen a conductor
and b.n insulator? (22.1)

a. \rVhy are materials such as wood, fru, feathers,
and even snow good insulators? (22.1)

5. What is meant by saying that cold is not a
tangflble thing? (22.1)

6. Hold does Archimedes' principle relate to
contectiorfl (22.2)

7. Wfir does the direction of coastal winds
charige from dayto night? (22.2)

8. Howdoes the temperafirre of a gas change
when it is compressed?When it expands?
(22.2)

9. Donfinoes are placed upright in a row, one
next to another. \fhen one is tipped over, it
knocks against its neighbor, which does the
same in cascade fashion until the whole row
collapses. Which of the three types of heat
transfer is this most similar to? (22.112,3)
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10. \'Vhat is radiant eneryy? (22.3'1

Il. How do the wavelengths of ra{iant energy
varywith the temper-ature of the radiating
source? (22.3)

12. Why does a good absorber of radiant energy
appear black? (22.4)

13. Wr5rdg ey.e pupils appeiu blac}J- (22.4\

14, Is a good absorber of radiation a good emitrer
or a poor emitter? (22.5)

15. Vfhich will normally cool faster, a black pot of
hot tea or a silvered pot of hot 1eaz. (ZZ.S)

16. Which will undergo the greater rate of cooling,
a red-hot poker in a ra,arm oven or a red-hot
poker in a cold rocm (or do both cool at the
same ratej? (22.6)

I 7. Does Newton's larrr. of cooling apply to warming
as rvell as to coohng? (22.6)

lB. lVhat is terrestrial rudtatiort? (22.7i

19. Scllar radiant energy is composed of short
waves, yet terrestrial radiation is compcseci of
re)atively longer w&ves. tVhy? (22,7)

2O. a. Wrat does it mean to say that the green-
house effec.t is like a one-rr.ay valve?

b. Is the greenhouse effcct more pronounccd
for florists' greenhouses or for tsarth's surface?
(22.7)

Think and Explain thirrk &iticalry
21. AIwhat common temperalue will both a block

oflvood and apiece of metal feel neitherhot
nor cool when you touch them with your hand?

22,If you stick a metal rod irr a snowbank, the
end inyour hand will soon become cold.
Does coid flow from the snow to your hand?

23. Wood is a poor conductol', which means that
heat is slow to transfer-even when wood is
very hot. Why can fi.rewalkers safely walk
barefoot on red-hot rvooden coals, but not
safell'walkbarefoot on red-hot pieces of iron?

2(, Notice ttrat a desk lamp often has small holes
near the top of the metal lampshade. Hor,rr do
these holes keep the lamp cool?

25. \4hen a space shuttle is in orbit ancl there
appears to be no gravity in the cabin, $rhy
can a candle not stay lit?

26.|n Montana, thc state highway depar.tment
spreads coal dust on top of snow. Wlren tlre
sun comes out, the snow rapidly melts.Why?

27. Suppose that a person at a restaurant is
coffee before he or she is ready to &inkit ln
order ll:at the coffee be hottest when thepa.
son is ready for it, should cream be added
right away or just before it is drunk?

24. Will a ciur of beverage cool just as fast in the

regular part of the refrigerator as it will in fte
freezer compartment? (What physical lawdo
you think about in answering this?)

29. If you wish to save fuel on a cold day, zurd

you?e going to leave your warm house for
a half hour or so, should )rou turn yout ther-

mostat down a fer,r'degrees, dowrr all the
or leave it at room ternperature?

30, IJ the composilion of the upper atmosphere
were changed so that it permitted a greater

am,ount of terresLrialradjation [o escape,

r,ftrat effect w'orrld this have on Earth'.s cli-

mate? Conversely, what would be the effcctil

the upper atmosphere reduced the escaped
terrestria.l radiation?

Actfuitias futtontarw^{ssessnnat
31. If yotr livc rvhere there is .snow do as

Benjamin Franklin did nearly two centuries

ago and lay samples of light and dark cloth

on the r^ow. fff1'ou don'tlive in a snowy
try this using ice cubes.) Describe
in the rate of melting beneath thti cloths.

32. Wrap a piece of paper around a thick metal

bar and place it in a flame. Note that the
paper will not catch fire. Can 1,ou figure out

why? (Hint: Paper generally,vvill not ignite
until its temperature teaches about 230"C,)
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During phase changes, energ-y- is given off or
taken in.

I Whjle asubstance changes phase, its temper-
ature does not change.

I Much more energy is given off when water
vapor condenses than when an equal mass of
\,lrater freezes.i"sri@spt summary

i.tilring evaporation, a liquid changes phase at its
.. ::irface urd becomes a gas.

,1. il Iivaporation is a cooling process.

ri |,ting condensation, a Bas changes phase and
'"iii, b::cornes a liouid.

::li

r:# 6l Coudeilsation is a wauning process,ll

;; F ln dry air, water evaporates rnuch fasier rhan
it r:cndenses; in humid air, it evaporates only
sliglrLly faster than it condenses

turinf, boililrg, a iiquid clranges phase at any

'iace r',rithirr the liquid, and gas bublrle.s l-r'rrrr.

'l The hoiling tcmperatuzc ol a liquid depends
on the pressure on its suface.

I Boiling, like evaporation, rs a cooling processj.

tluring fteezing, a liquid changes phase and
becomes a solid.

I The freezing temperature of a liquid is lorv-
ered by adding other substances to it.

! During regeJation, ice melts under pressure
and refreezes when the pressure is removed.

Key Terms
hoiling (23.4)

condensation (23.2)

equilibrium (23,3)

evaporation (23.1)

freezing (23.5)

phase (23.0)

regelation (23.7)

relative humidity (23.2)

saturated (23.2)

Review Ouestions Check Concepts

l, Do all the molecules or atoms in a liquid have
about the same speed, or much different
speeds? (23.1)

Z. What is evaporation, and why is it also a cool-
ing process? (23.1)

3. \Mtry does a dog pant on a hot riay? (23.1)

4. Vlltrat is condensation, and r,r.hy is it also a
urarnrin g process? (23. 2)

5. 1\415'is beii:g burned try steam more damag-
ing than being burned by boiling water of the
same temperature? (23.2)

S. -Wh,ich usually contains fiIcre l,vater vapor-
lilarm air orcocl air? (23.2)

7. ltVhy does lvarrn moist air form clouds when
it rises? (2.3.2)

B. Why do you feel less chillv if you dry yourself
inside the shower stal after taking a shower?
(2s.3)
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9. How can you tell if the rate of evaporation
equals the rate of condensation? (23.3)

10, What is the difference between etaporadon
and boiling'l {23.4)

f 1, Why does the temperature at which a liquid
boils depend on atmospheric pressurc? (23.4)

12. lVtryis a pressure cooker even more uscful
when cooking tbod in the mountains than
when cooking at sea level? (23.4)

13. Why doe.s antifreeze Dr any soluble substance
put irwater lower its freezing tempemture?
(23.5)

14. How can water be made to both boil and
freeze at the same time? (23.6)

15. rtVhat is regelation, and what does it har,e t<t

do with the open-structurcd crystals jn ice?
(23.7)

16" a. How man], calories are needed to raise
the temperature of I gram of water by 1"C?

b.Ifow many calories are needed to melt
I Bram of ic.e at 0"C?

c. Horv rnany calories are needed lo vapottze
I gram of boiling \Mater at 100"C? (23.8)

17. Does avapor give offor absorb energywhen
it turns into a liqtdd? (23.8)

18. \tVhat is the effect of rapid evaporation on the
femperature of water? (23-B)

19. In a refrigerator, does the food cool when a
vapor tums to a liquid, or rrice versa? (23.8)

20. \fby is it irnportant that a finger be wet
before it is touched briefl.r to a hot clolhes
iron? (23.8)

Ptug and Chu g ttse Equations @
Quantity of heat energv required for change of
phase = (mass) x (heat of fusion or heat of vapor-
ization), or in equation form,
Q= mL

Quantity of heat energy responsible for a temper-
attlIe chang6 = (mass) x (specific heat) x (change
in temperature), or in equation form,
Q= mcLT

For water, heat of fusion = B0 cal/g; heat of
ization = 540 ctri/8.

21. Calculate the energy (in calories) absorbed
by 20 grams of water that warms ftom 30"C
to 90'C,

22. Calctilate the energrr needed to rnelt 50 gams
of 0"C ice.

23" Calcuiate the energy needed to melt 100 graus

of 0"C ice and thcn heat it to 30"C.

24" Caloilate the energv absorbed bv20 gramsof
I00"C waterthat is turned into 100"C stean.

25. Ca-lcuiate the energy released by 20 grams of
100"C stearn that condenses and then cools
to O"C.

Think and Explain Think Criticatly

26. a. Elaporation is a cooling process. What
cools and what warms during evaporation?

b. Condensation is a warming prccess. What
warqrs and what cools during condensation?

27,Yalu can determinewind direction if youwet
your finger arid hold it up into the air. E rplah,

28- Give two reasons why pouring a hot cup of
coffee into a saucer results in faster cooling.

29. At a picnic, whywould vwapping a botfle ina
wet cloth be a better rnethod of cooling thaa
placing the bottle iu a bucket of cold water?

30. Why is the constant temperature of boiling !
water on a hot stove evidence that boiling is a rr

32. People rrrrho live where snowfall is comrnon
will attest to the fact that air temperatures ar
generally higher on snowy days than on clear

days, Some people 8et cause and effect mixed

up when they say that snowl'all cannot occw
on very cold days. Explain.
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33. If a large tuh of water is kept in a srnail
unheated room., eyen on a very cold day the
temperature of the room will not go below
0"C.IAtry not?

54. On cold winter days the windo-ws of your
warm home sometfunes get uret on the inside.
Why is this so?

35. {Jn a clear night, why does more dew form in
I an open field than,;nder a tree or beneath a

. parkbench?

'r'hink and Solve
:,i$v elop P robl am-$ alvi ng S kil I s

l}8, How much steam at t00oC must be con-
rlensed in order to melt 1 gram of 0"C ice and
have the resulting ice water remain at 0"C?
('Ihe answer is nnt 0.148 grarrrs!)

i7, Calculate tie energy released by 1 gram of
i00"C boiling water that cools to form ice,
and then continues releasing energy until it
reaches absolute zero. (Absolute zero is
-273"C, arrd the specific heat capacity of ice
over this bmad tempemture range averages
about 0.3 cal/9"C.)

38. Calculate the energy released by 1 gram of
100"C steam condensi,ng to 1 graru of boiling
water of the same tercperature. How does this
energy compare with the energy released in
the pre"vicus problem?

39. How many calories are given off try I gram of
100'C steam tfrat changes phase to I gram of
ice at 0'C.

"t$. Coupare the heat given off bv I gram of
steani that condenses to boiling -water* to the
heat given off by I gram of boiling water that
cools to form ice, and then ecntinues grvlng
off energ'y al1 the way to absoiute zero. (The
specific heat of ice is 0.5 cal/gram"C.)

41. If 20 grams of hot lvater at 80'C is poured into
a cavity in a very large block of ice at 0"C,
wha-t will he the fina.l temperature of the
water in the cavity? How much ice rnust melt
in order to cooi the hot water down to this
temperature?

42.If a 100-9 piece of iron is heated to 100"C and
then dropped into a cavity in a large biock of
ice at 0'C, holv much ice will melt? (The spe-
cifrc heat capaciry of iron is 0.11 cal/g'C.)

Answer questions 4347 in terms of joules rather
than calories.

43. How much energy is needed to melt 5 kg of
ice at 0'C?

44. Horn much energ,v i.s given to your body when
0.5 kg ofstearn condenses on ycur skin?

45" If that same amourft of energy (answer to
question Mj were used to warm 4 kg of water
(8 times as much!) initiaii]. at 0'C, rvhat
would be the final temperatu.re of the rvater?

46. Tlre heat ofvaporization of ethyl alcohol i$
8,5 x 10s llkg.If 2 kg of it were allolued to
r.aporize in a refrigerator, how rnuch energy
would he drarnrn from the air molecu.les?

47.How much energyis needed to change 1 kg of
ice at -10'C to stearn atl2O" C7

Activity Pertarmance Assessmerrt

48. tsoil some water in apan and note that trub-
bles form at particular regions of the parr.
These are nucieation sites--scratched or
flawed regions of the pan, or sirnply bits of
crud. \A/hen water reaches the boiling point
tlr.ese sites provide havens lr,'here microscopic
bubbles can collect iong enough to become
big bubbles. Nuclearion sites are also impor-
tant fnr phase changes of conderrsation and
solidjfication. Snouflakes and raindrops typi-
caJly forrn around dust particles, Ibr example,
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Ghapter Assessment

Goncept Summary
'fhermodynamics is the study of heat and lr,.ork,

r Absolute zero is ttre lorvest possible tempera-
ture that a substance rnay have; where mol-
ecules of a substancehave minimum kinetic
enerw.

First la.w of thermodyrramics: The heat acldecl to a
system equals the sum of the increase in internal
energy plus the external rvork done by the sys-
tem. Ttris is a restatement of the law of enerry
conservation applied to heat.

I An adiabatic process is one usually of expan-
sion or compression, wherein no heat enters
or leaves a system.

Second law of thermod3rnamics: Heat does not
spontaneously flow from a cold object to a hot
object. No machine can be completelyefficient
in converting energlr to work; some inpul enerry
is dissipated as heat. AII systems tend to become
more and more disordered as time goes by.

Entropy is a me,uilrre of the disorder of a system.
Whenever enerry freely transforms from one form
to another, the direction of ftausformation is
t0ward a state of greater disorder (greater entropy).

Key Terms
absolute zero (24.1)

adiabatic (24.3)

Camot efficiency (24.5)

entow 124.7)

fust law of thermodl,natncs (24.2)

heat engine (24.5)

second law of thermodlmamics (24.4)

thermodynamics (24.0)

3€8 Chapter 24 TherrnodYnamics

Beview Ouestions Check Concep*
1. \Athat is the meaning of the Greekwords from

whichwe get the word thcrmorlynamics? (21.0)

2. Is the studyof 'rhermodynamics concerned
primarily with rnicroscopic or macroscopic
processes? (24.0)

3. \Mhat is the lourest possible temperature on
the Celsius scale? On the Kelvin scale? (24.1)

4. lVhat is the temperatrue of melting ice in
kelr,'ins? Of boiling w ater? {24.L)

5. I-tbw does the law of the consewation of
energy relate to the first law of thermody-
nanrics? (24,2)

6. 1{hat happens to the internal enrurry of asys-
tem whenwork is done on it?I,!'hat happens
to its temperufire? [24.2)

7, 'What is the relationship between heat added
to a s'ystem and the interna-l energy and exter"
nal work done by the system? 124.2)

8. If workis done adiabaticalty on a system, n'ilI
the intemal energy of the system increase or
decrease? If work is done by a system, will the

internal energy of the system increase or
decrease? (21-2)

L What condition is necessary for a process to
be adiabatic? (24.3)

10. What happens to the temperature of air r,vhen

it is adiabatically compressed? Wtren it adia-

batically expands? (24.3)

l.l. What generalllr happens to the temperature
of rising air? (24.3)

f 2. What generaltry happens to the temperature
of sinkitrg air? t24.3)

13. How does the second law of
relate to the direction of heat flaw? (24-4)

14. lVhat three processes occur in everyheat
engine? (24.5)

15. What is thermal poltution? (24.5)
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16. If a1l friction could be remcnred from a heat
engine, would it be 100% efhcient'.r Expiain.
Q4"5)

17, What is the ideal effrciency of a heat engine
that operate.s with its hot reseryoir at SCil K
and its sink at 300 K? (24.5)

18. Vtlhy are heat engines intentionally run at
high operating temperatules? (24.5)

i9, Give at least naro examples to distinguish
bi'tween organized energy and disorganized
energy. (24.6)

?0. How much of the electricil energy trans-
formed by a common lightbulb becomes heat
energy? (24.6)

2i. With respect to orderly and disorderly states,
what do natural systems tend to do? Can a
disorderlystate ever transform to an orderly
state? Explain. {24.6)

22. l{hat is the physicist's term for a measure of
messiness? (24.7)

23. Urreier whai condition can entropy ciecrease
in a system? (24.7)

24. What is ttre relationship betrveen ttre second
law of thermodynamics and entropy? (24.7)

25, Distinguish between the first and second laws
of thermodl.namics in terms of whether or
irot ex,ceptions os:cur. (24.7)

to a reservoir at 300 K.

27. Calcu1ate the icleal efficiency r:f a shiir's hoiler
when stearn comes out at 530 K, pushes
through a steam turbine, and exit's into a con-
detser that is kept at 29O Kby circ"dating
seawater,

28. Calculate the ideai efficiency of a steam turbine
that has a hot reseryoir of 112"C high-pressurc
steam and a sink at 27'C.

29. In a heat engine driven by ocean temperature
differences, the heat source (r,^/ater near the
surface) is at 293 K and the heat sink (deeper
water) is at 283 K Calculate the ideal effi-
ciency of the eugine"

Think and Explain Think Criticauy
30, A friend said the temperature inside a certain

oven is 600 and tJre temperature inside a
certain star is 60 000. You're unsure about-
"i,trhether your friend meant keivins or degrees
Celsius" How much dilTerence does it make in
each case?

31. lVhen you pufirp a tire with a biqislg pump,
the cylinder of the pump becomes hot. Glve
t1ryo reasons whythis is so.

32. Is it possible to entirely convert a given
amount of heat into mechamical energfr Is it
possihle to entirely convert a given amount of
mechanical energy into heat? Cile examples
to illustrate your answers.

33. \4re knt;w that warm air rises. So it might
seem that the air temperature shor:Id be
higher at the top of mountains than down
below. But the opposite is most often the
case.Wh-v?

34. lAtll the efficieary of a car engirre increase,
decrease, or reurain the sarne i.f the muffler is
rernoved? lf the car is driven'on a very cold
day? Defend y-our a-nswers.

35. The combined rnolecular kinetic energies of
molecuies in a very iarge container of cold
water are greater than the comhined molec-
ular kinetic energies in a cup of hot tea.
Pretend you paitialllr imrnerse ttte teacup
in the cold vtraier arid that tire tea absarbs
1S joules of energy frorrr the water and
beco-rnes hotteq while the vrater that gives
up 10 joules of energy becorues cooler.
Wauld this energy transfer violate the first
law of tLrermodynamics? The second law of
therrnodl,narn ics? Explain.

'.i Plug and Ghug @
,..{ eO. Calculate the idea-l e ngine
liX that takes in energy heat

369

:+

,;a

,l4i
rffi

Pd
E

.-.lt

{



36. A mixture of fueI and air is bumed rapidly in
a combustion engine to push a piston in the
engine that in turn propels the vehicle. In a
jet engine a mixture of fuei and air is bumed
rapidly and, instead of pushing pistons,
pushes t}e aircraft itseif. \,Vhich do you sup-
pose is more efficient?

37. Suppose one wishes to cool a kitchen byleav-
ing itle refrigerator door open and closing the
kitchen door and lt'ndows.lVhat will happen ro
the room temperature? 1,\&y?

38. h buildings that are treing heated eiectrlcally,
is itwastefrrt to turn on all the lights? Is mrn-
ing on all ths lights wastefui if the L.u.ilding ls
being cooled hy air conr.iitioning? Defend
your ans!ve!'s.

39. Water put into a f.t'e,iqzer ilcrnpat'tment in your
refrigerator gues to a state of klss molecular
disorder when it fteeees. Is this an exception
to the entropyprincipleS Explain.

40. On a cold J.0"C day, your friendwho likes cold
weather says she wishes it were. twice as cold.
Thking this to mean she wishes the air had
half the intemal energy, what temperature
would this be?

41. Why is "thermal pollution" a relative term?

42. Is it possible to construct a heat engine that
produces no thermal pollution? Defend your
arlswer.

43. What happens to the efficiency of a heat
engine when -rhe temperatu-re of the reservoir
inro which heat energyis rejected is loweredlz

Think and Solvo
Develop Problem.Solvlng Sklll*

L
44. Helium has the special propertlr that its inter-

nal energy is directly proportional to its
absolute temperature. Consider a flask of
heliurn with a temperature of 10'C. if it is
heaterJ until it has twice the internal energ-y,
whatwill its temperature be?

45. A hreat engjne takes in I Oil kI of energy fron:l a

sc,'lrrce at 800 K and expels 50 kJ to a reservoir
at 3G0 K. Calculate the ideal eiliciency and
the actual efEciency of the engine,

-46. Vihich hcat erngine hau greater ideal efficienc-v,

oIle rh.{t iiperates between the ternpeEatures
6O0 K and 40O K or one that operates betw-een
500 K airc14il0 K? Expiain howyour answer
conforrns to the ictea that a higher operaring
ie.iflperature yields higher effi ci enry.

47, To iacrease the efficiency of a heat engine,
vrcujd it be beiter to inerease the tenr,perature
of the reseryoir whlle holding the tempera-
ture of. the sink constant, or to decrease the
temperature of the sinkwhile holding the
ternperature of the reservoir conste-nt? Shov,r
yowwork

48, lVhat is the ideai efficiency of al automobrle
engine wherein fuel is heated to 2700 K a,rd
the outdoor -air is 300 K?

49. Ima#ne a giaat dr-\r-cleaner's bag fuIl of air at

a tempBratlre sf -35"C floatinglike a baliocn
with a string hanging ftom it f 0 km above rhe

gr-ound. Estfurate its temperature if you were
abie to yank it suddenlyto Earth's surfa-ce,

3rO Chapter24 ltrermodynamics


