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change from solids o liquids to gases. Al higher temperatures, molecules, atoms,

and even nuclet break apart.

There is a limit to how muach internal eoergy can be removed from an object.

and thus there is a lowest possible L(?I]'ll)t.‘l"(ll111'(‘—11]')5()11]1(‘. 2ero. or —273°C——the

same as the zero on the Kelvin scale. A substance it absolute zero has the lowest

p()ssiblc internal energy,

The temperature of a substance does not change while it undergocs a physical

change of state. The energy that is released or gained per gram of mmaterial is

Lnowi as the tatent heat.

The natural flow of thermal energy is atways from hotter ohjects to colder ones.

In the process called conduction, thermal energy is wansferred hy collisions be-

gween particles; in convection the transfer occurs through the movement of the

panicics: and in radiadon the energy is carricd by electromagnetic waves.

absolute zero: The lowest poss'iblc temperature: 0 K. — 2737,
or —459°F.

British thermal unit: The amount of hieat required o raise the
temperature ol pmmd ol water by 1°F.

calorie: The amount of iead required to raise the temperapre
ol 1 gram of water by 1°C.

change of state: The changeina substance hewween soliddand
liguic or liguicl aned gas.

conduction: The wansfer of thermal energy by the collisions ol

the atoms or molecules within a substance.

conductor: A material that allows the casy {lony of thermal en-
ergy. Moetals e wood conductors,

convection: e wanster of thermal encrgy fluiels by means
of currents such as the rising ol hotai and the sinking ol coldair,
heat: Fuergy flowing duc 1o adilference i emperature.
heat capacity: The amaunt of heat required to raise the teni-
peratwre o an object by 1°C.

insulator: A material that is a poor conductor of thermal cu-
ergy. Wood and slatonary air are good thermal insulators,
internat energy: The total NICrOsCopic energy of an ohject.
which includes its atomic ancd molecular translational and rota-
tonal kinelic encrgies, vibrational energy, and ihe energy stored
in the molecular bonds.

KEY TERMS

latent heat: The wnount of heat required to mell (or vapor-

ize) 1 grantola substance. The simne amount of heat is released

when T g of the same substance [reczes (or condenses).

radiation: The tansport ol energy via electromagnetic waves.

specific heat: The amount ol heat required o raise the em-
. . agn

prrature of 1 gram ol a suhstance by 17C,

thermal energy: Internal energy.

thermal equilibrium: A condition in which there s no net

flow ol thermal cnergy between two objects. This occurs when

the two ohjects obtiin the siune wemperature.

thermal expansion: The expansion ola material when heated.

thermodynamics: The area of physics that ceals with the con-

neciions beiween heat and other forms of energy.
thermodynamics, first law of: The inerease i the internal
energy ol asystem is cquad e the Treat added plus the work done
on the system.

thermodynamics, third law of: Absolute zero may be ap-
proached experimentally but can never be reacheed.

thermodynamics, zeroth law of: T objects A and Bare cach
in thermodynamic cquilibriom with object G, then A and Bare
in thermodynamic cquilibriem with cach othcr, All three ob-

jects are at the swme temperature.

.ln an avalanche, the snow and ice hegin atrest at the top of

the mountain and end up atrest at the hottom. What hap-
pens o the gravitational potential energy thal is lost in this
process?

2. What happens 1o the sound arergy [rom your slereo

speakers?

3. What evidence dicd Rumlord have that heat was not a {hade

4. Rumbord concluded that heat cannot e o fluicd. Does this
imply that Ticat does not How?

@ Flow are the concepts of work and heat the same? How e
they diflerents
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What would you expect o find if you measure the temper-
atwre of the water at the wop and hotem of Ningara Fallse
Expliin your reasoning.

It might he argued that the only thime vou measuare the
undisubed temperature of @ system is when the reading
on the thermometer does not change when i is pliced in
thermal contact with the system, Use the zeroth law 1o ex-
plain why this is so.

Imagine a universe where the zeroth Taw of thermodyname
ics wus oot valid, Would (e concept ol temperature stil
make sense in this universe? Why or why noe?

Could two objects he 1ouching but not be in thermal CO-
libriwm? Explain,

Is it possible Tor a bucket ol water i Los Angeles ane a
bucker ol water in Now York City to he in thermad caquitils-
rivn? Fxplain,

Why is it incorrect o tilk about the How of lemperatre
from a Lot ohject 1o colder object?

On the inside back cover ol this wexibook e conversion
[actors between different units. Why is there no conversion
[actor benween joules and kelvin?

Whatis the difference hetween heat and wmperature?
The same amount of heat [lows nto wo dilferent buckets
of water, which arce initially at the same lemperatare. Will

both huckets necessarily end up at the same temperatre?
Explain,

Stadent 1 oclaims, “fwo buckets of water must have the

Csame heat i ey are at the same temperatare.” Student 2

counters, “That's true ouly il both buckels comuain the
same amount ol water.,” Which, i cither, of these students
do you agree with? Explain,

How do the internal energics of aenp of water and a gailon
ol water at the same emperature comprue?

Under what conclitions is the first law of thermodynamics
validr

Work is done on a system without changing the internal
energy of the svsiem. Which direction (inte or out of the

19.
20.

21.

22.

23,

24,

25.

26.

28.
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svstem) must heat Hlow doring this process? Use the Grsi -
ol thermodynamics wo justily yvour answer.

[How is specific heat delined?

Does i take more thermal energy wo raise the emperatog
ol b grams ol water or 5 griims of ice by 6°C3 loxplain,

Ligquid X and gas Y hove identical specilic heats. Wounl,
E00 calories of heat rause the temperature of e of ligy
uid X by the same amount as 1 liter of gas Y7 Fxplain v
reasoning.

One kilogram of materiad At 80°CHs hrought into thermg,
contaet with 1 kilogram of material B ot 40°C When il
materials reach thermal cauilibrium, the temperatue |
68°C. Which material. il cither, has the greater specili
heat? Explain,

A hot block ol aluminum is dropped into DO orants ofwy
Ler at room wemperatare ina thermally insuliated contme
where it reaches thermal equilibrivon, T 1000 gruns o wa
ter had been wsed msteacd, wouald the amount of heat tuans
ferred to the waier be greater than, equal to, orless thun
was hefore? Whye

A hot block of aluminum is dropped into B0 grams o,
wiier at room temperature inoa thermadly msolated cone
ttiner where it reaches thernml equilibrivo, TE1090 gram
ol witer had been used insteaed, would the emperaiur
change ol the water be greater than, equal to, or less st
i was heforer Whve

Why do climates near the coasts (end o be more moderan
than those e the middle of the continents

Why does the coldest it of winter ocorr during Tte Jan
wary and February when the shortest diy is nean Decem
herv 81-

Given that the melting and [reczing temperatires of wiles
are idendeal, what determines whetlier 0o mixture of i
anel wader will freeve or meltz

I vou make the mistake of removing ice cubes (rom the
freezer with wet hands, the ice cubes will suck o vouw
hands, Why does the water on yowr hands (reeve rathe

1lran the ice cubes mellr
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30.

3l.
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33.

35,

36

37,

38
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Why can an icebery supvive Tor several weeks [loating in
seawater thats ahove freczing?

Thie hoiling peint for lquid nitrogen at atmospheric pres-
sure is 77 K. 1s the temperature ol an open container ol'liq-
nid nitrogen higher, lower, or equal to 77 K2 Kxplain.

One hundred grams of ice at 0°C is added 1o 100 grams of
water at 8U°CL The svstem is kept thermally insulated Irom
its environment. Will the equilibrium temperature ol the
mixiure be greater than, equal 1o, or Less than 40°C2 Fx-
plain vour FEASONING.

An ice cube a 07CHs placed o a Suroloam cup contining
200 grams ol water al 60°C. When the system reaches ther-

mal cquihbrivin, its wmperature is 30°C. Was the mass of

e ice cube greater than, cqual to.or Less than 200 orams?
Explain vour Teasoning.

Why is steam at 100°C more dangerous than water at
1667

A new hguid is discovered (t has the sie bolting point
ained specitic et s watter bud o lzent heat of viporization
ol 10 calories per gram. Assuming i this new liguid s
sale 1o drink, would it be more or less convenient than
water for boiling cggs? Why?

A systern is thermally insutated Irom its surronndings. Ts it
possible to do work on the system without changing its in-
wernal energy? Is it possible 1o do work on the systeny with-
out changing its temperatures Fxplain,

In Washington, DG, the weather report SOMOMes staies
that the wemperature 15 95°F and the humidity is 95%. Why
cloes the high humidity make itso uncomlortable?

Use a microscopic model to explain how a metal rod wans-
ports thermal energy [rom the hot end to the cole end.

Why would putling a rug on tled bathroom floor make it
[eel less chilly 1o bare feety

Rank the following materials in terms ol their insulat-
ing capabilies: static air, glass, polyurcthane foam, and
conerele.

Which ol the following is the best thermal conductor: fiber-
glass, stainless steel, wood, or silver?

41.

42,

43.

44.

45,

46.

47.

48.

49.

50
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I the wemperure is 357 and the wind s hlowing
20 mph. the cquivalent wind clill 1emperature is 2471
Will a0 eluss of water freeze in this situation? Explain vour

reasoning.

You hear on e morning weather veport that the outside
temperature is —5°F with a wind-chill couivalent tempera-
e of —40°F, You know that veur old car, which is parked
outside, will not st il the wmperature of the batteny
drops below -~ 15°F, Will vour car start this mornings Why
or why not?

The respective thermal conductivities ol iron and stunless
steelare 7O W/m - °C and 14 W/ - °CL Use these dati o ex-
plain why you need (o use potholders Tor pots with iron
huandles but not for pots with stainless steel handles.

Why mighta vook put arge ahrminum nails in potatoes be-
fore baking them?

In northern climates drivers olten encounter signs that
read "BRIDGE FREFZES BEFORE ROADWAY.” Why dous
this oceur?

You have just made voursell a hot cup of collee and are
about o add the cream, which is at room emperature.
Suddenly the phone rings and you have to leave il room
For wwhile. Is it hetter to adel (he cream o the coflee helore
vou leave or adier vou gt hack il you want your cotlee as
hot as possible? Whve

When pilots {ly unader clouds, they olten expericnce o

downeralt. Why is this?

[Lis micladiernoon and you are canocing down @ river that
emptics into a lrge kike, You are having a hard tme mak-
ing progress hecause of stiff wind in your face. Ls this sie
wation likely 1o get hetter or worse as the Sun ses? xplain.

A black car and awhite car are parked next o cach other
on asunny day. The sucliace ol the black car gets much hot-
ter than the surlace of the white car, Which made ofenergy
transport is responsible for this diflerencer

Farth satellites orbit Earth in a very good vacuam. Would

vou cxpect hese satellites 1o ool off when they enter
Lartit's shadow? Explain.

|
'
|
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5E. A Thermos botle 1s usually constructed from owo nested
glass containers with a vacuwm between them, as shown in
the figure. The walls are usuadly silvered as well How does
this construction minimize the loss of thermal energy?

52. Will a4 Thenmos boude (shown in the figure) keep some-
thing cold as well as i keeps it hoi? Explain,

53. The metal rool on o wooden shed makes noises when o
cloud passes in front of the Sun. Why?

54, Why might a glass dish taken from the oven and put inte
cold water shatier?

*55. Supposc the column in an aleohol-in-elass thermometer
is not uniform. How would the spacing between the de-
grees on awide porton of the thermometer compare with
those on 4 narrow portion?

¥56. When a mercury thermometer is lirst put into hot water,
the level of the mercury drops shghtly before 1 hegins o
climb. Why?

Lo How much heat s required to raise the wemperature of

500 s of water from 20°C 10 30°Ck

2. I the temperature ol 600 g ol water drops by 370, how
much heat is released?

How much work s recuired to push a crate with aforee of

200 N across a Hoor adistance of 4 m? How many calories
ol thermal cuergy does the itiction produce?

4, How muny calories are released to the surroundings when
100 g ol Tead SHiot falls from a height of 50 cm and docsn’t
bouncer

#8. A physies student foolishly wants to lose weight by drinking
cold water. If he drinks 1 1 (1000 an™ of water at 10°C
below bady temperature, how many Calories will it (ake 1o
warm the water?

6. A typical jogger burns up lood energy at the rate of about
40 KJ per minue. How long would it take 1o run ofl a picce
of cake i it contains 400 Calories?

Juring a process, 28 | of heatwre ransferred into 4 system,
while the system itsell does 12 | of work, What is the change
in the internal energy of the system?

8. I the internal energy of an ideal gas increases by 150G ]
when 240 ] of work are.done to compress it, row much heat
18 released?

9. Tt tukes 250 cal to raise the wemperature of aometallic ring
from 20°C 16 30°C. I the ring has 2 mass of 90 ¢, what is the
specific heat of the metal?

10, 1 tikes 3400 cal to raise the temperature ol o 500y statuc

by -H7CS what Is 1he specilic hear of the matertal nsed o
make the stine?

EXERCISES

Vicmum

Silvered

Questions 51 and 52

Ll How many calories will it take o raise the temperatie of
a 50w oold chadn from 2000 10 100°C:

12, Hlow muny calories wonbd it take toraise the temperaiuee
/ of w A00-g aluwminuwm pan from 295 Ko 373 K2

Six grwmns of Hguid Xoa 357C wre added w 3 grams ol ig-
uie Yol 20°C0 The specttic s of Tiguid Nois 2 cal S =70
and the specific heat ol Hguid Yis Teals-7Co each graom
ol hguid X gives up two calories o Tiguid Y Gl the
chimge in temperature of cach Toguaid,

14, In Exercise 13, imagine that iguicd Ncontinnes to trmnsfor
energy to the other Hguid 12 calories atw tme. How noion
transfers would be required 1o reach o common temperse
ture? What is this equilibricm temperaturer

15, Eighty grams of water at 70°C e mixed swith an equal
amownt of water at 36°C in o completely insukued con-
tainer. Fhe Ginal emperatare of the water is 567C
a. How much heatis fosthy the hot wiverr
b. IMow much heatis guined by the cold witerr
c. What huppens to the total amouni of internal encry

ol the system?

16, 11200 g ol water at 10°C are mixed with 300 ¢ ol water al
50°CHin a completely insulaed container, what s the final
cquilibrivm temperane?

17. A keule containing 3 kg ol water has just reached its haii-
ing point. How much energy, injoules. is required to boii

/ the ketde dryr
How much heat would 1t take to melt o I-kg block of ice

19. You wish o mell i 3-ke block of alunmvinum, which is ini-
tially at 20°C0 How much energy, in joules, is regreed to



