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11.3 Temperature, Thermal Energy, and Heat
9. Rank in order, from highest to lowest, the temperatures 7; = 0 K, 7> = 0°C, and 73 = 0°F.

Vo e

o°c -77.8% -273%

10. “Room temperature” is often considered to be 68°F. What is room temperature in °C and in K?

20°C = 293K

I1.a. What is the average kinetic energy of atoms at absolute zero? © I
b. Can an atom have negative kinetic energy? Ao
c. Is it possible to have a temperature less than absolute zero? Explain. No 3 /ow':"t frans A"m«—l

h.r ehe e ‘a}

12. Do each of the following describe a property of a system, an interaction of a system with its
environment, or both? Explain.

a. Temperature:

Phr.,.—é:j o/ e f,:la“: AWtae Auv‘-c ﬁ"w O/ 6// mo/ecoleg :

b. Heat:

P,,P‘(Ja o/ e fka"“’ %—M /&‘u'/v'c. awaa 07[.” D",“”/«'_

c. Thermal energy:
Both : e intorrol cusgy (it lobmdbeluci b o o0
Hd" 5 Gllnﬂec{ b{ 4@1[ r'?\f‘/ ; 7‘
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11.4 The First Law of Thermodynamlcs

13. For each of the followin rocesses:
gp e change of

a. s the value of the work W, the heat 0. !
negative (-), Or Zero (0)? _ or not change 0)
b. Does the temperature increase (+), decrease G AT
pe 4 ,,Q--—— " ‘-,_ #° De s
v et | ?
« You hit a nail with a hammer. ) ﬁ o ot'r i s -""
« You hold a nail over a Bunsen burner. O r’; | + +'
R TR o el S
» High-pressure steam spins turbine. ; ¢ v 4 + ; i O
b o ihet 201

« Steam contacts a cold surface and condenses.

« A moving crate slides to a halt on a rough surfa
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11.5 Heat Engines
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14. Rank in order, from largest to smallest, the efficiencies e, to e, of these heat engines.

Hot

Order:

Explanation:

Hot

Cold

—

[
1 100 ] l 107J
—40) E B
4
60 4]

{

fb 70

Cold !

See Co above

15. For each engine shown,

a. Supply the missing value.
b. Determine the efficiency.

Hot

\

307

Cold

e:

16. Efﬁ;‘wnc 15a imensi/

Kglvin rather (h

Hot {

=

1lI2J

\

25 %

Cold

e=

Hot {

Hot  \

(
l 12)

8J

Wa_g_

Cold 1%

33 %

e =

uantity, so ks it necess asure temperatures in
°F to fetermine efficien n using th on e .d= —
Ty
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17. Four heat engines with maximum efficiency (Carnot engines) operate with the hot and cold

reservoir temperatures shown in the table.

Engime ~  le . e
Eoaear 600 50%
2 200 400 56%
3 200 600 e
| 4 00 40 | 25"

Rank in order, from largest to smallest, the efficiencies €; 10 €4 of these engines.

Order: &3>{€.'=CL == e‘/

Explanation:

S& Y- ¢beve

11.6 Heat Pumps, Refrigerators, and Air Conditioners

18. For each heat pump shown,
a. Supply the missing value.

Lo DTy theToekficioneof performance if the heat pump is used for cooling.

Hot £ A4 L B T S
Iﬂt o U :n 6J t 10]
6 ] — > ] 15)
i 5 | :]
3J % W 4J - gc=_I
Cold o S - AN
COR= By cor™= —COP-——

19. Does a refrigerator do work in order to cool the interior? Explain.

© 2015 Pearson Education. Inc.
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11.7 Entropy and the Second Law of Thermodynamics

11.8 Systems, Energy, and Entropy

20. Do each of the following represent a possible heat engine or heat pump? If not, what is wrong?

a. Ho [ 600K b. Hot 600K c.
jlfuu iy >~jlfl_o—1--
; B La
— 5] —— 9%
1|y ]
10) -
Cold 30K PRI § e e
A/O 5 T vt 107, ‘fes
d. Ho ___60K e. f.
—20J
( W
1[
Cold 30K

A/O) 2007 ‘4:'“3

Hot [ 600K
10

5.

4]

Cold

10 J =——2

) ¥
=

Cold ' 300K

NO) over cernet- 0#

of §0% (8'6(9703

21. If you place a jar of perfume in the center of a room and remove the stopper, you will soon be
able to smell the perfume throughout the room. If you wait long enough, will all the perfume

molecules ever be back in the jar at the same time? Why or why not?

/\/0) Zn/[u) fy} #7["/, recols jn mers roadewxert a.hrJr)

&f Hme iuf on.
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<<. Suppose you place an ice cube in a cup of room-temperature water and then seal them in a

well-insulated container. No energy can enter or leave the container.

a. If you open the container an hour later, which do you expect to find: 2 guppovaEsalisghily
ome 100°C steam?

cooler than room temperature, or a large ice cube and s

b. Finding a large ice cube and some 100°C steam would not violate the first law of
thermodynamics. W = 0 J and Q = 0 J, because the container is sealed, and AEy = 01
because the increase in thermal energy of the water molecules that have become steam is
offset by the decrease in water molecules that have turned to ice. Energy is conserved, yet
we never see a process like this. Why not?

Seco,,J Law (5...4-",’) would be w'o'c"'“(- /%/&*td ‘7‘/“"
W ‘lb P‘_-br_:rg/ oVW&I( J"‘OI'J"' el /ﬂ‘dc ree Cl’ée 'S
ere on!ﬂ\ul.

23. Are each of the following processes reversible or irreversible? Would the second law of
thermodynamics be violated by any of the processes? Explain.

a. A freshly baked pie cools on a window sill.

/ rrevers: l/c,

b. A neatly raked pile of leaves is scattered by the wind.

/ rrevers: “L

¢. The wind gathers up the fallen leaves in a yard and leaves them in a neat pile

me; ”C =R vio/,;l,’..., ,/ “’”f /

© 2015 Pearson Education, Inc.
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1244 cHAPTER 12 - Thermal Properties of Matter

12.3 Ideal-Gas Processes

10. Consider an ideal gas contained in a confined volume. How would the pressure of the gas
change if

a. the number of molecules of the gas were doubled, without changing the container or the

temperature?
emperature V * RT
1 e

P’exvu most nerease (,..,,g a//b’nr u/N'L 0“0/"“’/“)
(2x)

b. the volume of the container were doubled, without changing the number of molecules or the

temperature?
Y=aRT

t: o

PMNI'C most JCCML (ﬁ.’r eallisioms -n" /‘7‘( o’“";“")
( /ox)

¢. the temperature (in K) of the gas were doubled, without changing the number of molecules
or the volume of the container?

V= ﬂ/ZT

&) D&

ﬁegyurz bwrf Inereare. (pou u/"sfn) uf/‘. ,r«/\r ‘?. @

Zx)

d. the rms speed of the molecules were doubled, without changing the number of molecules or
the volume of the container?

RMS I‘F(\'J e 'F’:‘) so ke [as? pr-‘/m)
bhot pressure weold only inereare b
& \Zlc\lor vyt 'PA ] :

Whoops...if rms speed doubles, temperature would
have to quadruple, so pressure would go up by 4x

© 2015 Pearson Education, Inc.
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I'l. The graphs below use a dot to show the initial state of a gas. Draw a pV diagram showing the
following processes:

a. A constant-volume process b. An isobaric process that ¢. An isothermal process that
that doubles the pressure. doubles the temperature. halves the volume.
14 P P
4 .
‘] [ B \
e e — —e— Y P — T —_r—V —— Y

12. Interpret the pV diagrams shown below by
a. Naming the process.

b. Stating the factors by which p, V, and T change. (A fixed quantity changes by a factor of 1.)

P p P
| 2 1 ]
4 \ 4 — ¢ — o
‘ 1 2
B 4 ¥ —
1 ! 7
' T = : 3 ! B v 41 x { g TR = el V T T T T V
Process ,pdgr,}, Process ’ Se -“ami Process , So baric.
p changes by 3 p changes by z p changes by 0
V changes by [ V changes by 2 V changes by \ z
T changes by 3 T changes by ' T changes by / z
13. Starting from the initial state shown, draw a pV diagram for the P
three-step process: :
i. A constant-volume process that halves the temperature. lgockerie
ii. An isothermal process that halves the pressure, then ’
iii. An isobaric process that doubles the volume. ]
Label each of the stages on your diagram. g It bevic.
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. asis?
14. How much work is done by the gas in each of the following processes:

a. p (Pa) b. pPa) Cic il (ipa)

““‘] 3000 : i /\

2000 4 T_»____.l sty “ \ - 2000 H ;

1000 - 10004 : o

0+—r S S ) 0; - V) o 1 5 —7Viw)
0 1 2 3 0 1 2 3
_ §ood T

W = 41000 T Wy, = 4000 T Weas

3 3
15. The figure below shows a process in which a gas is compressed from 300 cm” to 100 cm”.

a. Use the middle set of axes to draw the pV diagram of a process that starts from initial state i,

compresses the gas to 100 cm?, and does the same amount of work on the gas as the process
on the left.

b. Is there a constant-volume process that does the same amount of work on the gas as the
process on the left? If so, show it on the axes on the right. If not, use the blank space of the
axes to explain why.

P 4 P

A’O) a." t'rs“: Volcm

3 )
4 1—4———4l : Rro vgrk 'S JM!
) ! v 3 3
— — V(cm’) t =1 1 V(cm’) T T T T V(cm)
0 100 200 300 0 100 0 100 200 300

16. The figure shows a process in which work is done to compress a gas.
2. Draw and label a process A that starts and ends at the same points but does more work on the
gas. Aol‘l ave®
b. Draw and label a process B that starts and ends at the same points but does less work on the

gas. Lesg aree.

© 2015 Pearson Education, Inc.
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I'7. Starting from the point shown, draw a pV diagram for the following processes.

a. An 1sobaric process in which work is b. An adiabatic process in which work is
done by the system. done on the system.
I 4 P
.y
— —— ] " V B — V
¢. An isothermal process in which heat is d. A constant-volume process in which heat
added to the system. is removed from the system.
p
p

N

K- £ . s M . v

You Write the Problem!

Pt
Exercises 18-20: You are gl)é the equation that is used }zf’ solve a problem. For each

a. Write a realistic ph)/ sics problem for which this- is the correct equation. Loo
examples and end¢of-chapter problems in the{extbook to see what reahs i

problems are llké

b. Finish the sokmon of the problem.
18. ps = : /
7 .
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