Chapter 17
Phases and Phase Changes

Answers to Even-numbered Conceptual Questions

2.

10.

12.

14.

16.

18.

20.

22,

Carbon is monatomic, whereas oxygen is diatomic. Therefore, one mole of oxygen has
twice as many atoms as one mole of carbon.

The bubble wrap is more effective on a warm day because the air pressure within the
bubbles will be greater, leading to more effective cushioning. At low temperature, the
bubbles are almost flat.

If the temperature of the air in a house is increased, and the amount of air in the house
remains constant, it follows from the ideal-gas law that the pressure will increase as well.

Yes. If the pressure and volume are changed in such a way that their product remains the
same, it follows from the ideal-gas law that the temperature of the gas will remain the
same. If the temperature of the gas is the same, the average kinetic energy of its
molecules will not change.

Both types of molecules have the same average kinetic energy, because they experience
the same temperature. Since the oxygen molecules are more massive, however, it follows
that their rms speed is less than the rms speed of the nitrogen. In general, heavier
molecules move more slowly for a given temperature.

The ratio of oxygen to nitrogen decreases with increasing altitude. The reason is that
oxygen molecules move more slowly than nitrogen molecules, on average, and are
therefore unable to rise as high above the ground as nitrogen molecules.

Airplanes can have a difficult time taking off from high-altitude airports because the air is
thin, and provides less lift than air at sea level. When the air is cool, however, its density
is greater than when it is warm. Therefore, taking off in the morning or evening will
provide the airplane with more lift — which can be very important at high altitude.

If the absolute temperature of an ideal gas is doubled, the average kinetic energy of its
molecules doubles as well. Recall that kinetic energy depends on speed squared, however.
It follows, then, that the average speed of the molecules increases by a factor less than 2;
in fact, the speed increases by a factor of the square root of 2.

The change in length is inversely proportional to the cross sectional area, as we see in
Equation 17-17. The solid rod has the greater effective cross-sectional area — since the
hollow part of the other rod doesn’t resist compression. Therefore, the hollow rod has the
greater change in length.

No. The temperature at which water boils on a mountain top is less than its boiling
temperature at sea level — due to the low atmospheric pressure on the mountain.
Therefore, if the stove is barely able to boil water on the mountain, it will not be able to
boil it at sea level, where the required temperature is greater.

If we look at the phase diagram in Figure 17-16, we can see that in order to move upward

from the sublimation curve to the fusion curve the pressure acting on the system must be
increased.
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24, No. Water is at 0 °C whenever it is in equilibrium with ice. The ice cube thrown into the
pool will soon melt, however, showing that the ice cube-pool system is not in equilibrium.
As a result, there is no reason to expect that the water in the pool is at 0 °C.

Solutions to Problems

1. PV =nRT
W7 ( mol)(S 31 —)(273 15K)

P 1.013x10°Pa

0.0224 m>

VT (421)(273.15437) K
T 273.15K

1

AV=V; -V;=477L-42L=|06L |

=477L

RV _ RV
mRT  neRT;
B_F
LT

PT (552 kPa)(288 K)
Ty = ;1 =T s0skpa LK

1

BV _(212x10° Pa)(0.0185 m*)
RT; (831 4x) 294 K)
RV; _(252x10° Pa)(0.0185 m*)
RT, (831, 3)294K)

An = ng —n; =1.908 moles—1.605 moles =| 0.303 moles

pra (112x10°Pa)(7023 m?)(4.00260 .|

4, nj = =1.605 moles

=1.908 moles

ng =

=|1.33x10% kg

RT (831 dc)@ssK)

_ (850 kPa)(303 K)(0.500 m")
- (101 kPa)(285 K)

= 45m

237 6
kNT_(1.38><10 i)(10 )(100 K)

7. P= = =107 pa
vV Im’
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5 Ll
L Tp
Vf:TfVi
T
_(273.15+23) K(3.0L)
B 87K
=[10L

9. (a) PV = NkT
P
kT
4 .3
P(gmf )
kT

(2.4><105 Pa)gﬂ(o.zs m)>

(1.38><10_23 %)(273.15“8) K

(b) The volume doubles.
4 3 4 3
Vo =—mr5 =2v) =2| —7H
2 3 2 1 (3 lj

o) :21/3r1 =1.26n

non 1260 -n _rone e
i

i

10. (a) V=

prT (125 mol)(831 4 )(310K)

3.9x10%* atoms

P 101x10° Pa
(b) Vo1 = the volume of one molecule

anol _ n(%ﬁr3)

v o
_mrd3
e

3
(1.25 mol)(6.022x1023 %ﬁ)‘;‘“)n(z.sxw*w m)

0.032 m>

—1.9x107*

6(0.0319 m*)

Physics: An Introduction

(¢) |Since the molecules represent less than 0.02% of the total volume of the gas, the assumption is valid]

N (153><103 Pa)(515 em®)(jm

11. 100 cm

h J
RT (831 m)(322 K)
0.460 g

=———F—=|15.6 g/mol
2.945%1072 mol

M

=2.945x1072 moles
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12. (a) T, :g(rf ~32) :%(—64—32) =-53.3°C
T, =(273.15-53.3)K =219.8 K
N P 0.92x10° Pa

V. kT (1.38x10*23%)(219.81<)

3.0x10% molecules/ m’

(b) The number of molecules per volume on Earth is that on Mars. The temperatures of Earth and
Mars have the same order of magnitude, but the pressure on Earth is far greater than that on Mars.

(¢) Earth at STP:

5
N_P_ 1.01x10 Pa =|2.68x10% molecules/m3
V. kT (1.38x10*23i)(273.15 K)

13. RV =RVy
B (nr?h) = Pr(nrlhe)
p =Bk
hy
_ (137 kPa)(23.4 cm)
20.0 cm

~[f60¥ra]

_ 7Z'V2thi
ﬂ'rzhi
_ T
By
_(26.0 cm)(313 K)
234 cm

-[35K]

15. Pin — Vi

Pout Mour
out

Let my, = mgy.

Pin Vour  Tow (273.15+20.0) K
=== =[0.842
Pout Ve Tm  (273.15+75.0)K
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16. BV, =PV,

P

_BV; RV _210kPa

P (kPa)

200

150

100

50

=70 kPa

V, 3

(0.0012 m®, 210 kPa)
1

2
(00012 .70 kPa) (0.0036 m®, 70 kPa)
. m=, a

Physics: An Introduction

Since temperature is proportional to mass, the oxygen, which is more massive, is at the higher temperature.
The answer is @

18 (lmvzj :EkT
2 )
1 5 3
Em(v )av _EkT
3kT
( 2)av =
m
), o)
m Jo m Ju
To _Tn
mg My
Ty = Tomy
mo
1.00794 il
= (303 K)| ————— ol
15.9994 &
mol
=[19.1K
3(8.31 —)(273.15K)
19, Vemg R otk =| 630m/s
M [14.00674 i+3(1.00794 i)}( 1 kg )
mol mol 1000 g
(3 mol)(8.31 —2)(295+273.15) K
20. (a) p="RT_ mol K =] 4.0x10° Pa

0.0035 m>

(b) (KE)avzng:%(l.%xlOB j(295+273.15)1<: 1.18x10720 J

J
K
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(¢) [Pressure decreases by a factor of 2| because pressure is inversely proportional to volume. The
energy of a molecule remains the same], because it depends only on temperature.

21. (a) The rms speed of H,O is the rms speed of O,, since it is less massive but has the same average
kinetic energy.

_3RT
rmstO MH20 2(15.9994 g/mol)

Vrms, ]%/IRT MH o) 2(1.00794 g/mol) +15.9994 g/mol
02

=1.333

Vimsyy,o = 1-333Vrms02 =1.333(1550 m/s) =| 2070 m/s

22. (a) By doubling the number of molecules while holding the volume and pressure constant, the temperature must
(by the Ideal Gas Law). Since the temperature decreases, the rms speed decreases.

(b) PV = NkT = constant
NKT, = 2NkT;
1
Iy = ETi

3kT;
Vims,i =

[3kT /
Vims,f = L=

3RT
M

2, (339m) (0 0440 ml)

V o
T=-1 = 203 K
3R 3(8.31 J )

23. Vs =

mol-K
2
M
24. (a) vm‘;—RzT
2
AOlims "My 1301 7
3R '

1.0201-1=0.0201x100% =| 2.01%

(b) EZEZ 1.0201T;
R T i

1.0201-1=10.0201x100% =| 2.01%

=1.0201

3RT
25. VI'ITIS = 7
Vims, 238 | M35 \/ 235u+ll4u
— = = =[0.996
Vims, 235 \/M23g 238u+114u
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26. PV =NkT

p_ NkT NkT
Vv

Fop4— NkTA
vV
Find A4 as a function of V.

V=i7rr3
3

_(stl/:)'

\ar
w3

A=4zr —47{ j - 367)Py?3
4r

Substitute.
F= N7kT(367r)1/3 y23
_ (367)"3 NkT
e
G36x)/3 (1)(1.38>< 10723 l)(293 K)

(0.350 L)1/3 (10 i )1/3

—[28x10 YN
2. e Y[ALJA

—(LJ

9.81 1 12m
S

-[5e]

2. F- Y(E
L

jA
0
Y:Eﬂ
A\ AL
25N

N
0.37x10"° o [0,047 mj(ﬁ(0.0055 m)?

2.5cm

_ 5
(47 em?)(gom)

[24 ij: 5.1x10% N/m?
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29. F=8S g A
Ly
SZE(EJ
A\ Ax

_mg Ly
- 2D\ Ax
4

@ kg)(9.81 sz)

7(0.046 m)?
4

30. AP=-B A—V
"

_VpAP
B
()

AV =

4

B
_[ 7(0.100 m)?

Lim ) [ 105 N/m?
0.13m

4 }(1.10><108 Pa-1.01x10° Pa)

= —62x10°m°

The volume decreases by

AL
31. (a) F= Y[EJA

e

D:4_Fﬂ
7Y AL

14x10'0 N
m

6.2x107° m? |.

4370 N)

_

=10.27 cm

;r(zoxm“)i2
m

4.5m J
0.0015m
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(b) The diameter should be |increased| because a wire’s cross-sectional area and its elongation are inversely

related.
32. (a) F=Y & A
Ly
AL_F__mg

1k
(0.26 g)(ﬁ)(QSl sz)

=|1.8x1073

fo Y@ (47107 X )7(9.8x10 m)
m
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AL (ﬂrz)
Ly

(76 kg)(9.81 52) |
) (0.37><1010 l) (1.80><103 j

(b) mg=Y

VR
N——

3
0Q

5
2|s

Il
o
o
S
[}
=

2
33. (a) F:Y[EJ 7D~
Ly )| 4
AL F
AL =—20 5
YxD
4LF( 1 1
- (L 1)
D" \Ya1 Vg
_ 4(0.45 m)(8400 N) 1 1
7(0.015m)> | 6.9x10'° N 9.0x1010 N
m m
[055mm

(b) [Aluminum], because it has the smaller Young’s Modulus.

34. AF=Y & A
Ly

I m
AL = 7tDpeg = (3.5 mm)(

1000 mm

2 2
AF =y | AL D7 5 4up0t0 N M (095 m) (1—mj =223 N
L 4 m2 0.84 m 1000 mm

F=Fy+AF=12N+223N=[235N |

35. AP= _B[A_V]

)=1.10><102 m

(1025 ke )(9 81 m)(923 m)Z[ (475 )5

~16x10'" N
m

)]

AV =] -92x10>m?
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37.

38.
39.

40.

41.

42.

43.

44,

45.

D F,=0
T+B-mg=0
T=mg-B
=mg—pyVg
:g[m—pWV]:g[m—pw(%;;ﬁ)}
3
“[9.81 ™ 1112,700 ke[ 1000 X& |22 (4'75 ﬁj( m ]
) m )3 2 M\3281f
~109 kN
Foy| AL 4oy AL |42
Ly Ly
L (109x10° N) (923 m)

AL=—"C = =[47em]
Y2 (20x101° N )n(o.mss m)>

mZ

Temperature remains constant during phase changes, but heat must be removed from the water to change it to a
less energetic state. The answer is |(d)|.

about 4.3 kPa
about 14°C]
(a) jabout 3.5 Mpa

(b) An increase in the boiling temperature is associated with an in the boiling pressure, as seen in the
graph.

(@)

(b) An increase in the boiling pressure results in an in the boiling temperature, as seen in the graph.
(a) |0°C

(b)

(o It since the fusion curve has negative slope.

d) It since the slope of the vapor-pressure curve has positive slope.

(@) [gas

(b)

©

(a) [First the water ice changes from solid to liquid. Then the liquid changes to a gas]

(b) [The solid water sublimates to a gas

(a) [The liquid turns to gas|

(b) [First the liquid turns to solid. Then the solid sublimates to gas|

369
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46. (a) [First the solid turns to liquid. Then the liquid turns to gas|

(b) [First the solid turns to liquid. Then the liquid turns to gas|

J
47. O=mL; =(0.84 kg)| 33.5x10* —— | =[ 280 kJ
0=ntg =08t 35510° |

48. O =mcice (AT); +mLg + mCyyier (AT);
O=m [cice (AT +Lg + Cwater(AT)Z]
m— 0
Cice (AT)I +Lf * Cwater (AT)2
9.5x10° J

kg-C°

SEEIT

(2090 L)(lz OC)+33.5x104é+(4186

J
49. O=mL; =(1.5kg)| 20.7x10* — |=[310 kJ
0. 0=ty =050 20700 L |

50. (a) lemciceAT:(l.lkg)(2090 U

kg-C°

0y =mLe = (1.1 kg)[33.5x104ki]=3.685x105 ]

g
Q3 = Qtotal - Ql - Q2

=52x10°T—1.15x10*J—3.685x10° J

J
kg-C°

=1.40%10° J
Q3 :mcwater(Tf _OOC)
5
I - O 1.40x10° J

MCyater (1.1 kg)(4186 kg%

)(5.0 °C)=1.15x10* J

):

)(12 °C)

Physics: An Introduction

(b) The mass must increase by |a factor of 2|. All the temperature changes, specific heat values and the latent heat
value remain the same, so doubling the amount of heat added requires doubling the mass because they are

proportional.

51. (a) 2.6x10° T is not sufficient heat to melt the entire block of ice. Therefore a mixture of ice and water

remains at a temperature of 0°C.

() O =mcAT

0 =(.1 kg)(2090 ;j(S.O"C):l.lelO“ J
kg-C°

0y = Ororal — 01 =2.6x10° T—-1.15x10% 1 =2.49x10° J

Or =mL; =(1.1kg) 33.5x10* 1 | =3.69x10% 5
k

g

Since Of > O,, not all of the ice melts, so the final temperature of the water is .

The mass that melts:
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0y _ 249x10° J
Ly 335x10%

me = ] =0.74 kg
ke
The mass that remains:

Mo =1.1kg—my =1.1kg—-0.74 kg =| 0.4 kg

52. (a) point A

Op = meAT = (1.000 kg){2090 kLCO)(zo.o C°)=|4.18x10* J
g-

point B

Op =4.18x10% T+ mL; =4.18x10% T+(1.000 kg)(33.5x10* J)=| 3.77x10° J

point C

Oc =37.7x10* T+ mcAT =37.7x10% T+ (1.000 kg)[4186 kLCO](loo C°)=|7.96x10° J
g.

point D
Op =7.96x10° J+mL, = 7.96x10° J+(1.000 kg)(22.6x10° J) = | 3.06x10° J

T —T, 100 C° 4 C°
(b) slope=—C—"B — OOC5 _239x10* &
Oc—0p 4.186x10° J J
l:%: 239%x1074 kg-C°
C 4186 kgTC

L (1000 kg)(33.5><104 kig)

OaB m
53. (a) fpp = = = =[2735]
@ 7ap AQ/At AQ/At 12,250 [2735]

I o
O mear (1000 kg)(4186 kg—_K)(loo C°)

b) fpe = - - —342s
() fac AO/At  AQ/At 12,250 1
tac =tap +1pc =27.35+342 s =
5
;o (1000 kg)(22.6x10 —)
© tep=—20 _ My _ k) 1845

TAO/AN AOTAL 12,250 1

tAD =1ap +1pc +1cp =27.35+34.2 5 +184.55=[ 246 s |
)
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54. (a) Qp =0, Op =mcAT =(0.550 kg)(2090 I
kg-C°

slope = T ~Ta = 0 C—(—2:).O ©) =|8.70x107* &

Og—0a 230x10%°J-0 J

5S.

56.

57.

1 1 =1 8.70x

107 CT = slope

me (0,550 kg)(2090 kg%)

J(zo.o C°)=230x10%J

=| 434x107 CT

o

Ty T, .0°C—0°
(b) slope=_27TC _ 20.0°C —0°C
Op-0c (0550 kg)(4186 ﬁ)(zo.o C°)
L: ! =|434x107* C—=slope
me (0,550 kg)(4186 ngCo) ]

J
a =mcAT = (0.0125 kg)| 4186 ——— |(50.0 °C) =| 2.62 kJ
@ Q= meaT 00125 kg) 4186 2|00 °0) -[ 2623

(b) O=mcAT +mL, =2.62 kJ+(0.0125 kg)(22.6>< 10° kij =
g

0 2.62kJ ~
© n 20 _[o5k]

cAT (3500 )(13.0 o)

kg-C°

4
m:( 3.09x107 J :

J o
3500 W)(B'O )

M= PV = Pioe Ad = (917 k—%j(lﬁ mz)(0.00SO m) =7.336 kg
m

O = mc; AT + mLg = m(cio AT + Lg) = (7.336 kg) |:[2090 ﬁj
g .

O, = heat gained by ice

= MigeCice (10.2 °C) + myge L + MigeCyaier (Tp — 0 °C)

0,, = heat lost by lemonade
= Miem Cyater (20.0 °C-Tf )

Qi :Qw

3.09%10% J

MiceCice (10.2 oC)—’_miceLf + MiceCwater (Tf -0°C)= Mjem Cwater (20.0 °C - Tf)

T = Miem Cyater (20.0 °C)—mjce [Cice (10.2°C)
P =

+Lf:|

(Mice + My ) Cyater

J o
395 kg)(4186 @)(20.0 C)~(0.045

J
0 k) [(2090 e

Physics: An Introduction

o 4 1 |_
(2.0 °C)+33.5x10 k—}_ 2.5MJ

g

o 4
)(10.2 C)+33.5x10 E}

J
(0.0450 kg +3.95 kg)(4186 kg—c)

-[185°C
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58. Assume that 7; =0.

59.

On1 = heat gained by aluminum
= MAICAl (Tf _TAl,i)
J
=(0.155 kg)| 653 ——— ||0°C—~(-196°C
( g)[ kg_co][ ( )]

=19,838J
Ouwp = heat lost by water before it freezes
=my,cy, AT
=(0.0800 kg)(4186 ;) (15.0°C)
kg-C°
=5023]J
Since Op > Oup» We know that 77 < 0°C.

Chapter 17: Phases and Phase Changes

Or = heat lost by 0 °C water during freezing = m,, Ly = (0.0800 kg)(33.5x 10* J)=26,8001J
Since Qa1 < Owp + Owt, not all of the water freezes, so Ty = .

Let m¢ = the mass of water that freezes.

Ol = Owb +mp Ly

_ QAI - wa

e = ZAL”Ewb.
L¢
19,838 1-5023 ]

33.5%x10% kig
-[#ze]

Assume that 7 =100 °C.
Or. = heat lost by iron
= —mpeCre (Tt —Tre i)

=—(0.825 kg)(560 ;J (100 °C-352 °C)
kg-C°

=116 kJ
O, = heat gained by water before boiling

= My Cywater (Tf _Tw,i)

— (0.0400 kg)| 4186 —— |(100 °C-20.0 °C)
kg-C°

=13.4KkJ
Since QOf. > Q,,, we know that 7y >100°C.
O, = heat gained by water during boiling
=myLy

= (0.0400 kg)[22.6x105 kij =90.4 kJ

g
Since Op, > Oy + Oy, [all the water vaporizes].
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O, = heat gained by steam
= My, Cgteam (Tr =100 °C)
QFe = Qw + Qv + Qs
MeeChe (Trej =Tt ) = Oy + Oy + My Cyteam (T —100 °C)

_ mFeCFeTFe,i + My, Csteam (100 °C)-0y, — 0y
r =

MpeCre + My Csteam

(0825 kg)(560 —)(352 °C)+(0.0400 kg)(2010

)(100 °C)-13.4x10° 1-90.4x10> J
(0.825 kg)(560 )+(0 0400 kg)(2010 )

-[5]

heat gained by ice cube = heat lost by cup and water
miceLf + MjeeCy (Tf - OOOC) =MmCp| (230C — Tf) + My, Cy, (23OC - Tf)
T; = —MiceLg + (mecp +my ¢y )(23°C)

Cw (mice +my, ) +MmCal

(0035 kg)(33.5><104 L ) [(o 062 kg)(900 " Co)+(o 110 kg)(4186 )}(23°C)

(4186 = C0)(0.035 kg +0.110 kg) +(0.062 kg)(900 kgT)

60. (a)

=|0.22°C
(b) The equilibrium temperature with silver is with aluminum. In fact, not all the ice will melt. Less

heat loss is required to lower the temperature of silver because it has a smaller specific heat

61. (a) Heat gained by copper = heat lost by water and cup
meyCoy Ty = (=12°C)] = my ¢y, (4.1°C =T ) + mpjcp ) (4.1°C =T )

(0.048 ke)| 387 —— | (7} +12°C) = (0.110 kg)| 4186 —— |(4.1°C—T})
kg-°C kg-°C

+(0.075 kg) (900 Lj (4.1°C-Tp)
kg-°C

(18.6 %)Tf +223 1 =1888 J—(460.5 %]Tf +277 J—[67.5 %JTf

T - 1888 J+277J-223]

(186 J 414605 - +675J)

(b) Since 7y > 0°C,

62. (a) Heat gained by ice = heat lost by water
First determine whether all the ice melts.

0 =mL =(0.075 kg)(33.5x10% J) = 2.5x10% J needed

0 =meAT =(0.33 kg)(4186 - ! OCJ(14°C) =1.9x10* J available
g .

Not all the ice melts.
The final temperature will be .
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4
oL@ _ LO3XITT

- 4]
Ly 33.5x10 i

Ice remaining is 0.075 kg — 0.058 kg =10.017 kg|.

4
(b) ATZQZ 2.51x107 ] —18°C

mc J
(0.33 kg)(4186 kg—c)
The water would need to start at .

63. Pt = meyger (20.0°C—0°C) + mLg
= ey (20.0°C) + L
. M[Cyater (20.0°C) + Lg
P
(845 kg)[(4186 kgL_K)(zo.o °C)+33.5%10% k—Jg}

2.00x103§

SEan

4
64. m=p,V = ,Dwgﬂi’3

m

n=
My,0

4 3

_ 3P

M
Na

6
4(10 gjiz(9.2><10_4 m)’

30 md

2(1.00794 i)+15.9994 £
mol mol

6.022x1 023 molecules
) mol

=[1.1x10%° molecules

m
65. (a) my, =— 2= 8062 _ 400 mol
My, 2(1.00794 m%)

mo 64.0 g

=0 _ = 2.00 mol
Mo, 2(15.9994 ﬁ)

I’lo2

Niotal = Ny, +No, =4.00 mol+2.00 mol = 6.00 mol

Chapter 17: Phases and Phase Changes

4 5
P 1.013x10° Pa

(b) Since 2H2 +02 d 2H20, nHZO =4.00 mol.

g RT (6:00 moD(8.313 L) (273154125 K

0.196 m>

_ ng,oRT _ (400 mol)(8.31 1) (273.15+125) K

14 0.196 m>

SGAT)
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66. V =Ah=AQ2xr)
N4

T kT
_ 2PAnr

kT

5
z(éz_L) LOLx107Pa | 028 m2)7(0.66 m)
in2 /| 1471

m.

(1.38>< 10723 %)(273.15 134 K

=[1.2x10%** molecules

67. (a) F:Y[EJA

(438 kg)(9.81 sz)

2
(5.1x109%)g(0.54mm)2( Lm )
m

1000 mm
oo}

(b) Constant speed implies zero acceleration and, therefore, no force. So, AL/ Ly =| 0.040 |.
(© > F=ma

T—-mg=ma
T=m(a+g)
AL m(a+g)
Ly y[zD?
0 Y(”T)
(48 kg))(l.S n4+9.81 1)

9 N |z 2(_1m \?
(5.1><10 m2)4(0'54 mm) ( )

1000 mm
- [oic]

68. (a) F=s| 2 A:(8.1x101°l2) L1x107m (2.3><1o*1 m2)= 73 kN
Ly m 0.28 m

(b) It is [reduced by a factor of 2] because it is inversely proportional to the cross-sectional area.
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69. (a) top of'the circle
ZF:T+mg:macp

T :m(acp -g)

o[2-)
Ae )7

T:y(ﬁjfl
Ly

AL =1l
Y4

3 2
Lop(z0)( -¢)
a 2

yZd
2Ly pD* (2
3va? | r
2(0.82 m)(7860k—g3)(0.064 m' [ (78m)
— m S

m

082 m+0.032m &

3(6.9x1010 %)(2.5“0‘3 m)2
[aTomm]

(b) bottom of the circle
ZF =T —-mg =mag,

v2
T=m|l—+g
r

2
:EpD3 (v__{_gJ
6 r

LT
YA

2L pD> [ V2
3vd r

2(0.82 m)(7860 %)(0.064 m)’ (93 m)2

S lm

0.82 m+0.032m

AL

2
3(6.9><1010 lz)(z.sxlo*3 m)
m

SKETm

377



Chapter 17: Phases and Phase Changes

70. (a) F:Y[ﬁjA
I3

0

Az - FLo
7

_FLy

Yiw
(2400 N)(sin 25°)(0.020 m)

(1.6><1010 %)(0.060 m)(0.050 m)
m

=142x107 m

Ax
(b) F= S[L—JA

0
_ Ly
SA
_FL
Stw
(2400 N)(cos 25°)(0.020 m)

(0.54 x10'° %)(0.060 m)(0.050 m)
m

Ax

= 2.7x10° m

221 M 4301 M 4412 M4 440 M4]82 M
S S S S S

=| 232 m/s
:
(b) (v2 )ay Will be (\/a\,)2 because in general, vy > Vay-

71. (@) v,y =

Physics: An Introduction

(221 %)2 +(301 %)2 +(412 %)2 +(44.0 %)2 +(182 %)2

© Py = —| 6.88x10% m?/s?

5

2 2
6.88x10* m—2 > (232 Ej
S S

72. (@) O = MCyeam (120°C—100°C) + mLy, + mcy, (100°C —0°C) + mLg
= M Cgyeam (20°C) + Ly, + ¢, (100°C) + Lg |

=(1.0 kg)Kzolo !

kg K
[si]

kg-K

378
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(b) O=KE
Q=%m#
v= |22

m

_[2(3.05x10° J)
1.0 kg

=| 2.5km/s

AV _ 00905
Vo  1+0.0905

Ap—_p| &Y
"o

= —(0.80 x10'0 lzj (~0.08300) = 6.64x10% %
m m

73. =-0.08300

P =P +AP=101x10° Pa+6.64x10° Pa=| 6.6x10° Pa

74. (a) To warm the ice up to the melting point takes

0 = mcAT = (0.550 kg)(2090 ﬁ] (20°C) = 2.30x10* J
g.

0=5.00x10% 1-2.30x10% 1 =2.70x10% J
0 270x10*7J

m===""""""""" _0.081 kg

- -
Ly 33.5x10 e

ice remaining = 0.550 kg — 0.081 kg =0.469 kg

(b) 0=1.00x10° J-0.23x10° J =0.77x10° J
_0.77x10° ]

T co10t 1
33.5x10%

ice remaining = 0.550 kg — 0.230 kg =1(0.320 kg

(©) 0=150x10° J-0.23x10°> J=127x10° J
1.27x10° J

m=—"——""-=0379kg
33.5x10 ki
4

ice remaining = 0.550 kg — 0.379 kg =0.171 kg
AT w 2.(21°C-0.0 °C
75. (a) heat flow rate =k4A| — |=| 0.030 —— [(1.5 m“)| ——— |=| 23 W
@ v (Lj ( m.cc’)( )( 0.042 m ]

=0.230 kg

() O, = heat required to melt the ice = mL; = (5.5 kg)(33.5x104 kij =1.84x10° J
g

Ormelt 1.84x10° J
= = = 23 h
heat flow rate 22.5W
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2 2
76. Q=—AKE=—%m(vf2—vi2):—%(5.O kg){(S.S 9) —[6.99) }:43.4J
S S

O = My Le
Mmelts = 5
Lg

_ 434]
-
33.5x10% 1

=1.3x107 kg

AT
77. O=kA| = |t=mL
¢ [Lj 4
_mLfL

 KAAT
_AmLeL

 krd®AT
4(0.025 kg)(33.5><104 kig)(o.37 m)

(390 %)n(oms m)2 (120 K)

-[i53]
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