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163 lﬁ;“rfn‘zfé‘;;igiisof Q161  The copper’s temperature drops and the water temperature rises
Solids and Liquids until both temperatures are the same. Then the metal and the watet

164  Macroscopic Description are in thermal equilibiium
of an ldeal Gas

165 ggz;(smem Theory of Q16.2 The astronaut is referiing to the temperature of the lunar surface,

166  Distribution of Molecular specifically a 400°F difference A thermometer would register the

167 ggﬁte:xi Comnection_— temperature of the thexmometer liquid. Since there is no atmosphere
The Atmospheric Lapsa in the moon, the thermometer will not read a realistic temperature
Rate unless it is placed into the lunar soil.

Q16.3 If the amalgam had a larger coefficient of expansion than your tooth, it would expand more than the
cavity in your tooth when you take a sip of your ever-beloved coffee, resulting in a broken or
cracked tooth! As you ice down your now excruciatingly painful broken tooth, the amalgam would
contract more than the cavity in your tooth and fall out, leaving the nerve roots exposed Isn't it nice
that your dentist knows thermodynamics?

(6.4 The measurements made with the heated steel tape will be too short—but only by a factor of
5% 107 of the measured length. '

Q16.5 {a) One mole of H; has amass of 20160 g
{b) One mole of He has a maés of40026 ¢

(9 One mole of CO has a mass of 28010 g.

Q16.6 Theideal gaslaw, PV =nRI predicts zero volume at absolute zero. This is incorrect because the
ideal gas law cannot work all the way down to or below the temperature at which gas furns to
liquid, or in the case of CO,, a solid. ‘

Ql6.7 Call the process isobaric cooling ot isobaric contraction. The rubber wall is easy to stretch The ain

' inside is neatly at atmospheric pressure originally and stays at atmospheric pressure as the wall
moves in, just thaintaining equality of pressute outside and inside. The air is nearly an ideal gas to
start with, but PV =#RT soon fails Volume will drop by a larger factor than temperature as the
water vapor liquefies and then freezes, as the carbon dioxide turns to snow, as the ar gon turns to
slush, and as the oxygen liquefies. From the outside, you see contraction to a small fraction of the

original volume.
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Temperature and the Kinetic Theory of Gases
Cylinder A must be at lower pressure If the gas is thin, it will be at one-third the absolute pressure

of B

At high temperature and pressure, the steam inside exerts large forces on the pot and cover. Strong
latches hold them together, but they would explode apart if you tried to open the hot cooker

(a) The water level in the cave 1ises by a smaller distance than the water ouiside, as the trapped
ait is compressed Air can escape from the cave if the rock is not completely airtight, and also

by dissolving in the water.

{(b) Ihe ideal cave stays completely full of water at low tide. The water in the cave is supported
by atmospheric pressure on the free water surface outside

Rock wrr-";:’_“ Ocean level P
Iiapped/ e athigh tide ™ /< ; j
J

o~

air
Ocean level i
at Tow tide ,-,..1 ;

;F
E } ‘ \i — b '
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FIG. 016.10

The sphere expands when heated, so that it no longet fits through the
ring, With the sphezre still hot, you can separate the sphere and ring by
heating the ring. This more surprising result occurs because the
thermal expansion of the ring is not like the inflation of a blood-
pressure cuff Rather, it is like a photographic enlargement; every
linear dimension, including the hole diameter, increases by the same
factor. The reason for this is that the atoms everywhere, including those
around the inner circumference, push away from each other The only
way that the atoms can accommodate the greater distances is for the
circumference—and corresponding diameter—to grow. This property FIG. Qi611
was once used to fit metal rims to wooden wagon and horse-buggy

wheels. If the ring is heated and the sphere left at room temperature,

the sphere would pass through the ring with more space to spare

The coefficient of expansion of metal is larger than that of glass When hot watet is run over the jar,
both the glass and the lid expand, but at different rates. Since all dimensions expand, there will be a
certain temperature at which the inner diameter of the lid has expanded more than the top of the

jaz, and the lid will be easiet to remove

Q1613 The alcohol evaporates, absorbing energy from the skin to lower the skin temperature.

01614 The molecules of all different kmds collide with the walls of the container, so molecules of all

different kinds exert partial pressures that contribute to the total pressure. The molecules can be so
small that they collide with one another relatively rarely and each kind exe1ts partial pressure as if
the other kinds of molecules were absent. If the molecules collide with one another often, the
collisions exactly conserve momentum and so do not affect the net force on the walls
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The volume of the balloon will decrease The pressure inside the balloon is nearly equal to the
constant exterior atmospheric pressure Then from PV =nRT , volume must decrease in propottion
to the absolute temperatuze Call the process iscbaric contraction

The dry air is denger. Since the air and the water vapor ate at the same tempetature, they have the
same kinetic energy per molecule For a controlled experiment, the humid and dry air are at the
same pressure, so the number of molecules per unit volume must be the same for both The watet
molecule has a smallet molecular mass (18 0 u) than any of the gases that make up the ait, 50 the
humid air must have the smaller mass per unit volume.

Suppose the balloon tises into air uniform in temperature. The air cannot be uniform in pressure
because the lower layers support the weight of all the air above them. The 1ubber in a typical balloon
is easy to stretch and stretches or contracts until interior and exterior pressures are nearly equal. 5o
as the balloon rises it expands This is an isothermal expansion, with P decreasing as Vincreases by
the same factor in PV =uRT If the rubber wall is very strong it will eventually contain the helium at
highe1 pressure than the air outside but at the same density, so that the balloon will stop rising.
More likely, the rubber will stretch and break, releasing the helium to keep rising and “boil out” of

the Earth's atmosphere

(a) Average molecular kinetic energy increases by a factor of 3

(b) The rms speed increases by a factor of 3

(c) Average momentum change increases by NE)
(d) Rate of collisions increases by a factor of V3 since the mean free path remains unchanged.
(e) Pressure increases by a factor of 3.

SOLUTIONS TOPROBLEMS -

Section 16.1 Temperature and the Zeroth Law of Thermodynamics

No problems in this section

Section 16.2 Thermometers and Temperature Scales

P16.1

Since we have a linear graph, the pressure is related to the temperature as P=A+BI, where A and
B are constants. To find A and B, we use the data

0900 atm = A +(~80.0°C)B (1
1635 atm=A +(78 0°C)B )

Solving (1) and (2} simultaneously,

we find A=1272 atm

continued on next page
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P16.2

Prle3

Ple 4

and
Therefore, P=1272 atm+(4652x107 atm/°C)T
(a)  Atabsolute zero P=0=1272 atm+(4652x 107 atm/f’c)f
which gives .
(b) At the freezing point of water P=1.272 atm+0= ‘
() Andattheboiling point P=1272 atm+(4652x 107 énn/°c)(100°C) =[ 174 atm |
@  Toconvert from Fahrenheit to Celsius, we use T = g(n -320)= 3{98 6-320)=
and the Kelvin temperature is found as T=T-+273=
(b) In a fashion identical to that used in (a), we find T =
and I=
@ I =§rC +320°1:=%(—195.31)+32.0:
b T=T,+27315=-19581+273 15 =
(a) AT =450°C = 450%[%] =
() AT =450°C=

Temperature and the Kinetic Thecry of Gases
B=4652x10" atm/°C -

Section 16.3 Thermal Expansion of Solids and Liquids

AL =L AT < 11x10°4(°C)” (1300 kan)[35°C— (73°C)) = [ 154 km |

The expansion can be compensated for by mounting the pipeline on rollers and placing Q -shaped
loops between straight sections. They bend as the steel changes length.

*P16.5

Pi6e

*Ple.7

For the dimensions to increase, AL =aI,AT

100x107% cm=130x10"4°C(220 ecm)(T - 200°C)

Al =L AT =(22><10*6/C°)(2 40 em)(30°C) ={ 158 x107° cm
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We consider the expansion of the horizontal strip of vinyl Iying between the snug nailhead and a
nail near the far end 01_‘ the wall, where the siding panel can slide by 140 cm under the nailhead:

AL =L AT
0.014 m = (15 m){38°C - (-5°C)|

=] 217x10°(°C) 7|
(@  Al=aL,AT=9.00x107°C(300 cm)(650°C) =[ 0176 mm

(b) AL = I, AT =9.00x107° °C (150 em)(65.0°C) =| 878 x10~% cm

o o1t 30.0()(L50)2 .
(c) AV =3a VAT =3(9.00><1(rS C 1)[—4% em? [(650°C)={ 0.0930 em?

The horizontal section expands atcording to AL =L, AT . Ax
N
1 2 Ay
Ax=(17x10¢°C" )(28.0 cm)(46 5°C ~18.0°C) =136 X102 cm AN
FIG. P16.10

The vertical section expands similarly by

Ay=(17x10"* °C7')(134 cm)(28 5°C) = 649 x 1072 cm

The vector displacement of the pipe elbow has magnitude

A& = Ax® + Ay? = /(0136 mm)? +(0.649 mm)? = 0663 mm

and is directed to the right below the horizontal at angle

@ =tan"" [—A—y~ =tan ! (Q—M) =78 2°
Ax (.136 mm

L.Ar =0.663 mm to the right at 78 2° below the hoxizontal]

@  AA=20AAT: AA=2(17.0x105°C7')(0.080 0 m)*(500°C)

AA=109x107 m2=

)] The length of each side of the hole has increased. Thus, this represents an in the

area of the hole.

AV =(B-3)V,AL =(581x10* ~3(110x 10" ))(50.0 gal)(200) = 0,548 gal |
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={9.00x10™* -0720x10*J°C™ (2000 cm? Je0 0°C)

AV = overflows.

(b} The whole new volume of turpentine is

2000 cm® +9.00x 107 °C (2000 cm® (60 0°C) = 2 108 cm®

3
so the fraction lostis ~2 "0~ 471 102
08 em

I
| and this fraction of the cylinder’s depth will be empty upon cooling;:
471x107%(200 cm) =] 0.943 cm }

PI614  (3)  I=I(1+aAT): 5050 cm=>5000 cmf1+240x10™°C (T ~200°C)]

{t) We must get Ly =1, for some AT, or

Ii, Al (1 + aAIAI) = Lz’ Brass (l + aBr'assAI)
5000 cm[1 +(240x107°C )AI} = 5050 cm[l + (153 0x107¢oC™ )AI]

Solving for AT, AT =2080°C,

$0 T=2100°C

This will not work because [ aluminum melts at 660°C [ ‘

Section 16.4 Macroscopic Description of an Ideal Gas

P1615  Mass of gold abraded: [ An|=380 g—3.35 g =045 g =(0 45 g)[ 110 fg J: 45%107* kg .
_ g

166x107 kg

J: 327x107% kg
1t .

Each atom has mass m, =197 u=197 u[

Now, fAm ] :’ AN Imo, and the number of atoms missing is

}AN'JAmI: 45x107* kg

———=138x10* atoms
my  327x107 kg

continued on next page
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The rate of loss is

[AN|_].38><'1021 atoms( iyt ](Idj( I1h Y1 min
Af 50 1 36525 d )\ 24 h A\ 60 min 503]

| AN ] 0
Eotiol 87210 atoms/s |
At
One mole of helium contains Avogadro’s number of molecules and has a mass of 4.00 g Let us call
m, the mass of one atom, and we have
N ymy =400 g/mol

4.00 g/mol
01 mD - 73
6.02x10% molecules/mol

my=|664x10"% kg

(@) Initially, PV, =n,RT, (100 atm)V, =#,R(10.0+273 15) K

=664x107% g /molecule

Finally, P,V; =nRI, P(0 280V, ) =,R(40 0+ 273 15) K

0280F; 31315K
100 atm 28315K

Dividing these equations,

giving Py =3.95 atm
ot Py =f 400x10° Pa(abs.) [
{b) After being diiven B,(1.02){(0.280V;) = n;R(85.0 + 273.15) K

Py =1121P; = 449x10° Pa

3PV 3(150)(0.100)

PV =NP'V'= f;-m NP’ N = =884 balloons

T 4zr®P 4x(0150)°(120)
If we have no special means for squeezing the last 100 L of helium out of the tank, the tank will be
full of helium at 1 20 atm when the last balloon is inflated. The number of balloons is then reduced
(0100 m?)

3
L[]

to 884 - ———
47(0.15 m)
The equation of state of an ideal gas is PV =nRT so we need to solve for the number of moles to find N.

5 2
BV _ (101x10° N/m J{(10.0 m)(20.0 m)(300 m)_] e 2.49010° ol
RT (8314 J/mol K)(293 K)

N=nN, =249x10° m01(6 022x10% molecules/mol) =I 1.50 x10% molecules
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*P16.20

FPl16.21

Pl6.22

Temperaturs and the Kinefic Theory of Gases .
Consider the air in the tank during one discharge process We suppose that the process is slow
enough that the temperature remains constant. Then as the pressure drops from 2 40 atin to
1.20 atm, the volume of the air doubles. During the first discharge, the air volume changes from 11
to 21 Just I L of water is expelled and 3 L. remains. In the second dischatge, the ait volume changes
from 2 L to4 L and 2L of water is sprayed out. In the third discharge, only the last 1 L of watez
comes out Were it not for male pattern dumbness, each person could more efficiently use his device

by starting with the tank half full of water.
ZP}/=0: Poutgv"ngV—(ZOU kg)g:o
(Pout — P {400 m?) =200 kg

The density of the air outside is 125 kg/m?® .

From PV =nRT, £=i

V RT
The density is inversely propottional to the temperature, and the density
of the hot air is

' F, 0f 200 kg

283 K FI1G. P16.21
Pin =(125 kg/mg)[T}

in

283K

Then (125 kg/ma)(l }(400 m®)=200 kg

in

283 K

1- =(1.400

in

0600 = 28;’ K Tn=[#2K]

in

PV

(a) PV =nRTI n=—-
RT

1013x10° Pa(0.100 m)*{289x 107 kg/mol
PVM _ g
RT (8314 J/mol K)(300 K)

(b)  k =mg=117x107 kg(9.80 m/s*)=[115 mN]]

(c) F=PA=(1013x10° N/m’)(0100 m)” =[0I kN

m=nM=

{d) The ' molecules must be moving very fast I to hit the walls hard
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P16.24

Pl625
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(b)
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The aiz in the tube is far from liquification, so it behaves as an ideal gas. At the ocean suiface
itis described by BV, =#RT where P, =1 atm, V, = A(6 50 cm), and A is the cross-sectional
area of the interior of the tube. At the bottom of the dive,

PV, =nRT = P,A(6 .50 cm—270 cm) By division,

B, (3.8 cm) B
(1 atm)(6.5 cm)
P, =1013x10° N/m? g'—:—zi 73%10° N/m?
The salt water enters the tube until the air pressute is equal to the water pressure at depth,
which is described by

B, =P +pgh
173x10° N/m* =1013x10° N/m? +{1030 kg/m®)(9.8 m/s*}

720x10* kg m m?* s*
"= 0Ix10° % m kg =[713m]

With a very thin tube, ai1 does not bubble out. At the bottom of the dive, the tube gives a
valid reading in any orientation. The open end of the tube should be at the bottom after the
bird surfaces, so that the water will drain away as the expanding air pushes it out. Students
can make the tubes and dive with them in a swimming pool, to obsetve how dependably

they work

Atdepth, P=P,+pgh and PV, =nRI,

Atthe surface,  FVy=nRT;:

]-;
Therefore V=V, (J_J[ B+pgh ]

POVf B If
(P +pghV; T,

1; Ry

293 K 1013x10° Pa+(1025 kg/m’)(9 80 m/s”}(250 m)
278 KJ 1013x10° Pa

V=100 cm3(

Vy=[367 o’ |

PV =nRI: mp _mp _BViRG B
m; n;  RT¢ BV, R
P

P-P 41.0 atm — 26.0 atm]

i
Aml=m. — =m,; =120k =439 k
I 1[ P,J =

i
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P16.26 My bedroom is 4 m long, 4 m wide, and 24 m high, enclosing air at 100 kPa and 20°C = 293 K Think

of the air as 80 0% N, and 200% O,
Avogadio’s numbei of molecules has mass

(0.800)(28.0 g/mol)+(0200)(320 g/mol}=00288 kg/mol

N
Then  PV=nRI= [HJRI

ives " PVM _ (1.00)( 10° N/mz)(38.4 m3)(0 0288 kg/moi) _ 45_ . kg .

RT (8314 J/mol K}(293 K}

+p1627  The CO, is far from liquefaction, so aftex it comes out of solution it behaves as an ideal gas Its molar
mass is M =120 g/mol+2(160 g/mol}=440 g/mol. The quantity of gas in the cylinder is
_ Msample _ 650 g
M 440 g/mol
Then PV=nRI

nRI _0148 mol($ 314 J/mol K)(273 K +20 K)[l N m) 10° L
'Ves V_ = 3.55 L
& P 1013x10° N/m’ 17 \1m?®

={}148 mol

-9 3 23
P16.28 N PVN, _ (10 Pa)(l 00 m )(6 02x10 molecules/mol) :[ A0 moioondes ‘

RT (8314 J/K mol)(300 K)

P16.29 PDVzanI'I=[—m—1)RI'I
M
H

PV =n,RI, =| =% |RT.

0 HylRig [M} 2

py g, =0VMI L1
1My R \T, T,

Section 16.5 The Kinetic Theory of Gases

P1630  Consider the x axis to be perpendicular to the plane of the window Then, the average force exerted
on the window by the hailstones is in magnitude

Vg — Uy in#-(—vsing i
FeNm [AU] Nm{ of Ux,Jsz{vsm (—vsin )Jz Nm[ZUsm@) |
At t i t
| nom 2vsin@
At

=140N

|

Thus, the pressure on the windowpane is P =

T J2(4.68x107 kg)(300 nys)]
100s

T 140N
and P==—— o= -17‘.6 kPa
A 800x10%m




(ORI
s
L

2
P1632 (a)  PV=nRI ="
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2
The total translational kinefic energy is Nm;v =FEiane:
: 3
Epans ==
trans 2

- 5 AP
Pv*2(3 00x1.013x10°)(500x10 2 ) =l 238 &j
®) my v _ 3kpT _ 3RI _3(8.314)(300)

=1621x1072J

py 1013x10° Pa[4 (0150 m)’
P1633 (a) PV=Nkgl: N=—V-= =| 354x10** atoms }
keI (138x107% J/K)(293 K)
7.3, . 3 23 _ =1
(b) K= szI —5(138><10 )(293)]— 6.07x107*
. , , 400 g/mol o
C For helium, the atomic massis m, = =664x10 molecul
© *602x107 molecules/mol g/molecule
my =6.64x10"% kg /molecule
Linoo? =2kp1 SR L. L e
4 4 (dY prd®
*Pi6.3¢  Let d=2r represent the diameter of the particle. Its mass is m = pV = pgm = pgn{zj ==
d3
Then %mvrzms =—§—k1’ gives vam =3ki

12 1n-23 2
o o) e s |
AT (1 000 kg/m )75(3X10 m)

-5
®) sz pX 3x107 m

= == 3241’1’18
v 926x107* m/s -

3
70 kg =1000 kg /m® 72

(©) d=0511 m

2
(1skr )7 [18(138x107 J/K)(293 K) ' 5
Urmg = 3 = 3 3 =L132X10u m/S I
prd (1 000 kg/m )75(0 511 my)

0511 m

t=—~—-——=‘3‘88><1010 s |=1230
132x107™ mfs i

This motion is too slow to observe.
continued on next page

R ]
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P16.35

Section 16.6

P1636

Temperature and the Kinetic Theory of Gases

181 d°
pr 1g?

2
18kI |° _ 4

_( 18(138x 107 J/K)(293 K){1 57) &

=|297x10"° m f

Brownian motion is best observed with pollen grains, smoke particles, ot latex spheres
smaller than this 29.7-um size. Then they can jitter about convincingly, showing relatively
large accelerations several times per second.

(1 000 kg/ ms)ﬁ'

(a) K :%kBI :%(1.38 x 107 ]/K)(423 K) :I 876x107% |
= 1 2 1n-21
®)  K=omyum, =876x107 ]
-2
. _ f1.75x10 ] W
My
For helium, e = 200 g/mol =664x10 % g/molecule
6.02x10“ molecules/mol
my =664x107 kg/molecule
39. .
Similaily for argon, My = 9.9 g/mol =663x10"2 g/molecule

 602x10% molecules/mol
iy =6.63%x107% kg/molecule

Substituting in (1) above,

we find for helium,

| Vs =162 ks |

| Prms =514 mfs |

and for argon,

Distribution of Molecular Speeds

(a) v, =Z—;’;Zfi=%[1(2)+2(3)+3(5)+4(7)+3(9)+z(1z)]=
2
(b) (Uz)av :Z;;—z)f=54.9 m?/s?
SO Ve :‘f(vz)av =549 =| 7.41 m/s
© Fmp =
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AN
Yy = to find
do

P1637  In the Maxwell Bolizmann speed distribution function take

M, o 11y v* 2myv®
N exp| ——— [ 20-"-2 |
27k, T | 2koT 2kyT

and solve for v to find the most probable speed

Reject assolutions v=0and ==

_myo®
kT

Then Vmp = /—%iB—T
0

2{138x107* J/K)(420 K)
P16.38  The most probable speed is v,,,, = ZZkBT :\/ ( cor 10_27 3( = .
! mo x g

Retain only 2 =0

8kl
my

{6 64x10% kg)(112x10* mjs)’
we find the temperature as T = ={ 237x10* K

8(138x10™ J/mol K|

’ 27 3 2
- 7:(6 64x107 kg )(237x10° mys) _

8(1.38><10‘23 J/mol K)

P16.39  (a) From v,, =

Section 16.7 Context Connection—The Atmospheric Lapse Rate

P1640  For a uniform lapse 1ate, the identity — = implies

AT Li-T
Ay Ay

AT ] -
I;=1, +A—yAy =30°C - (65°C/km)(3 66 km)=[ 6.2°C|

AT __y-1gM__040 (98 m/s’)(289 g/mol)( 1 i 1]
dy ¥y R 140 (8314 J/moil K) |1000g A 1kg m?/s?

=-973x107 K/m=[-9.73°C/km

(b) Air contains water vapor. Air does not behave as an ideal gas. As a parcel of air 1ises in the
~ atmosphere and ifs temperature drops, its ability to contain water vapor decreases, so water
will likely condense out as liquid drops or as ice crystals. (The condensate may ot may not
be visible as clouds ) The condensate releases its heat of vaporization, raising the air
temperature above the value that would be expected according to part (a).

continuéd on next page

P1641. (a)
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{9

(d)

(e)

For an object of mass m on Mars, weight = force of planet's gravity: mg =m3M—a£‘:— 0
TMars
- GMMBYS
8§72
"Mars

( 7% 1) i Nm /kg )(6 2x1 | kg) =377 my 2
66 } 5

: _ 377 m/s%)(0.0440 kg /mol ,
5‘{5:“?—1%:—0‘30( /%) 8/mol)_  goxcio? K/m=[—460°C/km
14

dy 130 (8314 J/mol K}

g:

AT dI AT —60°C—(-40°C)
——=— Ay === =i 434 km

Ay—dy. dy

The dust in the atmosphere absorbs and scatters eneigy from the electromagnetic radiation
coming through the atmosphere from the sun. The dust contributes energy to the gas
molecules high in the atmosphere, resulting in an increase in the internal energy of the
atmosphere aloft and a smaller decrease in temperature with height, than in the case where
there is no absorption of sunlight. The larger the amount of dust, the more the lapse rate will
deviate from the theoretical value in part (c). Thus it was dustier duting the Mariner flights

in 1969,

Additional Problems

P1642  The excess expansion of the brassis ALy — ALy = (@prags = Fggeer JLAT

@

(b}

A(AL)=(190-11.0)x 107 (°C) (0950 m)(35.0°C)
A(ALY=266Xx107* m

The rod contiacts mote than tape to

a length reading 0 9500 m - 0.000 266 m =} 0.9497 m
09500 m+0.000266 m=]0.9503 m

P16.43 At 0°C, 10 0 gallons of gasoline has mass,

from

P=?

0.003 80 m®

=277k
1.00 gal ) 8

m=pV = (‘7‘30 kg/m? )(10 0 gal)(

The gasoline will expand in volume by

AV =BV AT=960x107*°CH{100 2al}(200°C-00°C)=0192 gal
f 2 g

continued on next page
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At200°C, 10192 gal=277 kg

10.0 gal

8 1970 kg
10.192 gal

100 gal =277 kg(

The extra mass contained in 10 0 gallons at 0 0°C is

277 kg -272 kg =[0523 kg

Pied4d (o) The volume of the liquid increases as AV, =V, #AT . The volume of the flask increases as
AV, =3aV/AL Therefore, the overflow in the capillaty is V. = V,AI(8-3¢); and in the

capillaty V, = AAk.

Therefore, | Al = %( B-3a)AT

(b) For a mercury thermometer  A(Hg)=182x107" o™

and for glass, - 3ce=3%320x10°°C?
Thus [ 3 = f within 5%
o
m m
Pl16.45 =— and dop=——-dV
(a) P v and dp=-—3

For very small changes in V and p, this can be expressed as

m AV
Ap=—-———-=-pfAT .
p=-1"y =P
The negative sign means that any increase in tempezature causes the density to decrease

and vice versa

. 3 3
(b)  Forwater we have ﬂ=| Ap|_I1.0000 g/cm® 09997 g/cm |=’

[ PAT | -|(1 0000 g/cmg')(l0.0"CmﬁlD"C)l

P16.46  The astronauts exhale this much CO,:

m . 1000
g sample 109 kg 2 (3 astronauts)(7 days) 1 mol =520 mol
1k 40g

M~ astronaut day

Then 520 mol of methane is generated. It is far from liquefaction and behaves as an ideal gas.

520 mol(8 314 J/mol K)(273 K - 45 K
pTRIL_ mol( J/mol KX ) 657 x10° Pa

14 150 x107° m?
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Temperature and the Kinetic Theory of Gases
We assume that air at atmosphetic pressure is above the

(@)

piston

In equilibrium P, % +F,

Therefore, mRI_ mg B

' hA A
nRT
or = —
mg+ Py A

where we have used V = 1A as the volume of the gas

(b) From the data given,

. 0.200 mol(8 314 J/K mol)(400 K)
200 kg(980 my's?}+ (1013 x10° N/m?)(0.008 00 m?)

SLLEY

The angle of bending 8, between tangents to the two ends of the sttip, is
equal to the angle the strip subtends at its center of curvature. (The angles
are equal because their sides are perpendicular, right side to the right side
and left side to left side )

.‘rw——b-t

|«

FIG P16.47

o

<X

| |

.y

i
3
[

‘

(a) The definition of radian measure gives I, +AL; =8#
FIG. P16.48
and I, +Al, =487,
By subtraction, ALy — AL =81y 1)
o, L AT —o LAT =0 Ay
oy~ )LAT
- Ar
(b) In the expression from patt (a), &is directly propdxtional to AT and also to (o, —ar;}.
Therefore #is zero when either of these quantities becomes zero
(c) The material that expands more when heated contracts more when cooled, so the bimetallic
strip bends the other way. It is fun to demonstiate this with liquid nitrogen.
: -6 6o -1 o
@ g Ae-on) AT 2((19x10°¢ ~09x 107 J*C"}(200 mm)(1°C)

2Ar

0.500 mm
=145x 1072 =145% 1072 Iad[ 180

5[0 ]

Tra:
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From the diagram we see that the chahge in area is ——
A
|
AA = tAw+ AL+ AwAL i L
Since A? and Aw are each small quantities, the product AwAZ wilf Fh=----- !
be very small Therefore, we assume AwA? = ¢ WA ; Ti+aT
Since Aw = weAT and  A/=/{oAT, g+ )—]
we then have AA:Ewc&AI +fwoAT FIG. P16.49

and since A =fw, | AA = 20AAT |.

The approximation assumes AwAf =0, ot @AT =0 Another way of stating this is _

- 2, (1000 5)*{9.80 m/s’
@ L=2R’\/§— s0 Li=Ilg=( ( / )=02482m
g

4m* 47*
AL = o ;AT =19 0x 10 °°C(0248 2 m)(10.0°C) =472 %10~ m

T, =2m [BFAL _op [O283 M 0095 s
g 980 m/s

AT=1950x107° g

(b) In one week, the time lost is time lost =1 week(9‘50 x107° slost per second)

8 (42 21

8
Hme lost =

I= J #2dm and since HI)=r(T,}{1+aAT)
for AT <<1 we find %=(1+mﬂ)2=1+20m1
Irn)—-I(1;
thus Q——uz 2oAT
1(T)

(a) With @=170x10"°C™ and AT =100°C

we find for Cu: al 2(170x107¢ °C™ )(100°C)=

T:

b With : o=240x10"8°C™?
and AT =100°C

el AI _ [+] - (=] —_—
we find for Al: T:z{m.oxzﬁ C™)(100°C) = 0.480% |
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*P16.52

P16 53

Pl6.54

*P16.55

(@  B=pgV’ P'=F+pgd PV =RY,

pehVi _| _pshY
P | (B+pgd)

(b) Since d is in the denominator, B must as the depth increases.

{The volume of the balloon becomes smaller with increasing pressure )

B=

1_B@) _pshVi/(B+pgd) R
2 BO)  pghVi/P Py+pgd

Fo+pgd=2F,

5 2
:i: 1013)(10 N/m 2)=

P8 (100x10° kg/m®}(980 m/s

(©

After expansion, the length of one of the spans is
L;=L{1+aAT)=125 m[l +12x107° °C_1(20.0°C)] =12503 m

I¢,y,and the original 125 m length of this span form a right tiiangle with y as the altitude. Using the

Pythagorean theorem gives:

(12503 m)* =y + (125 m)°

vielding vy = ‘

After expansion, the length of one of the spansis I, =I(1+@AT) I, v, and the original length I of
this span form a right triangle with y as the altitude. Using the Pythagorean theorem gives

1,§=12+y2, or =L I3 -1* =I \/1+aAI -1= l‘jzarAH(aAI)

Since a Al <<1, ZaA

The height of the center of the buckling bridge is directly proportional to the length A small bridge
is geometrically similai to a large one. The height is proportional to the square root of the
temperature increase. Doubling AT makes y increase by only 41%. A small value of AT can have a

surprisingly latge effect In units, the equation reads m= m °C/eC Y2 , 50 it is dimensionally correct.
P gly larg q ¥

(a) No torque acts on the disk so its angular momentum is constant. Its moment of inertia
decreases as it contiacts so its angular speed must l increase |.

{b) Lo, =1, :%Mwai =%MRfa)f =%M[Ri +R,a:AI]Za)f =%MRI?[1—54AI‘|]2mf

-2 25.0 rad/s _ 25,0 rad/s
= o[1-aal]]” = 27 pom w

(1-(17x107* 1C°)830°C)
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From PV =nRI, the volume is: V= {%J T
Therefore, when pressure is held constant, B_V = % =¥

: 1YoV (1hy 1
Ih 'y =l —|—=| — [— =] —
s A (Vja?r [V)T""‘ﬁ .
1
AtT=0°C=273 K, thi dict =— —=|366x107° K
s predicts B 7 K X K

Expetimental values are: Pz =3 665 10 Kt and B =367x107° K1
They agree within 0 06% and 0 2%, respectively.
Let m represent the sample mass. The number of molesis n= % and the density is p= % ,

So PV =uRT becomes PV =%RI ot PMzgRI

Then, p= m_| M ‘
v RT
pm (1013x10° N/m?)(00320 kg/mol) .
p=—= =|1.33 kg/m
RT (8314 J/mol - K)(293 K)
With piston alone: T = constant, so PV =F,V, fj\
. hy
With A = constant, P=F, 7
;
"
But, P=P+ i
A FIG. P16 58
where m,, is the mass of the piston
m
Thus, P, e B (h—ﬂj
A k
which reduces to B = h?n = S0.0 em ——=4981 cm
148 20.0 kg(9.80 m/s*}
BA 1+

1 013x10° Pa{n‘(() 400 m)g]

With the man of mass M on the piston, a very similar calculation (replacing m, by m,, + M)

gives:
pe—T 0.0 cm =4910 cm
1+ M)z 1+ 95 0'kg(2.80 m/s?) '

RA 1 013x10° Pa[ﬂ'((] 400 m)l]

continued on next page
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' Thus, when the man steps on the piston, it moves downward by

Ah=h;— W =49.81 cm~4910 cm=0706 cm =] 7.06 mm |
v’ Al
O

[12)] P =const,s0 —= T _zzéh_
T T T T.

B 49,81
1vi =72 |= Kl ——= = - 248
giving I=1I; [ h’) 293 ( e IOJ 297 K (or 24°C)

P16.59  Some gas will pass through the porous plug from the reaction chamber 1 to the reservoir 2 as the
reaction chamber is heated, but the net quantity of gas stays constant according to

;1 + 73 =Hgy +1yp Assuming the gas is ideal, we apply n x% to each term:

EVo . P(av,) P, . Py(4Vy)
(BO0K)R (300 K)R (673 K)R * (300 K)R

totm{ 5o )b et s
300 K 673K 300K

P16.60  Let 26 represent the angle the curved rail subtends We have

L;+AL =20R =L, (1+aAT)

Lo
and sinf=-2-=—L.

R 2R
Thus, 9:%’{--(1 +aAT)=(1+aAT)siné FIG. P16.60
and we must solve the trzanscendental equation 6=(1+aAT)sin@={1000 005 5)sin &

Homing in on the non-zero solution gives, to four digits, §=0018 16 rad = 1.040 5°

Li(1-cos8)
2sind

Now, h=R—-Rcos@=

This yields | h=454 m |, a remarkably large value compared to AL =550 cm.
yi y larg P

*P16.61 (a) Let xI represent the distance of the stationary line below
the top edge of the plate The normal force on the lower
part of the plate is mg(1 - x)cos 8 and the force of kinetic
friction on it is g mg(1—x)cos 8 up the roof Again,
Hmgx cos & acts down the roof on the uppet part of the
plate. The near-equilibrium of the plate requizes Y F, =0 temperature rising

FIG. P16.61(a)

continyed on next page
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—Hmgxcos 8+ i mg(l— x)cos 8 —mgsin@=0
2 mgx cos @ =mg sinf— ymg cos &
2 x =, —tan @

4=l tand
2 2uy
. e . L tan @
and the stationary line is indeed below the top edge by xI =5 1-
Hy

(b) With the temperature falling, the plate contracts faster than the ~_notion

roof The upper part slides down and feels an upward frictional N

force pymg(1-x)cos 8. The lower pait slides up and feels V\C e~

downward frictional force s;mgxcos . The equation Y F, =0 is fu TN

then the same as in part (a) and the stationary line is above the mf'

xL kb
bottom edge by 1L = %[1 _tan 9] temperature falling
Hy
FIG. P16.61(b)

() Start thinking about the plaie at dawn, as the temperature starts ;XL

torise Asin part (a), a line at distance xI. below the top edge of ! !

the plate stays stationary relative to the roof as long as the - &

temperature rises. The point P on the plate at distance xI above
the bottom edge is destined to become the fixed point when the
temperature starts falling. As the temperature 1ises, this point
moves down the roof because of the expansion of the cential part
of the plate Iis displacement for the day is

P

FIG. P16.61(c)

AL =(ary — ay (T —xL - xI)AT

(e, - oa)[[ ~2§[1- tiZHJJ(Ik 1)

- e [ 2201, 1,

At dawn the next day the point P is farther down the roof by the distance AL . It represents
the displacement of every other point on the plate

(CUNN ) —al)(“angj(fh =1,)= (24“04 -Cl—o— 15%107¢ é)%iﬁiwc =

Hy

(e) If ¢, <oy, the diagram in part (a) applies to temperature falling and the diagram in pait (b)
applies to tempezature rising. The weight of the plate still pulls it step by step down the
roof. The same expression describes how far it moves each day.
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P16.62  The pressuwe of the gas in the lungs of the diver must be the same as the absolute pressute of the
water at this depth of 50.0 meters. This is:

p=Py+pgh=100 atm+{L03x10° kg/m’)(9.80 m/s?}(50.0 m)

1.00 atm

—-—5—)=5.98 atm
1013x10° Pa

or P=100atm+505x10° Pa(

If the partial pressure due to the oxygen in the gas mixture is to be 1 00 atmosphere (or the fraction

—158_ of the total pressure) oxygen molecules should make up only Elgg of the total number of

molecules. This will be true if 1 00 mole of oxygen is used for every 4 98 mole of helium The ratio by

weight is then

{498 mol He)(4.003 g/mol He)g
)¢ =[0e23 ]

(100 mol O, )(2x15999 g/mol O,

)Y o
N,(v)=4zN| ——2 v exp| 07
2kyT 2kpT

‘ 172
Note that Ump = ( 2kyl J
iy
32 Y
Thus, N, (v}=4zN o vze(fv /o)
2akgT
2
And N, (v) :[ v Jefl—vvvapJ
N:'.J (vmp) Ump
For = Dmp
50
2 -
N,(o) _ ( i J 6[1—(1/90) J_ 109%10->
Nz' (vmp) 50

The other values are computed similarly, with the following results:

To find the last value, note:

(50)26172 500 _ 2 5008_2 499

v N, (v)
’Ump NU(Ump)
1 3
=0 1.09x10
1 2
20 269x10

1

= 0529

2

1 100

2 0199

10 101x1074

.50 1.25x1071%2

101052500 ,(InI0)(-2499/In18) _ 1 1log2 500 (-2 499/In18 _ jlog2 500-2499/In10 _ 101081 904
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Pleed (o) Maxwell’s speed distribution function is Nafs/m) )
32 B b N
N, =an| =0 | et LT e
i ’ 2mkgT SRy RN RN NENNES
1244 Tl g bbb
With N=100x10%, ol e ]
032 k SRR RURES VS ]
my =t . DO2K8 _omaxi0% g CTITEED 1]
Ny 602x10 645 oot b By
T=500K apifeiget
S st N e
and k=1 38%x107% J/molecule K LA it
04 ey v RS SRR I o
_ -4),2 0 500 1000 1500
this becomes NU=('1‘71X10'4)023 (s 8510 v (m/s)
To the right is a plot of this function for the 1ange FIG. P16.64{a)
0<v<1500 m/s.
(b) The most probable speed occurs whete N, is a maximum.
trom the gtaph, | v, =510 m/s '
| 8t,T  (8(138x10 % (500)
| (© v, = [—E = =575 m/s
: ﬂ:mﬂ ”(532 1% 10*26 )
Also,
3T J3(1.38x1023)(500)
o = - =624 m/s
ms my 532x107%
{d) The fraction of particles in the range 300 m/s<v<600 m/s
600
jNvdv
is 300
N
where N=10*

and the integtal of N, is read from the graph as the area under the curve.

This is approximately 4 400 and the fraction is 0.44 o { 44% |.

ANSWERS TO EVEN PROBLEMS -

P162  (a) 370°C, 310 K ; (b) ~206°C, 253 K P166  55.0°C

Pi64 () 810°F; (b) 450K P168  217x107° (°C)™




