CHAPTER 13: Temperatureand Kinetic Theory

Answersto Questions

1.

Because the atomic mass of aluminum is smaller than that of iron, an atom of aluminum has less
mass than an atom of iron. Thus 1 kg of aluminum will have more atoms than 1 kg of iron.

Properties of materials that can be exploited for the making of athermometer include:
i) Volume of aliquid (mercury thermometer)
ii) Electrical resistance
iii) Color (frequency) of emitted light from a heated object
iv) Volume of agas
v) Expansion of ametal (bimetallic strip)

1 C%islarger than 1 F°. There are 100 C° between the freezing and boiling temperatures of water,
while there are 180 F° between the same two temperatures.

The following conclusions can be drawn:
A and B are at the same temperature
B and C are not at the same temperature
A and C are not at the same temperature

When heated, the aluminum expands more than the iron, because the expansion coefficient of
aluminum islarger than that of iron. Thus the aluminum will be on the outside of the curve.

To beprecise, L, isto betheinitial length of the object. In practice, however, since the value of the

coefficient of expansion is so small, there will be little difference in the calculation of AL caused by
using either theinitia or final length, unless the temperature change is quite large.

The coefficient of expansion is derived from aratio of lengths: « :%é. The length units cancel,

and so the coefficient does not depend on the specific length unit used in its determination, as long as
the same units are used for both AL and L.

The device controls the furnace by the expansion and contraction of the bimetallic strip. Asthe
temperature increases, the strip coils more, and as the temperature decrease, the strip coilsless. As
the strip changes shape, it will move the liquid mercury switch. Inthe diagram, if the switch were
tilted more to the right, the mercury would move and make contact between the heater wires, turning
on the heater. By adjusting the temperature setting lever, the tilt of the mercury switch is changed,
and adifferent amount of temperature change is needed to tilt the switch to the on (or off) position.

The steam pipe can have alarge temperature change as the steam enters or leavesthe pipe. If the
pipeisfixed at both ends and the temperature changes significantly, there will be large thermal
stresses which might break joints. The“U” in the pipe allows for expansion and contraction which is
not possible at the fixed ends. Thisis similar to the joints placed in concrete roadway surfaces to
alow expansion and contraction.
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10.

11.

12.

13.

15.

16.

17.

The lead floats in the mercury because p,,, > o, - As the substances are heated, the density of

both substances will decrease due to volume expansion (see problem 17 for the derivation of this
result). The density of the mercury decreases more upon heating than the density of the lead,

because S, > f,,. The net effect isthat the densities get closer together, and so relatively more
mercury will have to be displaced to hold up the lead, and the lead will float lower in the mercury.

The glassisthe first to warm due to the hot water, and so the glass will initially expand a small
amount. Asthe glassinitialy expands, the mercury level will decrease. Asthermal equilibriumis
reached, the mercury will expand more than the glass expands, since mercury has alarger coefficient
of expansion than water, and the mercury level will rise to indicate the higher temperature.

If one part is heated or cooled more than another part, there will be more expansion or contraction of
one part of the glass compared to an adjacent part. This causesinternal stress forces which may
exceed the maximum strength of the glass.

When Pyrex glassis heated or cooled, it will expand or contract much less than ordinary glass due to
its small coefficient of linear expansion. The smaller changes in dimensions result in lower internal
stresses than would be present in ordinary glass. Thusthereisless of a chance of breaking the Pyrex
by heating or cooling it.

On a hot day, the pendulum will be slightly longer than at 20°C, due to thermal expansion. Since the
period of a pendulum is proportional to the square root of its length, the period will be slightly longer
on the hot day, meaning that the pendulum takes more time for one oscillation. Thus the clock will
run slow.

The sodais mostly water. Aswater cools below 4°C it expands. Thereis more expansion of the
soda asit cools below 4°C and freezes than there is available room in the can, and so the freezing
soda pushes against the can surfaces hard enough to push them outward. Evidently the top and
bottom of the can are the weakest parts.

When a small mass object collides with a stationary massive object, the speed of the small massis
not changed. But when asmall mass object collides with a massive object moving in the opposite
direction, the speed of the small object increases. For example, atennis ball of a given speed that is
struck with aracket will rebound with a greater speed than atennis ball of the same speed bouncing
off awall. So asthe gas molecules collide with the piston that is moving toward them, their speed
increases. The microscopic increase in molecular speed is manifested macroscopically as a higher
temperature.

In asimilar fashion, when the molecules collide with a piston that is moving away from them, they
rebound with areduced speed compared to their initial speed. Thislower speed is manifested
macroscopically as alower temperature.

The buoyant force on the aluminum sphere is the weight of the water displaced by the sphere, which
is the volume of the sphere times the density of water times g. As the substances are heated, the
volume of the sphere increases and the density of the water decreases. Since the volume expansion
coefficient of the water is almost three times larger than that of the aluminum, the fractional decrease
in the water density is larger than the fractional increase in the aluminum volume. Thus the product
of the volume of the sphere times the density of water decreases, and the buoyant force gets smaller.
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18.

19.

20.

21.

22

S|

24,

25.

26.

Charles' slaw states that the volume of afixed mass of gas increases proportionately to the absolute
temperature, when the pressure is held constant. As the temperature increases, the molecules have
more kinetic energy, and the average force exerted by a gas molecule colliding with the boundaries
of the container is proportional to the kinetic energy. Thus the force exerted during the collisions
increases. The pressure isthe force per unit area, and so for the pressure to remain constant, the
surface area of the boundaries must increase, which means the volume of the container must
increase.

Gay-Lussac’s law states that at constant volume, the absolute pressure of a gasis proportional to the
absolute temperature. Kinetic molecular theory has aresult that the average force exerted by gas
particles as they collide with the container boundaries is proportional to the kinetic energy, assuming
afixed container size. For the pressure to increase, the force on the walls must increase, which
means the kinetic energy must therefore increase. But the kinetic energy of the particlesis
proportional to the absolute temperature, and so for the pressure to increase, the temperature must
also increase.

Since an N, molecul e has less mass than an O, molecule, at the same temperature (and thus the same
kinetic energy), N, molecules will have alarger speed on average than O, molecules. If we consider
“launching” molecules of both types from the Earth’ s surface, the faster-moving N, will rise higher
before stopping and falling back to Earth. Thus there will be proportionally more N, molecules at
higher altitudes than at lower atitudes.

Because the escape velocity is much smaller for the Moon than for the Earth, most gas molecules
even at low temperatures have a speed great enough to escape the Moon’s gravity. Thusthe
atmosphere has “ evaporated” over the long time of the Moon’s existence.

Since the acohol evaporates more quickly, the alcohol molecules escape “easier” than the water
molecules. One explanation could be that the intermolecular forces (bonds) for alcohol are smaller
than those for water. Another explanation could be that the alcohol molecules are moving more
rapidly than the water molecules, indicating that alcohol molecules are less massive than water
molecules. However, the ssmplest alcohol (CH;OH) has a molecular mass higher than that of water,
S0 mass is probably not the explanation.

On ahot humid day, there islittle evaporation from a human due to perspiration, because the air is
aready saturated with water vapor. Since perspiration isamajor cooling mechanism, when it is
restricted, humans will feel more uncomfortable. On ahot dry day, water molecules more easily
evaporate into the air (taking their kinetic energy with them) and the body is cooled.

Liquids boil when their saturated vapor pressure equals the external pressure. For water, from Table
13-3, the saturated vapor pressure of water at 20°C is about 0.023 atm. So if the external pressureis
lowered to that level (about 2.3% of normal air pressure), the water will boil.

On a day when the relative humidity is high, the percentage of air molecules that are water (as
opposed to N, or O, molecules) isincreased. Since the molecular mass of water isless than that of
either N or O,, the average mass of air moleculesin a given volume will decrease, and thus the
density will be lower for the humid air.

The water in the radiator of an overheated automobile engine is under pressure. Similar to a pressure
cooker, that high pressure keeps the water in the liquid state even though the water is quite hot —
hotter than 100°C. When the cap is opened, the pressure is suddenly lowered, and the superheated
water boils quickly and violently. That hot steam can cause severe burnsif it contacts the skin.
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27.

Also, the violent bursting forth of steam propels some of the overheated water out of the radiator as
well, which can spray onto the person opening the cap and again cause serious burns.

Exhaled air contains water vapor, at arelatively high percentage. Sincethe air inside thelungsis
quite warm, the partial pressure of water in the lungs can be high without saturating the air in the
lungs, and condensation does not occur. But in the cold winter air, the air can hold very little water
without condensation. Thus as the warm, water-laden exhaled air cools, the partial pressure of water
vapor exceeds the saturated vapor pressure in the cold air, and some of the water will condense. The
white cloud seen is due to the condensed water vapor.

Solutionsto Problems

In solving these problems, the authors did not always follow the rules of significant figuresrigidly. We
tended to take quoted temperatures as correct to the number of digits shown, especially where other
vaues might indicate that. For example, in problem 17, values of 25°C and —40°C are used. We took
both of those valuesto have 2 significant figures in calculating the temperature change.

1.

The number of atomsis found by dividing the mass of the substance by the mass of a single atom.
Take the atomic mass of carbon to be 63.
3.4x10°kg

= =[3.3x10%at fC
" 63(1.66x107 ) kg/atom [33x10" dtomsof Cu

The number of atomsin a pure substance can be found by dividing the mass of the substance by the
mass of a single atom. Take the atomic mass of gold to be 197, and silver to be 108.

2.65x10%kg
N 197)(1.66x10* kg/atom) 108
Au :( )( - / )=—=0.548 — [N,, =0548N,
N 2.65x107kg 197 2

Ag

(108)(1.66x10°" kg/atom)
Because agold atom is heavier than a silver atom, there are fewer gold atomsin the given mass.

(8 T(°C)=2[T(°F)-32]-2[e8-32]-[20°C]

(b) T(°F)=2T(°C)+32=2(1800)+32=[3300°F

High:  T(°C)=2%[T(°F)-32]=£[136-32] =
F)-32]=2[-120-32] =

o

Low: T(°C)=§[T(

@ T(°F)=2¢T(°C)+32=2(-15)+32=|5°F

(b) T(°c)=§[T(°F)—32]=§[—15—32]=
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6. Assumethat the temperature and the length are linearly related. The change in temperature per unit
length change is as follows.

AT 1000°C-00°C
AL 22.85cm-11.82 cm
Then the temperature corresponding to length L is T (L) =0.0°C+(L-11.82 cm)(9.066C°/cm).

—9,066C°/cm

(@) T(16.70 om)=0.0°C+(16.70 cm-11.82 cm)(9.066C"/cm) =
(b) T (2050 cm)=0.0°C+(2050 cm-11.82 cm)(9.066C°/cm) =

7. When the concrete cools in the winter, it will contract, and there will be no danger of buckling. Thus
the low temperature in the winter is not afactor in the design of the highway. But when the concrete
warms in the summer, it will expand. A crack must be left between the slabs equal to the increase in
length of the concrete asit heats from 20°C to 50°C.

AL = aL AT =(12x10°/C°)(12 m)(50°C~20°C) =

8. Theincreasein length of the tableis given by Equation 13-1a.
AL = aL AT =(0.2x10°/C”)(20 m)(5.0C°) =

For sted, AL = aL AT = (12x10°/C") (20 m)(5.0C°) = [12x10*m] .

The change for Super Invar is approximately only 2% of the change for steel.

9. Takethe 300 m height to be the height in January. Then the increase in the height of the tower is
given by Equation 13-1a.

AL = aL AT =(12x10°/C°)(300 m)(25°C~2°C) =

The rivet must be cooled so that its diameter becomes the same as the diameter of the hole.
AL=al AT - L-L,=al(T-T,)

L-L . -1
ToT 4 0 _o0°C 1.869 cm-1.871cm :

+
" al, (12x10°/C°)(1.871.cm)
M  1.00x10’k
11. Thedensity at 4°Cis p = 7 = % . When the water is warmed, the mass will stay the
.00m

same, but the volume will increase according to Equation 13-2.
AV = VAT =(210x10°/C°)(1.00 m*)(94°C-4°C) =1.89x10°m"

) . ) M 1.00x10%kg
The density at the higher temperatureis p =—= =[981kg/m®
Y g P L V  1.00m’+1.89x10°m’ g/

12. The change in volume of the quartz is given by the volume expansion formula, Equation 13-2.

3
AV = VAT = (1x106/c°)(§7r(8'7zcmj ](200‘)(:—30"(:) -
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The amount of water that can be added to the container isthe final volume of the container minus the
final volume of the water. Also note that the original volumes of the water and the container are the
same. We assume that the density of water is constant over the temperature change involved.

Vaided = (VO + AV )conta'ner - (VO + AV )Hzo = A\/oontainer - A\/HZO = (ﬂcoma'ner - ﬂHZO )VOAT

=(27x10°/C° - 210x10°°/C° ) (350.0 mL ) (-80.0C° ) =[5.12 mL

14. (a) Theamount of water lost isthe final volume of the water minus the final volume of the
container. Also note that the original volumes of the water and the container are the same.

\/Iost = (VO + AV) - (VO + AV) = AVHZO - AVoontainer = ﬂHZOVOAT - ﬁconta’nerVOAT

H,0 container

( )( 1mL ]
V., ) 0.98324 g ——
= p s _210x10°/C° - —[5.0x10%/C
Penaves = oo VAT <10°/ (55.50mL)(60°C—20°C) <107/

(b) From Table 13-1, the most likely material is|copper.

15. (a) Thesum of the original diameter plus the expansion must be the same for both the plug and the

ring.
(LO + AI')iron = (LO + AL)bra& - Liron +air0n I‘ironAT = Lbrass +abrassLbrassAT
Loas = Livon 8.753cm-8.743cm
AT = =
ool ~ el (12%10°°/C°)(8.743 cm) - (19x10°°/C° ) (8.753 cm)
=-163C" =T,y ~Tsa = Ty —20°C > T, =-143C=

(b) Simply switch theinitial valuesin the above calculation.

AT _ Lbras — Liron _ 8743 cm-— 8753 cm _
ronLon ~ Ol (12%10°°/C°)(8.753 cm) —(19x10°°/C° ) (8.743 cm)

-20°C —» T, =184°C=~|180°C

final

=164C° =T,

find

T

initial

=T

final

16. We model the vessel as having a constant cross-sectional area A. Then avolume V, of fluid will
occupy alength L, of thetube, giventhat V, = AL,. LikewiseV = AL.
AV =V -V, = AL- AL, = AAL and AV = VAT = SALAT .
Equate the two expressionsfor AV, and get AAL = SAL AT — AL=BLAT. But AL=al AT,

so we see that under the conditions of the problem, (o = 8

17. (&) When asubstance changes temperature, its volume will change by an amount given by Equation
13-2. This causes the density to change.
M M M M M M M ( 1 1]

A = — = e—— = = —_ =
PEPTTNTN, TV AAV N, VoAAAT V. v\ Te T

B 1 1+pAT) (=T
~ P 1+ AT 1+ AT ~P 1+ AT

If weassumethat AT <1, then the denominator is approximately 1, so |Ap = —p, SAT].
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18.

19.

20.

(b) Thefractional changein density is
Ap _ZpAAT
Po Po

Thisisa |0.57% increase].

Assume that each dimension of the plate changes according to Equation 13-1a.
AA=A-A = (1 +Al)(W+AW) —Iw=Iw+IAw+ WAl + AIAW— lw = [Aw+ WAl + Al Aw

Neglect the very small quantity AlAw.
AA=1AW+WAI =1 (aWAT ) +W(a |AT) =[2a| WAT

= - AT =—(87x10°/°C)(-40°C- 25°C) =5.7x10°°

Consider a cubic solid, where the original length of each dimension of the cubeis | .

AV =V -V =(1+A1) =12 =1° +37A1 +31 (Al)* + (Al =1° =3%A1 +3 (A1) + (Al )’
Neglect the very small quantitiesinvolving Al squared or cubed.

AV =3°Al =3°a| AT = 3aI°AT = 3aV,AT
But Equation 13-2 states AV = SV, AT . Equate the two statements for AV .

AV =3V AT = VAT — |f=3

The pendulum has a period of 7, =27,/L,/g at 17°C, and aperiod of 7 = 27,/L/g at 25°C. Notice

that r >z, since L > L,. With every swing of the clock, the clock face will indicate that atime z,
has passed, but the actual amount of time that has passed is 7. Thusthe clock faceis“losing time”

by an amount of Az =7-7, every swing. Thefractional lossis given by ﬂ and the length at the

%

higher temperature is given by

Ar_t-z,_2nl/g-27Ljg JL-JL, L+al-L JL+alaT L
o T 22\l /9 Jh Jh b
=1+ aAT —1=\/1+ (19x10°/C°)(8C°) ~1=7.60x10"

Thus the amount of time lost in any time period 7, is At = (7.60><10‘5) 7,. For oneyear, we have

T

the following.
Az =(7.60x10°)(3.16x10"s) = 24025 ~

(@) Consider the adjacent diagrams. The mercury expands due Bulb volume V"

glassis egual to the volume of mercury at both temperatures. I |
Thevaue JL isthe amount the thread of mercury moves.
The additional length of the mercury column in the tube
multiplied by the tube cross sectional areawill be equal to the | —
expansion of the volume of mercury, minus the expansion of L, +oL

the volume of the glass bulb. Since the tube volume is so Bulb volume V ™
much smaller than the bulb volume we can ignore any

changesin the tube dimensions and in the mercury initially in the tube volume.

to the heat, as does the bulb volume. The volume of filled G Tube radius r,
|

LO
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22

23.

24,

Original volume for glassbulb and Hg in bulb: V"

Change in glass bulb volume: AV, =V, B AT
Change in Hg volume in glass bulb: AV, =V, B AT

Now find the additional volume of Hg, and use that to find the change in length of Hg in the
tube.

(L) 217 = AV, = AV, =V B AT =V B AT —

glass

bulb bulb bulb

§L=VO > AT(ﬂHg _ﬂglas):O—AT(ﬂHg_ﬂglaS): 02 AT(ﬂHQ _ﬂgla&")

7l ”(d0/2)2 7rd0
4(0.255cm’
= . (1(40>< o Cn)1)2 (33_00 C-115 C) |:(180 — 9) x 1076/Co :I _
bulb
(b) fhetormdars qUOted ove oL= 47\2'/;2 AT (ﬂHg - ﬂglﬁ) )
0

The change in radius with heating does not cause a torque on the rotating wheel, and so the wheel’s
angular momentum does not change. Also recall that for acylindrical wheel rotating about its axis,

the moment of inertiais | =<nr?.

1 2
Ia)o_zmroa)ozr ,

L =L = 160 = li0a@ia = @ppq = IO = 11y 2 2
final 2
r.Oza)O
ﬂ_ Whing — Wy _ r’ —% —i—l— ro2 1= r02 1= ro2 -1
w w, @, re (r,+Ar)’ (r, +ar,AT) (r, +ar,AT)
1 1—(1+ 20AT +(aAT)2) ~20AT —(aAT)? A2t aAT
= -] = = = —Q ——
(1+aAT) (1+aAT) (1+aAT) (1+aAT)
Aw 24+ aAT :
Now assume that oAT <1, and S0 — = -aAT ————— ~ —20AT . Evaluate at the given values.
@ (1+ aAT)

~2aAT = -2(25x10°/c°) (55C°) = [-28x107]

The thermal stress must compensate for the thermal expansion. E isYoung’ s modulus for the
auminum.

Stress= F/ A= aEAT =(25x10°/C°)(70x10° N/m*)(35°C-15°C) =[3.5x 10’ N/m’

() Since the beam cannot shrink while cooling, the tensile stress must compensate in order to keep
the length constant.

Stress= F/ A= EAT =(12x10°/C")(200x10° N/m” ) (60C° ) =|1.4x10° N/ m’

e ultimate tenslle strength of st rom Cl ter IS OX m", and sO
(b) The ulti il gth of steel (from chapter 9) is 5x10° N/m? , and

the ultimate strength is not exceeded|. There would only be a safety factor of about 3.5.
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(c) For concrete, repeat the calculation with the expansion coefficient and elastic modulus for
concrete.

Stress= F/ A= EAT =(12x10°/C°)(20x10° N/m*)(60C° ) =|L4x10" N/m’

The ultimate tensile strength of concreteis 2x10° N/ m’, and so |the concrete will fracture| .

25. (a) Cadculatethe change in temperature needed to increase the diameter of the iron band so that it
fits over the barrel. Assume that the barrel does not change in dimensions.

AL=al AT — L-L,=al (T-T,)
L-L, .., 134122cm-134110cm

T=T,+—=2=
"l +(12x10'6/c°)(134.110 cm)

(b) Since the band cannot shrink while cooling, the thermal stress must compensate in order to keep
the length at a constant 132.122 cm. E isYoung's modulus for the material.

=27.457°C=~|27°C

Stress=F/A=aEAT — F= AE%z AEaAT
= (7.4x10?m)(8:5x10°m) (100x10° N/m? ) (12x10°/C°) (7.457C°) = [4.3x10°N]

26. Usethe rlationships T(K) =T (°C)+273.15 and T (K) =[T(°F)-32]+273.15.
(@ T(K)=T(°C)+273.15=86+273.15=[359 K|

(b) T(K)=%[T(°F)-32]+27315=5[78-32]+273.15=299 K]
(© T(K)=T(°C)+273.15=-100+273.15=|173 K]

(d) T(K)=T(°C)+273.15=5500+27315=|5773 K]

(© T(K)=%[T(°F)-32]+27315=%[-459-32]+273.15=[0.37 K]

27. Usethe relationship that T(K) = T(°F)-32]+273.15.
T(K)=%[T(°F)-82]+27315 —

T(°F) :%[T(K)—273.15]+32:%[0—273.15]+32:

28. Usetherelationship that T(K)=T(°C)+273.15.

(8) T(K)=T(°C)+27315=4270K ~[4300K] ; T(K)=T(°C)+27315=[15x10" K]

AT 27
(b) % error = x100= 3 %100
T(K) T(K)
273 273
4000°C: x100 ~ [7% 15x10° °C: x100 -2 x10°%
4000 15x10°
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. . . PV .
29. Assumethegasisidea. Sincethe amount of gasis constant, the value of T is constant.

PV, PV. PT . 273+38)K
S_5Y oy =V_1_2=(3.00m3)(100a1mj( ) =[{ro7m’

T T 2 320am,) 273K

1 2 2 1

- . . - PV .
30. Assumetheairisanidea gas. Sincethe amount of air is constant, the value of - is constant.

PV

171

T

1 2 1 71

RV PV, 40am)( 1
-2z T2=T1;2—2=(293K)( j(§)=1300|<=1030°cz 1000°C

lam

=

Assume the oxygen isan idea gas. From Example 13-10, the volume of one mole of oxygen gas at

STPis 22.4x10°m’. The mass of one mole of oxygen, with a molecular mass of 32.0 u, is 32.0
grams. Use these valuesto calculate the density of the oxygen gas.
M  32.0x10°kg

=—=—""""_2 _1143kg/m’
» V. 224x10°m? g/

32. Assume that the nitrogen and carbon dioxide are ideal gases, and that the volume and temperature

_ P RT .
are constant for the two gases. From the ideal gaslaw, the value of —=— isconstant. Also note
n

that concerning the ideal gaslaw, the identity of the gasis unimportant, as long as the number of
molesis considered.

21.6 kg CO,
P P n 44x10° kg CO,/mol 28
=== P,=R—==(365a 2 = (365am)| — | =|2.32 am
nl n2 - 2 1 nl ( m) 216 kg N2 ( m) 44 m
28x10° kg N,/mol

33. (a) Assumethe nitrogenisanideal gas. The number of moles of nitrogen is found from the atomic
weight, and then the ideal gaslaw is used to calculate the volume of the gas.

1moleN
N = (18,5 kg) —————2— = 660.71 mol
28.0x10 °kg
660.71 mol ) (8.3153/mol-K ) (273 K
PV _nRT v - KT _ (66071 mol)(BISYMAK)(27SK) 1, g s
P 1.013x10°Pa
~[14.8 m®
(b) Hold the volume and temperature constant, and again use the ideal gas law.
1moleN
n = (18,5 kg+15.0 kg)—————2— = 1196 mol
28.0x10°kg
PV =nRT —
RT (1196 mol)(8.315J/mol«K )( 273 K
p_RT _( )(8315Y - J(273K) I 8% 10°Pa Lezam
Y 14.806 m
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34. (a) Assumethat the heliumisanideal gas, and then use theideal gaslaw to calculate the volume.
Absolute pressure must be used, even though gauge pressureis given.

nRT _ (18.75mol )(8.315J/mol-K )(283K)
P (1.350am)(1.013x10° Pa/aim)

(b) Since the amount of gasis not changed, the value of PV/T is constant.

PV, BV, PV, ( 2.00 atm j(lj
4122 5 T =T-22-(283K)|—— || = =210K=-—63°C
T T TRV, ( ) 1.350 am J\ 2

1 2

PV=nRT — V= =10.323 m*

35. Assumetheargonisanideal gas. The number of moles of argon isfound from the atomic weight,
and then the ideal gas law is used to find the pressure.

n=(1050 kg)% - 2628 mol
.95x g
nRT (2628 mol )(8.315J/mol+k)(385K )

PV=nRT —» P= =12.40x10°Pa

Vv (35.0L)(1.00x10° m*/L )

36. Assume that the oxygen and helium areideal gases, and that the volume and temperature are

constant for the two gases. From theideal gas law, the value of s = % is constant. Also note that
n

concerning theideal gas law, the identity of the gasis unimportant, as long as the number of molesis
considered. Finally, gauge pressure must be changed to absolute pressure.

P 1moleO, )(8.00atm
2.2 o n=n-2=(260kgO0,) moe_szj( ) _ 6.70x10°moles
n n P 32x107°kg /) (9.70 atm)
4.0x10°k
(6.70x107 moles)| ————2 | =[2.68 kg He
1 moleHe

37. There are three forcesto consider: the buoyant force upwards (which is the weight of the cold air
displaced by the volume of the balloon), the downward weight of the hot air in the balloon, and the
downward weight of the passengers and equipment. For the balloon to rise at constant speed, the
buoyant force must equal the two weights.

Foyer = Med+2700N = Vp_.g=Vp, g+2700 N
Theideal gaslaw can be written in terms of the gas density p and the molecular mass M as follows.

m PM m
PV=nRT=—RT > —=—T=pT
M R V

The gasinside and outside the balloon is air, and so M is the same for inside and outside. Also, since
the balloon is open to the atmosphere, the pressure in the balloon is the same as the pressure outside

the balloon. Thustheideal gaslaw reducesto pT = constant=(pT)_ . =(pT),, -

T
VPi0ad =V Pra@+ 210N =V 0 =29 +2700N . —

hot

Vo, T.d  (1800m°)(129kg/m®)(273K)(9.80m/s)
(Vw8 —2700N) [ (1800m’ )(1.29kg/m’)(9.80m/s’) - 2700 N |

- 300.8K ~[37°C]
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One factor limiting the maximum altitude would be that as the balloon rises, the density of the air
decreases, and thus the temperature required gets higher. Eventually the air would be too hot and the
balloon fabric might be damaged.

38. Assumethat the air isan ideal gas. The pressure and volume are held constant. From the ideal gas

law, the value of P—;/ =nT ished constant.

Tont o M _T_(278+15)K 288
M n T, (273+38)K 311

Thus 1-0.926 = 0.074 =|7.4%]| must be removed.

0.926

39. Assumethe oxygenisanideal gas. Sincethe amount of gasis constant, the value of PV/T is

constant.
PV, BV V, T 1.5L \(273+50.0)K
L1272 I32:Pl—1—2:(2.45atm)(6 > )( ) =|3.43 am
T T, v, T, 4881 ) (273+18.0)K

40. Assumethe heliumisanidea gas. Sincethe amount of gasis constant, the value of PV/T is

constant. We assume that since the outside air pressure decreases by 30%, the air pressure inside the
balloon will also decrease 30%.

BV, BV, V, BT, _( 1.0 j (273+5.0)K
T, PR T, \0.70/(273+20.0)K

=|1.4 times the origina volume

1 T V,

2 1

41. At STP, 1 mole of ideal gasoccupies22.4 L.
1mo|e(6.02x1023moleculesj( 1L j

—|2.69x10* molecules/m’

224L mole 10°m?

42. We assume that the water is at 4°C so that its density is 1000 kg/ m’.

—3 73
1000|210 (1000 Skgj 1mo — |=|55.51mol
1L im (15.9994 + 2x1.00794) x 10 °kg

6.02x10®molecules

55.51 mol
1 mol

j =(3.34x10® molecules]

43. (a) Sincethe average depth of the oceansis very small compared to the radius of the Earth, the
ocean’s volume can be calculated as that of a spherical shell with surface area 4zR?,, and a
thickness Ay . Then use the density of sea water to find the mass, and the molecular weight of
water to find the number of moles.

Volume=0.75(4zR2,,, ) Ay = 0.75(47) (6.38x10°m)  (3x10°m) = 1.15x 10" m’

1025 k 1mol
1.15><1018m3( : gj( J:6.55><1022mol$z 7x10”moles

m 18x10°kg
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6.02x10” molecules
1 mol

(b) 6.55x10% moles( ] ~|4x10® molecules|

44. The net force on each side of the box will be the pressure difference between the inside and outside
of the box, times the area of a side of the box. The outside pressureis 1 atmosphere. Theideal gas
law is used to find the pressure inside the box, assuming that the mass of gas and the volume are

constant.
P nR P P T 273+180)K
—=—-=constant » =2=-= Pz:Pl—zz(l.OOatm)uzl.%atm
T , I T (273+20)K

The area of a side of the box is given by
Area=L° = [(Volume of box)m}2 = (5.1>< 107°m? )2/3 =14x10"'m’
The net force on a side of the box is the pressure difference times the area.

F = (A Pressure) (Area) = (0.55 atm) (1.01x 10° Pa) (L4x10*m?) =

45. We assume that the last breath Galileo took has been spread uniformly throughout the atmosphere
since his death. Calculate the number of moleculesin Galileo’s |ast breath, and divide it by the
volume of the atmosphere, to get “Galileo moleculesm® . Multiply that factor timesthe size of a
breath to find the number of Galileo moleculesin one of our breaths.

pv  (101x10°Pa)(20x10°m’)

PV=NKT - N=—=

= = 4.9x10”molecules
KT (1.38x10™ J/K)(300K) g

Atmospheric volume = 47RZ,, h = 47 (6.38x 10"’m)2 (1.0>< 10°m) =5.1x10°m’

Galileo molecules  4.9x10%molecules
= = 9.6x10° molecules/ m®
m® 5.8x10°m® 6/
# Galileo molecules , molecules( 2.0x10°m® molecules
— 9.6x10° —— = |19
breath m 1 breath breath

46. (a) Theaveragetranslational kinetic energy of agas moleculeis KT .

KE,, =$KT =(1.38x10” J/K ) (273K ) =|5.65x10 **J

(b) Thetotal translational kinetic energy is the average kinetic energy per molecule, times the
number of molecules.

23
KE, = N(KE,, ) = (20 mol )( 6.02x10” molecules

1

j%(1.38x10'23 YK)(293K)
=|7.3x10°J

47, The rms speed is given by Equation 13-9, v,__ = «/3kT/m . Helium has an atomic mass of 4.0.

3(1.38x10™ J/K ) (6000 K )
4.0(1.66x10"kg)

=6116m/s~ [6x10° m/s
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48. Therms speed is given by Equation 13-9, v, =/3KT/m.

rms Y 3KT, / m L B 373 K -

\/3k1 T, V273K

e =+/3KT/m . Sincethe rms speed is proportional to the

square root of the absolute temperature, to double the rms speed without changing the mass, the
absol ute temperature must be multiplied by a factor of 4.

T = 4T,,, = 4(273+20)K =1172 K =[899°C

49. Therms speed is given by Equation 13-9, v

50. Therms speed isthe square root of the mean (average) of the sguares of the speeds.
6 +2°+4 +6°+0°+4 +1°+8 +5°+F +7°+& 320

Vims = \/ = =|5.2 km/S

12 12

2+4 4+1 7
The average speed s v, 6+ +4+6+0+ 142- +8+5+3+ +8_54—45km/s

51. Therms speed isgiven by Equation 13-9, v, _ = /3KT/m .

1

(vm )1 3KT. /m
T,=T,(1.010)° =(293.2 K )(1.010)" = 299.1K =[25.9°C

52. Fromtheideal gaslaw, PV =nRT , if the volume and amount of gas are held constant, the
temperature is proportiona to the pressure, PV =nRT — P :nVRT =(constant) T . Thusthe

temperature will be doubled . Since the rms speed is proportional to the square root of the
temperature, v, . =+/3KT/m = (constant)ﬁ , the rms speed will be multiplied by afactor of

V2 -]

53. The rms speed is given by Equation 13-9, v__ = w/3kT/ m . The temperature can be found from the
ideal gaslaw, PV =NKT — KT = PV/N . The mass of the gasis the mass of a molecule times the

. . . M
number of molecules: M = Nm, and the density of the gasis the mass per unit volume, p = 7 :

Combining these relationships gives the following.
= /3kT/m= /Sﬂ: /3P_V: 2
Nm M Yol

54. The rms speed is given by Equation 13-9, v, =/3KT/m.

(), BT [, o
J3T/m (Vo). \m,
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55. Thetemperature of the nitrogen gas is found from the ideal gaslaw, and then the rms speed is found
from the temperature.

pv  (21am)(1.013x10° Pa/am)(8.5m’)

nR (1300 mol )(8.315/mol+K)
3(1.38x10™ J/K )(167.3K
v = 3T _ (1.38~ / )25 ) =386.0m/s~|3.9x10° m/s
m 28(1.66x10*'kg)

56. (a) Thermsspeed isgiven by Equation 13-9, v, = /3KT/m.

KT 3(1.38x10 % JK ) (273 K

T [3( /_2)7( ) _ 261y

32(1.66x10°"kg)

(b) Assuming that the particle has no preferred direction, then we have the following:
Vi SVoHV HVI =3 o v =vrms/«/§.

ms

Vv =

rms

m

The time for one crossing of the room isthen given by t =d/v, = \/§d/v,ms , and so the time for

aroundtripis 2\/§d/vrms . Thus the number of back and forth round trips per second is the

. - v
reciprocal of thistime, —=

2\3d
461m/s

Vv
# round trips per sec=—F—= =119 round trips per sec

2J3d  2J3(7.0m)

57. Assume that nitrogen is an ideal gas, and that each molecule occupies the same cubical volume of

L. Find the volume per molecule from the ideal gas law, and then the side length of that cubical
molecular volume will be an estimate of the average distance between molecules.

vV kT (1.38x10%JK)(273K)
P 1.01x10°Pa

1/3
L= (%j - (373x20%m*)”" =

PV = NKT = 3.73x10™ m*/molecule

58. Itisstated in the text that the relationship v =«/3kT/m is applicable to molecules within living

cells at body temperature (37°C).

3(1.38x10 J/K)(310K)

(@) Fortheaminoacid: v, =./3KT/m= \/ =12.9x10* m/s|.

89(1.66x10 *'kg)

3(1.38x10° J/K)(310K)

(b) For the protein: v, =+/3KT/m= \/ =[12m/s

(50,000)(1.66x10 *'kg)
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59. The pressure can be stated in terms of the ideal gaslaw, P = NkT/V . Substitute for the temperature
from the expression for therms speed, v, _ = JSkT/m > T=m /3k . Themass of thegasis

ms

the mass of a molecule times the number of molecules: M = Nm, and the density of the gasisthe
mass per unit volume, p =M /V . Combining these relationships gives the following.

NKT Nkmvi, Nm, M,

rms

1 2 1 2
—EPV - P_Epvrms

rms

P= - 3 Vrms = ; Vrms
V VvV 3k \Y \

60. Therms speed is given by Equation 13-9, v, _ = /3KT/m.

(VrmS )235 - 3KT / M M 238+ 6 ( 19) 352
== = = L = = = -1.004
Mo ) 349

(Vi )z, ([36T/ M 235+6(19

61. (a) From Fig. 13-21, at atmospheric pressure, CO, can exist as|solid or vapor].
(b) From Fig. 13-21, for CO, to exist asaliquid, [5.11 atm < P < 73 atm| and

|-s6.6°c<T <31°C

62. (a) From Fig. 13-20, water isvapor when the pressure is 0.01 atm and the temperature is 90°C.
(b) From Fig. 13-20, water is[solid when the pressure is 0.01 atm and the temperature is —20°C.

63. From Table 13-3, if the temperature is 25°C, the saturated vapor pressureis 23.8 torr. If the relative
humidity is 50%, then the partial pressure of water is half the saturated vapor pressure, or 11.9 torr.
The dew point is the temperature at which the saturated vapor pressure is 11.9 torr, and from Table
13-3 that is between 10°C and 15°C. Since thereis no entry for 11.9 torr, the temperature can be
estimated by alinear interpolation. Between 10°C and 15°C, the temperature change per torr is as
follows:
(15-10)C°
(12.8—-9.21)torr
Thus the temperature corresponding to 11.9 torr is

10°C+[(11.9-9.21)torr] (1.393C ftorr ) = 13.7°C = [1a°] .

—1.393C°/torr .

64. At the boiling temperature, the external air pressure equal s the saturated vapor pressure. Thus from

Table 13-3, the air pressureis [526 torr] or |7.01>< 10 Pal or [0.692 atm].

65. At the boiling temperature, the air pressure equals the saturated vapor pressure. The pressure of 0.72
amisequal to 7.27x10"Pa. From Table 13-3, the temperature is between 90°C and 100°C. Since

thereis no entry for 7.27x10° Pa, the temperature can be estimated by alinear interpolation.
Between 90°C and 100°C, the temperature change per Pais as follows:

(100-90)C°
(10.1-7.01)x10"Pa
Thus the temperature corresponding to 7.27 x10* Pais

90°C-+[ (7.27-7.01)x10"Pa |(3.236x10* C°/Pa) = 90.8°C ~ [91°C]

—3.236x10° C°/Pa.
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66.

67.

68.

69.

70.

The relative humidity of 40% with apartia pressure of 530 Pa of water gives a saturated vapor
pressure of

0.40P

saturated

530 Pa

=530Pa —» P =1325 Pa

saturated

From Table 13-3, the temperature at which the saturated vapor pressure is 1325 Pais between 10°C
and 15°C. Since thereisno entry for 1325 Pa, the temperature can be estimated by alinear
interpolation. Between 10°C and 15°C, the temperature change per Pais as follows:

(15-10)C°
(1.71-1.23)x10°Pa
Thus the temperature corresponding to 1325 Pais

10° C-+[(1325-1230) Pa] (1.042x 10 C°/Pa) =10.99°C ~ [1°]]

=1.042x102C°[Pa.

From Table 13-3, the saturated vapor pressure at 25°C is 3170 Pa. Since the relative humidity is
35%, the partial pressure of water is

P =0.35P,, ., =0.35(3170 Pa) =|1.1x10°Pa

water saturated

Since the water is boiling at 120°C, the saturated vapor pressure is the same as the pressure inside the
pressure cooker. From Table 13-3, the pressureis |1.99>< 10°Pa=1.97 atm|.

The total amount of water vapor that can be in the air can be found from the saturated vapor pressure
in Table 13-3, using the ideal gaslaw. At 25°C, that pressureis 3.17x10°Pa.

PV (317x10°Pa)(680m° ) ,
PV=nRT -» n=——-= =8.70x10"moles
RT (83153 mol-K)(273+25)K

Since the relative humidity is only 80%, only 80% of the total possible water isinthe air. Thus 20%
of the total possible water can still evaporate into the air.

18x10°kg 3
1 mole

3.1kg

M, porate = 0.20(8.70 x10° mol es) (

Theair is saturated at the lower temperature, so the vapor pressure of water is 872 Pa. Theidea gas
law gives the following result for the change in volume of the given mass of air.

P T T
PV=nRT » —=—=congtant » —==-%
nR V vV, V,
Thus the vapor pressure of a given mass of air that moves from outside to inside is as follows.
NnRT ~ nRT
) =——— P =872Pa
\/in Vout

The saturated vapor pressure at the inside temperature is 3170 Pa, and so the relative humidity is as
follows.

872Pa
3170Pa

0.275=|27.5%

rel. hum. =
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71. From Example 13-19, we have an expression for the time to diffuse a given distance. Dividethe
distance by the time to get the average speed.

€ (a)° 1(1.00+0.40) mol/m’ (15><1076m)2
“AC D (1.00-040)mol/m® (95x10™ m’/s)

=0.2763 s~ |0.28s

-6
v, =X D0 m 0t s
t 0.2763 s
The rmsthermal speed is given by Equation 13-9, v, = ‘/3kT/ m.
3(1.38x10™ J/K ) (293K
v =./3kT/m= =(3.1x10° m/s
me / \/ 75(1.66x10”"kg) 107/
-5
Vg _ 5:4x10°m/s _ 17x107

v, 3.1x10° m/s

rms

The diffusion speed is severa orders of magnitude smaller than the thermal speed.

72. (a) Usetheideal gaslaw to find the concentration of the oxygen. We assume that the air pressure
is 1.00 atm, and so the pressure caused by the oxygen is 0.21 atm.
PV=nRT —

0.21am)(1.013x10° Pa/atm
n_P_( )(1013-10 Py ):8.732mol/m3 ~[8.7mol/m’
V RT  (8315)mol-K)(293K)

(b) Use Equation 13-10 to calculate the diffusion rate.
3 3
1_pal=C - (1x20° m/s) (2x10°r) 8.732mol/m 4!.366mo|/m
AX 2x107m

= 4.366x10 " mol/s~ [4x10™ mol/s
(¢) From Example 13-19, we have an expression for the time to diffuse a given distance.

T (M) (8.732mol/m’ +4.366mol/m’) (2x10°m)’ 59

~AC D (8.732mol/m’-4.366mol/m’) 1x10°m’/s

73. (a) At 34°C, thetapewill expand from its calibration, and so will [read low .

(b) ATL = aAT =(12x10°/°C)(34°C-20°C) =1.68x10™* ~ [1.7x107 %

0

74. Since the glass does not expand, the measuring cup will contain 300 mL of hot water. Find the
volume of water after it cools.

AV =V, AT = (300 mL )(210x10°/C°)(20°C~80°C) = -3.78mL ~[-3.8 mL]

The volume of cool water is 3.8 mL less than the desired volume of 300 mL.

75. Assumethe heliumisanideal gas. The volume of the cylinder is constant, and we assume that the
temperature of the gas is also constant in the cylinder. From theideal gaslaw, PV = nRT , under
these conditions the amount of gasis proportional to the absolute pressure.

P RT P R n, P, 5am+lam 6
PV=nRT — —-" _constant — —2--2 _, _5 Dodm+dm _©
n Vv n n n B 28am+lam 29
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76.

78.

79.

Thus 6/ 29 =0.207 ~ 21%)| of the original gas remainsin the cylinder.

Assumethe air is an ideal gas, and that the pressureis 1.0 atm.
PV =NKT —

pv  (1013x10°Pa)(6.5x3.1x 2.5) m’
KT (1.38x10%JK)(273+22)K

1 mol
1.253x10” mol ecules[ oe j =2082moles ~[2.1x10°moles|

6.02x10”molecules

=1.253x10” molecules ~ |1.3>< 10” mol ecul&|

The rms speed is given by Equation 13-9, v__ =, /3kT/ m . Hydrogen atoms have a mass of 1 atomic
mass unit.

Vv

ms

3T _ \/3(1.38x1023 YK)(27K)

=1260m/s
1(1.66x10"kg) "y
The pressure is found from the ideal gas law, PV = NKT .
NKT  (1)(1.38x10% J/K)(27K)

—6 3
1ot 1x10 3m
lcm
=3.689x10 “atm ~ [4x10 % am

Assumethe gasisideal at those low pressures, and use the ideal gas law.

-12 2 5 3
PV NKT o NoP 1><1(2)3 N/m =(3><108 moleiulesj 10 n;
V. KT (1.38x10%J/K)(273K) lcm

PV=NKT —» P

=3.726><1017Pa( Lam j

1.01x10°Pa

m

0 molecules

cm’

=|3x1

Assumethat the air in the lungsis an ideal gas, that the amount of gasis constant, and that the
temperature is constant. Theideal gaslaw then saysthat the value of PV isconstant. The pressure

adistance h below the surface of the water is discussed in chapter 10, and isgivenby P =P, + pgh,
where P, is atmospheric pressure and p isthe density of the water.

PSJ mer P m + pgh
( PV )surfa:e = ( PV )submerged - Vsurface = Vsubmerged % = Vsubmerged atp—
surface am

1.01x10°Pa+(1.0x10° kg/m*)(9.8m/s’ ) (10m)

=(55L) -
1.01x10°Pa
Thisis obviously very dangerous, to have the lungs attempt to inflate to twice their volume. Thusit

is to quickly rise to the surface.

=11L
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80. The temperature can be found from the rms speed by Equation 13-9, v__ = 1/3kT/ m.
=3KT/m —

. (28)(166x107 kg) {4>< 10* km/h (L/S

T2 Vi 3.6km/hﬂ :

3k 3(1.38x10 ™ J/K)

81. Fromtheideal gaslaw, if the volume and number of moles stay constant, then the ratio of pressure
and temperature is constant.

P nR P P
PV=nRT » —=—-=constant » === —
T V T, T

P T, (273+360)K 633K [
PR T, (273+110)K 383K =

1 1
From the relationship v, _ = 4/3KT/m, if the mass per molecule stays constant, then the ratio of rms
speed to the square root of the temperature is constant.

= JXT/m - Vo \/7 constant —> (), _ (Vo) -

(Vi), VT, [633K
(v,ms)i - N “\383K -[1.29

82. Todo this problem, the “molecular weight” of air isneeded. If we approximate air as 70% N,
(molecular weight 28) and 30% O, (molecular weight 32), then the average molecular weight is

0.70(28) +0.30(32) = 29
(@) Treattheair asanideal gas. Assume that the pressureis 1.00 atm.
pv  (L01x10°Pa)(770m°)

RT  (8.315)/molk)(293K)

PV =nRT —» n=— =3.192x10"moles

m=(3.192x10°moles)(29x10° kg/mol ) = 925.7kg ~|9.3x10°kg

(b) Findthe massof air at the lower temperature, and then subtract the mass at the higher
temperature.

PV (1.01x10°Pa)(770m?°)
" RT (8.315)/mol+k)(263K)
=(3.556x10°moles)(29x10°° kg/mol ) =1031.2kg

=3.556x10"moles

The mass entering the house is 1031.2 kg — 925.7 kg =105.5 kg ~ [1.1x10°kg| .

83. Sincethe pressureisforce per unit area, if the pressure is multiplied by the surface area of the Earth,
the force of the air isfound. If we assume that the force of the air is due to its weight, then the mass
of the air can be found. The number of molecules can then be found using the molecular mass of air
(calculated in problem 82) and Avogadro’ s number.

F
P:K — F=PA - Mg=P4rR
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4rR,P 47(6.38x10°m)’ (1.01x10°Pa)
g 9.80m/s?

1 mole 6.02x10®molecules
29x10°kg

M =5.27x10"kg

N = 5.27x10" kg[ j = [1.1x20“ molecules|

1 mole

84. Thetemperature of the nitrogen gasis found from the ideal gas law, and then the rms speed is found

from the temperature.
4.2am)(1.013x10° Pa/atm)( 7.6 m°
ov_mrr o TPV m) (1013~ 10° Pa/atm)( m)=216K
nR (1800 mol )(8.315J/mol+K )
3(1.38x10* JK)(216 K
Vims 3 (138~ / 2)( ) =438.7m/s~|4.4x10° m/s
m 28(1.66x10”"kg)

85. The amount of gasis the same under both sets of conditions, asis the temperature. Thusthe idea
gaslaw gives PV = nRT =constant — (PV), =(PV),. Absolute pressure must be used instead
of gauge pressure.

(PV)n  =(PV)ioung —

cylinder out

(PV)e [(2:38x20+101x10°)Pa(6L) - oL
(1.01x10°Pa)

flowing —

out flowing

out

So there are 2202 L of oxygen to dispense, at arate of 2.4 L/min.

2202 L .
t=———=0175min~

24L/min

86. (@) Theiron floatsin the mercury because p,, > p,, . Asthe substances are heated, the density of
both substances will decrease due to volume expansion (see problem 17 for a detailed
discussion of this effect). The density of the mercury decreases more upon heating than the
density of theiron, because S, > f... The net effect is that the densities get closer together,

and so relatively more mercury will have to be displaced to hold up theiron, and the iron will

float in the mercury.

(b) The fraction of the volume submerged is V, /VFe . Both volumes expand as heated. The

displaced

subscript “displace” is dropped for convenience.
Vy o (14 B,AT)

OHg

V. /V
Viso/Vee ~Vorg NVore _ Vo (1+ BrAT) ova Ve (1+8,,AT)

fractional change =

VOHg/VOFe VOHg OFe (1+IBF6AT)
:1+(180x10‘6/c°)(250°)_1= L0045 | oo
l+(35><10'6)(25C°) 1.000875

% change = (3.6x10°*)(100) =|0.36%
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87. (@) Assumethat amass M of gasoline with volume V, at 0°C is under consideration, and so its
density is p, = M /V0 . At atemperature of 32°C, the same mass has a
volumeV =V, (1+ SAT) .
M M 2y 0.68x10° kg/m’

== = = = 0.6563x10° kg/m’
VoV, (1+SAT)  1+pAT  1+(950x10°/C°)(38C°) <10'kg/m

P

~|0.66x10° kg/m’
(b) Calculate the percentage change in the density.

(0.6563—0.68) x10° kg/m’
% change = 100 = -—3.50/
P 068x10°kg/m'V >

88. Theorigina length of the steel band is L, = 2zR_,,,. At the higher temperature, the length of the

bandis L =L, + AL = 2zR =27 (R,,,, + AR) . Thechangeinradius, AR, would be the height above

the Earth.
AL =L AT =27AR —

AR=Z0AL_oR AT = (12¢10°%/C7)(6.38x10°m) (45°C— 25°C) = [L5x10°m]

2

89. The gap will be the radius of the lid minus the radius of the jar. Also note that the original radii of
the lid and the jar are the same.

Mo = (T +Ar), —(f+AN) = An, —Ar, = (@ — Oy ) AT

0 lid jor

= (19x10°/C° ~9x10°°/C*) (4.0 cm) (40C°) =

90. Thechangein lengthisto berestricted to AL <1.0x10°m.

1.0x10°m
AL = gL AT <1.0x10°m — AT < - <0.11C°

(9x10°/C°)(1.0m)

Thus the temperature would have to be controlled to within |+0.11C°

91. (a) Treattheair asanideal gas. Sincethe amount and temperature of the air are the samein both
cases, theideal gaslaw says PV = nRT isaconstant.

P 195 atm
PV,=PV — V,=V-2+=(113L
272 171 2 lP ( )100atm

A :

(b) Before entering the water, the air coming out of the tank will be at 1.00 atm pressure, and so the
person will be able to breathe 2203.5L of air.

1 breathj( 1min

20L 12 breaths

(c) When the person is underwater, the temperature and pressure will be different. Usetheideal
gas equation to relate the original tank conditions to the underwater breathing conditions. The

amount of gaswill be constant, so PV/T =nR will be constant. The pressure adistance h

=2203.5L ~|2.20x10°L

t=2203.5L( Jz 92 min
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below the surface of the water is discussed in chapter 10, and isgiven by P =P, + pgh, where
P, is atmospheric pressure and p isthe density of the seawater.

B _BY |,y BT
T, T BT

V, =(113L)

1.01x10°Pa+(1.025x10° kg/m*)(9.8m/s’ ) (20.0 m) |\ 293K

195 atm (1.01x10° Pg/atm) }( 283 K J

1 breath 1min X
=7.120x10° L t = 7.120x10° L( j( ! j: 3.0x10'min

20L 12 breaths
92. Thermsspeed isgiven by Equation 13-9, v,__ = «/BkT/ m. Using the escape velocity as v, ., solve

for the temperature.

2 32(1.66x107kg)(1.12x10" m/s)’
(@) For oxygen molecules: T = MVims _ ( g)( — / ) =1.6x10°K

3k 3(1.38x10% J/K)

2 4(1.66x107kg)(1.12x10* m/s)’

(b) Forheiumatoms T = oms _ ( 9)( /) _ 20x10'K

K 3(1.38x10” J/K)

(c) Becausethe “escape temperature” is so high for oxygen, very few oxygen molecules ever
escape the atmosphere. But helium, with one-eighth the mass, can escape at a much lower
temperature. While the temperature of the Earth is not closeto 2.0x10*K today, during the

Earth’ s formation its temperature was possibly much hotter — presumably hot enough that
helium was abl e to escape the atmosphere.

93. Following the development of the kinetic molecular theory in section 13-10 of the textbook, the
tennis balls hitting the trash can lid are similar to the particles colliding with the walls of a container
causing pressure. Quoting from the text, “the average force averaged over many collisions will be
equal to the force exerted during one collision divided by the time between collisions.” That average
force must be the weight of the trash can lid in order to suspend it.

2r‘noalIVbaJI N At — 2n’loaJIVbalI

At M,.9
The above expression is “seconds per ball”, so itsreciprocal will be “balls per second”.

10kg)(9.8m/s’
palls/s = — = w9 _ (Lokg)(98mS) balls/s
At 2myv,, 2(0.060kg)(12m/s)

Favg = Mlidg =

94. The amount of gas and the temperature of the gas are constant. Then from the ideal gas law, the
guantity PV =nRT isconstant. The pressure at the surface will be 1 atmosphere. The pressure a

distance h below the surface of the water is discussed in chapter 10, and isgivenby P =P, + pgh,
where P, isatmospheric pressure and p isthe density of the water. The volume of a spherical
bubbleisgivenby V =£7r° =2 7d°.

PooVrice = PegVin — P

surface * surface depth * depth

=P_ izd?

1 3
<7d depth

surface 6 surface depth 6 -
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) 1.01x10°Pa

surface

p 1/3 1.01 105Pa 1.0 103k 3 9.8 5 14.0 1/3
dsurface:ddqﬁh{ demhj =(3.00cm)( - +( - g/m )( m/s)( m)}

95. (a) Atatemperature of 30°C, the saturated vapor pressure, from Table 13-6, is 4.24x10%Pa. If the
relative humidity is 40%, then the water vapor pressure is 40% of the saturated vapor pressure.

0.40(4.24x10°Pa) =

(b) At atemperature of 5°C, the saturated vapor pressure, from Table 13-6, is 8.72x10°Pa. If the
relative humidity is 80%, then the water vapor pressure is 80% of the saturated vapor pressure.

0.80(8.72x10°Pa) =

96. Assume that the water isan ideal gas, and that the temperature is constant. From Table 13-3,
saturated vapor pressure at 90°C is 7.01x10*Pa, and so to have arelative humidity of 10%, the
vapor pressure will be 7.01x10°Pa. Usetheidea gaslaw to calculate the amount of water.

PV =nRT —
7.01x10°Pa)(7.0m° 3
n=2Y_ (7.01x10°Pa) (70m') _16.26 moles| X190 K9 | 1575 kg
RT  (8:3153/mol-K)(273+90)K 1mole

97. Thedensity isthe mass divided by the volume. Let the original volume of the mass of iron be V,,
the original density p, = M/V0 . The volume of that same massdeep inthe EarthisV =V, + AV,
and so the density deep in the Earth is p = M/V = M/(V0 +AV) . The changein volumeis dueto
two effects: theincrease in volume due to a higher temperature, AV, = = AV, AT, and the decreasein

volume due to a higher pressure, AV = —VOAP/ B. So AV=AV__ +AV The new density

pressure temp pressure *
isthen
M M M M 1
V,+AV  V +AV,  +AV oV + VAT -V, AP/B  V, (1+ AT - AP/B)

Po
(1+ SAT - AP/B)

) [ 1+(35x10°/C”)(2000C) —(SOOOaIfr:)(l.lelos Pa/atm)/(90x10° N/m") |

- 2o =09395p, — [6% decrease

[1+0.07 - .00561]

98. (a) Assume the pressure and amount of gas are held constant, and so PV, = nRT, and PV =nRT .
From these two expressions calcul ate the change in volume and relate it to the changein

temperature.
NRT nRT, nR \V
V=V,+AV — AV=V-V = - °=_(T—To)=—°AT
R R R T
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V, 1
But AV = SV,AT , and so AV=?°AT=,HVOAT - ﬂz?

0 0

1 1
For T,=293K, f=—=——= 3.4><10’3/K , Which agrees well with Table 13-1.

T, 293K

0
(b) Assume the temperature and amount of gas are held constant, and so PV, = nRT, = PV . From

these two expressions cal culate change in volume and relate it to the change in pressure.
V=V,+AV —

nRT, nRT, 1 1) nRT,(P-P 1
v vy, - e T e 22 |- TELBR Ly 2 )
P P PPR) PP P

0 0

1 1 1
But from chapter 9, AV = _VOEAP and so AV =Vo;(—AP) = —VOEAP -

99. Assume that the water vapor behaves like anideal gas. At 20°C, the saturated vapor pressureis
2.33x10%Pa. Using theideal gaslaw, find the number of moles of water in the air at both 95% and
30%. Subtract those mole amounts to find the amount of water that must be removed.

PV=nRT — n=ﬂ -
RT

(95m*)(2.8m)
- ( R)= (8.3153/mol-k) (293K )

165 m (18 <10 kg} 3.0kg

(2.33x10°Pa)(0.95-0.30) =165 mol
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