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l ANSWERS TO QUESTIONS

lemperature is a measure of molecular motion Heat is ener gy in the
process of being transferred between objects by random moleculay
collisions. Internal eneigy is an object’s ener gy of tandom molecular
motion and molecular interaction

The AT is twice as great in the ethyl alcohol

The final equilibrium temperature will show no significant increase
ovet the initial temperature of the water.

Some water may boil away. You would have to very precisely
measure how much, and very quickly measure the temperature of
the steam; it is not necessarily 100°C.

Heat is energy being transferred, not energy contained in an object Further, a large-mass object, o1
an object made of a material with high specific heat, can contain more internal energy than a higher-

temperature object

There are three properties to consider here: thermal conductivity, specific heat, and mass With dry
aluminum, the thermal conductivity of aluminum is much greater than that of (dry) skin This
means that the internal energy in the aluminum can more readily be transferred to the atmosphere
than to your fingers. In essence, your skin acis as a thermal insulator to some degree {(pun intended).
If the aluminum is wet, it can wet the outer layer of your skin to make it into a good conductor of
heat; then more internal energy from the aluminum can get into you. Fuither, the water itself, with
additional mass and with a relatively large specific heat compated to aluminum, can be a significant
source of extra energy to burn you. In practical terms, when you let go of a hot, dry piece of
aliminum foil, the heat transfer immediately ends. When you let go of a hot and wet piece of
aluminum foil, the hot water sticks to your skin, continuing the heat transfer, and resulting in more

energy transfer to you!
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Wite 1000 kg(4186 J/kg °C)(1°C)=V(13 kg/m®}(1000 J/kg *C)(1°C) to find V =32x10° m
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(a) and (b) both increase by minuscule amounts.

If the system is isolated, no energy enters ox leaves the system by heat, work, o1 other transfet
processes Within the system energy can change from one form to another, but since energy is
conserved these transformations cannot affect the total amount of energy. The total energy is

constant.

Yes If you know the different specific heats of zinc and copper, you can determine the fraction of
each by heating a known mass of pennies to a specific initial temperature, say 100°C, and dumping
them into a known quantity of water, at say 20°C The final temperature T will reveal the metal

content:

Mpennies | ¥ocu + (1= X)ez, [(100°C T ) = my oepy (7 —20°C)

Since all quantities are known, except x, the fraction of the penny that is copper will be found by
putting in the experimental numbers Mpenniess M,0- L {final), ¢z, and ¢c,

The tile is a better thermal conductor than carpet. Thus, energy is conducted away from your feet
more rapidly by the tile than by the carpeted floor.

The question refets to baking in a conventional oven, not to microwaving. The metal has much
higher thermal conductivity than the potato The metal quickly conducts energy from the hot oven
into the center of potato , '

Inwinter the interior of the house is warmer than the ait outside On a summer day we want the
interior to stay cooler than the exterior Heavy draperies over the windows can slow down energy
transfer by conduction, by convection, and by tadiation, to make it easiet to maintain the desired

difference in temperature

In winter the produce is protected from freezing. The heat capacity of the earth is so high that soil
freezes only to a depth of a few decimeters in temperate regions Throughout the year the
temperature will stay nearly constant all day and night. Factors to be considered are the insulating
properties of soil, the absence of a path for energy to be radiated away from or to the vegetables, and
the hindrance to the formation of convection currents in the small, enclosed space

The high mass and specific heat of the bartrel of water and its high heat of fusion mean that a lar ge
amount of energy would have to leak out of the cellar before the water and the produce froze solid
Evaporation of the water keeps the relative humidity high to protect foodstuffs from drying out.

The porcelain of the teacup is a thermal insulator That is, it is a thermal conductor of relatively low
conductivity When you wrap your hands around a cup of hot tea, you make A large and I small in

the equation #=kA L ; L for the rate of energy transfer by heat from tea into you. When you hold

the cup by the handle, you make the 1ate of enetgy transfer much smailer by reducing A and
increasing L. The air around the cup handle will also reduce the temperature where you are
touching it. A paper cup can be fitted into a tubular jacket of cortugated cardboard, with the
channels running vertically, fot remarkably effective insulation, according to the same principles
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Keep them dry The ait pockets in the pad conduct ener gy by heat, but only slowly. Wet pads would
absotb some energy in warming up themselves, but the pot would still be hot and the water would
quickly conduct and convect a ot of energy tight into you.

The person should add the cream immediately when the coffee is poured, rather than later when he
is ready to drink it Then the smaller temperature difference between coffee and environment will
reduce the rate of energy loss during the several minutes Also, the lighter color of the coffee with
cream may reduce the emissivity to decrease the radiated power '

Convection The bridge deck loses energy tapidly to the ait both above it and below it

The marshmallow has very small mass compared to the saliva in the teacher's mough and the
surrounding tissues. Mostly air and sugar, the marshmallow also has a low specific heat compared to
living matter. Then the marshmallow can zoom up through a large temperature change while
causing only a small temperature drop of the teacher’s mouth. The matshmallow is a foam with
closed cells and it carries very little liquid nitrogen into the mouth. The liquid nitrogen still on the
marshmallow comes in contact with the much hotter saliva and immediately boils into cold gaseous
nittogen. This nitrogen gas has very low thermal conductivity. It creates an insulating thermat
batrier between the marshmallow and the teacher’s mouth (the Leydenfrost effect) A similar effect
can be seen when water droplets are put on a hot skillet Each one dances around as it slowly
shtinks, because it is levitated on a thin film of steam. The most extreme demonstration of this effect
is pouring liquid nitrogen into one’s mouth and blowing out a plume of nitrogen gas We strongly
recommend that you read of featl Walker's adventures with this demonstration 1ather than frying it.

{(a) Warm a pot of coffee on a hot stove.

“{b) Consider an ice cube at 0°C in a glass of lemonade on a picnic table. The ice will absorb

ener gy while melting, but not increase in temperature.

(© Let a high-pressure gas at room temperature slowly expand by pushing on a piston. Work
comes out of the gas in a constant-temperature expansion as the same quantity of heat flows
in from the surroundings.

(D Warm your hands by rubbing them together Heat your tepid coffee in a microwave oven.
Energy input by work; by electromagnetic radiation, o by other means, can all alike
produce a temperature increase.

(e} Davy’s experiment is an example of this process.

{f) This is not necessazily true Consider some supercooled liquid water, unstable but with
tempezature below 0°C. Drop in a snowflake or a grain of dust to trigger its freezing into
ice, and the release of internal energy measured by its latent heat of fusion can actually push
its temperature up.

Partially evacuating the container is equivalent to letting the remaining gas expand This means that
the gas does work, making its internal ener gy and hence its temperature dectease. The liquid in the
container will eventually reach thermal equilibrium with the low pressure gas This effect of an
expanding gas decreasing in temperature is a key process in your refrigerator or air conditioner.
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SOLUTIONS TO PROE

Section 17.1 Heat and Internal Energy

Imagine a mass m of water contained in a styrofoam bex, which prevents any energy flow into or
out of it by heat. As the water falls the gravitational energy of the water-Earth systern turns into
kinetic energy of organized (downward) motion of the watet, then into kinetic energy of
disorganized (splashing around) macroscopic motion, and at last into kinetic energy of random
molecular motion, which is internal energy. There is 100% conversion efficiency from gravitational
into internal energy. Heat is not involved in the waiming process, but imagine a process in which
the mass m of water is placed on a stove and ener gy mgy is put into it by heat. The temperature

change is then specified by

P71

mgy =mcAT

gy [0 mistfazomy gy Y _
RPETT J/kg°C  |1kg m?/s? =[02sC]

[4

P172 The container is thermally insulated, so no energy flows by heat:

Q=0
and AEing = Q+ Winpur = 0+ Wippye = 2mgh

The wozk on the falling weights is equal to the work done on the water
in the container by the rotating blades. This work results in an increase
in internal eneigy of the water:

2mgh=AL, =m .. AT

Thermal
2mgh  2%150 kg(9.80 m/ sz)(S.OD m)  gga] : insulator
Al= T 0200 kg(a186 JkgoC) 83 JeC L%
m arex c . "
et 8 8 FIG. P17.2
Section 17.2 Specific Heat
P17.3 From Q=mecAT
1
we find Al = L 209 ] =62.0°C
mc  0.0500kg(387 J/kg °C)
Thus, the final temperature is | 87.0°C
P174 We imagine the stone energy reservoir has a large atea in contact with air and is always at neaily the
same termperature as the air Its overnight loss of energy is described by
g Q - mcAT
Af At

p -6 000 14 h)(3 600 s/h 108 0 :
_oat_( J/s)(14 h(3 600 s/h) 3.02x10°] kg°C _r—omr kg
850 J(20°C)

cAT (850 J/kg °C)(18°C —38°C)
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Qccld = _Qhot

(meAT), .. =—{mcAT)

iron

200 kg(4186 J/kg °C)(T; -250°C)=~(150 kg)(448 J/kg °C)(1; - 600° C)
If = 29.60(:

Let us find the ene1gy transferzed in one minute.

Q = [mcupccﬁp + mwai‘ercwater }AI

Q=[(0.200 kg)(900 J/kg °C)-+(0.800 kg)(4 186 J/kg °C)](~150°C)=-5290 ]

If this much energy is removed from the system each minute, the rate of removal is

(@)

(b}
(@)

(v)

19l 52907 ~
7=t~ en0s 82 ls=[882W]

"Work that the bit does in.deforming the block, breaking chips off, and giving them kinetic

energy is not a final destination for enetgy. All of this work turns entirely into internal
energy as soon as the chips stop their macroscopic motion. The amount of ener gy inputto
the steel is the woik done by the bit:

W=F d=(32N)40 m/s)(15 s)cos0°=1920 ]

To evaluate the tempe1ature change produced by this energy we imagine injecting the same
quéntity of energy as heat from a stove The bit, chips, and block all undergo the same
temperature change. Any difference in temperature between one bit of steel and anocther
would erase itself by causing a heat transfer from the temporarily hotter to the colder

region.

Q=mcAT

Q 190§ kg°C .
Al == = =1161°C
mec (0267 kg)(448 J)

See part (a).

Qeold = ~Chot
(mwcw +nc, )(If - Ir.) = _mCuCCu(If - IﬂCu) - munkcunk(rf - Izlmk)

where w is for watet, ¢ the calorimeter, Cu the copper sample, and unk the unknown.

[250 g(1 00 cal/g °C)+100 g(0 215 cal/g°C)|(20.0-100)°C
=—(50.0 )(00924 cal/g °C)(20.0-80 0)°C - (70.0 g)c,. (200~ 100)°C

244x10° cal = (560 x10° 8°C)e,m

OI €,y = 0.435 cal/g°C |.
The material of the sample can be .
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*P17.9 We do not know whether the aluminum will rise or drop in temperature. The energy' the water can

J

ahsorb in rising to 26°C is mcAT =025 kg 4186 re 6°C=6279] The energy the copper canh put
g

out in dropping to 26°C is mcAT =01 kg 387?1_C 74°C=2864] .Since 6 279 ] > 2 864 J, the final
g

o

temperature is less than 26°C. We can write Q, = -0, as

Qwater +QA1 +QC1.1 =0
e o V(7 oo
0.25 kg 4186—kg—cc—(1’f~20 C)+0.4kg 900 (1, -26°C}

kg °C
+01kg 387—I-(If ~100°C)=0
kg °C

1046 51, —20 930°C+3601, -9 360°C+3871;-3870°C =0
1445 21, =34160°C

Iy=[286°C]|

P17.10 Q[‘ﬂ[d :_Qhot
mAJCAl(Tf HIL)+m£cw(If - IL)z—thw(If '—'Ih)
(marca +mccw)If —(macar +m e, )1, =—MyCols +muc, T,

(mpycp +mc, ity )T =(maca +m cy, M, +myc, T,

T = (mAICA1+mch)Tc+thwTh

mAlCAl + mCCw +mhcw

Section 17.3 Latent Heat and Phase Changes
P17.11  The heat needed is the sum of the following terms:

Quecded = (heat to reach melting point) + (heat to melt)
+(heat to reach boiling point)+{heat to vaporize)+ (heat to reach 110°C)

Thus, we have

'Qoedeq = 0.040 0 kg[(z 090 J/kg °C)(10.0°C)+(3 33 % 10° J/kg)
+(4186 J/kg °C)(100°C) + (226 x10° J/kg)+(2010 I/kg-“’C)(l0.0"C)]

Qneeded =




Pi7i2

P17.13

P17.14
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Qeota = Chot

(e + e Ty =) == [~ + ¢ (1~ 100)

[0.250 kg(4 186 J/kg °C)+0.050 0 kg(387 J/kg °C)|(50 0°C —20.0°C)
=—m,[226x10° J/kg+(4186 ]/kg°C)(50.0°C—100°C)]

4
= 20T 6129 kg =[129 g steam

i, =
247x10° J/kg
The bullet will not melt all the ice, so its final temperature s 0°C.
Then (11/1102 + mclAI'J =myl;
2 bullet

where m,, is the melt water mass

0500(3 0010 kg)(240 mys)” +300x 10" kg(128 J/kg °C)(30.0°C)
333x10° J/kg

H,, =
_86.4]+115]
m 294
“ 333000 J/kg “

Q = mCucCuAI = mNz (‘[vap)Nz

1.00 kg(0 0920 cal/g-°C)(293—773)°C =m(480 cal/g)

(a) Since the heat required to melt 250 g of ice at 0°C exceeds the heat required to cool 600 g of
water from 18°C to 0°C, the final temperature of the system (water + ice) must be ‘

{b) Let m represent the mass of ice that melts before the system reaches equilibzium at 0°C.
Qcold = _Qhok
mL ¢ = -1, (0°C-T;)
m(B 33x10° ]/kg) =—(0.600 kg)(4 186 J/kg°C)}0°C-180°C)
m =136 g, so the ice remaining =250 g-136 g = 114 g

The original gravitational enexgy of the hailstone-Earth system changes entirely into additional
internal energy in the hailstone, to produce its phase change No temperature change occurs, either

in the hailstone, in the ait, or in sidewalk Then

mgiy =mlL

L 333x10° J/kg({1kg m?/s? T
=t T =|3.40x10%* m

g 98 m/s*




468  Energy in Thermal Processes: The First £ aw of Thermodynamics

*P17.17

Pi7.18

The original kinetic enezgy all becomes thermal eneigy: -

%mzﬁ +%mv2 = zgj(s.ow 107 kg)(SOO mys)* =125 K

Raising the temperature to the melting point requires

Q=mcAT =100x107° kg(128 J/kg °C)(327°C-20.0°C)=393 ]

Since 1250 J> 393 J, the lead starts to melt. Melting it all requires
Q=mL =(100x10" kg}(245x10* J/kg)=245]
Since 1250 J>393+245 ], it all melts If we assume | liquid lead l has the same specific heat as solid
lead, the final temperature is given by
-3 o a
1.25x10% =393 J+245 J+100x 10~ kg(128 J/kg °C)(I; —327°C)

T, =805°C

We find the quantity of water vapor in one exhaled breath

Py (320x10° N/m?*}{0600x10~° m®)
TRT (8314 J/mol -K)(273 K+37 K)

=7.45%107 mol

PV =uRI:

The molar mass of water (H,0) is M =(2(100)+160) g/mol=00180 kg/mol The mass of water
vapot exhaled in one breath is 1, =M =7 45 X 107" mol{0.0180 kg/mol)=134x107° kg . The

energy absorbed from your body as the water evaporates can be estimate as

Q=ml =134x10"% kg{226x10° J/kg)=303]
g g

. Q  303] (ZZ.O breath J( 1 minj
Y te of 1 P=== =| 111 W | Note thata dogd
our rate of energy loss is #=-5 = ~in e ote that a dog does

not perspire. Instead, the dog pants, maximizes energy loss through the pathway considered here
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Section 17.4 Work in Thermodynamic Processes

P17.19

P17.20

P17.21

P17.22

£
Wy =—[ Pdv P'f
' f
The wotk done on the gas is the negative of the area under the . )
_— ¥
cutve P =al/? between V;and V., P = oV’ :
[4 1
f . 1 1 V
. 1 Il ; ! -
Wy =~Jav?ay = *g“(Vf’ -v7) O 100w 200m®
i
Vs =2V, =2{100 m*)=200 m’ FIG. P17 19
_ 1 6+ 5 32 33
Wy = —5[(5.‘00 atm/m*®)(1.013x 10 Pa/atm)][(z 00 m*)" -(100 m*)” |=T {18 4t
(a) W=—|Pav P(Pa)
~{6.00x10° Pa}(200-100) m® + 6x1(°
~(400x10° Pa)(3.00-2,00) m® + .
4x10
~(200x10° Pa)(4.00--3.00) m?
W, =[CI20 M 20 ==,
g 1’ Vim3)

FIG. P17.20

nR
W =—PAV = —P( > )( I; —T;) =—nRAT =~(0 200)(8 314)(280) = m

f f
W= —J Pdv =-p J‘ dV=—-PAV = —nRAT =| -nR(T, - T,) | The negative sign indicates that the

i i
expanding gas does positive wotk. The quantity of work is directly proportional to the quantity of
gas and to the temperature change.

Section 17.5 The First Law of Thermodynamics

P17.23

Q:AEmt—W=—SDUJ—ZZOI=

The negative sign indicates that positive energy is transferred from the system by heat.
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Pi724 (a) Q =-W = Area of triangle

0 :%(400 m® (6 00 kPa)=[ 120K |

®  Q=-w=[-1204

Vim3)
FIG. P17.24
P17.25 . Q 44 AEiy o
BC - 0 - (Q=AEy, since Wy =0)
CA _ + - (AEint <0 andW?O; SOQ<0)
AB + - + (W <0, A, >0 since AE;, <0 for B—>C — A; 50 Q>0)

Section 17.6 Some Applications of the First Law of Thermodynamics' = =

v, v,
P17.26 (a) W=-nRTIn| —- |=-P,V In| —
Vi Vi

50 V, =V, exp| +—— | = (0 025 0) exp _3000 — |=| 0.007 65 m’
PV, 0.025 01013 x10°)

115 3
R/ 1013x10 Pa(o 0250 m )

T =[305K
®) /7 R 100 mol(8 314 J/K mol)

P1727 (a)  AE, =Q-PAV=125kJ-250 kPa(3 00—100) > =[7.50 kJ

v, W
(b) Sl 2
T

V. 3.00
,=-2T1 =-"(300K)=[ 900 K
2 v 1 100( )
Pi728 (a) W =—PAV =~P[30VAT ]

= _(-1.013 x10% N/m? )[3(240 %1071 )( 100 kg J(IS.O"C)J

{ 270x10° kg/m’
W[

()  Q=cmAI =(900 J/kg °C)(1.00 kg)(180°C) =

(€) AE  =Q+W=162k]-486 rn]:




Pi17.29

P17.30

P17.31

P17 32

W =-PAV =-P(V, -V, }=-
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P(iRI) , 180 g
P (100 g/cm®)(10° cm?/m?)

W =—(100 mol)(8 314 J/K mol)(373 K)+(1013x10° N/m2) 1808 |_ =
(100 mol)(8314 J/K mol)(373 K) +( / )(ms S
Q=ml,=00180 kg(2.26x'106 J/kg)=407 K

S0 =0+W=[F5 1]

@)

(b)

(©)

(@

(b)

()

AEiy apc = AEjy ac  {conservation of energy)

(@)

(b)

(c)

(D)

The work done during each step of the cycle equals the F

negative of the area under that segment of the PV curve. 5
W=WDA+WAB+WBC +WCD SR--.., » c

W ==B(V,~3V,)+0-3B(3V, -V,)+0=[ 4BV, ] !

The initial and final values of I for the system are equal. Bl-- Py oo
Therefore, AE,, =0 and Q=-W :[ 4RV, ] __Lg__?%v(l)

W =-4PV, = -4nRT; = 41 00)(8 314)(273) =[ .08 kJ FIG P1730

PV, =PV, =#RT =200 mol(8 314 J/K mol)(300 K)=499x10°

_nRT _499x10° ]
P 0400 atm

1A

nRI  499x10° ] 1 3
V=t =—V =|0.0410 m°
f P, 120atm 3 °
‘ 174 1
__ _ £l 3 4
W=-|PiV = nRTln(le)— (4.99x10 )h{SJ +5.48 KJ

!

AL, =0=0+W
Q=|-548 kJ

AEin anc =Qanc + Wanc (First Law}
QABC =800 ]+ 500 I= ]. 300 I
Wep =B AVep, AVyp =—AVip, and Py =55

Ihen, WCD “—_%PAAVAB = ‘—%WAB = IOOI D C

(+ means that work is done on the system)

(- means that energy must be removed from the system by heat)

FIG P17.32

ALy cp =AE cpa —AEyy pa =—800F-500 J=-1300 ]
and Qcp =AF,, cp ~Wep =-1300] 100 T=| —1400]
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Section 17.7 Molar Specific Heats of ldeal Gases

We use the tabulated values for €, and Cy .

@) Q=nC,AT =100 mol(28 8 J/mol K)(420-300)K :W

P17.33

(B) AL =nCyAT =100 mol(204 J/mol K)120 K)={245K ]

{c) W=-0Q+AE,,,=-346 K +245k]=| -1.01 K]
3
P1734 E, = EFIRI

.3 3 _
Ay = nRAT =—(300 mol)(8 314 J/mol K)(2.00 K)=

2
P1735 n=100mol, T, =300K

b) Since V = constant, W = @ ‘

{a) AE  =Q+W=209]+0=| 209]
3

{©) AE, =nCy AT =n(ER)AI $0

AT < 2AEm _ 2(209 J)

3nR  3(100 mol)(8.314 J/mol K)
IT'=T7,+AT =300 K+168K=[317K

P17.36 (a) Cy =%R = —3(8.‘314 j/mol K)(%g%w] =719]/kg K =1 0719 kJ/kg K

®  m=Mn= M(%]

=168K

200 x 10° Pa(O.‘350 m3)

m = (00289 kg/mol)[ (5314 /mol K300 K)Jz 0811kg l

(0 We consider a constant volume process where no work is done.
Q=mC,AT =0811 kg(0 719 kJ/kg K}700 K-300 K)=| 233 kJ
{(d) We now consider a constant pressure process whete the internal energy of the gas is

increased and work is done
. TRY . _ 7Cy
Q= ?TICPAI =m((.‘v +R)&I = ? AT =m ‘"? AT

_ , |
Q=0811 kg[g(0719 Kj/kg -K):|(4OO K)=
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Consider 800 cm? of {flavored) water at 90.0 °C mixing with 200 em® of diatomic ideal gas at 20 0°C:
Qcold = _Qhot o1 .

MateCp ais (T¢ = T aie ) = My Cop (AT)
“MairCpain (T ~Liair)  ~(PV)ase Cpair (90.0°C - 20.0°C)
My Co (pwVw )Cw

(AI)w =

where we have anticipated that the final temperature of the mixture will be close to 90 6°C. The

molar specific heat of air is Cp ;, = —ER So the specific heat per gram is

7[R 7 1.00 mol
p =—|—[==(8314 J/mol K)] ———— (=101 °C
CP air Z[M] 2( Jfmo )( 289¢g ] UL

(AT), =— [(1.20x107% g /em®)(200 cm®))(1.01 /g °C)(70.0°C)
v [(100 g/cm®)(800 cm®)](4 186 ] /kg °C)

ot (AT),, = -505x107°C. The change of temperature for the water is
| between 10 °°C and 10 *°C |

{a) The air is far from liquefaction so it behaves as an ideal gas. From PV =nRT we have

PV = %RI . PM =§RT =pRI For the samples of ait in the balloon at 10°C (cold) and at
the elevated temperature (hot) we have PM = p,RT, and PM = PyRT,. Then o, T, = p, T,

and p, = £ ]‘:_ L - For equilibrium of the balloon on the point of rising,
!

ny=mﬂy +B_Pgh0taj:_1:gca.t'go=0

+p Vg-pVg-mg =0

wpv=Leley g
T,

(125 kg/m®}400 m’ - (125 kg/m3)7“8Tﬁ 400 m® 200 kg =0
]
300 kg =500 kg 20 K
T,
1, =2 X283 K =472 K
300

Lhe quantity of air that must be warmed is given by PV =u,RT,, n, = % The heat input
h

required is

101 x10*N 400 m® 7(472 K — 283
Q=nC,AT=-+v. Ty, 1) WXL N 400 m” 74 K) 5e6x107]
4 RT, 2 m* 472K 2

6)  Qemi,m=Qo XI55
H 503x107 J/kg
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P17.39 = (TIC pAI)isobariC + (nCVAI)isovoiumen'ic
Tn the isobaric process, V doubles so T must double, to 21,

In the isovolumetric process, P triples so T changes from 21, to 67,

7 N 5 SN .
Q:n[ RJ(ZII- —Ii-)+n[ER](6L ~2T.)=135nRT, = 135PV [

2

Section 17.8 Adiabatic Processes for an Ideal Gas
1/y '
. V. (P .00\
P17.40 PV7 =P,V,” so L =| L =(—) =/ 0118
(E) 1Vi FYy V: Pf 20.0

I, PV P YV T
f_2177 FlZf f
= = ={20.0){0.118), —=-2.35
®) T. PV [R J(V; J (200 ) T -

i

{©) Since the process is adiabatic,

Since y=140=S2 - R+Cv =%Rand AT =235, I, = 1351,

CV CV

AFy =nCyAT = (0 0160 moi)(gJ(S 314 J/mol K)[135(300 K)]=

and W =—Q+AE,, =0+135 ] =] +135 ]

P17.41  (a) BV =P,V

¥ 146
v, 120114

f

BV, 500(1 013x10° Pa)(120x 107 m3)

=
#nR 2.00 mol(8.314 J/mol K)

. BV 1‘39(1 013 x 10° Pa)(so 0x1073 m3)

=/ 253K
nR 2.00 mol(8.314 J/mol -K)
(c) The process is adiabatic:

y=140=S2_R3Cv o Sg
CV CV 2

_ 5
AE =nC AT = 2.00 mol[E(S 314 J/mol K))(ZSS K-365K)=] 466 K

W =AE,, ~Q=—466 k] -0=] 466 K

by T




Iy
pi742 L=
T

! P1743 ()

(b)

(c)

(d)

(e)

|

Chapter 17 475

71
i)f _(ljom
Vf 2

If T, =300 K, then T, =[ 227 K|

See the diagram at the tight. p
PBVBy=PCva L
3PV =PV.7 Adiabatic

Ve =(3"7 ), =(3"7 v, =219,

V, =219(400L)=[877 L
c n c

Al
P,V =nRTy =3BV, = 31RT, !

]
Ty =3I =3(300 K)=[ 900 K Y4l
FIG. P17.43
After one whole cycle, T, =T, =| 300 K

InAB, Qg =nC, AV = n(% RJ(SI :—I;)=(500RT;, Qgc =0 as this process is adiabatic

V(L)

N

B.Ve =nRI; = B(219V,)=(219)nRT, so T, =2197,,

’

Qcq =nCpAT :n(gR](I; ~219T,)=(-417mRT;

For the whole cycle,

Qasca =Qup +Qac +0cq = (500-417)mRT, =(0829)nRT,
(AEine) snca = 0=Qapca + Wapca

Wipea =—Qapca =—(0829mRT; = ~{0.829)FV,

Wascs =—(0829)(1013x10° Pa)(400x10™ m*)=[=3367 ]
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PI744 (a)

(b}

(©

The work done on the gas is op

Adiabatic Q=0

W, =— [TZ” P4V B, b-
Isothermal

T, =1,
3

For the isothermal process,

_ V(1 P.l__
Wy, =-#RI, JV“ (F)dv b
W,y = —nRT, In| 2 | = nRT In Ve A R o
Va Vb' a r :
. 14
v

Thus, | V, =V, =V,/10
W =5.00 mol(8.314 J/mol K)(293 K)In(10 0) FIG P17.44

For the adiabatic process, we must first find the final temperature, T,. Since air consists

primarily of diatomic molecules, we shall use ¥, =140 and

R .
Cyar = 5—2— = 58—32—13 =208 J/mol K Then, for the adiabatic process

y-1
T, =1, [Yﬂ—] =293 K(10.0)° ™ =736 K .
v,

b
Thus, the work done on the gas during the adiabatic process is
Wab = (_Q + AEi.nt)ab = (_0 +nCVAI)ab = nCV(Tb - Ia)

or Wy, =500 mol(20 8 J/mol K)(736 —293) K =| 46.0 kJ |.

For the isothermal process, we have F,.V,, = P,V,. Thus,

Po= Pa[ E"' J =100 atm(10.0)= For the adiabatic process, we have B,V,” =P, V.7
b

' Y
Thus, P, = P[%J =100 atm(10.0)" ** = .

13




P1745  We suppose the ait plus burnt gasoline behaves

like a diatomic ideal gas. We find its final absolute @
pressure: 500 cm3
3 7/5 3 7/5 /—’ ™
210 atm{50.o cm ) = P;(400 cm )
1 7/5

P, =210 atm(gJ =114 atm J

Now Q=1(
Before
and W =AE;, =nCy (T, - T,)
FIG. P17.45

5 5 ., 5
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Aftey

W :2[1 14 atm(400 cm?® )~ 210 atm{50 0 cm’ )][1'013 X107 Njm’ J(lﬂ‘é m®/em?)

1atm
W=-150]
. _ , . . I{1lminY 60s 3
The output work is ~-W =+150 ] The time for this stroke is —1=600xH1" 5
41 2500 A 1 min

W 150]

- =[ 250 kW
At 600x107° s L:l

P=

Section 17.9 Molar Specific Heats and the Equipartition of Energy

P1746 (1) Eim—Nf[ : ]mf( > ]
1(dEg, ) 1
2 CV:;(_dT_tJ“ZfR
3  Cp=C,+R =%(‘f +2)R
Cp f+2
4 =L _/7=
) C o f
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P17.47

The heat capacity at constant volume is nCy. An ideal gas of diatomic molecules has three degrees of
freedom for franslation in the %, y, and z directions. If we take the v axis along the axis of a molecule,

then outside forces cannot excite rotation about this axis, since they have no lever arms. Collisions
will set the molecule spinning only about the x and z axes.

(a)

(b}

If the molecules do not vibrate, they have five degrees of freedom Random collisions put

equal amounts of energy 1 k;I into all five kinds of motion The average energy of one

molecule is ‘Z‘kBI The internal energy of the two-mole sample is
5 5 5
N(E kBIJ :nNA (E kBI ] = ﬂ(ERJI = nCVI .
The molar heat capacity is Cy, = %R and the sample’s heat capacity is

nCy = n[—gRJ =2 mol[§(8.314 J/mol K))

[nCy, =416 J/K |

For the heat capacity at constant pressure we have

nCp=n(Cy +R}= n(%R + R] = gnR =2 mol[g (8314 J/mol K)J

| nCp=582J/K |

In vibration with the center of mass fixed, both atoms are always moving in opposite
directions with equal speeds. Vibration adds two more degrees of freedom for two more
terms in the molecular energy, for kinetic and for elastic potential energy. We have

7 . 9
nCy =”("§R] =158 2]/1( and n(Cp ZH(ER_):'

Section 17.10 Energy Transfer Mechanisms in Thermal Processes

Pr17.48 P=kA %I«

_ #L _10.0 W(0.0400 m)
AAT ™~ 120 m2(150°C)

=12.22x10% W/m°C |




P17.49

P17.50

P17.51

| 1752

P17.53
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In the steady state condition, 4, = Fag 50 that

AT AT 80°C | Au Ag |30°C
kAuAAu s = kAgAAg o - I >
Ax . Ax A T
Insulation
In this case
FIG. P17.49
AAu :»AAg
A}‘Au = AxAg

AI,, =(80.0-T)
Al =(I ~300)

where T is the temperature of the junction Therefore, k,,(80.0-T)=k ag (T =300). And
T=512°C]|.

We suppose that the area of the tx.ansistor is so small that energy flow by heat from the transistor
directly to the air is negligible compared to energy conduction through the mica

(T, -T.)

I
2L 150 W{0 0852107 m)
T, =T, +—=350°C+ =[67.9°C
P (0.0753 W/m °C)(8 25x6 25) 10~° m>

P=FkA

?=cel * =(567x10® W/m? K4)[4ﬂ(6.96><108 m)ZJ(ogse;)(s 800 K)*
P=|385x10% W

I, -1 o .
o1 BT oot wymecfy a0 e S 20°)

00250 m

353 W=(353 ]/s)( i:[l;za} J( o SJ -

Since this is much less than 240 kcal/h, blood flow is essential to cool the body.

The net rate of energy loss from his skin is

P

n

o = A1~ T*)=(567x10™ W/m? K*)(150 m’ Jo 900)[(308 K)* - (293 K)“]: 125 W

Note that the temperatures must be in kelvins The energy loss in ten minutes is

Q= %t = (125 J/s)(6005) =

In the infrared, the person shines brighter than a hundred-watt light bulb
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Section 17.11 Context Connection—Energy Balance for the Earth

P17.54

£17.55

P17.56

We suppose the earth below is an insulator. The square meter must radiate in the infrared as much
energy as it absotbs, #=cAeT? . Assuming that e=1.00 for blackbody blacktop:

1000 W = (56710 W/m* K*)(100 m® )1 00)7 *

1/4
T=(176x10" K*} " = (You can cook an egg on it)

The sphere of radius R absorbs sunlight over the atea of its day hemisphere, projected as a flat circle
perpendicula: to the light: 7R® It radiates in all directions, over area 47 R”. Then, in steady state,

%o = Fout
(1370 W/m® )z R? = e(47R?)T*

The emissivity e, the 1adius R, and rall cancel Therefore,

567x107% W/m? K*

1/4
1370 W/ m?
I= =[279 K |=6°C.
L( 2 )J TR ]=6eC

(a) Among atmospheric layers, PV? = constant and —};K = constant. Then (P” 7 )V = constant

and _r = constant Then I(P(U }'H) =T (P (1-r)/ 7) = constant

T(P” ?)V

(b} We differentiate the equation T (P(]/ 7)1 ) = constant with respect to v:

I(l_l](P(w)—l-l )d—P+(P(UY) )dI ~0

7 dy dy
I(1 P dT
S LR ) L R
Piy dy dy
a1 _1{, 1)aP
dy P dy
‘ M ample
{c) Substituting % =-pg gives Z—i = %(1 - %J(—pg) Now p= _‘}f}ﬁ = % Se

ar_f; 1\InMg _ (| 1\Mg
dy v PV ¥ ) R
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Additional Problems

*P1757 (3 The heat leaving the box during the day is given by #= kA_(IH__ L, )_ -2
‘ L

At
w ,37°C-23°C . (3600
=0012— 049 m? 2 =22 L5 (36008 _ "
Q m°C 0045 m [ 1 J 750x10%J.

; The heat lost at night is

Q:OHOIZJ’:%U.@ m?37°C-16°C h( 3 600s
m

=119%105
0B 5 ) 119x10° |

The total heat is 119x10° J+7.90x10* J =198 x 10° . It must be supplied by the solidifying

wax: Q=ml
5
9. w =| 0.964 kg or more
L 205x10° J/kg
)} The test samples and the inner surface of the insulation can be preheated to 37°C as the box

is filled If this is done, nothing changes in temperature during the test period. Then the
masses of the test samples and the insulation make no difference.

P17.58  The increase in infernal energy required to melt 1.00 kg of snow is
AE ={100 kg)(333x10° J/kg)=333x10° ]
The force of friction is
f=pn=pmg=0200(750kg)(9.80 m/s?)=147 N

According to the problem statement, the loss of mechanical energy of the skiet is assurned to be
equal to the increase in internal energy of the snow. This increase in internal ener gy is

AEy, = fAr =(147 N)Ar =3.33x10° |

and

Ar=|227x10° m |,

P17.59 (a) The enexgy thus far gained by the copper equals the energy loss by the silver. Your down
parka is an excellent insulator .

Qco[d = _Qhot

or  meyceu{I; ~1;)Cu =—mpglag(T; =T, )Ag

(900 g)(387 J/kg °C)(16.0°C)=—(140 g)(234 J/kgC)(1; —300°c)Ag

(I;-300°C), =-170°C

continued on next page
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_ N dT - {dr
(b) Differentiating the energy gain-and-loss equation gives: 1 ,,c4, (—J = -»mCuc-Gu( J
dt Ag dt SOy

[dI) :_mcuCcu [di) =_900 g(387 I/kg DC) (+05000c/s)
Ag Cu

at MagCag \ 140 g(234 J/kg°C)

a1 .

~=—| =[-0532°C tive sie. = decreasing ¢ .
( 4t JAg (nega 1ve s1gn ecmasmg EmpEIa I.IIE)

P17.60 {2 Befote conduction has time to become important, the energy lost by the rod equals the
energy gained by the helium. Therefore,

(mI‘v )He = (mC|ATDA]
or  (pVL,)y, =(pVdAT]),
_{pvdat))
) (270 g/em® {625 cm® (0 210 cal/g °C)(295 8°C)
e (0125 g/em’}(209x10* J/kg)(100 cal/4 186])(100 kg/1000 g)

Vi = 168x10* cm® =[ 16.8 liters

{b) The rate at which energy is supplied to the rod in order to maintain constant temperatures
is given by

-

2958 K

a1 J=(31 0 J/s cm K){250 cmz)[zs

dx
This power supplied to the helium will produce a “boil-off” 1ate of

3
g OUWO gikg) j-361 cufo=[ BB L]

PL, :(0.125 g/cm®)(209x10° J/kg

]:917W ,

0cm

P17.61  Q=mcAl =(pV)cAT so that when a constant temperature difference AT is maintained,

the zate of adding energy to the liquid is # :-5;—? = p[?;JcAT = pReAl

b4
PRAT

and the specific heat of the Hquid is ¢ =




P17 862

*P17.63

B ———
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{a) Work done by the gas is the negative of the area under the P
PV curve 4
2 2 ®
(b) In this case the area undes the curve is W = —‘f PdV . Since the @
process is isothermal, '
v, >V
PV=PV, = 413;-(—1J =nRI;
4 FIG. P17.62
Ay V,/4
and W= [ (S Nev)=—rv i Y2 |y ina
AN 7
={ +139FV,
() The area under the ccaveisOand | W =0 |.

The initial moment of inertia of the disk is

1

1 w2 =%piz’R2tR2 :5(8 920 kg/m®}(28 m)*12 m=1033x 10" kg m?

Lyre =1
2 2

The rotation speeds up as the disk cools off, according to

’ I!fl};f:Ifwf
1 2 1 2 _ 1 2 N2
fﬂf =Ct)z-“““—'}_—z‘=25 Iad/S ! 5 =257207 Iad/S
(1-aAT]) [1-{17x10°¢ 1/°C)s30°C]
(a) The kinetic ener gy increases by
1 1 1 1 i
Effa)}% an_Iiwiz =§Iiwiﬂ)f “511(03 =Elz-a)1-(a)f —a)!‘)

_1 10 2 T T
= —2—1.‘033 x107 kg m (25 Iad/s)0.720 7 rad/s =|931x10™ T
(b)  AFy, =mcAT =264x107 kg(387 J/kg °C)(20°C —850°C) =[ -8 471012 |

{c) As 847x10" J leaves the fund of internal energy, 931x10" J changes into extra kinetic

enetgy, and the rest, | 838 x10"2 T | is radiated.
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*P17 64 The loss of mechanical enetgy is
6.67x10 " Nm? 5.98 x 10** kg 670 kg
kg? 637x10° m
=657x10" J+420x10" J=108x10" J

1 o GMpgm 1 Ad 32
Sl + SR =670 kg(14x10* m/s) +

One half becomes extra internal energy in the aluminum: AE; , =538x10% J. To raise the
tempetature of the aluminum to the melting point requires energy

meAT =670 kg 900&(6604—15‘@)) =407x10% ]
8

To melt it, mL =670 kg 3 97 x10° J/kg=266x 10% § To raise it to the boiling point,
meAT = 670(1170)(2 450 — 660)] =140 x 10°T Toboil it, mI =670 kg 114x 107 J/ kg =764x% 10°7 Then

538 10" J=971x10” ] +670(1170)(1 - 2 450°C}/°C

I;= 587x10%C

P17.65  The power incident on the solar collector is

#=1A=(600 W/m® )[:r(o 300 m)z] ~170W.

i

For a 40.0% reflector, the collected power is 2 =679 W. The total
energy required to increase the temperature of the water to the
boiling point and to evaporate it is Q =cmATl +ml

O=0500 kgl(4186 J/kg °C)(80 0°C) + 226105 J/ke|=130%10° J.
g g

L o Q 130x10°]
The i t fr edis At="=""—"—"= 531h
e time mterval required is P TOW - EIG. P17.65

P17.66 (a) Fo=(500N)400 m/s)=| 2000 W

(b) Energy received by each objectis {1000 W)(10 s)= 10* J=2389 cal. The specific heat of iron
is 0107 cal/g °C, so the heat capacity of each object is 500 x 10° x 0107 =5350 cal/*C.

2389 cal
————=| 4.47°C
T 5350 cal/°C -




P17.67

(@)

(b}

(©
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The block starts with K; = %mv = —(1 60 kg}(2.50 m/s) =500]

All this becomes extra internal energy in ice, melting some according to “Q" = 1, L s Thus,
the mass of ice that melts is

“ K, 5007 i}
Mgy =—2— ==L = =150x10" kg =
“ I, L, 333x10° J/kg g=|1>0mg |

f
For the block: (J=0 {no energy flows by heat since there is no temperatute difference)
W=-500]

AE;,; =0 (no temperature change)

and ~ AK=-500]
For the ice, Q=0
W=3500]
AE =+500]
and AK =0

Again, K; =5007 and my, =| 150 mg
For the block of ice: Q=0; AE,, =+500]; AK=-5007
80 W =0

For the copper, nothing happens: Q=AFE,, =AK =W =0

Again, K; =500 ] Both blocks must rise equally in temperature

= meAT: AT=" = =[104x1073°C
Qfeme 2(160kg)(387 J/kg °C)

mc

At any instant, the two blocks are at the same temperature, so for both Q=0

For the moving block: AK=-500]
and AE;, =+250]
50 W=-2507
For the stationary block: AR =0

and AE,, =+2507
50 W=+2507

For each object in each situation, the general continuity equation for energy, in the form
AK +AE;, =W +Q, cotrectly describes the relationship between energy transfers and

changes in the object’s energy content
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. AT
Pizes Leddx kA(w—]

dt x
8.00 at
Lp [xix = kAT [dt
200 0

2 8.00
Lo  =kATAt
2 400

2 ; 2
(333x10° J/kg){o17 kg/m3)[(0.080 0mm) ;(0'040 0m) J= (200 W/m°C)(10.0°C)Af

At=366><104s=

P17.69 A= Aend walts T Aends of attic T Aside walls + Amof

A=2(800 mx5.00 m)+ 2[2 X % x4.00 mx(4 00 m)tan 370°}

400 m ]

+2(10 0 mx 5 00 m)+2(10 0 m)(
cos37 0°

A=304 m*
kAAT (48010 KW/m°C)(304 m? J25.0°0)

L 0210 m
Thus, the energy lost per day by heat is (415 keal/s)(86 400 5)=359x10° keal/day.

59x10° :
The gas needed to replace this loss is 3.9 10" keal/ giay =|386 m’ /day :
9300 keal/m

P17.70  Q.ya = —Chot
ot QA; = *‘(Qwater + QCB]D)

mA]cAl(If _T")m =—{m,c, +mccc)(If ——Ti)w

(0200 kg)e (+39.3°C) =—[0.400 kg(4186 J/kg °C)+0.040 0 kg(630 J/kg °C)(-370°C)
6.29%10°J
=-=="—— -~ _[800 J/kg°C
A kg °C

v, RIy 200 mol(8 314 J/mol K)(400 K)
P 100x10° Pa

AE;p, =(3.50)nRAT =3.50(2.00 mol)(8 314 J/mol K)(100 K)=[5.82 &
W =—PAV =—nRAT =~(2.00 mol)(8.314 J/mol K)(100 K)=[—166 &
Q=AL, -W=582Lk+166K=[7841k]

=174 kW =415 keal/s

P

=00665m® =[665L

continued on next page




(b)

(©)

CY

*P17.72  (a)

(b)
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2.00 mol(8.314 J/mol K)(300 K)

nRT, :
1,=[400K |V, =v, = = - 49,
/ g 100%10° Pa =00499m’ =
Iy 400K .
P ZR(}{‘J: 100 kPa(3OG X )= 133 kPa |, W=~] PdV=@ since V = constant
AEq = 5821 | asin part (2) Q= AEy, ~W=582k]-0=[ 582 ]

P 100 kPa
=V| =+ =499 L =
‘[PJ (IZORPa] oLl

AE; =(350mRAT =@ since I =constant

szlL?.OkPa!,Tf'“

‘ v .
~| Pav = -nRT, ! f%:mkmn(-vi):mm; m[;:—*]
t f

!

100 kPa
W =—{200 mol)(8 314 1 K){(300 K = 09
(200 mol)s 314 Jmol K300 Kt 120 K02)

Q= AFy ~W=0-909 = -909] |

Cy+R _350R+R _450 9

C
P=[120kPa |, y=<£ =
! YeC, TG, T 3s0R 3807
p 100 kPa \7?
}’= f .}" = *j— = a =

f

PV 120kPa ) 433 L

Al .

T, =T, 300 K =[312K

f- ( PV, J [100 kPaJ(ﬁlQ.Q LJ

ALy =(350)nRAT =3.50(2.00 mol)(8 314 J/mol K)(12.4 K)=] 7227
Q= @ {adiabatic process)

W =-Q+ ALy, =0+722]=]+722] |

£ay _ PV, -BY,
7/.__

V' =k So, W= jpdv —kj

dEiy =dQ+dAW and dQ =0 for an adiabatic process.
Therefore, W = +AE, , = nCV( Ip—1, ;)

To show consistency between these two equations, consider that y = Ci and C p= Cy=R

v
_Sy
y-1 R

Using this, result found on part (a) becomes

Therefore,

W=(p, RV

Also, for an ideal gas IL—V:HT- so that W :nCV(If - II-)
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*P1773  (a) W =nCy(1;-T;)

2300 J=1 mol 18314 Jmal K(7; ~500 K)
®) EW =PV}
[ﬂR]}J"zpf(”RTf]J’ Ifsz'I_?=Tf7P;‘7
Ii?'/(:r—l) . Ifr/{?—z)

1.\
= P, = R[J_]
2

i Pf
300"/
= 360 atm(gﬁ—o—] = ].00 atm

P1774  The ball loses energy %mviz —»é—mv I =%(O.(142 1<g)[(47.2)2 - (42 5)2] m?/s?=299]

The air volume is V = 7(0.037 0 m)” (19 4 m)=0.083 4 m

1, YO

b4

pv _1013x10° Paf0.083 4m®)

dits cantive 1o 5 o PV _ =3.47 mol
A Ay 8 = T = (5312 Jjmol K)(293 K) ™

The air absorbs energy according to Q = nC,AT So

Q 299 ]
AT=-% = =[0296°C
nCp 347 molZ(8314 J/mol K)

pv (1013x10° Pa)(500x 10~ m?) P(atm)

P17.75 - =[0.203 mol 3 P
@ =7 (8314 Jjmol K)(300 K)
)  Ty=T,[22 |=300 K(ﬂ]— 900 K
PAlp, 1.00

A

Tc =13 =[900K| A
Ve =V, ¢ |=500 L(@E): 1501
T 300

A
FIG . P17.75

©  Epys :gnRIA - %(0.203 mol)(8 314 J/mol K)(300 K)

-[7a1]

3
B =Einec = -nRTy = %(0 203 mol)(8 314 J/mol K)(900 K)=] 228 i

continued on next page
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@

()

(0

®)

@

(b)
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P (atm) V(L) TK) Esnt (KJ)
A 100 5.00 300 0.760
B 3.00 500 900 228
c . 1.00 15.00 900 2.28

For the process AB, lock the piston in place and put the eylinder into an oven at 900 X For
BC, keep the sample in the oven while gradually letting the gas expand to lift a gradually
decreasing load on the piston as far as it can. For CA, carry the cylinder back into the room at
300 K and let the gas cool without touching the piston yourself

For AB: W=[0], AEyy = Eypyp — Epe 4 = (2 28—0.760) K =
Q=AE,, -W=[152 K

Fo: BC: AE,, =@, W =-nRT, ]n[%_J
B

W =~(0.203 mol)(8.314 J/mol K)(900 K)In(300) =/ <167 ]

08y, W =[TE7]

For CA: AEiy = Eyyg 4~ Einc =(0760-228) K =[ 1521
W =-PAV =-nRAT = —(0.203 mol)(8 314 J/mol K)(~600 K)=7.01 &

Q=AEy -W=-152k]-101 K =[-253 1]

We add the amounts of energy for each process to find them for the whole cycle.

Qapca =+152 K] +167 KJ - 2.53 k] =] 0.656 K]
Wipca =0-167 k] +1.01 k] =| -0656 kJ

(AEM)ABCA =+152 kJ+0-152 k]=@

The chemical energy input becomes partly work output and partly internal ener gy. The
energy flow each second is desciibed by

400 keal/h =60 J/s+ L — 40 kcal/h( 11867 J( 1h ]: 165 W
At Thkeal A3 600s

%I =465 W - 60 W =405 J/s

m 405 J/s (3 600 sJ
m_ > |=[0845 kg/h]
At 226x10° J/kg\ 1h g/

400 keal/h
9 keal/g

produced by metabolism is this fraction of the water needed for cooling:
0.0444 kg/h

0645 kg/h

The rate of fat burning is ideally =0044 4 kg/h. The 0044 4 kg/h of water

0.068 9 |=689% Moral: diink plenty of fruit juice while you exercise




