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22.SOoLVE The conversion between food calories to Joules gives:

41867
1 Cal

200 Cal[ ]: 8371J |




A piece of metal absorbs 3.6 kJ of heat, increasing its temperature by 33 °C. What
is its heat capacity ?

By definition Q = CAT so heat capacity C=Q /AT
In our case Q = 3.6k and AT=33°C
Therefore C = (3600 J)/(33 °C) = 109.1J/°C




An iron rod of mass 0.5 kg is at temperature of 20 °C. How much heat, Q, in
Joules must it absorb so that its temperature raises to 80 °C?

By definition Q = m.c. AT where specific heat of iron cp, = 449 Tikg. °C)

Therefore, Q = (0.5 kg). (449).(80 — 20) = 13470 J D
g




| mmuwg\ @&7 w e

o 9°C

55. ORGANIZE AND PranN Thisisa stralghtforwa:rd use of Equatiop®3 2
Q= meAT, Where the specific heat of mercury is from Table 13.1¢ c=140 J!kg C.
: ing we will need is the density of liquid mercury from Table 10«

N WV VTN WY e P N

Knowt A0 mL, AT=100°C
SOLVE Plugging the mass of mercury (m=pr) into Equation 13.2:

(= pVeAT = (0.0136 kg/mL)(2.30 mL)(140 Jkg*C)(100°C) =438 ]

REFLECT This heat causes the mercury to expand slightly, which results in
the liquid rising inside the thermometer. Because this rise is uniform, we can

use it to measure the temperature. In this way, the thermometer Works
simply by absorbing heat (or losing heat) to the environment.




Lo

53.0RGANIZE AND PLAN  We know that the sum of the heat lost by the material and gained by
. the water is zero: 0, +Qr=0, 50 we’ll use that to solve for the unknown specific heat: ¢,,.
. The température changes for the material and the water are:

AT, =229C-345C=-116C |
AT, =22.9C-18C=49C — @\ - Q\

Known: m,=250g m,=125g.
SoLvE Using the heat exchange and Equation 13.2:

o, =~ Trorhly (0125 k4186 g CHAT'C) _ gy ypoec
M AT, (0.0250 kg)X~11.6°C)

REFLECT Looking through Table 13.1, there’s no material that matches this specific
heat. But of course this list is not exhaustive, so we shouldn’t be concerned.

"'VY\V\ CM !:-\‘y\ = ‘\*V“WC«\I\/&WW

szwx&g%%‘oc,

Q“ 5 = Mwlw Lﬂ'\e_\/ éﬂ’
. V\‘“V\ &q‘m TQ\%Q'Q/ \%\




45. You mix 18 kg of water at 25 °C with 6 kg of water at 2 °C, what is the final
temperature ? L

All we can say is that the hotter water changes temperature by: AT, =T,~25°C, while the
colder water changes temperature by: AT, =7, -2.0°C. We wilt be able to sotve for 7,
using Equation 13.2,

ie. Q=cm AT

and the fact that the heat lost by the hot water is gained by the cold water: Q. =—Ce.
assuming of course that no heat is lost to the surroundings.

Known: m,_ =18 kg, my, =6 ke and Cyue— 4186 T(kg.°C) (Table 13.1)

SOLVE The equal but opposite heat exchange implies:

Goor=Cois = My =y AL g
Solving for the final temperature:

6 kg
T 250 =——(T. - 2.0C) = T, =19C
d 18 kg( 4 ) !



Sbg Wy ok PSR tre nb A5°C
T&c{/?’?

57, ORGANIZE ANDPLAN The nitrogen starts off colder, so it will gain heat from the
helivm: (@, =-@,, ). We’ll assume that the gases are combined ynder fixed pressure, so
that the heat gained or lost will come from Equation 8.4: @ =nc,AT. The molar specific
heats can be taken from Table 13.2 for nitrogen { ¢, =29.1 Jmol-C ) and for helium (
¢, =20.8 J/mol-C ). We’ll need to convert the given masses into moles, and write the
‘{emperature change for the nitrogen as: AT, =T, —25°C, and the helium as: AT, =T, -45-C,
Known. my=56g, m,=12g
S01vE The equal but opposite heat exchange imphies: "{G,%L\T 2\ ¢ ?-g

i QN =+0Ha = HNCNAT =‘“’Hﬁ¢H¢ATHt \1% R h Lt’%*‘
The molar masses are 28 g/mol for nitrogen gas and 4 g/mol for helivin gas, so the W
number of moles are 2 mol of nitrogen and 3 mol of helium. Solving for the final

equilibrium temperature: -
g; /?*_A\ . &(r'——-" M,« “W'll r?z
T,-25C= (3 mol)(20.8 J/mo C)fr —45C) = T,=35C -;'.S

(2 mol)(29.1 Jmol*C) " 7 ——, V\\{_Q/

REFLECT The answer makes sense, since the final temperature is halfway between the
initial temperatures of the nitrogen and the helium. If you assumed that the gases were
mixed with constant volume, the result would be practically the same: 7,=34-C. This is
because the ratio of the molar specific heats (¢, /¢, ) 15 practically the same for constant
volume and constaiit pressure.

YL




How much heat, Q, is required to melt 500 g of ice at 0 °C ?
By definition Q = mL; where the heat of fusion of ice is Lj,e =3.33 X 10° J/kg
Therefore, Q = (0.5 kg). (3.33 x 10%) = 166.5 kJ
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A window with area of 2 m? is made of 4 mm thick glass. If it is 20 °C colder
outside than inside, what is the heat flow rate, H, through the window ?

By definition H =k. A. (AT/Ax)

and Ax=0.004 m

Therefore, H = (0.8).(2).(20)/(0.004) = 8000 W




Qo

94. ORGANIZE AND PLAN We are asked to compate the insulation provided by
‘//" two materials. In Problems 13.78 through 13.81, we were introduced to the
R-value of a material, which is defined as the thickness divided by the
thermal conductivity: g=as/k. To find the R-values for concrete and wood
walls, we’ll need their respective thermal conductivities from Table 13.4:

=128 W/ Com and k=02 W/ C-m. o L‘ZKD . AX Ww!“ﬁ
/1%,7»'\ . TP ‘

OWH: Ax,=18cm.

- SoLvE For a concrete wall to have thg; same R-value of a piece of wood, \Z'weqd\

" its thickness would heed to be: =

k {128 W/°C-m)
Ax,. = Ax, —S=(1, A =192 &
o= Ay =L o) o Wircm) an

Y \é-‘f-"-"ff‘k& 10 %er Lo (LR )

Sl

.

REFLECT To get the same insulation as a piece of wood, the thickness of a
concrete wall has to be over ten times thicker. That’s because concrete lets
heat escape faster than wood does. Think of a cold concrete floor vs. a warm

wooden one.

¢ .
o«

e

v _ B\

Ve | Yy
/
Ao AX W




A sphere of surface area 2 m? and emissivity of 0.5 is at temperature of 300 °C.
What is the rate at which the sphere radiates heat into empty space ?

The rate, P, at which an object at temperature T radiates energy is:

P=¢c 0. A T*, where 6=35.67x 10° W(m’ X%

Tn our case € =0.5, A=2 m* and T =300 +273.15=573.15K

Therefore,

P=(0.5). (5.67x 10%).2). (573.15)* = 6118 W




\zwo\/\

82, ORGANIZE AND PLAN The Stefan-Boltzmann law (Equation 13.8) tells us
(/ the rate at which a body radiates energy: 7 =ec47*. Saying the Sun is a
blackbody means that its emissivity is one, i.e.: e=1. The Stefan-Boltzmann
constant is: o =5.67x10* wmk*, and the surface area of a sphere is: 4=4z".
Known: »=696x10°m, T=5800K.
SOLVE Substituting the values into the Stefan-Boltzmann law:

P oo AT* = (1)(5.67x 107 W/mi?K4)(47(6.96 X107 m)*)(5800 K)* =3.91x10% W'~ -

REFLECT Currently, the world uses somewhere around 15 TW (1.5x100 W)
of power. In comparison, the Sun emits over 10 quadrillion times the energy

we use.




Vs L W — szl 5 l&V\'—‘-?

2T ORGANIZE AND PLAN  Helium is a monatomic gas so the internal energy
difference when warmed is AU =2Nk,AT. The number of atoms in 1.25 L. is
given by the ideal gas law.
Known: v =125L; AT =100°C. :
SOLVE From the ideal gas law pv -7 we find that internal energy

-inercases by: ~ V¥ Vg = E‘yj‘
_’r

AU =Enpar =2Pv AL
T

w
w

Insert known values:
LT ey T 2] i 1
AU =2(latm)(1.25 L)((I;}::g)) =2(101kPa}(1.25x10° o’ )%’%g: 64.87

RerFLECT We will assume room temperature and atmospheric pressure
unless stated otherwise (or,uniess such-an assumption appears obviously :
i i
|

erroncous). Noi¢ that it’s iniportaiit to-¢onvert the room Waperature to
Kelvin because it’s not a temperature difference.



R 7

AU _ [ Ay
Pusw= 27 4 a4 AWk bSO |y
29.0RGANIZE AND PLAN Heat, internal energy, and work are related through the i
first law of thermodynamics. We will divide the quantities in this law by -
time to get powers and heat flow rates.
Known: AU/s=45W,P=-165W. .

SOLVE The first law of thermodynamics divided by time is:

7 ég_=_A_Q_+P

which we can rewrite to get an expression for the heat flow into the system: 0\\«0\

A - o aesir S f i .
% =SSP (45 W) {165 W)= 210W

RerecTt The power is negat@use the system is doing work.




Example: A flexible container contains 2.42 X 10”° m® of fluid at room T. Somebody pushes on
the container, maintaining a constant 1-atm pressure, and reduces its volume by 25 %. How
much work is done on the fluid ?

Work done on the fluid: W = -P(V¢-V;) = 1atm(0.75V; - V)=
= - (1.013x10° Pa)V(-0.25) = (1.013x10° Pa)( 2.42 x 10° m*)¥(0.25) = 0.61 J

P T ML PUnts it
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38. ORGANIZE AND PLAN We will use the formula for work donie on the gas in an
isothermal process.
Known: n=030mol; T'=300K; ¥, =5V,
SoLvE The work done on the gas is:

- mh[%] =(0.30 mot)(8.31 J/(mol - K )}(300 K)h{%) =121

The work done by the gas is positive 1.2 kJ. -

REFLECT It does not matter in an isothermal process whether the gas is monatomic or
diatomic.
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42.0RGANIZE AND PLAN The work done on an expanding gas is negative. The sum of the work
done to and the heat added to an isothermal system is zero. To calculate a precise value
we use the formula for work done on an isothermal system,
Known: n=010mol; T =300K; ¥, =3V,
SOLVE (a) When the gas is expanding the work done on the gas is negative, so the heat
added is positive, i.c., heat flows into the gas. . :
(b) The work done on an isothermal system is: 0 = AN~ 3 4= Q\ + \’\/

W:narm[ff_] WY \’W\ AV \9\50 |
” )S\qu-:.C\gwa)C

v q
and w+Q=0, so the required heat is: 9w kU %g\ 1
VERY
”

Q=-W =-nRT m(-l;‘—]-_- ~(0.10mot)(8.31/(mol-K))(300 K)in(—é-} =027kl
r

REFLECT 1t is straightforward to see that the answer is reasonable, because in{3)~1.




46. ORGANIZE AND PLAN The work dane on the gas in an adiabatic process is

aT=7

@\fig “ L ‘m@ﬁ& “‘i, é@ 1 SO -S Q)‘;\JQ}(\L

e s e,

proportional to the diffcrence between two products: the final pressure times
volume minus the initial pressure times volume. From the ideal gas law this
means that the work done on the gas is proportional to the difference
between final and initial temperature.

Known: n=2.0mel; w==750). .
SOLVE (a) The gas does positive work. This means the work done on the b
gas 18 negative, and from our argument above that means the final )
temperature Is less than the initial temperature, so the gas temperature
decreases.

The reason for this is that to do work the gas must expend its internal
energy, which is proportional to temperature for a diatomic gas.

(b} The work done in an adiabatic process is:

£

= f
we L2 éﬁ’ 1L %@F me@w(/
y=1
g :
Rewrite this expression using the ideal gas law: %\&L WEY Y
BV, ~FY,  nR ARAT ‘ . -

(i j}'mm_yl'"f ?ﬁj\[&f—\’\m"\iﬁ_ | ;

Solve for the temperature difference and insert

- {%—1}(—7501)
~ mR (20mol)(8.317/(mol K))

A =-18K

REFLECT The expression we derived here between the work done and the
gzmplerature difference holds true for all adiabatic processes if the gas is an
ideal gas. ‘
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57. ORGANIZE AND PLAN The entropy change is the heat added to the ice or |5
the water divided by the temaperature. The%xeat added can be calculated using ‘
the heats of transformation from Table 13.3. :
Known: m=100g,T, =0°C; L, =3.33x10° §ikg; T, = 100°C; £, =2.26x10° Tkg., i
SOLVE When the ice melis the entropy change is:

s s {100 £)(3.33x10° Jikg)
T (°C)

‘When the water boils the entropy change is:

=122 /K

6
as QoM (100 g){2.26x10¢ Jkg) 606 I

T, {100°C} o

O T SRR P S L SR .

|-
i
I3




N,

Ar&y/? WQT\QH ’\f\%_ 3\ R 04y \._g-b L0

56,0RGANIZE AND PLAN  The entropy change is the heat removed from the steam divided by
// the temperature. The heat removed can be calculated using the heat of vaporization from
’ Table 13.3.
Q\Qf\?"( Known: m=75g, T =100°C, L =226 %10° ¥kg,
SOLVE The heat removed from the steam fo condense it is:

O =—ml, =—(75 g){2.26 X 10° J/kg) = ~1.7x10° J
{3 Y W .
The entropy change is: Q-m’S'vL%, » \ U\%M V3.5

~17x10° 1) (-1.7x10° )

= = —4.5x10°
(00°’C)  (31K) <10 K

as=2.
T
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. ORGANIZE AND PLAN The efficiency is the ratio between work done and heat used.

Known: w=6501;Q,=12701. )
SOLVE The heat engine’s efficiency is: C( - \\ 4 &L g
_(es01)

e= QH W}il"”‘, (T%K‘@ (\.3\104 ol /\C\ 2@3—
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96.ORCANIZE AND PLAN  The maximum efficiency is that of a Camot engine, one minus the
temperature ratio between the cold and hot reservoirs.
Known: T, =1050°C; T, = 590°C.
SOLVE The maximum efficiency is:

T 1) o4 = A—

(540 +2013)

Coamar = 1 T, - (1050°C) L\Oiort 2-13 )

REFLECT If you could invent a way of operating a jet engine such that the exhaust
temperature is that of the surrounding air (typically —0°C at the cruising height of
commetcial airliners), you would raise the maximum efficiency to better than 0.8!
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68. ORCANIZE AND PEAN In a Camot cycle, the efficiency is one mits the temperaure ratio between the cold and
hot reservoirs. T
C

Known: T, = 20°C, eqy, =0.5. ' L 5
SOLVE The Carnoim:fﬁciency is: 1, I-é- o A"’ ('(/"'“7 \ § (—%.
T, - T\’f o

which we can rewrite for to calculate the maximum temperature: t 204273 \

> U =
byt 20"0:-’?’%% 600 X

T, = =
B ey © 105

REFLECT When the Camot effictency iv 8.5, the hot reservoir i twice the temperature of :
the cold reservoir. C ~ \& :
)\ 3
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71.ORGANIZE AND PLAN  The coefficient of performance of a refrigerator is the heat removed

divided by the required work.
Known: COP=38; P=600W.
SOLVE The refrigerator can remove heat at a rate: -

2 L0 W l &; ~7 %*f: COPE:— =COPx P =(3.8)(600 W)=2.3 klis

M

REFLECT The higher the COP the larger the amount of heat removed.

& W \Qt—ﬁ

—
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65.

P21
-1

ORGANIZE AND PLAN The efficiency is the ratio between work done and the thermal
energy removed from the uranium fuel. The work done is the difference between the

thermal energy and the waste heat. ]
Known: Q,=1700M3, 0, =1100 MJ; =15 : 7
SOLVE (a) The work done is: \ \\l wo WA @\ w T

W =0y — 0 =(1700 MT)~ (1100 MJ) =600 MJ

The efficictcy is the power plant is:

e=E=M=0.353 0[‘,;

(b) The rate of electrical energy produced, i.¢., the electrical power is:
w _(600MI) |
r {1s)

REFLECT If the nuclear power plant is close to a city, the waste heat could instead be
used to heat thousands of homes.

P= =600 MW




A

i ON

Y (€LZ+00T) "I o
—l==-—1=" "8>73

Y (€LT+0) z

%LT~=89CT0=

;,91q1ssod sy ST "193eM JO Ssjurod Surzosy
oy pue Sur[roq oy} uaam3aq pajerado uayM 946/ JO ASUSIOLJO
ue sey jey) SuISud UB PIJONISU0d SARY 0) SWIB[O JOJUSAUL UY

-0z walqolid a|dwes



B4 oS TV Cowiamda A\W *"_U)Pal.)f‘; \‘/’LCJ? .
ool / 2 M bouss . 5_:

72, ORGANIZE AND PLAN The coefficient of performance of a refrigerator (to
which we count air-conditioning systems) 1s the heat removed divided by the
required work.

@@--\WL Koown: COP=37 P=120W.s= 2%
SoLVE The electrical energy (required work) consumed in 24 h is:

W =Pe=(1200W)24h)=1.0x10°] L * ,Q zZ. .V_V—-

) +
The amount of heat removed from the house is; ‘ %L ¢

-

O, = COPxW ={3.2)(1.0x10° ) =3.3x10* J ez —F
) VT
RerLECT The higher the COP, the larger the amount of heat removed.
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94, ORGANIZE AND PLAN The coefficient of performance (COP) of a heat pump equals the 3
heat delivered divided by the electrical energy used. This means that with a heat pump, E
the required electrical energy is réduced by a factor that equals the COP. 3
Known: ¢=$180;COP=3.1.
SOLVE The monthly heating bill after installing a heat pump is:

¢ _{$180) e
. 1 .. € _ 58 ~
g L [

REFLECT We have assumed that the cost per kWh is constant. This is not always true: ;
some electrical utility companies charge higher prices per kWh once a certain level has |
been surpassed. In such a situation, the savings would be even greater. :

,Nﬂ_ﬁd\ = Q\L‘f = -fif\go
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