._.:m_.30o_<=m5mom & Temperature

1039 |- <———Universe just after

« Mechanics: mechanical energy of m<m83m beginning
governed by Newton's laws - | _ 1T ” |
3 Highest laboratory
) ] | 10° =" temperature
» Thermodynamics: internal energy of | e Center of the Sun
bodies — thermal energy | 10% | |
. B S _ face of the Sun
« Temperature: central concept - sometimes a 10t - T
measure of the internal energy -\ Tungsten melts
_ 02 |- <——Water freezes

« Kelvin temperature - absolute temperature
(see Fig.18-1)

10¢ |—=<———Universe today
~—— Boiling helium-3

Temperature (K)

T LYY o2l

1079 |- = Record low temperature

)

A e L




Celsius and Fahrenheit Scales

e Celsius scale: used worldwide

~1°C=1K

— 0° C => ice-water phase transition, normal Qmmmca

— 100° C => water-vapor phase transition
— 37° C => normal human body temperat
— 20° C => normal room temperature (68°

ure
F)

22




The Zeroth Law of Thermodynamics

- Thermal equilibrium: no net exchange of -
thermal energy

« Thermoscop (see Fig. 18-2)
- Zeroth Law (see Fig 18-3 =>):

— If bodies A and B are each in thermal
equilibrium with a third body T, then A and B
are in equilibrium with each other

— Each body characterized by its temperature |

(a)

(8)

(o




T mB_oo_.mE__.m and Heat (Q)

System vs Environment

Change in temperature: transfer of
internal energy, called heat

(see Fig 18-12 =>)
Heat is the energy that is transferred
between a system and its environment

because of the temperature difference
that exists between them

(b)

(c)




« Units of heat (Q):

— calorie (cal): heat 1 gram of wate
14.5°C 10 15.5° C

— British thermal unit (Btu): heat 1
from 63° F to 64° F IBtu= M

— Joule (J): Sl unit M Vool = YA

r from

b of water
ST 0 £3

—_

e, Coleaie = [0 el 2 Y

&3




Review: Absorption o
Heat Capacity 0=C(T;

Specific Heat O=cm (

Molar Specific Heat 2=Cn(

A

Cy Co

Heats of Transformation: ¢=

Nkﬁu N.kﬁ




Absorption of Hea

. Heat Capacity
— capacity of a body to absorb heat

— specific to one body
0=C(T,-T)
0 — 137
IT,—T, =L

( =

.| Units: cal/K, Btu/K, J/K

10



« Specific Heat
— specific to units of mass

O=cm(T,-T) ULV wls

9 __ 0 AN => 0
mAT  m(T,~T,)

— specific heat of water (for other T

w).,w C= Ve

/
Ly o L00)
INTEILCATRACNS SN

ble 18-3)

c,=lcal/g-K =1Btu/lb-F =4190J/Kg -K

11




. Heats of transformation blase me:% 3

— phases or states: solid, _8_:_9 gas —

— When a phase transform into another (phase transformation) the
temperature is constant

— Needs heat of transformation

o-Im L=2 L3 mi

iy

: m
— Units for L: J/Kg

— Examples (Table 18-4); Heat of vaporization L,. Heat of fusion L

TABLE 19:4  Same Heats of Translormiation

.: ‘MrEtting -

Substance .

Hydrogen

Mergury
2323




Heat Transfer Mechanisms

Conduction: through solids (metals) due to atomic
vibration | I
— Conduction through a slab (Fig. 19-18)

cond

Vg > Lwl

. — conduction rate (per unit time)

cond

« k -thermal conductivity
» T, (To) — hot(cold) reservoir temperature




. (
Figure 13.19 —

Sinking

Cool . fluid |

(b)

‘@ 2010 Poarsan Education, fne.




Unnumbered Figure Page 258 . \\\\\l.\\\\\\\l

Incident
sunlight

Outgoing radiation
predominantly infrared)

& 010 Pearson Education, Ine.




. Convection — atmospheric convection

« Radiation —
P =cthT4

rad ~

where s = 5.673x108 W/m? K
_ ~ (Stefan-Bolt

> )
Y

— o nTh
Pabs = c¢ kT (env)

Pret = Paps = Prag =8 ¢4t (T *env)—
T4) |
mn\ fsxﬁﬁww T 0-4A)

A

NS O\ L .S\,N\V

zmann)
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Figure 14.1

g\o,é s Sﬂ Wﬁﬁx D _Jﬁ W

U

\i?@ TN Y

You can increase the thermal
energy of a gas by heating the 7>®ﬁ VALY Z a( MD, y
gas. ..
)
@ VMZ N /M a— | AA a%ﬂ%,i ER K il _

... or by doing work to
comnpress it,

o




[ 7 1 i
Do eot.  \ Ladkavie Qois)
Figure 14.3

@M\ Ol
A constant force is applied and heat 1s

allowed to escape, so the pressure remains
constant as the gas is compressed. | |

. W= TN B A AR
: Piston area A
= A
AV = = AKX
= - P 4V

resultin

2 2010 Peargon Education, Inc.

P




T= Cpueb. Lwtiened Prouwd
Figure 14.4

In an isothermal process, the temperature
of the gas is held constant while the gas

is compressed (or expands). Feom D=nT/V
AERN A

luid bath at constant temperature T

© 2010 Pearson Education, ino.




Figure 14.5

As gas is compressed from

V; to V; at constant pressure, Yo D We W&
[N o !

W = PAV = area under curve. /,V

| Wa-Y, AV

Pressure, P

Vi Vi SOW »0 Mg X”S,,_ m

Volume, V

(a) Compression at constant pressure

Isothermal compression
from a\mn mum to d\.@ Nsm

Py A4 - L Work done during O &/L‘ - N ‘N\ /
A, © compression equals —
m., area under curve. 0 ,m;
o
&P -

Ve i
Volume, V N\

(b} Isothermal compression

© 2010 Pearsen Education, Inc.

For ﬂzﬁb jSy ‘,ﬂg:? >AW=0 ©

BRGENNES




Figure 14.7

Pressure, P

et e T
st

" W= O

E— )

@/fa/.. D«/\/ = @w

lllll . There is no area

under a vertical
line, so no work 1s
done during a
constant-volume
process.

© 2010 Pearson Educatian, inc.

Volume, V



.

v i
P C/ N _mO/

W=

Figure 14.8

st T

Insulation prevents heat flow
between gas and surroundings.

& 2010 Poarsen Educalion. nc.




Figure 14.9 . . .
o Adiabatic compression W
resulting in a temperature o |p\\ 2 W

increase from T; to T, —
which are located on
different isotherms

B
»
Ed
g

Q.
2]
5 W
5 . DV = st
-y T isotherm
| |
L= Gy
\/uofﬂ IR WL
....... d\«m P/GH W 13 \ 3
Volume, V (g = 3%
m . - . Yo %Um\ 3
Area under adiabatic curve is greater than area
under T, isotherm, so adiabatic compression ~ tor i AT
requires more work than equivalent isothermal )~ S
compression. , N\
= W@f vV '\

22010 Pearson Edycation, in.




Reviewing New C a‘:‘s%mm@ TheFirstLaw of Thermodynamics. 0

‘iri Thermal Processes

First law accounting, with
Process Work ¥ At =Q+ W

Constant pressure W o= = PAY AU = O~ PAV

v
Constant iemperature W = uRT In (%—'> All = 0
¥,

{(isothermal} Vo
Q= —~W = -nRT In { -—)

Constant volume W o= 0 Al = ()

PV Y e PV PV
Adiabatic {Q = 0} W AL = W=
;}, . l ST ]




2T 0 6*
vk
DL OWAMS o

Figure 14.10




&& o %ﬂfr WG‘*"B""‘ £ (v Ut oA

2 24,0001

= = 30 J/K
l&;m\! rc-mﬂ 00 K i i
Heat flows out of the hot object, so @ = —24,600 ], and
—24000F
&Sh&ﬂ = Q ﬁﬂ jtl

T 400K
The net entropy change of the whole system is

A8 = ASeon + ASpe = 80 7K — 60 /K = +20J/K




Heat Engines

- Elements of an engine (Fig 20-7)

— Heat Q is transferred from the hot
reservoir of temperature T to the
working substance

— Heat Q, is transferred from the
working substance to the cold

reservoir T,




Figure 14.12 ﬂmﬁxﬁ@uav R m/ L //u??& m%?f.? mﬁ@wﬂgu Qmwm%

e

(Lot B

© Isothermal expansion at temperature 1y, | AM H\ v \V

@ Adiabatic

o ™~ B O Adiabatic expansion

Pressure, P

@ Isothermal compression at temperature 7

_ |
_ M .
L “
v, Y, )
Volume, V

© 2010 Pearsen Education, inc.




Refrigerators

« Refrigerator: device that uses work
to transfer thermal energy from the
low-temperature reservoir to the high
temperature reservoir (Fig 20-13)

 ldeal refrigerator: processes

involved in the refrigerator’'s

operations are reversible




« Coefficient of performance:

K- what wewant _Qh_

what we pay for - _E\_
| =|0u| -0

0,
@m_ o Qﬁ_

.

« Carnot (ideal) refrigerator:

e = K. = \ OQOJ\\,.‘H L

T, -T, |

)
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22. SOLVE The conversion between food calories to Joules gives:

-

200 cat| 2883
i Cal

:E: 837 %)
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55. ORGANIZE AND PLAN  This is a straightforward use of Equatlo

DA (I v A _' '
30 mL, b woc, L= 93, o \‘MQ/‘«‘Z N b\ﬂ,\g
SOLVE Plugging the mass of mercury (m=pv) into Equation 13.2:

0 = pleAT ={0.0136 kg/mL)(2.30 mL)(140 J/kg°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.




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 =3.6 kJand AT=33°C
Therefore C = (3600 /(33 °C) =109.1 J/°C




el 447 G160 ;Swh\a LW

46, ORGANIZE AND PLAN We will need Equation 2.2: Q =mcAT, along with the
density of water: 1.00 kg/L. Note too that a kilowatt-hour (kWh) is a unit of energy, so
we’ll need to convert J into kWh.

Known: V=189L, R=$012/kWh, AT =60C-10°C=50"C.

by 50 degrees is: PEES mﬁ“_n_\\
) =mcAT =(189 kg\4186 iﬂa@(}{ﬁ{lﬂc)z 3.06x107 T A
To convert this to kWh, recall that 1w =1Js, or equivalently 17=1W.s; CJ‘\\.{C;

3.96 X107 JFYJJ'S}[IQJ‘:‘Q]L;%S]=111<Wh L%* & ¢, \7,)
o

The cost of this much energy is $1.32. T

Plw)= f”l:fﬂ \_} &wa /\3{) R S VAR
ALY AN




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 ¢, = 449 J/(kg. °C)
Therefore, Q = (0.5 kg). (449).(80 —20) = 13470 J




@.NV‘L

53.0RGANIZE AND PLAN  We know that the sum of the heat lost by the material and gained by
the water is zero: 9, +0, =0, so we’ll use that to solve for the unknown specific heat: ¢,,.
‘The temperature changes for the material and the water are:

AT, =22.9'C-34.5C=-11.6C
AT, =22.9C-18C=4.9C . -~ A Q
-

Known: m,=250g, m,=125¢. M
e

SoLvE Using the heat exchange and Equation 13.2: S ——

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.

_ mgc AT, (0125 kg)(4186 Jkg C)4.9°C)
m, AT, (0.0250 kg)(~11.6:C)

=8841 J/kg C

Cur

) ,
_ /\%c/

\V/
W R
. V\’\M [A(T}/\ Tb\%h \%\

| - |
“Wn G AT 2 4wy G 8y ¢

G
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57. ORGANIZE AND PLAN The nitrogen starts off colder, so it will gain heat from the
helium: (g, =-0,, ). We’ll assume that the gases are combined under fixed pressure, so
that the heat gained or lost will come from Equation 8.4: Q=nc,AT. The molar specific
heats can be taken from Table 13.2 for nitrogen ( ¢, =29.1 J/mol*C ) and for helium (
¢, =20.8 Jimol°C ). We’ll need to convert the given masses 1nto moles, and write the
iemperature change for the nitrogen as: AT, =T, -25°C, and the helium as: A7, =T, 45°C.
Known, m,=56g, m,=12g
S5G1VE The cqual but opposiie heat exchange implies, S (0% N\ Z\e & g %;_ QL

v Q=40 = M AT = An ATy, \l% \Jr(_ V\ L’{’%,

The molar masses are 28 g/mol for nitrogen gas and 4 g/mol for helivin gas, so the
number of moles are 2 mol of nitrogen and 3 mol of helium. Solving for the final

equilibrium temperature: -
Y N W, Y

a [
(3 mol)(20.§ ])Imei C} (Tr - 45"(:) — Tj =35 ‘ — 3
T2 mob)(29.1 Vmol-C) ] LA W

et
g

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 (¢, /¢, ) is practically the same for constant
volume and constant pressure.

| . G
e = 2t il

{O&M \r},} T‘X I L LN wil o C
v 1y




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 Ly, =3.33 x 10° Jkg
Therefore, Q = (0.5 kg). (3.33 x 10°) = 166.5kJ




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

temperature ?

All we can say is that the hotter water changes temperature by: AT, =7,-25C, while the
colder water changes temperature by: A7, =T, -2.0°C. We will be able to solve for 7,
using Equation 13.2,

re. Q=cm AT

and the fact that the heat lost by the hot water is gained by the cold water: @, =-O....
assuming of course that no heat is lost to the surroundings.

Known: m,, =18 ke, m, =6 ke and Cuue— 4186 J/(kg.°C) (Table 13.1)

SOLVE The equal but opposiie heat exchange implies:

Qn)t :'Qoold - nThcrtCATbﬂt :—mooldCATwld

Solving for the final temperature:

T,-25C=-8 (1, 20C) > 1,=19°C
i8 kg
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PHY 130 Quiz Name:

You have 300 g of coffee at 55 °C. How much 10 °C water do you need to add in
order to reduce the coffee’s temperature to a more bearable 49 °C ? Note the
specific heat, ¢, of coffee and water are the same (¢ = 4186 J. kg.toc™h

Heat is exchanged between the hot coffee and the cold water, but the whole system
does not lose or receive heat. Therefore, 0., +0.,, =0. The temperature of the
coffee drops, while that of the added water rises:

AT, =49°C~55C=—6C
AT, =49°C-10-C =39°C

Known: m,, =300g
SOLVE The heat exchange is writien:
O +Ouopg = MyaATy, +11 wctdAT 5 =0

The specific heat of coffee is the same as water, so the ¢’s will cancel out of
the equation. Solving for the cold water mass:

AT, —6°C
mmld = M?nhot AThﬂt = _(300 g) EBQ‘: C; =46 g
cold
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P 25. Calculate the amount of energy, in joules, anc:ma to

completely melt 130 g silver initially at 15 C°

Tv=71 VO & RS

. 25. The melting point of silver is 1235 K, so the temperature of the
silver must first be raised from 15.0° C (= 288 K) to 1235 K. This

requires heat
Q =cm(T, —T) =(2361/kg-K)(0.130kg)(1235%. -2

« Now the silver at its melting point must be melted.
fusion for silver this requires

0 =mL, =(0.130kg)(105x10° J/kg) =

« The total heat required is (2.91 x 104 J + 1.36 x 104 J )

88°¢)=2.91x10"J.

If LF is the heat of

1.36x10%J.

=4.27 x 104 J.

17




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)

Tn our case thermal conductivity of glass k=0.8 W/(C’m), A=2 m%, AT =20°C
and Ax=10.004 m

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



Regw ’“—"\\z \LS&UCQ 30 Qc"”‘lw‘w%\(\,g Qm)

94. ORGANIZE AND PLAN We are asked to compare 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: r=ax/k. To find the R-values for concrete and wood
walls, we’ll need their respective thermal conductivities from Table 13.4:

k=128 W/ °C-m and fyg = 0,12 W/-C-m. ‘ Mg A\LWW(JE t_ R
KACWIH: Axy =18 em. : e : B

SOLVE For a concrete wall to have the same R-value of a piéce of wood, \awwc}\
its thickness would need to be:

Ax, = Ary e 218 ey I WICT 165 om é—/

k, (0.12 W/°C-m)

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.

JH/ /

2 h-g Mw ,@—7/

Mo M

\

|
.



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 o A T, where 6 = 5.67 x 10 W/(m® K°)

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

Therefore,

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



2(90\/&
82 ORGANIZE AND PLAN  The Stefan-Boltzmann law (Equation 13.8) tells us

, the rate at which a body radiates energy: r=ecar+. Saying the Sun is a

blackbody means that its emissivity is one, i.e.: e=1. The Stefan- Boltzmann

constant 18: o =5.67x10* W/m’k*, and the surface area of a sphere 18: 4 =472,

Known: r=696x10° m, T=5800K.

SOLVE Substituting the values into the Stefan-Boltzmann law:

P=eaAT* = (1)(5.67x 10 W/mK*)(47(6.96x10° m)?)(3800 K)* =3.91x10% W

REFLECT Currently, the world uses somewhere around 15 TW (1.5x10~ W)
of power. In comparison, the Sun emits over 10 quadrillion times the energy

WCE use.



Y LWy — NEATINP ?i ‘l\/\ﬁ'7

77XJRGANIZE AND PLAN  Hieiium 18 a monatomic gas so the internal energy
difference when warmed is AU =3Nk;AT. The number of atoms in 1.25 L is
given by the 1deal gas law.
Known: v =125L; AT =100°C.
SOLVE From the ideal gas law pv=m,r we find that mtemgi\,gncrgy
- HIETCASTS Uy ~ Vo =
> \\i Q £

\

AT =ENt, AT = 2

Insert known values:
—

{io0vCy o BVIKJM
W =2(101 kPa)(1.25x10® m 2931{)_64'8]

REFLECT We will assume room temperature and atmospheric pressure
unless stated otherwise (or unless such an assumption appears obvmusly

v11u1iuuub j L‘iULb Eﬂal 1L S 1111pi31 [alll, e vu’u’v‘bn e TOGIL wiupbi ature o
Kelvin because it’s not a temperature difference.

AU =2(latm){1.251L)
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29.0RGANIZE AND FLAN  Heat, mternal energy, and work are reiateci through the
first law of thermodynam1cs We will divide the quantities in this law by
time to get powers and heat ilow rates.
Known: AU/At=45W;P=-165W.
SoLvE The first law of thennodyﬁamics divided by time is:

y - &»\/\ 2 {L@\ -\‘;\:\I / iX)V

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

;’%}L___
A M

A_.Q—é—g.é A5 B W =210 W w-‘") )
ye = N P— Bt the Sl L B A U ) e
TR e = e FT‘!J}__ SREE T A +a e T=Y et ‘4‘*: lm -,’-,, Lift orrod o «_':* '1":‘.“ T | )
AREFLLCT 100 POWET 15 TICEQIVY 0CCAUSC ull 5y 5101l 15 GOing wWoix
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Sample Problem 18-5

Let 1.0 kg of liquid water at 100°C be converted
to steam at 100°C by boiling at standard
atmospheric pressure (which 1s 1.0 atm or
1.01x103 Pa) in the arrangement of the figure,
The volume of the water changes from an initial
value of 1.0x10-°> m? as a liquid to 1.672 m’ as

steam.

Insulation

(a) How much work is done by the system?

W= -pV, =V
TaV

=(1.01x10° Pa)(1.67m> =1.0x107 m”)
=1.69%10° J =169 kJ




Sample Problem 18-5 (cont)

(b) How much energy is ﬁmsmwoﬂom as heat
during the process? Yoo dht e,

= L,m = (2256 kJ/kg)(1.0 kg)
=2.256 kJ

(c) What is the change in the system’s

internal energy.?
A= Gk Emu@?& Wz - [63ud

/

AW =0+ W=2256 kI — 169 kJ
=2,087 kJ

Tnsulation



One mole of oxygen (assume to be an ideal gas) shewig at a
constant temperature T of 310 K from an initial volume V; of 12
L to a final volume V;of 19 L. How much work is done o the

gas during the expansion? w

é

W = . =nRTIn—=

= (1mol)(8.31J / mol - K)310K)1 Ww

o
o

Pressure (atm)

[om—y

.

<
i

Mg J

Volume (L)
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38. ORGANIZE AND PLAN  We will use the formula for work done on the gas in an
isothermal process.
Known: n=030mol; I'=300K; ¥, = 5V,
SOLVE The work done on the gas is:
W= nRTln[;é] =(0.30 mol )(8.31J/(mol -K }}{300 K)lnGJ =-12kI
g

The work done by the gas is positive 1.2 k.

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.e., heat flows into the gas.

N . 4
(b) The work done on an isothermal system is: ® = A( W~ B 50@\ = \)\ + \/\/
¢ oSS R
W_nﬂfm[gLJ WY \"\/\}\) LY Q\> V
\ 7 . )gﬂ( Tﬁ,. (‘\‘?\‘\ :\‘)C
and W+0Q=0, so the required heat is: VAR %‘ S
{Q’: VY

Q=-W= —nRTm[WEL] =-(0.10mol){8.31J/(mol -K) (300 K)in[%J= 0.27kT
f

REFLECT It is straightforward to see that the answer 1s reasonable, because In(3)~1.
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46. ORGANIZE AND PLAN  The work done on the gas in an adiabatic process is
proportional to the difference between two products: the final pressure times
volume minus the initial pressure times volurme. From the ideal 2as law this .
means that the work done on the gas is proportional to the difference
between final and initial temperature.

KROWR: n=2.0mol; W =—750 3.

SOLVE (a) The gas does positive work. This means the work done on the
gas is 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:

o B L % 00 Kokgn ¢

y=1
, e
Rewrite this expression using the ideal gas law: %\j,%l WAL C :
e :
WEPJJ;HPJ’::-E{?_(%M?;)EM?AT
y-1 y—1

7
~ #R (2.0mol)(8.313 (mol K))

=—i8K

REFLECT The expression we derived here between the work done and the
temperature difference holds true for all adiabatic processes if the gas is an
ideal gas.



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}) = latm(0.75V; - V;) =

= - (1.013x10° Pa)Vi(-0.25) = (1.013x10° Pa)( 2.42 x 10° m*)(0.25) = 0.61 J
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57. ORGANIZE AND PLAN The entropy change is the heat added to the ice or
the water divided by the temperature. The heat added can be calculated using
the heats of transformation from Table 13.3.
Known: m=100g T, =0°C; L, =333x10° kg, T, = 100°C; L, = 2.26 X 10° kg,
SOLVE When the ice melis the entropy change is:

Q@ mL, (100 g)(3.33x10° Vkg)

AN = L = =122 I/K.
! Tf Tf {GOC)
When the water boils the entropy change is:
100 g)(2.26 X105 Ik
ps, =2 mly (O08)R22610Kg) (o

T T {100°C)

v v
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56, ORGANIZE 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.
@ \0/\9"( Known: m=75¢ 7 =100°C, 1. =226 x1F ike

SoLvE The heat removed from the steam to condense if is;
O =—mL, =~(75 g)(2.26x10° J/kg) = —1.7x10°
(? ~ — .
The entropy change is: 0_;0*‘\‘3\&8, & q KQ)M V3.5

a2 (-L7x10°3) (-1.7x10°J) S0 VK
T {160°C) (373K)

Mowvtt SR B Mniviese sl
*ai‘ Qw«mfb lwﬁg%%ww\f G\\vﬂ,i\ | |
W \(\') o QU \’&,Q ﬁw‘{&b 0*\“‘3‘
Q\wa ks g Wk
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ORGANIZE AND PLAN  The efficiency is the ratio between work done and heat used.
Known: W=6501,0,=12701.

SOLYE The heat engine’s efficiency is: j\ m{ - \\J 5{ \g\ L
W (65071) o
D e “jﬁ. { fj YA et r“" . TR
- B - .
/\é _' | /
Sk
% X"J %a;f/
\'/j{ .
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96.0ORGANIZE 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. {590°C)

(540 + 113)
Coamor = L =L =0348 = A~

T fosee) T (10504 T13)
RerLECT If you could invent a way of operating a jet engine such that the exhaust

temperature is that of the surrounding air {fypically -40°C at the cruising height of
commercial airliners), you would raise the maximum efficiency to better than 0.8!
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68. ORGANIZE AND PLAN In a Camot cycle, the efficiency is one minus the temperaiure ratio between the cold and
hot reservoirs. T
Known: T, =26°C; e, =0.5. C \ C
SOLVE The Carnot efficiency is: 7 = o % "‘7 Y - ,%_/

o f‘\‘

€ =]- I

Carnot T,

which we can rewrite for to calculate the maximum temperature:
p (2042713 )

/77_%”\¢
7=t - 152000— =~ (00 X

1 - eCamot

REFLECT When the Carnot ciﬁﬁiﬁ’“}i‘,‘_’y 15 8.5, the hot reservoir 15 twice the temperature of

the cold reservoir. C
\(\
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89.0RGANIZE AND PLAN We will assume that the power plant operates at the maximum

thermodynamic efficiency, i.e., the efficiency of a Carnot cycle, where the efficiency is

one minus the temperature ratio between the cold and hot reservoirs. The power produced

is proportional to the efficiency, so from knowing the winter production and both the

winter and summer efficiencies we can calculate the summer production.

Known: T, =310°C, P, =650 MW, T, =0°C; T =38°C.

winter L summer

~ Y
Tw_’s\o L

SOLVE (a) The theoretical maximum winter efficiency is: :
@ m winterefficency is._s> ¢ 93
Cop g, =1 ey NTET T 539
Carnot, winter o
: T, {310°C)
. . T A TR
{(b) The theoretical maximum summer efficiency is:
(3 goc)"‘v 2_13
eCamut,summer =1- G =1- ( 0 =0.466
7, (31 c;.):{ 13

'The production is proportional to efficiency, so comparing the winter and summer
numbers we must have:

UMW = oo

inger € ugnmor

If we assume that the efficiencies are the Carnot efficiencies, we have:
P P

winter . suttiner

e(:amm,wimEf eC«amot,st.\mmer
€ (0.466)

P — Carmot, summer

stEmer . Winier = {1y AN
(0:532)

~ Camot,winter

(650 MW) = 570 MW
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71.ORGANIZE AND PLAN  The coefficient of performance of a refrigerator 1s the heat removed
divided by the required work.
Known: COP=3.8, P=600W.
SOLVE The refrigerator can remove heat at a rate:

Q&':COPE?- =COPx P ={3.8)(600 W) =23 k/s

SUATANY 1,}(: — %

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

3

WV
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65.

P21
(=T

OrcaNIZE 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. e
Known: @, =1700MI; 0, =1100 MJ; 1 =15. 1
SOLVE (a) The work done is: Wy WA \g\ U f

W =0, ~ Q. =(1700 MJ) - (1100 MJ) = 600 MJ
The eificiency is ihe power plani is:

o, oMy

wo_(00M) o U/,

{(b) The rate of electrical energy produced, i.e., the electrical power 1s:

PZE{—:M:&)OMW

t {1s)

REFLECT If the nuclear power plant is close to a city, the waste heat could instead be
used to heat thousands of homes.
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72. ORGANIZE AND PLAN  The coefficient of performance of a refrigerator (to
// which we count air-conditioning systems) is the heat removed divided by the
required work.
Lo Koown: cop=32 =m0 w, =268,
SoLvE The electrical energy (required work) consumed in 24 h is:

W=Pr=(1200W)24h)=10x10°T 2+ D=2 %
The amount of heat removed from the house is: \SL
- ¢
O, =COPxW ={3.Z){LOX10F J}=33x10° ] ) QO P2 W

REFLECT The higher the COP, the larger the amount of heat removed.
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ORGANIZE AND PLAN  The coefficient of performance (COP) of a heat pump equals the
heat delivered divided by the electrical energy used. This means that with a heat pump,
the required electrical energy is reduced by a tactor that equals the COP.

Krnown: ¢=%180,COP=3.1.

SOLVE The monthly heating bill after installing a heat pump is:

¢ {3180}

—— =458 %\—L—ﬂ“ﬁ‘_
coP  (3.1) i ~

R

~.

13

R

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.
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"The Laws of Thermodynamics 14.23

Examples of micro and macrostates for 5 and 6 molecules

Microstates (32 total) Macrostates Probability of macrostate
z@gi 5 . 0 1/32=0.03
RN I Kl X R R TR
e, T a|[e el e’e |, wells T o]
SreSee e et [G1a] tee-on
66 le o " |lleae ®lle | %sile® | e ;
z :; @: ® ®E%§ iizs * ®59% % ﬁiﬁ% _ 5 L3 10/32 = 0.31
S R | R R I |
R R R IR IS N EU T s132=016
120 015 1/32 = 0.03
Microstates (64 total) Macrostates  Probability of macrostate

ees | 1/64 = 0.02

mf@ ooe 1Ree, IRee ° llosel “loe” o 501! 6/64 = 0.09
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[aea™® [Pucie” o o1 2 Hloe” ol[*e e ellos " 42 15/64 = 0.23
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77. ORGANIZE AND PLAN  We will sum all probabilities.
Known: Figure in solution to Problem 76.
SOLVE (a) The sum of all probabilities are:

15 10 10 5 1 32

(b) The sum of all probabilities are:

1 6 15 20 15 6 1 o4

REFLECT If you sum the ratios rather than the rounded-off decimal numbers you are
guaranteed to get a sum that equals 1.
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Chapter 14

78,

ORGANIZE AND PLAN  The entropy is Boltzmann’s number muitiplied with the logarithm
of the number of microstates in each macrostate.

Known: Figure in solution to Problem 76.

SOLVE (a) The entropy of the macrostates with 5 molecules on one side and 0 on the
other side is:

S=k,ln{1)=0
The entropy of the macrostates with 4 molecules on one side and 1 on the other side is:
§=k;In(5)=222x10%
The entropy of the macrostates with 3 molecules on one side and 2 on the other side 1s:
S =k, In(10)=3.18x1072
(b) The entropy of the macrostates with 6 molecules on one side and 0 on the other side is:
8=kyIn(1)=0
The entropy of the macrostates with 5 molecules on one side and 1 on the other side is:
8=l In{6)=247x10%
The entropy of the macrostates with 4 molecules on one side and 2 on the other side is:
8§ =k In(15)=3.74x1073
The entropy of the macrostate with 3 molecules on either side is:
S =k, In(20)=414x102

REFLECT The larger the number of microstates in a macrostate, the larger the entropy of
the macrostate.
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98. ORGANIZE AND PLAN The entropy change of a system 1s the heat flow into the
system divided by the temperature. The net entropy produced is the sum of the entropy

" change of all systems.

Known: AU =2800 keal; e =25%; T, =37°C; T, =30°C; T, =20°C.

SOLVE (a) The heat flow out of the body’s core is:

Q=(1-e)AU = (1-25%){2800 keal}=2.1x10° keal =8.8x10°J
‘The entropy change i the body’s core is:

-0 _~(88x10°7)

AS = =-2.8x10% JK
T (570)
The entrony change in the outer skin i
8.8x10°J
AS,, =2 _B8AC) g 00
Ty (30°C)

The net entropy production in this process is:

AS,, +AS,, =(-2.8x10* FK)+{2.9x10° J/K)=6.5x10% J/K %

(b) When the heat is radiated away, the entropy change in the skin is:

-0 (-88x10¢1)

ASy, == = -29%10% JK
L. (30°C)
The entropy change when in the air 1s:
8.8x10°7J
as, - 2 B80T ek
T.  {20°C)

The additional entropy produced when the heat is radiated away 1s:

AS . +AS; =(-2.9x10* JK)+(3.0x10% J/K) =9.9x10% /K %

REFLECT The net entropy change of the entire process 1s:

A8, +AS, =(-2.8x10* JK}+(3.0x10* K} =1.6x10° VK




