Chapter 12 Problems TEMP ERATURE AND HEAT

1. @ REASONING AND SOLUTION The difference between these two averages,
expressed in Fahrenheit degrees, is

98.6 °F-98.2 °F = 0.4 F°

Since 1 C° is equal to % F°, we can make the following conversion

(0-4F°)( 1C° )

—— =[02cC°
(9/5)F°)

2. REASONING AND SOLUTION
a. The Kelvin temperature and the temperature on the Celsius scale are related by
Equation 12.1: T = T, + 273.15, where T is the Kelvin temperature and 7 is the Celsius

temperature. Therefore, a temperature of 77 K on the Celsius scale is

T, =T-273.15=77K - 273.15K = [ -196 °C

b. The temperature of —196 °C is 196 Celsius degrees below the ice point of 0 °C. Since
1C° =% F°, this number of Celsius degrees corresponds to

(9 F°
196 c°L-5—° =353 F°
1C

Subtracting 353 Fahrenheit degrees from the ice point of 32.0 °F on the Fahrenheit scale '
gives a Fahrenheit temperature of | =321 °F |. ;

12. REASONING AND SOLUTION ‘
a. The radius of the hole will be |larger | when the plate is heated, because the hole
expands as if it were made of copper.

b. The expansion of the radius is Ar = arjAT. The fractional change in the radius is

Arfry=aAT = (17 x 10 C°")(110 °C - 11 °C) =[ 0.0017




Chapter 12 Problems

19. [SSM][WwwW] REASONING AND SOLUTION Recall that @ =27 /T, Equation 10.6,

where o is the angular frequency of the pendulum and T is the period. Using this fact and
Equation 10.16, we know that the period of the pendulum before the temperature rise is

given by Tj = 27Ly/ g, where Lq is the length of the pendulum. After the temperature

has risen, the period becomes (using Equation 122), T, = ZﬂJEO +aLoAT]/ g.
Dividing these expressions and solving for T, we have

T, =T, {1+ aAT =(2.00005) J1+(19x107/C°) (140 C°) =[2.0027 5 ]

: !
32. REASONING AND SOLUTION Both the coffee and beaker expand as the temperature
increases. For the expansion of the coffee :

AV, =By VAT
and for the expansion of the beaker
AV =Py Vo AT
The excess expansion of the coffee, hence the amount which spills, is
AV = AV - AVp =By — Bp) VAT

AV=[207x107¢ (C°)~1-9.9x1078 (C°)11(0.50x 10~ m3)(92 °C—18 °C)

=|73%x10~% m3




42. REASONING Since there is no heat lost or gained by the system the heat lost by the water
in cooling down must be equal to the heat gained by the thermometer in warming up. The
heat Q lost or gained by a substance is given by Equation 12.4 as Q = cmAT, where ¢ is the

specific heat capac1ty, m is the mass, and AT is the change in temperature. Thus, we have
that

Cu.0 M0 ATHzo = Ciperm My AT, y

Heat lost by water Heat gained by thermometer

AL, -ALp 1.3x10" m
asLn +agly  (23x107 7 X1.0m)+(19x107° c°! )(2.0m)

AT= =21C°

The desired temperature is then
T=28°C+21C°=|49°C

We can use thxs equatlon to ﬁnd the temperature of the water before the insertion of the
thermometer : S -

SOLUTION Solvmg the equatlon above for ATyo, -and using the value of Cy, o from Table
12.2, we have ‘

ATH — cthelm mtherm ATtherm

© 1,0 M™u0
_[8157/(kg-C*))(31.0g)(41.5°C~120°C)

=1.50C°
[4186 1/ (ke -C°) ] (119 8)

The temperature of the water before the insertion of the thermometer was

T =41.5°C +1.50 C°=[43.0°C

43. REASONING AND SOLUTION From Equation 12.4, Q=cmAT, where AT = T - T,
Making this substitution and solving for T gives "

Q+cmT _Q (4.2x103 J/h)(0.50 b)

=4 +— +27.00°C = 27.05°C
em cm . © [4186 J/(kg-C°)](1.0x 103 k)




49. [SSM] REASONING AND SOLUTION According to Equation 12.4, the total heat per
kilogram required to raise the temperature of the water is

Q _ AT =[4186 Ji(kg- C°)] (32.0°C)=1.34x10° J/kg
m .

The mass flow rate, Am/ At, is given by Equations 11.7 and 11.10 as Am/ At=pdv = pQ,,
where p and Q, are the density and volume flow rate, respectively. We have, therefore,

‘Xt" (1.000 x 10° kg/m*)(5.0x 107° 3/s)—50><1o3 ke/s

Therefore, the minimum power rating of the heater must be )

(1.34x10° J/kg)(5.0 x 10~ kgfs)=6.7x 10> Jfs = 6.7x102 W

54. REASONING As the body perspires, heat Q must be added to change the water from the
liquid to the gaseous state. The amount of heat depends on the mass m of the water and the
latent heat of vaporization L., Q =mL _ (Equation 12.5).

SOLUTION The mass of water lost to perspiration is

(240 Calories)( 41867 )

1 Calorie
2.42x10° J/kg

m=£
L

=|0.42kg







61. [SSM| REASONING According to the statement of the problem, the initial state of the
system is comprised of the ice and the steam. From the principle of energy conservation.
the heat lost by the steam equals the heat gained by the ice, or Ogeam = Oce . When the ice
and the steam are brought together, the steam immediately begins losing heat to the ice. An
amount Qo 18 released as the temperature of the steam drops from 130 °C to 100 °C, the

boiling point of water. Then an amount of heat Gatosty is released as the steam condenses
mto liquid water at 100 °C. The remainder of the heat lost by the "steam"” 3(10st) 1s the heat

that is released as the water at 100 °C cools to the equilibrium  temperature of
Teq = 50.0°C. According to Equation 12.4, O (1ost) and O5(10st) are given by

— _ 0 N ; o Ty
Zidlost) Cstcam ,nslcam( steam 100.0 C\’ and Q}(!ost) Lwamrnzstcam ‘\1 00.0 L ]cq 4

(1ost) 18 given by Dolost) = Msteam Loy» Where Ly 1s the latent heat of vaporization of water.
The total heat lost by the steam has three effects on the ice First, a portion of this heat
Ol (gained) 13 used to raise the temperature of the ice to its melting point at 0.00 °C. Then, an

amount of heat P (gained) 15 used to melt the ice completely (we know this because the

problem states that after thermal equilibrium is reached the liquid phase is present at
50.0°C). The remainder of the heat O3(gained) 2ained by the "ice" is used to raise the

temperature of the resulting liquid at 0.0 °C o the fipal equilibrium temperature. According
to Equation 12.4, l(gained) a4 (3(gained) are given by

o) =c,.m_(0.00°C~7 ) and = C e Mo 1y = 0.00 °C)

( d _ C n”' X3 ~ci Wi r .
< 1{gained) i ice 3(ganead) water ]

(gained) 1S 21ven bY (O oained) = Mice Lr, Where Ly is the latent heat of fusion of ice.

SOLUTION
<steam ~ <ice

Crosy + Qagtosyy ¥ Gagiosny = Ql(ga’gncd) +Osgained) + Gagained)

or v .
Csteam Msteam (Lsteam —100.0 °C) + Mgream Ly + CyaterMsteam (100.0 °C ~ L)

o . . — 000 °Y
= CiceMice (0.00 °C — T, )+ Mice Lt + Cwater”’1ce(ch 0.00 *C)

Solving for the ratio of the masses gives

Moteam Cice (0.00 °C =Toep) + Ly + Cwa(er(zéq - 0.00°C)

Mice Csteamn  Jsteam — 1U0.0 °C) = L, + ¢ pq0e, (100.0 °C — Yéq)

[z.oo x10° Jikg- C°)] [0.0 °C — (=10.0°C)]+33.5x 10" J/kg +[4186 J/(kg - C°) §50.0 °C - 0.0 °C)
[2020 J/(kg-C°)] (130 °C—100.0 °C) =22.6 x10° J/kg +[4186 J/(kg - C°) }100.0 °C ~ 50.0 °C)

or



