Chapter 18

5. (a) Let the reading on the Celsius scale be x and the reading on the Fahrenheit scale be
y. Then y=2 x+32. For x =-71°C, this gives y = -96°F.

(b) The relationship between y and x may be inverted to yield x=2(y-32). Thus, fory
= 134 we find x ~ 56.7 on the Celsius scale.

12. The volume at 30°C is given by

V=V (L+ SAT) =V (14 3AT) = (50.00cm®)[L+ 3(29.00 x 10~° / C°) (30.00°C — 60.00°C)]
=49.87cm®

where we have used S = 3.

32. While the sample is in its liquid phase, its temperature change (in absolute values) is
| AT | =30 °C. Thus, with m = 0.40 kg, the absolute value of Eq. 18-14 leads to

|Q] = cm|AT| = (3000)(0.40)(30) = 36000 J .

The rate (which is constant) is P = |Q| /t = 36000/40 = 900 J/min, which is equivalent to
15 Watts.

(a) During the next 30 minutes, a phase change occurs which is described by Eg. 18-16:
|Q| =Pt =(900 J/min)(30 min) =27000J= Lm.
Thus, with m = 0.40 kg, we find L = 67500 J/kg ~ 68 kJ/Kg.

(b) During the final 20 minutes, the sample is solid and undergoes a temperature change
(in absolute values) of | AT | = 20 C°. Now, the absolute value of Eq. 18-14 leads to

Q] Pt (900)(20)

_ kJ
C=mI|AT| T mAT| " (0.40)(20)

kglco .

— J
= 2250 [ ~ 2.3

45. Over a cycle, the internal energy is the same at the beginning and end, so the heat Q
absorbed equals the work done: Q = W. Over the portion of the cycle from A to B the
pressure p is a linear function of the volume V and we may write
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where the coefficients were chosen so that p = 10 Pa when V = 1.0 m® and p = 30 Pa
when V = 4.0 m*. The work done by the gas during this portion of the cycle is

[ pav = I4(E+§V)dv :(Ev +1—v2j
! (373 33
(40 160 10 10

e N 1J=604,
3 3 3 3
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The BC portion of the cycle is at constant pressure and the work done by the gas is
Wegc = pAV = (30 Pa)(1.0 m®* - 4.0 m®) = -90 J.

The CA portion of the cycle is at constant volume, so no work is done. The total work
done by the gas is W = Wag + Wgc + Wea =60 J —90 J + 0 = -30 J and the total heat
absorbed is Q = W = =30 J. This means the gas loses 30 J of energy in the form of heat.

51. The rate of heat flow is given by

b _aTiTe

cond
L

where k is the thermal conductivity of copper (401 W/m-K), A is the cross-sectional area
(in a plane perpendicular to the flow), L is the distance along the direction of flow
between the points where the temperature is Ty and T¢. Thus,

(401W/m-K)(90.0x10™* m*)(125°C ~10.0°C)

) 4 = =1.66 x 10° J/s.
0.250m

The thermal conductivity is found in Table 18-6 of the text. Recall that a change in
Kelvin temperature is numerically equivalent to a change on the Celsius scale.

57. (a) We use

Fyond = A;ztzzi.i}.z;l

C

with the conductivity of glass given in Table 18-6 as 1.0 W/m-K. We choose to use the
Celsius scale for the temperature: a temperature difference of
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T, —T, = 72°F —(=20°F) =92 °F

is equivalent to $(92) =51.1C°. This, in turn, is equal to 51.1 K since a change in Kelvin
temperature is entirely equivalent to a Celsius change. Thus,

51.1°C

P T, -Te _
3.0x10°m

cond — k

(1.0W/m-K)(

j=1.7><104 W/ m?,

(b) The energy now passes in succession through 3 layers, one of air and two of glass.
The heat transfer rate P is the same in each layer and is given by

_AT-T)

P =
cond ZL/k

where the sum in the denominator is over the layers. If Ly is the thickness of a glass layer,
La is the thickness of the air layer, kg is the thermal conductivity of glass, and ka is the
thermal conductivity of air, then the denominator is

L 2L, [ 2Lk + Lk,
kK kK K.k,

Therefore, the heat conducted per unit area occurs at the following rate:

(Ty ~Te Kok, (51.1°C)(0.026 W/m-K)(1.0W/m - K)

cond __ —

A 2Lk Lk, 2(3.0x10°m)(0.026W/m-K)+(0.075m)(LOW/m-K)
=18W/m?.




