Chapter 16

Temperature and Heat

Answers to Even-numbered Conceptual Questions

2.

10.

12.

14.

16.

18.

20.

22,

No. The Kelvin temperature is always 273.15 degrees greater than the Celsius
temperature.

No. Heat is not a quantity that one object has more of than another. Heat is the energy
that is transferred between objects of different temperatures.

In this case, the volume within the glass would increase more than the volume of the
mercury would increase. As a result, the mercury level would drop with increasing
temperature.

The mercury level drops at the beginning because the glass is the first to increase its
temperature when it comes into contact with the hot liquid. Therefore, the glass expands
before the mercury, leading to a drop in level. As the mercury rises to the same
temperature a few moments later, its level will increase.

Heating the glass jar and its metal lid to the same higher temperature results in a greater
expansion in the lid than in the glass. As a result, the lid can become loose enough to
turn.

(a) The measurements of the tape measure are too long, because the distance between tick
marks on the measure has decreased. Therefore, the cool tape measure shows more tick
marks between two points than should be the case.

As the temperature of the house decreases, the length of the various pieces of wood from
which it is constructed will decrease as well. As the house adjusts to these changing
lengths, it will often creak or groan.

The rod will be firmly wedged in the ring. Recall that the cool rod starts out fitting snugly
inside the hot ring. As the ring and the rod come to room temperature, the ring shrinks
and the rod expands. The result is a very tight fit.

The final temperature will be considerably closer to the initial water temperature, 7, than
to the initial alcohol temperature, 7,. The reason is that as heat flows from the water to the
alcohol, the temperature of the alcohol increases more rapidly than the temperature of the
water decreases. It follows that when the alcohol and water have the same temperature, it
will be a temperature closer to the initial temperature of the water.

This could happen if the objects have the same mass but different specific heats.
Similarly, it could happen if the objects have the same specific heat but different masses.
Bottom line: The objects must have different heat capacities.

Both the metal and the wood are at a lower temperature than your skin. Therefore, heat
will flow from your skin to both the metal and the wood. The metal feels cooler, however,
because it has a greater thermal conductivity. This allows the heat from your skin to flow
to a larger effective volume than is the case with the wood.
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24, As the ground warms up during the day, the ground of the surrounding suburbs warms up
faster, since it has a smaller specific heat. This would lead to a wind blowing from the
city to the suburbs. Of course, if the city is warmer than the suburbs — due to factories and
cars — then the winds would blow into the city instead.

26. The paper is burned on the wooden half of the rod. The reason is that as we hold the rod
over the flame, the heat it gives to the rod is conducted over a large volume on the metal
side — because of its high thermal conductivity — but is concentrated in a small volume on
the wood side. This concentration of heat in the wood results in a greater increase in
temperature, and the paper being burned.

28. (e) The only factor in this list that does not affect the rate of heat flow is the specific heat
of the slab.

30. Updrafts are generally caused by different areas of the ground heating up at different rates
on a sunny day. When skydiving, for example, it is common to experience more of an
updraft when you are descending over a plowed field than when you are over a field of
grass.

32. The soup with the metal spoon in it has the lower temperature. This is due to the fact that
heat conducts readily from the soup into the metal spoon, and then from the spoon into the
cool surrounding air.

34, When people huddle together, their rate of heat production is the same, but the surface
area over which this heat is radiated to the surroundings is decreased. This results in the
people being warmer.

36. The hollow fibers of hair are effective insulators because the gas within the fibers has a

low thermal conductivity. This is analogous to double-pane windows, which trap a layer
of gas between the panes for a greatly enhanced insulating effect.

Solutions to Problems
1. TFzzog(—89.2°C)+32°F: —128.6°F
5°C
2. T = 4500°F —32°F) =| 2500°C
e=25 )
5°C 5°C
- @) T =| 2= |(Tx -32 °F)=| =— [(98.6 °F—32 °F) =| 37.0 °C
c=| 5o | T 32D =| S5 [ )=[370°C|
(b) T=T-+273.15K=37K+273.15K =|3102 K
T; —[BO—F)(T—ZB 15)°C+32 °F—(2O—F)(l 0—273.15)°C+32 °F =| —458 °F
F={5°C ' 50C ) '
. (@) T =T-273.15K=6000K—-273.15K =| 5727 °C
9 °F
) T :(——j 5727 °C)+32 °F =| 10,340 °F
F=| 5o 6727 °0)

w

=

wn
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ATy _ 35 °F
6. (a) AT =—TF = —-19 °C
©18E 182

o"\—n

(b) AT =ATx =[19°C

7. () rate=—20KP2 5956 KPR
376.15 C° C°

P= 950kPa+(025256ﬁj(500°C 103°C)— 81.6kPa

(b) P =P +(rate)(T—T)

P-P, —-95.
rogy PR g ec, 15 KPa=95.0KPa _men o

rate 0.252561%3

_ 86.4 kPa —80.3 kPa 0305 kPa
10.0 °C—(-10.0 °C) ce

P-FR - 86.
T=Ty+ 0 _ 10,000 22864 KPa _oee

rate 0.305 %

kPa

Chapter 16: Temperature and Heat

(b) B = By +(rate)(T —Ty) = 86.4 kPa +(0 305 —j (0-10.0 °C) =] 83.4 kPa

B3 =86.4 kPa+| 0.305 — ((100 °C~10.0 °C) =| 114 kPa
: (0308 2 ) )= [T ee

(¢) [Different gases have different pressures at any given temperature, so the values for part (b) could be |

different. However, all gases extend down to zero pressure at the same temperature, so the answer to part (a)]

should be the same|

- 24.5
At 2.0 min min

Fe 1 min 1K
245 — =10.23 K/s
[ )(WJ[WJ

AT _45°F—(-4.0°F)  _ F°

10. Tp=[= (T 273.15)°C +32°F
T —459.67°F
(Tr —32°F)+273.15 K

Tr +25537K
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11.

12.

13.

14.

15.

16.

Set 7 =T and drop the units.

%T—459.67 = §T+ 255.37

S 1 _715.04
45
7=[5746
rate = 227 MmHE _ o (¢33 MmHe
373.15 C° ce
P-P 162 mmHg — 227 mmH
T =1y + 2250 _ 10 oc 4 162 mmHe 7Hmm £_[Z685°C
rate 0.60833 mrgo
AL = aLyAT
T=Ty+
OfLO
3ecs 0.50 ft

(24x107°K (1073 f)

-]

AL = aLyAT = (1.2x107° (C°)~")(3910 m)[30.0 °C —(=5.00 °C)] =

Physics: An Introduction

(@) d'=d+adAT =d(1+eAT)=(1.178 cm)[1+(24x10*6K‘1)(199.OOC— 23.00°C)J =[1.183 cm

(b) d'=d+adAT
d'—d
ad

AT =

d'—d o 1.176 cm—1.178 cm S
T=Ty+=—==23.00°C+ =| —48°C |

a (24x107°K71)(1.178 em)

(a) The ring should be . Imagine that the ring is cut and “unrolled”. It would be a rectangle. If the
rectangle is heated, it would expand along its length and width. Its length is the circumference of the ring.
Since the length of the rectangle increases, the circumference of the circle increases, and therefore, so does its

diameter.

(b) L=C=nd
AL = AC = 7Ad
mAd = a(ndy)AT

A 4.040 cm - 4.
T =T+ _1000°cr—+040em-4000em 7550

ad) (2.4x107 (C°)1)(4.000 cm)

(@ L=C=nd
AL = AC = 71Ad
7Ad = a(rdy)AT

Ad 2.199 cm—2.196 cm
T=T+——=1225°C+ =|80°C
o

ady (1.9x107° K~ 1)(2.196 cm)
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Ad (2.196 cm —2.199 cm)
by T=Ty+——=12.25°C+ =|-100°C
w71

(12x107°K1)(2.199 cm)

17. The volume of spilled gasoline = AV,,q — AV -

gas
AVgas —AViank = (ﬂgasVO = BrankV0)AT
= (ﬂgas = Prank WoAT
=(9.5x1074(C°) 1 =3.6x107>(C°)1)(51 L)(25 °C-5.0 °C)

[o5 1]

18. Adcu = aCudoAT
Adst = astdoAT
Adst - AdCu = (ast —acCu )dOAT
=(1.73x107>(C°) ™' =1.70x1073 (C°) 1) (8.0 in.)(610 °C — 22 °C)

~[o00rd ]

19. (a) has the larger coefficient of volumetric expansion, therefore, the aluminum cube will enclose a
greater volume.
(b) AV = BaoAT
AVey = PeuVoAT
AVa1 = AVey = (Bai = e WoAT
= (7.2x1072(C°) 1 =5.1x107>(C°) 1), (95 °C - 23 °C)

Lo

20. AV = BVyAT
T:TO +ﬂ
B

%ﬁ(r + Ar)3 —%ﬂ'l"
4 _ 3
ﬂ(gﬂr )
(1.3 cm+0.010 cm)® — (1.3 cm)®
(5.1x107° (€ H1.3 em)?

ST

21. (a) Because water has a larger coefficient of volumetric expansion, its volume will increase more than the
volume of the aluminum sauce pan. Therefore, [water will overflow] from the pan.

3

—T0+

=22°C+

(b) AV, —AVp = (By = BaVOAT

2
=(2.1x107*(Cc°) 1 =7.2x107° (Co)l){ﬁ(m%j (6.0 cm)](SS °C-19 °C)

=|24 cm3

4 C 3600 s
22. | 2.6x107* —— (75 kg)(8.0 h =[560C
(2ot S Joskorson (2]
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:E “1.5min J{ 60 s kcal
Your power output is [120 W] or 0.16 hp].

. -3
23 p AE_(2.5kcalj(lmmJ(4186J]:(“63W)(1.341><V1Vo hp]=0.16hp

24, W=FAy
=mgh
=12 1b)(1.5 ft)

8 1oy M| 448N 1C
3.281ft b {4186 N-m

=5.83x107 C

120C€ 15 %10

reps = ——————=
5.83x10™° C

25. (a) W =mgh=2(0.95 kg)[ 9.81 EZJ (0.48 m) =8.95 J
S

10¢2 (8.957)=|1.4x1073 C°
6200 J

(b) Fahrenheit degrees are smaller, so the answer in Fahrenheit degrees would be [greater].

9—F(1.44><10_3 C°)=|2.6x107 F°
5C°

2. [621] 1S )-1481x102 &
s )\ 4186] S

230 C [ lh j:
3600 s

1.481x10*2g

(c) ATF =

27. OQ=mcAT

T=T0 -|—2
mc

=25.0°C+ 63.01

J
(0.128 kg)(900 kg—K)

=[255°C
J
28. O =mcAT =(0.055 kg)| 837 —— |(15°C) =] 0.69 kJ
T

29. Because an apple is mostly water, use the specific heat of water to approximate that for an apple.

J
=mcAT =(0.13 kg)| 4186—— [(35°C—-15°C)=| 11kJ
0-mesr = @13k 186 L | )=
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Physics: An Introduction

lmvz) 2 250 m)2

1 L(,
30 AT:Q:&:L:_
mc mc 4c 4(128 ke K

mc

31 (a) Oag+0y =0
=mpgCag (T —Tpg) +mycy (T —Ty,)
0.220 k (4186 ) 18°C - 25°C
mycy Ty =T) _ ! ( 040 kg
(234

mMpe =
¢ Cag (T - TAg)
(b) Copper has a higher specific heat, so the required number of pellets .

460 pellets| are needed.
)(18°c 25°C)

r (0220 kg)(4186
(387

)(250(: 85°C)

=0.278 kg

(C) mCu — chW (TW
cou (T =Tcy) )(25°c 85°C)

80 pellets| are needed.

32. Op,+0, =0
= mpycpy (T —Tpp) + mycy, (T =T,)
=T (mppCpp, + My, Cy ) — (Mpycpp Tpp +myc

T= mpy,Cpp Ipp + My Cy Ty
Mpp Cpp + My Cyy
(0223 kg)(128 )(83 2°C)+(0.178 kg)(4186 )(24 5°C)
(0.223 kg)(128 )+(0 178 kg)(4186 )

57

Ty)

33. (a) C=
AT 12 °C
(M) c= 0 _ 22007 =| 0.96 ki/(kg-K) |
mAT ~ (0.190 kg)(12 °C)
9.81 ™ (5.43 m)
9 _K Umghgh( sz)
34. AT = — === :-0.416 °C
mc mc mc mc ¢ 128 ﬁ -
Oop + 9w +9a1 =0
0= mObCObATOb + mWCWAT + mAICAlATAl
cop = Cw (T —T)+mpjca1 (T —T)
moy (T —Top)
(0 103 kg)(4186 )(20 0°C—22.0 °C)+(0.155 kg)(900 )(20 0°C—-22.0 °C)
(0.0380 kg)(22.0 °C —100 °C)

=1385J/(kg-K)
The object is made of .
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36. (8 Q,+0, =0
:mhch(T_Th)+mwcw(T_Tw)
=T (mycy +mwcw)—(mhchTh +mwchw)
mycp Iy +my ey Ty

T:
myCp + My, Cy,

(00 kg)(448 )(450 °C)+(25 kg)(4186

)(23 °C)

SEXS

(0.50 kg)(448 )+(25 kg)(4186

(b) 1 kg of lead has less heat capacity [1 kgx128 ﬁ
g .

0.50 kgx 448 1 .
kg-K

37. chp +0Ocof +Derm =0

0= MeupCeup (- cup )+ MeopCyy (T —Toop ) + Moy (T =T

wx)

rm)

Physics: An Introduction

J than 0.50 kg of iron

= T[mcupccup +(Meof +Mepm )y 11— [mcupccup Tcup +(meoe Toor + Merm Term )Cw ]

_ MeypCeup T, cup t (meof Toof + Merm Term )ow

MeypCeup + (Meof + Mepm )Cyy

(o 116 kg)(1090 )(24 0 °C)+[(0.225 kg)(80.3 °C) +(0.0122 kg)(5.00 °C)](4186 )

(0.116 kg)(1o9o )+(o 225 kg +0.0122 kg)(4186 )

-[5]

O _, (AT i 18C°
38. kA( 7 j (o 84 J(o 85 m)(0.38 )(—0.00SOmJ[

t 0.0050 m

A
40. Py =ec AT T = A—?

AQ (306 C)(4186

39, 2. kA[ALT ) (o 0234 ij(o 85 m)(0.38 m)[&

60

min

I

!

60 s

min

F

O )~ [59 fmin

min

SEET)

At =

m

T W 3 o[ 85°C
41. 0= kA[th—[MS—Kj(lleO )[0_15 )(10 s)=]2.37

ec A(T* -T.*) 0.915(5.67><10*8 Z\’VK4)(1.22m2)[(310.35K)4—(294.95K)4}
2.

Q (AT [ WY j 5 [ 20.0 C° j
42. (a =kA| = |=]0.0234 —— |(0.725 m*)| ——— | ={19.4 J/s
@ =k )OO Gors m

L
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0.0050 m

(b) AT = [QJ(LJ = (19.4 i)
t \ k4 (0.84 % )(0.725 m? v~

43. (@) Qo _ Qa1 Os
t t t

AT AT
~aga 2 Jokea 2L

—A( )(kAlJrkst)

=—d2[ j(kmkst)

7d* AT (kpp + kg

4 ( Qlolal )
t

L=

7(0.0350 m)2(118°C—20.0°C)(217 W +16.3 %)

4(27.5 g)

(b) decreases by a factor of 2|

Qtotal _ QCu + QPb
t t t

AT
kCuACu[ j"'kaAPb[ 7 j
T 2 V4 2 AT
= kg | Zdeg |+ k| Zdpy? | |[ A5
{C“(At C“j Pb(4 o MLJ
0 4L 2 2
[%al T =kcudcy” +kpydpy

Qtotal 2
deu = \/kCu K i J( AT) k"bd"b}

44.

Chapter 16: Temperature and Heat

- W
395 %

SELE

JKBQi) 4(0.750 m) }_(3
s ) (112 °C=21.0 °C)

w

43 —j(0.0260 m)z}
m-°C

45. (a) The temperature of the junction is 54 °C. Since lead has a smaller thermal conductivity than
copper, it must have a greater temperature difference across it to have the same heat flow.

ATy

Q—141

=kcyAcy = (395 W
Cu m-K

ATg, =8.3 C°=106°C—T

®) (0.525 m)

351
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Chapter 16: Temperature and Heat Physics: An Introduction

46. (a) [The rate of flow of heat through both rods is the same]

AT, ATq
(b) k- 20AL kaA_Pb
Lp Lpy,

AW
kap \[ ATy 217 % [80.0°C—50.0°Cj
La =|=AL | Z2Al -~ 14cm=-89cm
Al (kaJ[ATPb 71343 W (50.0°C-20.0°C (14 m)

47. O_Ds

t t
A 87 °C-24°C vy Tp3—24 °C
95 cm 23 cm
23 ch(63 °C)
cm

Ty3 =24 °C+15 °C

SEXd

4 4 4 4
8 A :eO'A(T14 TS4):[(273.15+95) K]4 [(273.15+23) K]4 :
P ec ATy -TY) [(273.15+25) KI* —[(273.15+23) K]

T23—24 OC:[

49. P=kA [Mj = k(2L2)(£ EYIIN:
L 3L) 3

AT 3 9
a) P, =k(I*)| == |=2kIAT =| =P
TN CAR VL

AT
M) B = k(6L2)(Tj = 6kLAT =

50. length
AL = aLyAT = (1.2x107> (C°)™1)(10.0 m)(20.0 °C—872 °C) =—0.10 m
L'=Ly+AL=100m-0.10 m =

width
L'=2.03m+(1.2x107>(C°)")(2.03 m)(20.0 °C —872°C) =
height

L'=0.254 m+(1.2x107° (C°)"1)(0.254 m)(20.0 °C—872 °C) =

The dimensions of the cooled steel sheet are 25.1 cmx2.01 mx9.9 m.

51. The differing final temperatures may be due to differences in jmass and/or specific heat. To explain, we look at
the specific heat equation, Q = mcAT. For the same Q and different ATs, m and/or ¢ must be different. If the

objects have the same mass, then their specific heats must differ. If they have the same specific heats, then their
masses must differ. The following must be satisfied:
0 =m AT = mycy AT,

ATi _ myCy

ATZ mc,
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9 F°
52. (a) Ty =| ——|(1500°C)+32 =| 2700°F
w 7= 25 Joswoo
(b) T =1500°C+273.15=|1800 K

53. (a) Q=mcAT = pVeAT

(120 K2 (1.00 m*)| 1004 I a0 C°)=|1.30x10° J
m> kg-K

(b) Q=(1000 k—gj(l.oo m3)(4186 ﬁj(l.oo C°)=|4.19x10° J
g.

m3

This is |bigger by a factor of 3000).

54. (a) E=Pt= (22 i) (3600 s) =79.2 kJ
S

E =mgh = (65 kg)(9.81 m/s’ )(0.21 m) =134 J/step

79,200 J
number of steps = ———— =| 590 steps
P =134 Jiton

by ar-2 - 79,200 J _I7C

me (1.4 kg)](4186 ﬁ)

s ln[ N j__6290K
5.63x10'° T
T:Lolizzggl(
In 185><W:0
5.63x10"°

90

F
Tr = 298.6 K—-273.2 K)+32=| 78°F
=2 13275

56. (a) Since heat is transferred at the same rate for the same amount of time to the water and the mystery material,
each material has absorbed the same amount of heat.
0 =mcy ATy, = mcAT

AT,
C = C.
(AT} "

_[1B3C g6
61 C° kg K
—8.9x10% )

kg-K
cal =900 J/kg-°C, so the mystery material is likely .

J o
0 megar, (0150 kg)(4186 @)(13 )

AL A 2.5 min)(“, Sj
min

SEZ

(b)
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57. (a) For small oscillations, the period of a pendulum is 7 =27/L/g. If the temperature increases, L will
increase by AL = aLyAT, therefore, the period will fincrease].

(b) AL =aLyAT =(1.200x107 (C°)~1)(0.9500 m)(150.0 C°) =| 0.1710 cm

L 0.9500 m
© T =27 |[—=2n |———— =|1.955s
S

T O95171m

e = 27T 9810m 11,957 s |

*2=92810 m/s” at the city of Winnipeg.

58. (a) Because aluminum expands and contracts at a greater rate than steel, the system should be .
(b) ring
= Ay + 2051 4)AT
ZdAl = szIZ + 20(A1 (%dAlszT

di? = dA12 + 20 pd AP AT
bar
d' St = dSt +2aStdSt AT
Set the results for the ring and the bar equal to each other.
da® +20p1d a2 AT = dgi + 2ag,ds, > AT
T ds,” —da”
2apda” - asds,”)
~ (4.040 cm)? — (4.000 cm)?
2[(2.4x1075 (C°) 1) (4.000 em)? —(1.2x1075 (C°)1)(4.040 cm)?]

[se0°c

+T0

+10 °C

59. plate
dg = dy +agds AT
glass marble
dg =dg +a,d, AT
Set the results for the plate and the marble equal to each other.
dSt +0‘Std StAT = dg +agdgAT

dsy —dg 1.000 cm —1.003 cm

= =[350°C
agdy —agdsy  (3.3x107° (C°)71)(1.003 cm)—(1.2x107> (C°)~")(1.000 cm)

AT =
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60. O, =mghs
Qf+Qr+Qw :O:_mgh"'mrcr(T_Tr)+mwcw(T_Tw)

mgh +mc, T, +mycy Ty,

T:
MCp + My, Cyy

(206 kg)(9 81 m)(s 00 m)+ (206 kg)(lOlO )(302°C)+(6 00 m )(1 00x103 kg)(4186 )(155°C)

-[i56C]
61. O =mcAT =mgh

(9.81 %)(72 m)
ar =2

— S — o
c 4186kg%K

(206kg)(1010 )+(600m)(100><103 kg)(4186 )

Q my,cy, AT mScSAT
t t

62. (a)
A
:(mwcw +mscs)T

[(2 1L)( )(4186 )+(0 2 kg)(448 —)}(100 °C—22°C)

) (85m1n)(60 S)

min

SIETT

(b) less time

63. (a) mgh=0Q
e 2
mg
J
_ (825 kcal)(4186 m)

(0.145 kg)(9.81 SL‘;)

=11.54x10° m

®) m? =0

2(525 kcal)<4186 )
B 0.145 kg
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64. Pt =mcAT
. mcAT
P
J o
065 kg)(4186 kg—_K)(s.o )

745.7 1
(0.12 hp) s
hp

1 min
= (152 s)( 60 s j

=[25 min]
0 AT W 5 ( 3.0C°
65. (a =kA| — |=| 0.60 —— |(1.40 =210 W
@ L m-K ( m) 0.012 m

t

(b) 2(210 W) =

The rate of heat transfer is proportional to the temperature difference.

66. (a) Py =ecA(T*-TH

:(1.0)(5.67><10_8 ZW 4j(47r)(7.0><108 m)2[(5500°C +273 K)* — (3 K)*]
m--K
=13.9x10*° W
26
(b) solar conslant=£= 3.9x10 “W >=|14 k_V;/
4 47(1.5%x10"" m) m

67. ALA =aALAAT

ALB = aBLBAT

If AL, —ALg =0, D will not change.

ALA —ALB = 0

=apLAAT —agLgAT
Assuming AT # 0, we have
O=apLlp —aglp
apla =aply
La _op
N

68. For small oscillations, the period of a pendulum is 7, =27/L/g.
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There are (3600 s/h)(12 h) = 43,200 s between 10 P.M. and 10 A.M. So, the time difference is
At = (43,200 s)(1- 7,1+ aAT)

= (43,200 S)|:1—(1.00 s)\/l+(1.9><10_5 (C°)_1)(19.1 °C-23.0 °C)}
=1.6s

The actual time is[9:59:58.4 AM,

69. (a) Since aluminum has a larger coefficient of thermal expansion than steel, the temperature of the system should

be [decreased,.

(b) aluminum sheet

d=d+ aAldAT

steel rod

L'=L+ag LAT

Set d'=1L".

d+apndAT = L+ay, LAT

L-d

oad —agl

AT =

9.99 cm-10.0 cm
(2.4x10*51<‘1 )(10.0 cm)7(1.2><10*51<‘1 )(9.99 cm)

SEES
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70. L=14m
¢ = thickness of the ice
1 =solid water
2 = liquid water
T = temperature at the solid-liquid interface = 0 °C

0 :klA[T;let

,-T
0, =ky4 (L Kj

O=0
hA(T_H)tsz(B_TJt
V4 L—/
ky ky
Sr-ny="2(,-T
E( D) L—f(z )
L—{ ky(T,—T)

t k(@T-T)
L | _k@-T)
£ k(T -1)

L
14 RBD
k(T-T))
14m

1 (060 W)(40°c 0.0 °C)
+

(1.6 W)[0.0 °C—(=5.4°C)]

=|1.1m

71. Ty = the temperature at the left glass-air interface

T, = the temperature at the right glass-air interface

&= = 20T = Ty
From the rate of heat flow per unit area across the glass panes, we have
L-L=5-T

L=0-T4+1

Substitute this result into the equation for air, equate it to that for the right glass pane, and solve for 7.

k k
(L -+ T -T) =", -Ty)
L L

2
n(Pe k) (b k)
Ly L1 L Lz L,
k k
(i+i)n+2n

2k, | k
= + L
L'

Iy =
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Substitute this result into the equation for the right glass pane.

k kz) ks
—+=|++T
o iy n|lirE )BT
At L YL 2Lﬁ+%
2
k| Ky ky
= T
:ﬁTz 1=k b _h| L
I % k|| 2Rk
L, L L, L
2k ko kK
:ﬁTz L L L L _ﬁl kZ
L 2k Ky L kiLy
1 Lt 1 | 2k,
ky
_ﬁTZ L |_p kyky
Ll ZLﬁ + ﬁ 2k2L1 + k1L2
2
Ik 1
:Tz[#}ﬂ n L
2k2L1 +k1L2 kil+k72
1 2
_hL-1
2L L,
ko ky
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