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Chapter 9 Solutions 

  

 

1. a) The heat transfer rate is 
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In 1 hour, the total energy is 
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b)  Between the end on the left of the rod and the place 10 cm from this end, the length 

is 10 cm. As P is the same everywhere in the rod, we must have, for the small 

10 cm part of the rod,  
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Since one end is at 100°C, a difference of 5°C means that the temperature at 10 cm 

from the end is 95°C. 

 

 

 

2. We have 
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3. a)  

Since the heat that passes through rod 1 must then pass through rod 2, the values 

of P must be identical for both rods. 

 

For the 1st rod, we have 
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where Tj is the temperature at the junction of the rods. For rod 2, we have 
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Since the P’s are equal, we have 
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b)  

 

The transfer rate can be found by looking at any of the 2 rods. Let’s take rod 1. 
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4. Since the heat that passes through rod 1 must then pass through rod 2, the values of 

P must be identical for both rods. 

 

For the 1st rod, we have 
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where Tj is the temperature at the junction of the rods. For rod 2, we have 
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Since the P’s are equal, we have 
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5. a) We have 
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b) Since the power that passes through the 1st pane must then pass through the air 

space and then into the 2nd pane, the values of P must be the same for the windows 

and the air space. 
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For the 1st pane (the inside one), we have  
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where Tj1 is the temperature at the junction between the 1st pane and the air between 

the panes. For the air space, we have 
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where Tj2  is the temperature at the junction between the air between the panes and 

the 2nd pane. For the 2nd pane, we have 
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Since the P’s are equal, we have, for the 2 panes of glass, 
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and for the air and the 2nd pane 
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Let’s solve for Tj1 in the first equation 
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and use this value in the 2nd equation. 
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With the values, we obtain 
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The power passing through the 1st pane is therefore 
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It’s a pretty good reduction compared to the 1526 W without the air layer! 

 

 

6. The wavelength of the peak is 
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It’s in the infrared part of the spectrum. 
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7. We have 
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8. The power is 
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This is about 2500 times brighter than the Sun. 

 

 

9. a) The power is 
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(That’s the same power as riding a bike with a small sustained effort.)  

 

b) The power is 
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(This is equivalent to a very sustained effort. Go on a stationary bike that displays 

the power and try to reach that power...) 

 

 

10. The temperature is found from the power with 
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To find it, we need to find the area of the filament. 

 

The filament is a cylinder whose area is (neglecting the ends) 
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11. The equilibrium temperature of the Earth is given by 
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where Q is given by  
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and where I is the intensity of the radiation arriving from the Sun. This intensity is 
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When the Earth is at perihelion, the intensity of the radiation is 
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The value of Q is then 
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and the equilibrium temperature is 
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When the Earth is at aphelion, the intensity of the radiation is 
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The value of Q is then 
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The temperature difference is therefore 

 

256.74 K – 252.48 K = 4.26 K 

 

 

12. The equilibrium temperature of the Earth is given by 
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where Q is given by  
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and where I is the intensity of the radiation arriving from the Sun. This intensity will 
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The value of Q will then be 
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and the equilibrium temperature will be 
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Since the equilibrium temperature is 254.58 K now, this corresponds to an increase of 

6.14 °C. 

 

 

13. The equilibrium temperature of the Earth is given by 
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If we want the temperature to be 273.15 K, we must have 
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14. The equilibrium temperature of the Earth is given by 
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If we want the temperature to be 353.15 K, we must have 
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This means that the intensity received should be 
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To receive this intensity, we must have 
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That's about half the current distance. 

 

 

 

15. The average temperature would be 
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16. For the Earth’s temperature to be 323.15 K, we must have 
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17. a) The equilibrium temperature of Mars is given by 
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where Q is given by  
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and where I is the intensity of the radiation arriving from the Sun. This intensity is 
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The value of Q on Mars is therefore 
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Since there is no greenhouse effect, this temperature is the true average temperature 

on Mars. 

 

 

b) With the new atmosphere, we have 
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18. If we want the average temperature to be 278.15 K, we must have 
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We must therefore have 
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19. If the absorption coefficient is 0.71, then the transmission coefficient is 0.29. With 
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20. In 1850, the temperature was 286.75 K. The value of ε must therefore have been 
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In 2023, the temperature was 287.95 K. The value of ε must therefore have been 
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The value of ε has therefore increased from 0.7045 to 0.7201. 

 

 

21. At 1000 ppm, the radiative forcing would be 
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The temperature increase would then be 

 
²

2

²
²

0.55

0.55 6.85

3.8

Cm
COW

Cm W
W m

T F

C

°

°

∆ ≈ ⋅∆

≈ ⋅

≈ °

 

 

 

22. As 41% of emissions remain in the atmosphere, the amount of carbon added will be 
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The temperature increase would be 
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23. With a temperature of 20°C, the warming is 6.4°C compared to pre-industrial 

temperatures. This corresponds to a radiative forcing of 
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To have such a forcing, the concentration of CO2 should be 
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24. The temperature of the Earth is given by 
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If we want the temperature to be the same in 1850 and 2023, we have 
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We then have 
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25. Since each kWh generates 0.68 kg of CO2, the amount of CO2 produced is 
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These 75 million tonnes of CO2 correspond to  

 

12
75 20

44
Mt Mt⋅ =  

 

of carbon. That’s nearly 0.2% of all the carbon emitted. 

 

 

26. a) The force made on 1 m² is 

 

101300 1 ²

101300

F PA

Pa m

N

=

= ⋅

=

 

  

b) The weight of the atmosphere above 1 m² is therefore 101 300 N. The mass of this 

weight is 

 

101300 9.8

10 337

N
kg

F mg

N m

m kg

=

= ⋅

=

 

 

c) If the radius of the Earth is 6371 km, then its surface is 
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( )

2

2
6

14 2

4

4 6.371 10

5.1 10

A r

m

m

π

π

=

= ⋅ ×

= ×

 

 

Since there are 10 337 kg for each m², the total mass is 

 
14

²

18

10 337 5.1 10 ²

5.3 10

kg

tot m
m m

kg

= ⋅ ×

= ×
 

 

d) If the atmosphere was 90 times more massive, then its mass was 

 
18 2090 5.3 10 4.8 10kg kg⋅ × = ×  

 

e) If 95% of this mass was CO2, then the mass of CO2 was 

 
20 200.95 4.8 10 4.6 10kg kg⋅ × = ×  

 

This corresponds to a mass of carbon of 

 

20 2012
4.6 10 1.2 10

44

120 000 000

kg kg

Gt

⋅ × = ×

=

 

 

 

 


