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Transfer Processes of Heat

Practice 3.1 (p. 84)

1
C

A: The fur is not a source of heat. It cannot raise the temperature of the thermometer.


C: The fur can only slow down the rate of heat loss.
2
C
3
C
4

	Material
	Example
	Good conductor
	Good insulator

	Solid

(metal)
	Copper
	(
	

	Solid

(non-metal)
	Plastic
	
	(

	Liquid
	Water
	
	(

	Gas
	Air
	
	(


5
Metal is a good conductor. Hence, when we touch a metal railing, it conducts energy away from our hands quickly and we feel cold. However, plastic is a good insulator. When we touch a plastic railing, only very little energy is conducted away from our hands and so we feel warm.
6
Since fat is a good insulator, the fat of fat people reduces their heat loss by conduction. Hence, fat people feel warmer than thin people in winter.
7
Goose-down in the jacket traps air. Since air is a poor conductor of heat, energy cannot easily escape by conduction. 
8
Since copper is a better conductor of heat than stainless steel, it conducts heat faster and avoid the accumulation of heat at a point. This ensures even heating.
9
(a)
Water is a poor conductor of heat. Heat is conducted slowly from the top of the boiling tube down to the bottom then to the ice.

(b)
We cannot get the same result if we replace the boiling tube by a long metal tube. Since metal is a good conductor of heat, this ensures even heating in the tube. Heat is conducted faster to the ice. The ice melts faster.
10
In conduction, particles vibrate and transfer energy when they collide each other. Since there are very few particle in a vacuum, conduction does not occur in a vacuum.
11
The length and the thickness of the metal rods should be the same, so that the cross-sectional areas and the distance between the two ends are constant.

The ends of the rods should be placed in the same position in the flame so that the temperature difference is constant.
Practice 3.2 (p. 91)
1
A
2
A
3
D
4
The warm air around the light bulb can flow out through the opening.
5
The air trapped in cotton and feathers can prevent heat loss by conduction. However, a hot pan loses energy to the air above it through convection.
6
Since polystyrene is a good insulator, a polystyrene box reduces heat loss to the surroundings by conduction. Moreover, the lid of a polystyrene box reduces heat loss by convection.
7
The formation of convection current is due to the rise and the expansion of hot water, and hot water replaced by cold water coming down. If the heating element of an electric kettle is fixed at the top, the convection current of water cannot form. Heating is more slowly. 
8
In convection, particles of a fluid carry energy from the hot region to the cold region and the particles in the cold region would move along the convection current to the hot region to absorb energy. Since no particles exist in a vacuum, no convection occurs in a vacuum.

Practice 3.3 (p. 100)

1
D
2
C

3
D

4
B

5
C

6
Heat travels from the Sun to the Earth by radiation.

7
It is very cold in the space. In order to reduce heat loss, the spacesuit of astronauts should be silvery in colour.

If it were dull black, astronauts would radiate their energy quickly and become very cold. On the other hand, the temperature of the side facing the Sun would increase rapidly.
8
Light-coloured surfaces are poor radiators of heat because they reflect energy away. The hot air inside the hot air balloon balloons cools down more slowly. This saves fuel.
9
Since black paper is a better absorber of radiation than white paper, snow under the black paper would melt faster than that under the white paper.
Revision exercise 3
Multiple-choice (p. 107)

Section A
1
C

2
A
3
B

4
A
5
C
6
(HKCEE 2005 Paper II Q7)
7
(HKCEE 2005 Paper II Q8)
Section B
8
B
9
C
Conventional (p. 108)

Section A
1
Black surfaces are good absorbers of radiation and get hot under sunlight.
(1A)

There will be a risk of explosion of the fuel in the storage tanks in the case of a high temperature.
(1A)
2
Black surfaces are good absorbers of radiation.
(1A)

It can absorb the radiation from the Sun more effectively.
(1A)
3
Air is a poor conductor of heat.
(1A)

It can reduce the absorption of heat from the outside by the food compartment.
(1A)
4
(a)
Aluminium.
(1A)


(b)
Since aluminium conducts heat better than stainless steel does, it conducts heat to the stainless steel layer faster.
(1A)


This can reduce the accumulation of heat and ensure even heating.
(1A)
5
(a)
Transparent plate is used so that the radiation from the Sun can pass through.
(1A)


(b)
Since a black surface is a good radiation absorber, 
(1A)



a lower plate with a black surface can be heated up by radiation more quickly.
(1A)


The surface should be dull in colour because a dull surface is a better radiation absorber than a shiny surface.
(1A)
6
(a)
It is because radiation from the Sun can pass through car windows.
(1A)


The radiation warms up the air and other materials inside the car. The warm air and materials emit more infra-red radiation which cannot escape through the windows easily.
(1A)



Also, since all windows of the car are closed, the car has no energy loss through convection.
(1A)



Hence, the temperature inside the car rises.


(b)
Put the shield on a car window. Since the shield is shiny, when radiation falls on it, it can reflect the radiation away. Hence, it can reduce the temperature rise in a car.
(1A)
7
(a)
By conduction, heat flows out of a room through windows.
(1A)



For double-glazed windows, in addition to the glass, there is a layer of trapped air.
(1A)



Since air is a good insulator, it further reduces heat loss by conduction.
(1A)



Therefore, double-glazed windows are much more efficient than single-glazed windows.


(b)
Since conduction cannot occur in a vacuum, 
(1A)



a double-glazed window with a vacuum between the panes can stop the heat loss by conduction.
(1A)



Hence, a double-glazed window with a vacuum between the panes performs better than that with air.
(1A)
8
(a)
Radiation.
(1A) 


(b)
Since the specific heat capacity of sea water is much higher than that of sand, 
(1A)



by E = mc(T, even if sea water loses much more energy than that of sand, the temperature drop of sea water can be mile, while that of sand is huge.
(1A)



(Specific heat capacity of sand 
= 835 J kg(1 (C(1


Specific heat capacity of water 
= 4200 J kg(1 (C(1)

(c) 
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(For cold and warm regions.)
(2A) 



(For the label of the movement of air.)
(1A)
Section B
9
(a)
Convection.
(1A) 


(b)
Inside the oven, a convection current is formed.
(1A)



The temperature of the air is different at different points along the convection current.
(1A)



A fan can mix the hot and cold air, so that food can be cooked more evenly.
(1A)


(c)
Vitreous enamel is a good insulator.
(1A) 



It prevents heat loss to the outside of the oven.
(1A) 



(Or it prevents the outside of the oven being too hot to touch.)


(d)
Since a shiny surface is a bad radiation absorber, 
(1A)



it prevents heat loss by radiation.
(1A)
10
(a)
(i)
Radiation.
(1A)



(ii)
Conduction.
(1A)


(b)
When a glass covers the solar water heater, it creates an environment similar to a greenhouse for the heater. 
(1A)



Hence, it raises the temperature of the air near the heater and allows the water inside the heater to absorb more energy.
(1A)

(c)
Black objects are good absorbers of radiation. For black pipes, they can absorb more radiation energy and heat up the water inside to a higher temperature. 
(1A) 


(d)
Copper is more suitable for making pipes 
(1A) 



because energy is transferred from the pipes to water by conduction and copper is a good conductor (while plastic is a good insulator).
(1A)
11
(a)
Dull surface is better absorber and better radiator of radiation than shiny surface.
(1A)



Therefore, shiny surface should face the food when baking because the dull surface outside can absorb more energy and reduce the baking time.
(1A)


(b)
Yes, it is better to change the arrangement in (a).
(1A)



The shiny surface is a poor absorber of heat and a poor radiator.
(1A)



The shiny surface outside can reduce heat loss of the food by radiation and keep the food hot for a longer period of time.
(1A)

(c)
Evaporation takes away energy from the food.
(1A)


The energy taken is the latent heat of vaporization of water.
(1A)


Aluminium foil can reduce the leaving of steam from the food, and thus the heat loss by evaporation.
(1A)



(For effective communication.)
(1C)
12
The steam of herbal tea rises. Glass plates can reduce the heat loss due to evaporation,
(1A)

and the formation of convection current.
(1A)

Cold air from freezers sinks and the food in freezers can be kept frozen even they do not have covers.
(1A)

(For effective communication.)
(1C)
13
(a)
From land to ocean.
(1A)

(b)
Winter monsoon is caused by convection current. Because of the large specific heat capacity of water, the land loses heat more quickly than the sea.
(1A)


Warm air rises above the sea and
(1A)



cool air blows in from the land to replace it. This results in winter monsoon.
(1A)


(For effective communication.)
(1C)
14
(a)
Black ‘fuel effect’ lumps burn and release heat. Hot air inside the fire is heated. It expands and rises.
(1A)


Hot air leaves the fire at A,
(1A)



and is replaced by cold air entered from 
C.
(1A)



The air forms a convection current flowing from C to A.
(1A)

(b)
(i)
Radiation.
(1A)


(ii)
Dull black surface.
(1A)

15
(a)
(i)
Since black bodies absorb radiation better,
(1A)



pipes painted in black heat water in a higher rate. 
(1A)


(ii)
Copper is a good conductor of heat, but plastic is not.
(1A)

(b)
The advantage of using solar panels is that it will not cause pollution to the air.
(1A)



The disadvantage is that it can only be used in day-time and sunny days.
(1A)

(c)
The density of hot water is lower than cold water. Hot water is at the top of the storage tank, while cold water is at the bottom.
(1A)


Therefore, the solar panel takes cold water from the bottom of the storage tank to heat it up. The radiator takes hot water from the top of the storage tank to warm the house.
(1A)
16
(a)
Radiation.
(1A)


The space between the Sun and the Earth is vacuum. Only radiation transfers heat without the need of a medium.
(1A)

(b)
Heat from the body is conducted to the sweat on the skin.
(1A)


The sweat evaporates from the skin and takes away heat.
(1A)


Since the sweat is made of water, the energy lost is the latent heat of vaporization of water. Sweating therefore cools the runner.
(1A)

(c)
Foil blanket traps air.
(1A)



Since air is a poor conductor heat, it reduces heat loss by conduction.
(1A)



Shiny surfaces are poor absorbers and poor radiators of heat.
(1A)



They reduce heat loss by radiation and stop the runner cooling down too quickly.
(1A)

17
(a)
(i)
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(For correct movement of air.)
(1A)



(ii)
Convection.
(1A)



(iii)
The heater heats up the air around it.




The warm air expands, gets less dense and
(1A)




rises.
(1A)




As warm air rises, it cools down gradually 
(1A)




and falls.
(1A)




Then it moves to replace the rising warm air near the heater.
(1A)


(b)
Since shiny objects are poor radiation absorbers and poor radiators, a metal foil, which has shiny surfaces, absorbs and radiates little energy. 
(1A)



Therefore, the metal foil reduces energy transferred to the wall and hence reduces heat loss to the outside.
(1A)


(c)
Any two of the following:
(2A)



Use double-glazed window. 



Paint the walls of the room with light colours. 



Insert insulating materials between layers of the wall. 



Put the heater away from the walls to the outside. 



Replace the metal foil between the wall and the heater with a good insulating material.


Physics in articles (p. 112)

(a)
Convection.
(1A)

(b)
We will feel hot first and then get burnt after a long time.
(1A)


It is because heat is transferred to our hand by convection.
(1A)

(c)
The smaller the size of the hole, the higher the rate of hot air flowing out.
(1A)


In a fixed time, if more hot air passes through a point, the temperature at that point will be higher.
(1A)



Heat will be more concentrated to the hanging point, thus making the temperature higher.
(1A)



(For effective communication.)
(1C)

(d)
Bamboo is a poor conductor of heat, but metal is a good conductor of heat.
(1A)


It takes more time for heat to conduct from the hanging point to our hand. Therefore, it is safer to use.
(1A)
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