2.3 Transfer of thermal energy: Cambridge IGCSE Physics worksheet - Mark Scheme
	Question
	Answer
	Marks

	1
	D
Dull black surfaces are good absorbers and good emitters of infrared radiation.
	(1 mark)

	2
	A
Infrared radiation can travel through the vacuum between the Sun and Earth.
	(1 mark)

	3
	A
The density difference makes the warmer air rise and the cooler, denser air sink.
	(1 mark)

	4
	B
Trapped air conducts poorly, and the small pockets prevent convection currents from forming.
	(1 mark)

	5
	C
Copper has the highest thermal conductivity of these materials, so the wax receives energy first.
	(1 mark)

	6
	C
Mobile electrons move through the metal and transfer energy rapidly by collisions.
	(1 mark)

	7
	D
Heating causes the water to expand, lowering its density so that it rises.
	(1 mark)

	8
	D
With almost no particles the vacuum restricts conduction and convection, and silvered surfaces reflect infrared radiation.
	(1 mark)

	9
	Thermal radiation transfers the energy. It is infrared radiation.
	(2 marks)

	10
	Its density decreases and the warmer air rises.
	(2 marks)

	11
	The transfer process is conduction. The metal spoon's handle becomes warm first.
	(2 marks)

	12(a)
	Fill both cans with the same volume of hot water at the same starting temperature.
Put a thermometer in each can and stand the cans in the same surroundings, well apart from each other.
Record the temperature of the water in each can at the same regular intervals over the same length of time.
The can whose water cools faster has the better emitting surface. Everything except the surface must be kept the same, so that the surface is the only variable changed.
	(4 marks)

	12(b)
	Fill both cans with the same volume of cold water at the same starting temperature.
Place a radiant heater the same distance from each can, so that both receive radiation at the same rate.
Record the temperature of the water in each can at the same regular intervals; the can whose water warms faster has the better absorbing surface.
	(3 marks)

	12(c)
	The dull black surface is the better emitter, so the water in the black can cools faster.
The dull black surface is also the better absorber, so the water in the black can warms faster.
	(2 marks)

	12(d)
	The surfaces of the cans are now at a higher temperature.
The rate at which a surface emits radiation increases as the surface temperature increases.
Both cans therefore emit radiation at a greater rate and transfer energy away faster than before.
	(3 marks)

	13(a)
	material that transfers thermal energy easily is a good thermal conductor.
This type of material is a thermal insulator or a poor thermal conductor.
	(2 marks)

	13(b)
	Copper is a good thermal conductor.
Thermal energy is transferred quickly from the stove to the food.
Plastic is a poor thermal conductor or an insulator.
Thermal energy is transferred more slowly to the handle, so the handle stays cooler and is safer to hold.
	(4 marks)

	13(c)
	Particles in the hotter region vibrate more strongly.
These particles collide with neighbouring particles and transfer energy to them.
Copper has free electrons that gain kinetic energy.
The free electrons move through the metal and transfer energy by collisions with ions or other electrons.
	(4 marks)

	13(d)
	Both spoons are at the same room temperature after being left long enough.
The metal spoon feels colder because it conducts thermal energy away from the hand faster than wood.
The sensation is due to the rate of energy transfer, not because the metal is at a lower temperature.
	(3 marks)

	14(a)
	The particles at the heated end gain energy and vibrate more strongly about their fixed positions.
They collide with neighbouring particles and pass some of that energy on to them.
The stronger vibrations spread through the lattice from the hot end towards the cool end, so energy is conducted along the rod.
	(3 marks)

	14(b)
	A metal contains free, delocalised electrons that can move throughout the whole structure.
Electrons at the hot end gain kinetic energy and travel rapidly to the cooler parts, carrying energy with them and passing it on by colliding with the lattice there.
This movement of electrons transfers energy far faster than passing vibrations from particle to particle, which is the only mechanism available in the glass.
	(3 marks)

	14(c)
	In the air the particles are far apart and collide only occasionally, so energy is passed on very slowly.
In the water the particles are closer together but are not held in a fixed lattice, so vibrations are not passed on efficiently from one particle to the next.
Neither the air nor the water contains free electrons to carry energy through it, so both are poor conductors.
	(3 marks)

	14(d)
	Solids form a continuous range of conducting ability rather than two separate groups.
Glass conducts much better than a good insulator such as expanded polystyrene, but much worse than a metal, so conductors and insulators are the two ends of that range.
	(2 marks)
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