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Chapter 13
Energy and Temperature
	
	
	Answer
	Extra information
	Mark

	1
	a i
	Mass in one second = 1/15 kg

= 6.7×10-2 kg
	
	1

	
	a ii
	Energy = 12×103×7×60 J= 5.0 MJ
	1 mark method

1 mark answer
	2

	
	b i
	Let T be the final temperature.
Energy gained by cold water = Energy lost by hot water.
28(T-14) = 40(57-T)

28T - 392 = 2280 - 40T

68T =2672

T = 39oC
	1 mark method

1 correct intermediate working

1 mark answer
	3

	
	b ii
	No heat loss to air etc. during mixing
	
	1

	
	b iii
	Energy = cmΔT = 4.2×103×40×43

= 7.2 × 106 J = 7.6 MJ
	1 mark method

1 correct intermediate working

1 mark answer
	3

	
	c
	Shower uses less energy.

Around 2/3 of energy, for a 7 minute shower.
	Must have quantitative comparison for second mark
	2

	Total marks
	    12

	2
	a
	Gravitational potential energy is transferred as kinetic energy as the water falls. Kinetic energy is transferred to internal energy of the water (air).  This causes the temperature of the water (air) to rise and leads to evaporation
	1 mark per point
	3

	
	b
	Energy in 1 second = power = mgΔh. Mass = 9 m3 x 1000 kg m-3
= 9.0×103 ×9.81×125 W =  11.0 MW
	1 mark working

1 mark answer
	2

	
	c
	Power = 0.65×11.0 W = 7.17 MW
ΔT = Power / ( c x (m/t)) = 7.17 x 106 / (4200 x 9 000) =0.19 oC
	1 mark working

1 mark answer
	2

	Total marks
	    7

	3
	a
	Gain of energy by water  = mc ΔT
= 0.50×4.2×103 ×15 J

= 31.5 kJ
	1 mark working

1 mark answer
	2

	
	b
	Fall in temperature of copper = E/mc
= 31,500/(0.80×390) oC 

= 101 oC
	1 mark working

1 mark answer
	2

	
	c
	Temperature of copper in flame = 30 +101 = 131 oC
	
	1

	                     Total marks
	5

	4
	a
	Heat required = 105×4.2×103 × (52 – 18) = 15 MJ

Time = energy/power = 15×106/3.0×103 = 5000 s = 83 min
	1 mark method

1 correct intermediate working

1 mark answer 
	3

	
	b
	Loss of heat per second

= kA(T2 – T1)/L = (0.060 ×1.5×29)/(5.0×10-2)J 
= 52.2 W

52.2 W over 1 hour = 52.2 x 60 x 60 = 188 kJ

A 3.0 kW heater will provide this energy in 63 s   
	1 mark method

1 correct intermediate working

1 mark answer
	3

	
	c
	Because hot water rises by convection, better to heat at bottom of tank to ensure all the water is heated.
	
	1

	Total marks
	    7


	5
	a i
	Rate of transfer through iron = kA(T2-Ti)/L

= 75 ×A × (190 - Ti)/0.40 J s-1 (W)
	1 mark method

1 mark numbers
	2

	
	a ii
	Rate of transfer through iron = kA(T2-Ti)/L

= 390 ×A × (Ti-0)/0.90 J s-1 (W)
	1 mark method

1 mark numbers
	2

	
	b i
	75 ×A × (190 - Ti)/0.40 = 390 ×A × (Ti-0)/0.90 

3.56×104 – 187.5 Ti =  433 Ti

Ti= 57  oC
	1 mark

1 mark

1 mark
	3

	
	b ii
	Energy flow = 390 ×π ×(2.5×10-4)x(57-0)/0.90 J s-1
= 48.5 W  (J s-1) 
	1 mark working

1 mark answer
	2

	Total marks
	    9 

	6
	a
	Must be same through both layers 

as cannot have a build up of energy / the heat flow into the interface must equal the heat flow out of it.
	
	2

	
	b
	Let interface temperature be Ti
Let thermal conductivity in board = k/2

Thermal conductivity in wood = k 

Thickness of wood = thickness of board = t
k/2 ×A × (23 - Ti)/t = k ×A × (Ti + 4)/t 

23 - Ti = 2 Ti + 8

3Ti = 15  Ti = 5oC
	1 mark setting up problem

2 marks stages of working

1 mark answer
	4

	Total marks
	    12

	7

	a
	U value = rate of energy flow per unit area  per unit temperature difference 

= (Q/t)/(AΔT/L)

Q/t = kAΔT/L

U = k/L, so U-value is thermal conductivity per unit thickness.
	
	2

	
	b i
	brick 1.0/7.6×10-2  = 13 W m-2 K-1
	
	1

	
	b ii
	beam 1.5/0.12  = 12.5 W m-2 K-1
	
	1

	
	b iii
	wood 0.25/8×10-3 = 31 W m-2 K-1
	
	1

	Total marks
	5

	Total for test paper
	51
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