Physics collated answers
This document collates the answers for the questions in the Student Book, the Developing investigative skills boxes and the worksheets. Page references are for the Student Book. 

Activity P1.1b Consolidation and summary
Answers
End of topic questions mark scheme. Page 17
	Question
	Correct answer
	Marks

	1
	The thinner edge means that the distance between the objects to be measured and the scale is reduced.
It is, therefore, not so crucial to get the eye vertically over the point being measured.
The ruler is thicker in the middle to make it stronger, to keep it straight, perhaps to make it easier to hold.
	
1 mark

1 mark

1 mark

	2 a)
	18
cm
	1 mark
1 mark

	2 b)
	volume of a drop = total volume/number of drops = 10 cm3/180 drops
= 0.055 or 0.056
cm3
	1 mark
1 mark
1 mark

	2 c)
	cross-sectional area = volume/height = 100 cm3/20 cm
= 5
cm2
	1 mark
1 mark
1 mark

	2 d)
	diameter = 2 × √(cross-sectional area/)
Inside diameter is 2.52 or 2.5
cm
	1 mark
1 mark
1 mark

	3 a)
	She said that the pendulum had swung one time when it had not swung at all.
Hence she said ‘two’ when it had swung once, etc. Therefore she had timed nine oscillations, not 10.
	1 mark

1 mark

	3 b)
	period = time/number of swings = 12.0 s/9
= 1.33 or 1.3
s
	1 mark
1 mark
1 mark

	3 c)
	None,
because her reaction time would be the same
at both the start and the finish of the measurement.
	1 mark
1 mark
1 mark

	4
	6.32 mm
	1 mark

	
	Total:
	23 marks




Activity P1.2a Speed and graphs of motion
Answers
Pages 20−21
1. a) The cars move along the road in the same direction, a constant distance apart.
b) If they are moving toward each other, they will collide head on. If they are moving apart, they will continue to move apart.
c) The cars will move along the road, a constant distance apart in the opposite direction to a).
2. Assuming that each journey takes the same length of time, the average velocity is 0 m/s.
3. 10 000/(15  60) = 10 000/900 = 11.1 m/s
4. 1.5  15 = 22.5 m
5. 3000 s = 50 minutes
Page 21
1. If the distance is measured from a fixed point then the line will have a positive gradient for moving away, and a negative gradient for moving toward you.
2. A graph will have axes that are labelled properly with a scale, plotted data points and line of best fit. A sketch graph is drawn to illustrate the main shape of the line. Only key values, such as where the line changes direction, will be given on the axes.
3. Note that a graph of distance against time can only increase with time. The average speed for a journey can then be worked out from the total distance divided by the time taken. Distance from a fixed point is called displacement and, if this is plotted against time, it is possible to know which way the object is moving. The gradient of the displacement time graph gives the velocity and the total displacement divided by time taken gives the average velocity. 
Your graph is likely to be a curve, as shown in Fig. 1.9 for the first 20 seconds. 


Worksheet P1.2aii
1. A –setting off, B – walking, C – short stop, D – long stop, E – running, F – strolling and G – arriving back.
2 a)[image: ]                          
b)[image: ]
c)[image: ]

3. a) 80 km/h     b) 60 km/h     c) 130 km/h     d) 0 km/h     e) 300/5 = 60 km/h.



Activity P1.2b Acceleration
Answers
Page 23
1. 10 m/s2		2. –15 m/s2
Page 24
1. a) Athlete: 8 m/s. Fun runner: 6.25 m/s.		
b) Athlete: horizontal line at 8 m/s, starting at 0 s and finishing at 50 s. Fun runner: horizontal line at 6.25 m/s, starting at 0 s and finishing at 64 s.
Page 25
1. The acceleration is the gradient of the graph.
2. The distance travelled is the area under the graph.
3. a) Athlete A: 8 m/s. Athlete B: 6.25 m/s.		
    b) Athlete A: horizontal line at 8 m/s, starting at 0 s and finishing at 50 s. Athlete B: horizontal line at 6.25 m/s, starting at 0 s and finishing at 64 s.
4. The area under the speed–time graph is the same, i.e. 8 m/s  50 s = 6.25 m/s  64 s = 400 m.
5. 45 m
Developing investigative skills, pages 27 and 28
1. Extra friction provided by pulling the tape along/through the ticker timer would reduce the acceleration (and the trolley may reach a constant speed if the drag was enough to balance the force pulling the trolley down the slope).
2. An alternative approach could be to video the trolley rolling down the ramp and then measure the position frame-by-frame on playback. This would need a scale to be attached alongside the ramp for measurements. Using light gates would be more difficult, as a lot would be needed if the motion of the trolley was to be studied all the way down the ramp.
3. Table completed with student’s results.		
4. Graph starts at the origin and curves upwards, indicating an increase in speed as the trolley moved down the ramp.
5. Table completed.					
6. Graph starts at the origin and provides a (reasonably) straight line indicating a (reasonably) steady increase in speed.
7. The data point for 0.6 s looks to be incorrectly calculated, as it is significantly above the pattern of the other points on the speed–time graph.
8. If yes – would allow averages to be taken, ironing out some of the random friction effects of pulling the tape through. If no – not possible to repeat exactly as the friction from the tape/path of the trolley would be slightly different each time.
Worksheet P1.2bii
1. a) +5 m/s2	b) –4 m/s2    	c) +5 m/s2	d) +10 m/s2
2. a) 75 m     	b) +0.5 m/s2	c) 268.75 m	d) Back the way she came.	e) 187.5 m	 f) 0.5 s           
g) –10 m/s.
Activity P1.2c Consolidation and summary
Answers
End of topic questions mark scheme. Pages 30 and 31
	Question
	Correct answer
	Marks

	1
	0.36 km/minute
	1 mark

	2 a)
	5 m/s
	1 mark

	2 b)
	–6 m/s
 +4 m/s
	1 mark
1 mark

	3
	1.25 m/s2
	1 mark

	4 a)
	10 km/h per second
	1 mark

	4 b)
	2.78 m/s2
	1 mark

	5 a)
	That something is stationary.
The distance does not change as time increases.
	1 mark
1 mark

	5 b)
	A straight line.
Positive gradient for moving away, negative gradient for moving toward.
	1 mark
1 mark

	6 a)
	Speed describes how far an object travels in a unit of time.
Velocity is numerically identical to speed, but it also includes a statement of the direction of the travel.
	1 mark

1 mark

	6 b)
	The sign of a velocity indicates a direction.
‘Positive’ and ‘negative’ velocities are in opposite directions to each other.
(We still need to explain which direction we are taking to be positive – this will change depending on the motion we are studying. For example, if we are looking at the motion of objects acting under the force of gravity, we might say upwards is the positive direction, so that downwards becomes the negative direction.)
	1 mark
1 mark

	6 c)
	acceleration = (change in velocity)/(time taken)
= rate of change of velocity.
	1 mark
1 mark

	6 d)
	Work out the total area
under the line on the graph,
multiplying distance by time.
	1 mark
1 mark
1 mark

	7 a)
	speed = distance/time
= 200 m/20 s
= 10 m/s
	1 mark
1 mark
1 mark

	7 b)
	distance = speed × time
= 8 m/s × 20 s
= 160 m
	1 mark

1 mark

	7 c)
	average speed = total distance/total time
= 360 m/50 s
= 7.2 m/s
	1 mark

1 mark

	8 a)
	The speed remained constant.
If the line on a distance–time graph has a constant gradient, then the speed is constant.
	1 mark

1 mark

	8 b)
	Read off the graph: after 20 s the car had travelled 200 m;
after 60 s it had travelled 800 m;
so the distance travelled is: 800 – 200 = 600 m.
	1 mark
1 mark
1 mark

	8 c)
	speed = distance/time
v = 600/40
= 15 m/s
	1 mark
1 mark
1 mark

	8 d)
	It stopped.
The line is horizontal during this time, indicating that the car was not moving (no distance was travelled).
	1 mark

1 mark

	9 b)
	total distance = area under the line
= ( × 1.5 × 3.0)
= 2.25 m (Note: the tractor showed constant acceleration from A to B and then constant deceleration from B to C.)
	1 mark

1 mark

1 mark

	9 c)
	1.5/0.75 = 2 m/s2
	1 mark

	9 d)
	1.5/3 – 0.75 =  m/s2
	1 mark

	
	Total:
	42 marks



Activity P1.3a Mass and weight
Answers
Page 33
1. Mass is how much material is present in an object; weight is the force on the object due to gravity.
2. 600 N.
3. 50 kg.


Activity P1.3b Consolidation and summary
Answers
End of topic questions mark scheme. Page 36
	Question
	Correct answer
	Marks

	1 a)
	‘Mass’ measures how much material is present in an object.
‘Weight’ measures the gravitational pull on an object.
	1 mark
1 mark

	1 b)
	The different planets have different masses and so they have different gravitational field strengths.
Since your weight = mass  gravitational field strength,
you will have a different weight (but the same mass) on different planets.
	1 mark

1 mark
1 mark

	2
	50 N – 30 N
= 20 N
on the left-hand side
	1 mark
1 mark
1 mark

	3 a)
	Stay similar:
the mass you can lift will be higher, but the increased mass will have the same weight as the mass you can lift on Earth.
	1 mark

1 mark

	3 b)
	Increase:
you can jump higher because gravitational field strength is less.
	1 mark
1 mark

	3 c)
	Increase:
you can jump higher because gravitational field strength is less.
	1 mark
1 mark

	3 d)
	Increase:
you can throw further because gravitational field strength is less.
	1 mark
1 mark

	3 e)
	They would probably stay similar.
You are running parallel to the force of the gravitational field strength.
(Although there is a case for decrease if, for example, jumping along turned out to be faster than running.)
	1 mark
1 mark

	
	Total:
	18 marks





Activity P1.4a Density
Answers
Developing investigative skills, page 40
1. Measure the length of each side (in different places to check if shape really is regular) and then calculate length  width  height.
2. Checking the zero improves the accuracy – it makes it more likely that the mass value recorded is the correct value.
3. With the values given, the most sensible unit is g/cm3, but could convert to metres and kilograms. The values are aluminium 2.7 g/cm3, brass 8.4 g/cm3, copper 8.9 g/cm3, iron 7.9 g/cm3.
4. Two significant figures is appropriate, since the volume is only given to a precision of two significant figures.
5. For an irregular object, the mass can still be found using a balance. However, the volume now needs a different method. Typically, this will involve displacing water, either in a measuring cylinder or a eureka can, and finding the volume of the water displaced when the object is inserted. This method will not work if the object is soluble or absorbs water.
Page 41
1. a) Volume = 2 cm  4 cm  5 cm = 40 cm3		
    b) Density = mass/volume = 312 g/40 cm3 = 7.8 g/cm3
2. The bread contains small air bubbles, making the overall density less.
3. The block of wood is less dense than sea water.


Activity P1.4b Consolidation and summary
Answers
End of topic questions mark scheme. Page 44
	Question
	Correct answer
	Marks

	1 a)
	depends on the sample
	1 mark

	1 b)
	float
	1 mark

	1 c)
	depends on the sample
	1 mark

	1 d)
	float
	1 mark

	1 e)
	sink
	1 mark

	1 f)
	sink
	1 mark

	1 g)
	float
	1 mark

	2
	mass of brick = 22.2 N = 22.2/10 = 2.22 kg
volume of brick = 0.2 m × 0.09 m × 0.065 m = 0.00117 m3
density = 2.22 kg/0.00117 m3 = 1900 kg/m3
	1 mark
1 mark
1 mark

	3 a)
	If the crown is pure gold,
the new water level will be 900 cm3.
	1 mark
1 mark

	3 b)
	If the jeweller has cheated,
the water level will be higher than 900 cm3.
	1 mark
1 mark

	
	Total:
	14 marks



Activity P1.5a Introducing forces
Answers
Page 47
1. A force can change the speed of an object, the shape of an object and the direction the object is 
moving in.
2. a) Gravity
b) The mass of objects and the distance between their centres.



Activity P1.5b Stretching
Answers
Developing investigative skills, page 53
1. There is a risk of the spring unwinding at either end, causing the masses to be dropped and the spring to fly up.
2. Risk of toppling over – stand can be fixed to the table using a G-clamp. Risk of masses falling and damaging feet or floor – minimise risk by having soft material available in landing area and keeping feet out of the way.
3. The preliminary experiment helps to judge the values of mass needed to achieve measurable extensions with this kind of spring. In general, preliminary (‘trial’) experiments give an idea of how the experiment will run so you know if it is worth the time and effort to follow the method particularly carefully.
4. Values in table, reading 1.0 N, 2.0 N, etc.
5. Values in table, reading 0 cm, 4 cm, etc.
6. Graph plotted – straight line up to the last two values, where it curves away.
7. The spring obeyed Hooke’s law up to a point (at a load of 12 N). This is justified by referring to the graph as a straight line (up to that point) through the origin.
8. The spring had been permanently stretched, so could not be reused for this experiment.
9. Add a marker, such as an optical pin, to the end of the spring. This can then be set against the ruler. If the marker is lower down than the end of the spring it does not matter, since in this experiment the student is looking for changes in length. A plane mirror could also be placed behind the ruler to minimise parallax error.
Page 55
1. Extended   0.01 N
2. Extended   0.2 N/cm or 20 N/m
3. Extended   20 cm
Worksheet P1.5bii
1. 0.15 m, 18 N     0.8 m, 48 N     0.20 m, 9 N     0.012 m, 18 N
2. a) C     b) A     c) B     d) C     e) A
3. k = 200 N/m; 75 mm
4. k = 2.4 N / 0.006 m = 400 N/m; 6.55 cm



Activity P1.5c Balanced and unbalanced forces
Answers
Page 55
1. Walking, driving (if there is no friction, you skid).
2. Where energy is transferred to thermal energy, which is lost to the surroundings.
Page 57 
1. No resultant force, so stationary or constant speed.
2. Resultant force, so speed or direction of motion will change.		
3. The gymnast’s weight.
Worksheet P1.5c
1. A) 80 N to the left      B) 150 N to the left     C) 50 N to the left     D) 30 N to the left     E) 12 N downwards
    F) 50 N downwards.

Extended  Activity P1.5d Newton’s second and third laws
Answers
Page 59
1. Extended   a) force = mass × acceleration
        b) The force must be a resultant force; the mass must remain constant.
2. Extended   600 N
3. Extended   800 m/s2

Activity P1.5e Turning effect and conditions for equilibrium
Answers
Page 61
1. 2 Nm
2. 1.25 Nm
3. 0.4 m

Page 63
1. Extended   1.5 m

Activity P1.5f Centre of mass and stability
Answers
Page 66 
1. The point at which we can assume all the mass of an object is concentrated.
2. The heavy base means that the centre of mass is nearer the bottom of the vase; the wide base means it has to tip further before the centre of mass falls outside the pivot, where the vase would fall over.

Activity P1.5g Pressure
Answers
Page 67
1. For the pin, the force is concentrated over a smaller area – there is a greater pressure.
2. pressure = force/area = 100 N/0.2 m2 = 500 Pa
3. 80 N
4. 1.28 m2
Developing investigative skills, page 68
1. Pressure = force/area, so different pressures can be achieved by changing either the force (by adding more 100 g masses), the area (by standing the block on different faces) or both.
2. Can be quite difficult to do reliably, but would need to have some way to level the surface (e.g. scrape with a rule) and some way to estimate depth – possibly by having a scale attached to the block. Would need to measure in several points around the block to find an average depth.
3. Independent variable = pressure, dependent variable = depth the block sinks.
4. Sand is a solid, even though it is made of quite small particles. As the block pushes down, there is little space between the grains of sand and they cannot be compressed. So, if the downward pressure on the block is high enough, the only thing the sand can do is move out to the side, making it more difficult to find the average depth of sinking.
5. Need a way to measure how much water has been added. Particularly helpful to have a container with no drainage holes at the bottom, then you know that all the water is in there somewhere. Use a measuring cylinder to add a known volume of water to the sand and carry out the test.
6. A camel’s foot is an example of a load being spread over a wider area to reduce the pressure.


Activity P1.5h Consolidation and summary
Answers
End of topic questions mark scheme. Pages 70 and 71
	Question
	Correct answer
	Marks

	1 a)
	Correct axes
The graph is a straight line from the origin to the (12 cm, 6.0 N) point.
After that it becomes increasingly curved and less steep.
	1 mark
1 mark
1 mark

	1 b)
	The limit of proportionality should be marked on the graph at the end of the region that is a straight line.
Proportional behaviour occurs all along the region where the graph is a straight line.
Plastic behaviour occurs thereafter, though not necessarily immediately.
	
1 mark

1 mark
1 mark

	1 c)
	If the spring returns to its original length when the masses are removed then the behaviour was purely elastic. If the spring is longer, then the behaviour was partially elastic and partially plastic.
	

1 mark

	2 a)
	acceleration = change in velocity/time, a = (30 – 0)/12 
= 2.5 m/s2
	1 mark
1 mark

	2 b)
	force = mass × acceleration, F = 1000 × 2.5 
= 2500 N
	1 mark
1 mark

	3
	C
has a wide base and is heavier at the bottom (more glass)
	1 mark
1 mark

	4 a) i)
	 pressure = force/area = 400 N/(0.05 × 0.05 m2)
= 160 kPa
	1 mark
1 mark

	4 a) ii)
	pressure = force/area = 5000 N/(4 × 0.03 m2)
= 41.7 kPa
	1 mark
1 mark

	4 a) iii)
	pressure = force/area = 400 N/0.00005 m2
= 8000 kPa
	1 mark
1 mark

	4 b)
	The high-heeled shoe will damage the floor
as it has a pressure greater than 4000 kPa.
	1 mark
1 mark

	
	Total:
	21 marks





Activity P2.1a Work
Answers
Pages 75–76
1. Extended  250 J
2. Extended  500 N
3. Extended  80 J
4. Extended  50 m
5. Extended  400 N



Activity P2.1b Consolidation and summary
Answers
End of topic questions mark scheme. Page 79

	Question
	Correct answer
	Marks

	1
	height = work done/(mass × gravitational field strength)
= 50 000/(400 × 10) = 50 000/4000
12.5 m
	1 mark
1 mark
1 mark

	2
	row 1: 200 (J)
row 2: 2 (N)
row 3: 75 (m)
row 4: 90 000 (J)
row 5: 100 (N)
row 6: 400 (m)
	1 mark
1 mark
1 mark
1 mark
1 mark
1 mark

	3
	height = change in gravitational potential energy/gh
= 1.35 MJ/(1500 kg × 10 N/kg) = 1 350 000 J/(1500 kg × 10 N/kg)
= 90 m
	1 mark
1 mark
1 mark

	4
	Jumana.
Her weight is greater,
so a greater force is used to move up the hill.
	1 mark
1 mark
1 mark

	5
	work = force × distance
You have not moved any distance,
so no work has been done.
	1 mark
1 mark
1 mark

	6 a)
	work = force × vertical distance moved
= 300 N × 1.6 m
= 480 J
	1 mark
1 mark
1 mark

	6 b)
	work = force × distance moved
= 100 N × 5m
= 500 N
	1 mark
1 mark
1 mark

	6 c)
	The vertical distance 
is less than the distance along the ramp.
	1 mark
1 mark

	6 d)
	It is possible to push an object along a ramp that you could not lift through a vertical distance.
	1 mark

	
	Total:
	27 marks






Activity P2.2a Energy
Answers
Page 83
1. Extended   100 J
2. Extended   4 J
Page 85
1. Gravitational potential → kinetic → gravitational potential.
2. Stretched or compressed springs.
3. Bonds between atoms
Page 87
1. Energy cannot be created or destroyed, only transferred from one form to another.
2. Electrical energy is transferred to light and thermal energy.
3. a) electrical    b) kinetic    c) thermal, sound



Activity P2.2b Efficiency
Answers
Page 89
1. 1.06 x 106 N.
2. a) The shuttle does a series of manoeuvres before landing to get rid of the excess energy.
    b) 1650 ∘C. The Space Shuttle is covered with ceramic insulating materials designed to protect it
    from this heat. The materials include: reinforced carbon–carbon (RCC) on the wing surfaces and
    underside; high-temperature black surface insulation tiles on the upper forward fuselage and around the
    windows; white Nomex blankets on the upper payload bay doors, portions of the upper wing and mid/aft
    fuselage; low-temperature white surface tiles on the remaining areas.

Worksheet P2.2bii
1. 300 J, 54 J, 84 J and 135 J
2. a) 10 W of light as useful energy
b) 1 J as waste light and sound energy
c) 3 J as chemical energy at the input, 2 J wasted as heat (and light)
d) 950 J chemical energy at the input
3. A: 0.6; B: 0.75; C: 0.71; D: 0.83.

4.
	System
	Total input
	Useful output
	Waste energy
	Efficiency

	E
	100 J
	60 J
	40 J
	0.6 or 60%

	F
	160 J
	120 J
	40 J
	0.75 or 75%

	G
	1000 J
	420 J
	580 J
	0.42

	H
	500 J
	325 J
	175 J
	65%

	I
	20 J
	8 J
	12 J
	40%

	J
	142 J
	108 J
	34 J
	0.76






Activity P2.2c Consolidation and summary
Answers
End of topic questions mark scheme. Pages 91-92

	Question
	Correct answer
	Marks

	1
	energy transferred = energy per step × number of steps
= 30 J × 200
= 6000 J
	1 mark
1 mark
1 mark

	2 a)
	change in gravitational potential energy = mgh
= 35 kg × 30 m × 10 N/kg
= 10 500 J
	1 mark
1 mark
1 mark

	2 b)
	change in gravitational potential energy changed to kinetic energy at bottom of slope so:
10 500 J =  mv2
v2 = 2 × 10 500 J/35 kg = 600
v = 24.5 m/s
	

1 mark
1 mark
1 mark

	2 c)
	Some of the gravitational potential energy
will have been transferred to thermal energy
due to the friction between the sledge and the snow.
	1 mark
1 mark
1 mark

	3
	change in gravitational potential energy = mgh
= 300 kg × 9 m × 10 N/kg
27 000 J
	1 mark
1 mark
1 mark

	4
	height = change in gravitational potential energy/gh
= 2800 J/(70 kg × 10 N/kg)
= 4 m
	1 mark
1 mark
1 mark

	5
	row 1: 3442.5 (J)
row 2: 200 (kg)
row 3: 8 (m/s)
row 4: 80 275 (J)
row 5: 3 (kg)
row 6: 0.71 (m/s)
	1 mark
1 mark
1 mark
1 mark
1 mark
1 mark

	6
	kinetic energy =  mv2
=  × 0.2 kg × (6 m/s)2
= 3.6 J
	1 mark
1 mark
1 mark

	7
	v = √(2 × k.e./m)
= √(2 × 450 000 J/1500 kg) = √
= 24.5 m/s
	1 mark
1 mark
1 mark

	8 a)
	kinetic energy =  mv2
=  × 60 kg × (1 m/s)2
= 30 J
	1 mark
1 mark
1 mark

	8 b)
	gravitational potential energy = mgh
= 60 kg × 10 N/kg × 3.15 m
= 1890 J
	1 mark
1 mark
1 mark

	8 c)
	total energy = gravitational potential energy + kinetic energy
= 1890 J + 30 J
= 1920 J
	1 mark

1 mark

	8 d)
	at bottom of slope total k.e. = 1920 J
k.e. =  mv2
1920 =  × 60 × v2
v2 = 1920 ÷ 30 = 64
v = √64 = 8 m/s
	1 mark
1 mark


1 mark

	
	Total:
	41 marks




Activity P2.3a Power
Answers
Page 95
1. The man has twice the weight, so the force is double, but the time is the same.
2. The machine transfers energy at a great rate.
3. The watt (W)
4. Extended   240 W
5. Extended   a) 3000 J     
           b) 50 W
Worksheet P2.3aii
1. 10 W
2. 120 000 J
3. 5 s
4. a) 7.1 m/s    b) 60 m

Activity P2.3b Consolidation and summary
Answers
End of topic questions mark scheme. Page 96

	Question
	Correct answer
	Marks

	1 a)
	Peter – he is heavier than Paul
so a greater force is needed.
	1 mark
1 mark

	1 b)
	As time is the same,
Peter produces most power because he does more work.
	1 mark
1 mark

	2
	work done = force × distance moved = 5000 N × 20 m
= 100 000 J
power = work done/time taken = 100 000 J/10 s
 = 10 000 W
	1 mark
1 mark
1 mark
1 mark

	3
	work = power × time
= 75 kW × 20 s
= 1 500 kJ or 1 500 000 J
	1 mark
1 mark
1 mark

	
	Total:
	11 marks







Activity P2.4a Energy resources
Answers
Developing investigative skills, page 99
1, 2, 3. Students’ own ideas.
Page 102
1. Light to electrical		
2. Kinetic to electrical
3. Fuel is burned and steam is produced in a boiler. The steam turns a turbine. The turbine drives a generator. The generator produces electricity. The electricity is supplied to homes, industry, etc.
4. In certain parts of the world, water forms hot springs that can be used directly for heating. Water can also be pumped deep into the ground to be heated. 

Developing investigative skills, pages 104
1. Voltage, voltmeter: current, ammeter: distance, ruler: time, stop clock: mass, simply counted.
2. She was correct because reaction times will result in uncertainties at least as large as 0.1 seconds.
3. 
	Useful work / J
	Energy input / J

	0.1
	11

	0.3
	13

	0.5
	16

	0.7
	18

	0.9
	19


4. It should be a gentle upwards curve.
5. It is a gentle upwards curve.
6. Use heavier masses to see if the graph continues to curve upwards.



Activity P2.4b Consolidation and summary
Answers
End of topic questions mark scheme. Pages 106 and 107

	Question
	Correct answer
	Marks

	1 a)
	A source that cannot be regenerated
and takes millions of years to form
	1 mark
1 mark

	1 b)
	Coal, oil and natural gas
	2 marks – 1 mark for 2 sources

	1 c)
	Coal
It is estimated that there is about 300 years’ supply.
	1 mark
1 mark

	2
	Renewable resources
Advantages: wind power and solar power are very efficient; hydroelectric power can be used to store energy
Disadvantages: wind power only works when the wind is blowing; solar power only works during the day
Non-renewable resources
Advantage: can be built close to population centres
Disadvantage: one of: fuel supplies will run out; efficiency is only about 40%
	
1 mark
1 mark
1 mark
1 mark

1 mark
1 mark

	3 a)
	Coal
	1 mark

	3 b)
	Coal
	1 mark

	4
	Three from: 
transport links
size of site
ease of link to national grid
availability of cooling water, e.g. river nearby
	3 marks – 1 mark each

	5 a)
	useful energy = energy input – energy used to heat engine
= 5000 J – 1500 J
= 3500 J
	1 mark
1 mark
1 mark

	5 b)
	efficiency = useful energy/total energy input
= 3500 J/500 J × 100%
= 70%
	1 mark
1 mark
1 mark

	6
	energy wasted = total energy input – useful energy 
= 50 J – 30 J
= 20 J
	1 mark
1 mark
1 mark

	7
	light bulb: wasted energy = 90 J; 
efficiency = 10%
torch: wasted energy = 15 J; 
efficiency = 78.6%
radio: wasted energy = 40 J; 
efficiency = 84%
	1 mark
1 mark
1 mark
1 mark
1 mark
1 mark

	8
	useful energy output/energy input × 100%
	2 marks

	9
	efficiency = useful energy/total energy input
= 650 J/1000 J × 100%
= 65%
	1 mark
1 mark
1 mark

	10
	efficiency = useful energy/total energy input
= 400 J/1000 J × 100%
= 40%
	1 mark
1 mark
1 mark

	11
	device is 40% efficient, so 60% of energy is wasted
energy wasted = 1000 J × 60%
= 600 J
	1 mark
1 mark
1 mark

	12
	petrol engine 30% efficiency
steam-diesel hybrid 25%
Petrol engine is more efficient.
	1 mark
1 mark
1 mark

	
	Total:
	47 marks



Activity P3.1a States of matter and the molecular model
Answers
Page 112
1. It increases – either as faster and larger vibration in solids or as faster translational and vibrational motion in liquids and faster translational motion in gases.
2. Compressing a gas pushes the particles closer together; in a liquid they are already close to each other and will repel if pushed closer.
3. a) The particles are closely packed and bonded together in a fixed arrangement in a solid.
b) The particles are closely packed together and move past each other freely in an irregular arrangement in a liquid.
c) The particles are widely spaced in an irregular arrangement in a gas.
4. The volume of a gas depends on the shape of the container in which it is held.
Page 114
1. The molecules are always moving about and spread out throughout the container.


Activity P3.1b Brownian motion 
Answers
Page 115
1. Brownian motion is the random motion of small particles in a gas or liquid brought about by molecular bombardment.
2. The small particles we can see are being hit by even smaller particles that we cannot see.
3. The particles are colliding with the walls of the container.

Activity P3.1c Evaporation
Answers
Page 116
1. Higher temperature, increased flow of air across the surface, larger surface area.
2. Smaller surface area, so rate of cooling lower.
Activity P3.1d Melting and boiling
Answers
Page 117
1. There is energy input without change of temperature.
2. At this temperature the molecules have enough energy to leave the liquid in large quantities, even those inside the liquid. These molecules collect to form large bubbles of vapour and cause the liquid to bubble violently.
3. When a liquid evaporates it loses molecules from its surface. This will occur in an open container of water at any temperature. For example, water from a hot drink left in a cup will eventually evaporate. The molecules of water in the cup will have a range of energies; even at room temperature the molecules with the highest energies will leave the surface.


Activity P3.1e Consolidation and summary
Answers
End of topic questions mark scheme. Page 120
	Question
	Correct answer
	Marks

	1
	A block of metal is an example of a solid: it retains a fixed volume and shape, is not easily compressed (squashed) and does not flow easily.
Water is an example of a liquid: it assumes the shape of the part of the container that it occupies and is not easily compressed.
Helium is an example of a gas: it assumes the shape and volume of its container, is compressible and flows easily.
	1 mark


1 mark

1 mark

	2 a)
	Solids keep their shape because their particles are closely packed together
and are held in a rigid shape by the bonds between the particles,
whereas the particles in liquids and gases are able to move.
	1 mark

1 mark
1 mark

	2 b)
	Gases fill their container because their particles move about freely, 
whereas the particles in a solid vibrate within their structure
and those in a liquid only slide over each other.
	1 mark
1 mark
1 mark

	3
	It is the lowest possible temperature, the temperature where the molecules would have zero kinetic energy (and zero speed).
The kinetic theory assumes that no forces act between the particles, except during collisions. In reality, forces do occur between molecules – these would cause the gas to condense to a liquid and then to freeze to a solid at temperatures well above absolute zero.
However, the idea behind absolute zero still applies – at absolute zero, the particles in the solid lattice would have zero kinetic energy and all vibration would stop.
	
1 mark



1 mark


1 mark

	4 a)
	Evaporation of molecules with high kinetic energy
lowers the average kinetic energy of the remaining molecules.
A wet cloth provides a large area for evaporation.
	1 mark
1 mark
1 mark

	4 b)
	The draught removes the evaporated molecules
and makes it less likely
that they will re-enter the liquid.
	1 mark
1 mark
1 mark

	5
	As temperature increases,
the speed of the molecules increases.
	1 mark
1 mark

	6
	The molecules, in random motion, hit the container walls.
This causes a force to act on the walls (look back to ideas included in Newton’s second law) and pressure = force/area.
	1 mark
1 mark

	
	Total:
	22 marks




Activity P4.1a Properties of waves
Answers
Page 153
1. Extended   a) The waves travel by vibrations in the direction of travel of the wave.
b) The waves travel by vibrations at right angles to the direction of travel of the wave.
2. a) The distance between consecutive peaks or troughs of the wave.
b) The number of peaks or the number of troughs that go past each second.
c) The maximum displacement or distance moved by a point on the wave, as measured from its equilibrium position. 
3. 15 m
4. Energy

Activity P4.1c Reflection, refraction and diffraction
Answers
Page 157
1. Extended  v = f; f is constant, so if v is reduced so must .
2. The density of each medium.
3. Extended  They must be comparable.



Activity P4.1d Consolidation and summary
Answers
End of topic questions mark scheme. Page 159
	Question
	Correct answer
	Marks

	1 a)
	The diagram should show several sine waves.
The crest is the top of the wave, labelled correctly.
The wavelength is the length of the repeating pattern, labelled correctly.
The amplitude is half the distance between the crest and the trough, labelled correctly.
	1 mark
1 mark
2 marks

2 marks

	1 b)
	512 waves
per second.
	1 mark
1 mark

	2
	wavelength = speed/frequency = 300 000 000 m/s ÷ 900 000 000 Hz
= 0.33 m
	1 mark
1 mark

	
3 a)
	wavelength = speed/frequency = 300 000 000 m/s ÷ 400 000 000 Hz
= 0.75 m
	1 mark
1 mark

	3 b)
	Gap should be a similar size to wavelength:
about 0.75 m.
	1 mark
1 mark

	4
	frequency = speed/wavelength = 3 × 108 m/s /0.1 m
= 3 × 109 Hz
	1 mark
1 mark

	5
	speed = frequency × wavelength = 20 Hz × 4 m
= 80 m/s
	1 mark
1 mark

	6
	Completed table as shown:
	Speed/m/s
	Frequency/Hz
	Wavelength/m
	Period/s

	20
	10 
	2 
	0.1

	20
	5
	4
	0.2

	30
	5
	6
	0.2

	340
	10
	34
	0.1

	160
	8
	20
	0.125

	3000
	250
	12
	0.004


  
	12 marks 



	7 
	The water gets shallower
200 m
ahead.
	1 mark
1 mark
1 mark

	
	
	

	
	Total:
	33 marks




Activity P4.2a Reflection of light
Answers
Developing investigative skills, page 163
1. For each pair of sighting pins, trace a line back from them through the line of the mirror and beyond. Where the two lines cross is the position of the image.
2. Trace a line from a pair of sighting pins back to the mirror. From the point this line reaches the mirror; draw a second line to the object pin. This traces the path of the light ray as it reflects off the mirror. Measuring the correct angles will confirm the law of reflection.
3. Check diagram against the diagram in the main text.
4. If the diagram is drawn accurately, these measurements will be correct.
5. The student should place a pin at the image position and observe the object pin in the mirror again. If the image pin is in the correct place, then no parallax will be observed between the image in the mirror and the object pin when the eye is moved from side to side.
6. The method will have only limited success with curved mirrors, as the image is sometimes real and sometimes virtual, depending on the location of the object pin. However, it will still allow the student to check the law of reflection.
Activity P4.2b Refraction of light
Answers
Page 165
1. The light from the bottom of the pond is refracted away from the normal as it leaves the pond, so it enters your eye at a shallower angle. Your brain is fooled into thinking that this shallower angle is the true angle of the bottom of the pond and so the pond looks shallower than it really is. 
2. Being denser than air, the carbon dioxide in the balloon will slow down the sound wave. This will tend to focus the sound together, like a converging lens. (A balloon filled with hydrogen will do the opposite.)
Page 166
1. Extended   30.7°
2. Extended   36.3°
3. Extended   1.43
4. Extended   a) More slowly.
b) In diamond; because the speed in the material is inversely proportional to the refractive index, slower speed = higher index
	Material
	Refractive index
	Speed of light in material  m/s

	air
	1.003
	299 100 000

	water
	1.333
	225 100 000

	glass
	1.52
	197 000 000

	diamond
	2.417
	124 100 000


c) 






Light travels slowest in diamond because its refractive is the largest. This large refractive index is the reason that diamonds sparkle so brilliantly.
Developing investigative skills, page 167
1. Standard diagram with surface indicated, normal line drawn in and angles of incidence and refraction correctly marked.
2. Draw along edge of block while it is in position. With the block removed, find the point where the light entered. At that point, use a protractor to mark in the line at right angles – this is the normal.
3. Angle of incidence (independent variable) and angle of refraction (dependent variable).
4. refractive index = sin i/sin r
5. Graph should be a straight line through the origin.
6. Refractive index = gradient of the graph
7. Even though the ray of light is narrow it still has some width, and this can make some of the measurements difficult. In particular, marking the path of the ray can be uncertain (possibly avoided by marking the edge of the ray) and it is difficult to draw the normal in exactly the correct position. Correctly drawing in the path inside the block is also difficult to do accurately.
8. A different colour of light would have a different wavelength. This would lead to a different change in speed of the light and so a different angle of refraction (think of how a prism disperses light). However, at the level of precision of this experiment it is unlikely to have a significant effect on the final value calculated.

Extended   Activity P4.2c Total internal reflection and critical angle
Answers
Page 169
1. Extended   The angle of incidence at which the angle of refraction becomes equal to 90°
2. Extended   45.6°
3. Extended   1.29

Activity P4.2d Thin converging lens and dispersion of light
Answers
Worksheet P4.2diii
1. Image is real, inverted, smaller than the object (diminished) and closer to the lens than the object.
2. Image is real, inverted, larger than the object (enlarged) and further away from the lens than the object.
3. Image is real, inverted, diminished and closer to the lens than the object.
4. Extended   Image is virtual, upright, enlarged and further away from the lens than the object.
5. Extended   Image is virtual, upright, enlarged and further away from the lens than the object.
Activity P4.2e Consolidation and summary
Answers
End of topic questions mark scheme. Pages 176 and 177
	Question
	Correct answer
	Marks

	1
	Virtual
Upright
Same size as object
Same distance behind mirror as object is in front
	1 mark
1 mark
1 mark
1 mark

	2 a)
	In reflection light changes direction when it bounces off a surface. In refraction the light changes direction when it passes from one medium to another.
OR
In refraction the angle of incidence does not equal the angle of refraction, as the ray of light bends towards or away from the normal.
	1 mark

	2 b) i)
	Diagram completed showing Ray 1 going straight through and
Ray 2 refracted towards normal at first boundary and away from normal at second boundary
	1 mark

1 mark

	2 ii)
	Angle of incidence
	1 mark

	2 iii)
	Normal
	1 mark

	3 a)
	You should draw a normal line to ensure that for each reflection the angles of incidence and reflection are the same.
	1 mark

	3 b)
	One of: binoculars, bicycle reflector, cat’s eyes, periscope
	1 mark

	3 c)
	R
T and R
T
	1 mark
1 mark
1 mark

	4 a)
	refractive index = sin i / sin r
= sin 50° / sin 21.7°
= 2.07
	1 mark
1 mark
1 mark

	4 b)
	sin r = sin 90° / 2.07
= 1 / 2.07 = 0.483
so r = 28.9°
	1 mark
1 mark
1 mark

	5
	Student diagram:
virtual non-inverted image
4 cm tall
4 cm from lens
	
1 mark
1 mark
1 mark

	6
	It cannot be projected onto a screen.
	1 mark

	7
	Closer to the lens
than twice the focal length of the lens

	1 mark
1 mark

	8
	The different densities of the hotter and cooler parts of the air 
cause the light to change direction as it passes through.
So when the light reaches you it has the ‘shimmering’ effect as some light arrives slightly out of sequence from what you would expect.
The heated air close to the road surface has a lower refractive index
from the cooler air above.
This can lead to total internal reflection and the formation of a mirage.
	1 mark
1 mark
1 mark

1 mark
1 mark
1 mark

	9
	If the fibre is too wide, there are too many paths available to the light
and so a pulse that starts as a ‘sharp’ pulse
can become stretched out into a ‘smudge’ 
as the light following longer
and shorter paths 
takes different times to get through the fibre.
	1 mark
1 mark
1 mark
1 mark
1 mark
1 mark

	
	Total:
	38 marks



Activity P4.3a Electromagnetic spectrum
Answers
Page 180
2. Extended  3 × 108 m/s
3. X-rays
3. Gamma, ultraviolet, visible, infrared, microwaves
Page 183
1. X-rays, which have the next highest energy radiation after gamma on the electromagnetic spectrum, have a short wavelength and high frequency. They pass through soft tissues in the body but will be absorbed by bone. X-ray images can be used to check for broken bones. X-rays are used in CT scans.

2. The high energy of X-rays means that they are harmful to living cells when the radiation is absorbed. This can cause cancer due to the mutation of genes in cells. The risk of having an X-ray or CT scan must be balanced with the benefit of the information from the image.

3. A photograph taken to show the infrared radiation given out from objects
4. Water particles in food absorb the energy carried by microwaves. They vibrate more, making the food much hotter. Microwaves penetrate several centimetres into the food and so speed up the cooking process.

Activity P4.3b Consolidation and summary
Answers
End of topic questions mark scheme. Pages 185 and 186
	Question
	Correct answer
	Marks

	1 a)
	visible light
	1 mark

	1 b)
	ultraviolet
	1 mark

	1 c)
	microwaves
	1 mark

	1 d)
	X-rays
	1 mark

	1 e)
	infrared
	1 mark

	2 a)
	They can pass through soft tissue and kill cancer cells. Gamma rays are useful because of their great penetrating power.
This is also their disadvantage,
and so they have to be used extremely carefully.
	3 marks




	2 b)
	They can damage healthy cells
and cause cancer
because of their very high energy.
	1 mark
1 mark
1 mark

	2 c)
	They have different frequencies and wavelengths.
	1 mark

	2 d)
	300 000 000 m/s
	2 marks

	3 a)
	radio, microwaves, infrared, visible, ultraviolet, X-rays, gamma
	4 marks

	3 b)
	The order would be reversed.
	1 mark

	4
	Completed table as shown:
	Wave type
	Source of wave
	Use
	Property

	Radio
	Radio transmitter and aerial
	Communication
	Low-energy waves

	X-rays
	X-ray tubes
	Security at airports
	Penetrate tissue

	Visible light
	Lamps, Sun and flames
	Seeing
	Can be dispersed into seven colours

	Ultraviolet
	Mercury vapour lamps
	Security markings
	Causes some chemicals to fluoresce

	Infra-red
	All warm objects
	Thermal imaging
	Can cause burns

	Gamma
	Radioactive substances
	Destroying cancer cells
	Very penetrating

	Microwaves
	Magnetron
	Heating food quickly
	Cause water molecules to vibrate


 
	13 marks

	5
	Microwaves cause water molecules in food
to vibrate more than in the cold state,
raising the internal energy of food and thus cooking it.
	1 mark
1 mark
1 mark

	6 a)
	From left to right:
microwaves
ultraviolet
gamma rays
	
1 mark
1 mark
1 mark

	6 b)
	Radio waves
	1 mark

	6 c)
	Gamma rays
	1 mark

	6 d)
	They all travel at the same speed,
which is the speed of light.
	1 mark
1 mark

	6 e) i)
	Light
	1 mark

	6 e) ii)
	Infrared
	1 mark

	
	
	

	
	
	

	
	Total:
	44 marks



Activity P4.4a Properties of sound
Answers
Page 190
1.  Extended Longitudinal.
2. Extended  Small differences in air pressure.
3. 20 to 20 000 Hz
4. A sound source and the two microphones are arranged in a straight line, with the sound source beyond the first microphone. The distance between the microphones (x), called microphone basis, is measured. The time of arrival between the signals (delay) reaching the different microphones (t) is measured. Then speed of sound = x/t.


Activity P4.4b Measuring the speed of sound
Answers
Developing investigative skills, page 193
1. The students are measuring short time intervals (as the speed of sound is quite fast). Their measurements also depend on the first student tapping out a rhythm exactly in time with the echoes. Reaction time is looked at in question 6. All these elements suggest that anomalous results will be quite easy to generate, so repeat measurements, and plenty of them, would be wise in this case.
2. If the wall is 100 m away then the echo is obviously heard when the sound has travelled 200 m. This still takes less than one second and the timing will be quite difficult to do accurately by hand. However, if the distance is much further, then the energy from the sound wave will have dispersed over a wider area and the echo will be more difficult to hear. 100 m seems a reasonable compromise. 
3. Speed of sound = distance travelled/time taken = (4  200 m) / 2.3 s = 350 m/s (to 2 s.f.)
4. To generate data for a graph, the students could measure the times between different numbers of echoes. For example:
	Number of echoes
	Distance/m
(number of echoes  200)
	Time interval/s

	
	
	



This allows a graph to be plotted of distance on the y-axis against time on the x-axis. The speed of sound is then the gradient of the graph.
5. As mentioned in question 1, there are a number of factors that could cause an individual measurement to be inaccurate. Plotting a graph would allow such measurements to be picked up more easily and the best-fit line would allow such anomalies to be smoothed out.
6. Reaction times could affect the tapping out of the rhythm on the metal bar, as the student has to hear the echo to react to it. Also, the student timing has to react at the start of the measurement and at the end. All these reactions add uncertainty to the measurements.
7. A sound sensor connected to a data logger or a computer could reduce the effect of at least some of the reaction times.


Activity P4.4c Consolidation and summary
Answers
End of topic questions mark scheme. Page 195
	Question
	Correct answer
	Marks

	1 a) i)
	Vibrations
that cause small differences in air pressure.
	1 mark
1 mark

	1 ii)
	Compressions and rarefactions travel through the air
in the direction that the wave is travelling.
	1 mark
1 mark

	1 b)
	Sound waves cannot travel through a vacuum.
Radio waves do not require a medium,
so, they can travel through a vacuum.
	1 mark
1 mark
1 mark

	2
	speed = distance/time
= 150/0.44
= 341 (or 340) m/s
	1 mark
1 mark
1 mark

	3 a)
	wavelength = speed of sound/frequency
= 340 m/s / 256 Hz
= 1.3 m (or 1.33 m)
	1 mark
1 mark
1 mark

	3 b)
	distance = speed of sound × difference in time/2
= 340 m/s × 0.25 s
= 85 m
	1 mark
1 mark
1 mark

	4
	[image: oscilloscope traces - answers]
	4 marks
(1 mark for each)

	
5 a) i)
	The prongs vibrate inward and outward, so that if the ball is touching the prong when it is moving outwards it gets a kick away from the tuning fork.
	1 mark
1 mark

	5 a) ii)
	The behaviour of the ball has nothing to do with the sound wave produced. If the right-hand prong is moving outward the air is compressed and molecules will move away from the compression which can only be to the right. As the prong moves inward, a rarefaction is produced behind the compression which is now moving away from the prong at the speed of sound. The prong moves back outward and another compression immediately following the rarefaction will move away from the prong, so that a continuous chain of compressions and rarefactions is produced moving away from the tuning fork at the speed of sound. This is a sound wave.
	2 marks

	5 a) iii)
	[image: 14]



	
The ball may or not be in contact with the prong during the compression so that it bounces randomly while the compressions and rarefactions are  regular.
	2 marks

	5 b)
	When the tuning fork prongs are dipped into water, ripples can be seen
travelling out
from the prongs.
	1 mark
1 mark
1 mark

	
	Total:
	29 marks



Activity P5.1a Introduction to magnetism
Answers
Page 199
1. They attract each other.
2. They repel each other.
3. It will line up approximately north–south.
Page 200
1. Magnetically hard materials retain their magnetism; magnetically soft materials lose their magnetism if the outside magnetic influence is removed.
2. A permanent magnet that is made of magnetically hard materials
3. In electromagnets.

Activity P5.1b Magnetic induction
Answers
Page 201
1. Extended   It will be attracted. It has had magnetism induced in it; it has become magnetised.
2. A south pole.
3. Soft magnetic materials will attract a known magnet, but only permanent magnets will repel magnets.
4. With identical poles facing each other.
Page 202
1. A region in which magnetism affects other objects.
2. The path that a free north pole would take.
3. Place a bar magnet under a thin sheet of plastic, and sprinkle iron filings on to the top of the plastic. The iron filings will arrange themselves into strings of filings along the field lines. Place a small compass (known as a plotting compass) on the plastic in place of the iron filings. If you move the compass in the direction that its north pole is pointing, it will follow a field line.
Page 204 (top)
1. The magnetic field lines radiate out from the north pole and go round to the south pole.
2. Two opposite poles attract each other and the field lines go from a north pole to a south pole.
3. Two like poles repel each other. The field lines go from a north pole to a south pole, not between like poles. 
Page 204 (bottom)
1. Magnetic field lines show the direction of a force (on a free north pole); if field lines crossed, this would indicate a force in more than one direction, which makes no sense.
2. Even; the same strength at all places.
3. Between the poles of a U-shaped magnet, or when opposite poles of two magnets are placed close to each other.


Activity P5.1c Consolidation and summary
Answers
End of topic questions mark scheme. Page 205
	Question
	Correct answer
	Marks

	1
	A magnetically hard material stays magnetic once it has been magnetised.
Example: steel.
A magnetically soft material does not stay magnetic when the source of magnetisation is removed.
Example: pure iron.
	1 mark

1 mark
1 mark

1 mark

	2
	The piece of metal could just be made of a soft magnetic material.
This will be attracted if it is brought near to a magnet.
Ranjit could turn the piece of metal around and see if it is still attracted (in which case it is not a magnet) or repelled (in which case it is a magnet).
	1 mark
1 mark

1 mark

	3
	See Fig. 5.6a on page 203 for the magnetic field pattern for a single bar magnet.
If the magnet were made stronger, the field pattern would not change, but it is common to indicate the increased field strength by drawing more lines between the original ones.
	1 mark



1 mark

	4
	Place the bar magnets under a thin sheet of plastic.
Sprinkle iron filings on top of the plastic.
The iron filings will show the field pattern of each magnet
and the pattern between the magnets.
	1 mark
1 mark
1 mark
1 mark

	
	Total:
	13 marks





Activity P5.2a Electric charge
Answers
Page 208
1. You are the insulator. You will have rubbed electrons either onto or off yourself, perhaps by sliding your feet over a carpet. The metal handrail is a conductor – when you touch it, it allows the electrons to move to restore the balance and this is what you feel as a shock.
2. The key idea is friction – water droplets rubbing against each other, bit of dust, etc. Although water is a conductor, in a cloud it is isolated from the ground so the charge can build up.
Page 210
1. Electrons are extremely small and negatively charged. Electrons are also around the outside of atoms. These key ideas make it much easier for electrons to be moved about (than the positively charged parts of the atom) to account for all the electric effects we know.
2. The electron clouds in your feet repel the electron clouds in the floor. The force of repulsion is easily enough to stop you falling through.
3. a) Polythene rod should be negatively charged and cloth positively charged. Perspex rod should be positively charged and cloth negatively charged.
b) They will be equal and opposite.
Developing investigative skills, page 211
1. Any suitable suggestion – for example, place a large protractor directly behind the stream of water, lined up so that the un-deflected stream follows the zero line. Method should mention taking measurements from directly in front to avoid parallax errors.
2. Any suitable suggestion – for example, place a beaker below the stream and measure the volume of water collected over a set time. The volume collected should remain constant when the measurement is repeated if the stream is at a constant flow.
3. The independent variable is the ‘amount’ of charge on the rod, the dependent variable is the angle of deflection (of the water stream).
4. In this case, the student cannot say exactly what the charge on the rod is in coulombs. All the student can do is compare the strength of the effects produced by different charges – that is, the charge on the rod relative to the other rods.
5. The distance of the rod from the stream will also affect the angle of deflection – it is a variable that needs to be controlled and kept constant. At the moment, the method does not make it clear how close the student means to bring it or how she will measure it.
6. The charged rods will induce a charge on the water stream. The side nearest the charged rods will always be induced with the opposite charge to the rods. So the stream will always be attracted to the rod whether it is positively charged or negatively charged – the student will not be able to use this test to distinguish between the types of charge.


Activity P5.2b Current
Answers
Page 214
1. a) 15 C
b) 20 C
c) 92 C
d) 45 C
2. 0.5 A
3. 120 s

Activity P5.2d Resistance
Answers
Page 217
1. 10 V
2. 6 Ω
Page 221
1. Extended   The longer the wire, the further the electrons have to travel through the wire.
2. Extended   The thicker the wire, the more routes electrons have to travel through the wire.
3. Extended   3R
4. Extended   R/3


Activity P5.2e Consolidation and summary
Answers
End of topic questions mark scheme. Pages 223 – 225
	Question
	Correct answer
	Marks

	1 a)
	Electrons are rubbed off the surface of the plastic onto the cloth.
Static electricity is produced by removing electrons from one insulator to another. An excess of electrons leads to a negative charge.
	1 mark

1 mark

	1 b)
	The positively charged rod induces a negative charge on the surface of the paper near to the rod.
Opposite charges then attract.
	1 mark

1 mark

	2 a)
	The passenger is charged by friction as her clothes rub against the seat covers. The car is also charged by friction with the road and the air.
Touching metal allows the charge to flow to earth.
	1 mark

1 mark

	2 b)
	Touching a door handle after walking on a synthetic carpet.
Removing clothing.
	1 mark
1 mark

	3 a)
	The pen becomes charged by rubbing
and then attracts
the water molecules, which have a slight charge, towards it. The charge on the water molecules are induced. 
	1 mark
1 mark
1 mark

	3 b)
	The balloons will acquire the same electrostatic charge, 
either + or – depending on the cloth used. 
Either way, like charges will repel each other.
	1 mark
1 mark
1 mark

	4 a)
	current = charge/time = 10 C/30 s
= 0.33 A
	1 mark
1 mark

	4 b) i)
	charge = current × time = 10 A × 1 s
= 10 C
	1 mark
1 mark

	4 b) ii)
	charge = current × time = 10 A × 60 × 60
= 36 000 C
	1 mark
1 mark

	5
	If the wire is carrying a larger current, the diameter must be bigger
so that the wire does not get too hot.
	1 mark
1 mark

	6 a)
	V = IR = 2 × 12
= 24 V
	1 mark
1 mark

	6 b)
	V = IR = 0.1 × 200
= 20 V
	1 mark
1 mark

	6 c)
	I = V/R = 12/100
= 0.12 A

	1 mark
1 mark

	6 d)
	I = V/R = 230/10 
= 23 A
	1 mark
1 mark

	6 e)
	R = V/I = 6/0.1 
= 60 Ω
	1 mark
1 mark

	6 f)
	R = V/I = 230/10
= 23 Ω
	1 mark
1 mark

	7 a)
	a line graph
with voltage on the x-axis and current on the y-axis
	1 mark
1 mark

	7 b)
	voltage
	1 mark

	7 c)
	They are consistent
but he only took one set of readings.
	1 mark
1 mark

	7 d)
	He could have repeated them.
He could have recorded more values.
	1 mark
1 mark

	7 e)
	correctly plotted graph
resistance = 3.5 Ω
	2 marks
1 mark

	8
	row 1: 0.3 (V)
row 2: 30 (Ω)
row 3: 6 (V)
row 4: 4 (Ω)
row 5: 13 (12.97) (A)
	1 mark
1 mark
1 mark
1 mark
1 mark

	
	
	

	
	Total:
	49 marks



Activity P6.1b Consolidation and summary
Answers
End of topic questions mark scheme. Page 230
	Question
	Correct answer
	Marks

	1
	Correct symbols drawn for a cell, a battery, a fixed resistor, a variable resistor, an ammeter and a voltmeter.
	6 marks - 1 mark each


	2
	A circuit diagram to show two cells, a switch, a lamp and connecting leads. Only checking the circuit symbols here, not the overall circuit.
	4 marks - 1 mark each


	
	Total:
	10 marks



Activity P6.2a Series and parallel circuits
Answers
Page 233
1. There is no current when the circuit is not complete.
2. In parallel each bulb takes the same energy from the battery, so the battery has to deliver twice as much energy as it would if the bulbs were in series, where its energy is shared.
3. So they can be switched on and off independently.
4. a) The bulbs are dimmer in series because the battery energy is shared between the two bulbs.
b) The bulbs are brighter in parallel because the full energy of the battery is given to each bulb.
Page 236
1. It is the same.
2. Each appliance can be designed to work with the mains voltage supply; appliances can be switched on and off individually.
3. 122 
4. Extended   88.1 k



Activity P6.2b Thermistors and LDRs
Answers
Page 238
1. Extended   A material that does not conduct electricity as well as a conductor such as copper, but that conducts better than an insulator, such as plastic.
2. Extended   In brighter light, the resistance of the LDR decreases, so the current in the circuit will increase. The ammeter reading will, therefore, increase in brighter light.
3. Extended   Increasing the temperature reduces resistance.
Developing Investigative Skills, page 239
1. To make sure that the water is all at the same temperature – the thermometer in fact, records the temperature of the water, so if the student is going to use this value as the temperature of the thermistor, she needs to ensure that all the water is at the same temperature.
2. a) The range of the thermometer is 60 °C.
    b) When it records 40 °C, the true value will be between 38 °C and 42 °C.
3. Students’ own graphs.
4. As the temperature increases, the resistance decreases.
5. Similarly to the answer to question 1, the thermometer is actually measuring the temperature of the water. If the student wishes to use this value as the temperature of the thermistor, then she must allow time for the energy transfer between the thermistor and the water to reach equilibrium.
6. As the temperature increases the resistance decreases, so at higher temperatures it becomes easier to achieve a net increase in the number of moving free electrons. Increasing the temperature would increase the average kinetic energy of the particles, but this would be in a random manner and would particularly apply to the large ions in the structure (which is why the resistance of a filament lamp increases as the temperature increases). In this case, the additional energy makes more electrons available to conduct, which overwhelms the increased resistance due to increased particle vibrations, leading to a decrease in resistance overall.

Page 240
1. Extended   A device that transfers energy from one form to another; LDR and thermistor.




Activity P6.2c Consolidation and summary
Answers
End of topic questions mark scheme. Pages 243 and 244
	Question
	Correct answer
	Marks

	1  a)
	A1 = A2 = A3
A1 reading 0.2 A
A2 reading 0.2 A
(The current is always the same at any point in a series circuit.)
	
1 mark
1 mark

	1 b)
	A5 = A6 
So A5 reading 0.15 A
A4 = A5 + A6
so A4 reading 0.30 A
(The ammeter A6 has been placed on one branch of the parallel circuit. Ammeter A5 is on the other branch. As the lamps are identical the current flowing through them must be the same. Ammeter A4 gives the current before it ‘splits’ in half as it flows through the two parallel branches.)
	1 mark
1 mark
1 mark
1 mark

	2
	reading on V1 = 6
V
The potential difference across the battery is 9 V. This must equal the total p.d. in the circuit. Assuming there is no loss along the wiring, the p.d. across the lamp must be 9 – 3 = 6 V.
	1 mark
1 mark

	3 a)
	The battery.
	1 mark

	3 b)
	The voltage will increase, and so will the current.
	1 mark

	3 c)
	It will decrease.
	2 marks

	4
	A1 = A2 = A so A1 = 0.3 A
and A2 = 0.3 A.
Voltage of cells is 3 V, V1 = V2 = 3 V/2
so V1 = 1.5 V
and V2 = 1.5 V.
The current through each lamp would be the same, 
but the potential difference across each lamp would be different.
A = 2A2 
so A2 = 0.3 A/2 = 0.15 A;
voltage of cells is 3 V = V3 = V4 
= 3.0 V.
The potential difference across each lamp would be the same, 
but the current through each lamp would be different.
	1 mark
1 mark

1 mark
1 mark
1 mark
1 mark
1 mark
1 mark
1 mark
1 mark
1 mark
1 mark

	
	Total:
	24 marks



Extended   Activity P6.3a Electrical energy
Answers
Page 246
1. Extended   220 W
2. Extended   12 V
3. Extended   0.11 A
Page 247
1. Extended   No, because the voltage is not high enough from the mains
2. Extended   2160 J 
3. Extended   3.3 A
4. Extended   218 s
5. Extended   12 V



Activity P6.3b Consolidation and summary 
Answers
End of topic questions mark scheme. Page 248
	Question
	Correct answer
	Marks

	1
	current = power/voltage
= 1400 W/230 V
= 6.1 A
	1 mark
1 mark
1 mark

	2
	current = P/V = 11 W/230 V
= 0.05 A
	1 mark
1 mark

	3
	power = IV = 3.2 A × 110 V
= 352 W
	1 mark
1 mark

	4
	voltage = P/I = 300 W/2.7 A
= 111 V
	1 mark
1 mark

	[bookmark: _GoBack]
	
	

	6 a)
	energy used each second = mgh
mass per second = 360 kg/60 s = 6 kg
= 6 kg × 10  m/s2 × 10 m
600 J/s = 600 W
	1 mark
1 mark
1 mark
1 mark

	6 b)
	current = power/voltage
= 600 W/12 V
= 50 A
	1 mark
1 mark
1 mark

	6 c)
	current = power/voltage
= 600 W/220 V 
= 2.7 A
	1 mark
1 mark
1 mark

	6 d)
	A lower current means that you can use a thinner connecting wire, simpler switches and have less energy loss in the wires.
220 V is a safety hazard near the water and will require careful protection for the motor and operator.
	
1 mark

1 mark

	7
	energy = IVt = 3 A × 5 V × 60 s
= 900 J
	1 mark
1 mark

	
	Total:
	



Activity P6.4a Electrical hazards and domestic electrical safety features
Answers
Page 252
1. Brown insulation: live, connected to fuse. Blue insulation: neutral wire. Green and yellow insulation: earth wire, connected to earth.
2. It melts if the current gets too high. This breaks the circuit, preventing the current from flowing. 
3. The student should not choose the ‘nearest’ fuse, but the ‘nearest above’. If the appliance requires 
6 A, the 5 A fuse will melt when the appliance is used.
4. The earth connection needs to be a low resistance path. This means that, in the event of a fault occurring, a high current will pass through the live wire and this will melt the fuse (or trip the circuit breaker).
5. The casing cannot become accidentally connected into the electrical circuit because it is not a conductor.


Activity P6.4b Consolidation and summary
Answers
End of topic questions mark scheme. Page 256
	Question
	Correct answer
	Marks

	
	
	

	1 
	Water greatly increases the hazard of any contact with mains electricity as the skin becomes highly conducting.
If the hair dryer is dropped in the washbasin, then any attempt to pick it out will be fatal.
	
1 mark

1 mark

	2
	Only the live wire has a big enough voltage to kill. Once the fuse has blown, the supply voltage is disconnected, making the appliance safe to touch.
	

1 mark

	3
	current = power/voltage = 1400 W/230 V
= 6.1 A
so a 13 A fuse should be used.
	1 mark
1 mark
1 mark

	4
	The current supplied with all the equipment switched on would be 27 A
so you should fit an MCB of 30 A.
	1 mark
1 mark

	5 a)
	current = power/voltage = 800 W/240 V = 3.3 A
so, fuse should be 5 A.
	1 mark
1 mark

	5 b)
	current = power/voltage = 800 W/110 V = 6.7 A
so, fuse should be 13 A.
	1 mark
1 mark

	6
	Current that flows is 6.67 A 
so the fuse is rather high in value and may not ‘blow’ easily.
	1 mark
1 mark

	
	Total:
	14 marks





Activity P7.1a The magnetic effect of current
Answers
Page 263
1. Your sketch should match Fig. 7.4 on page 262 of the Student Book. It should be a similar shape to a bar magnet pattern – ‘fanning out’ at the poles; ‘loops’ along the sides, etc.
2. The field at the centre of the coil is almost uniform.	
3. a) Your sketch should match the right-hand part of Fig. 7.2 on page 261 of the Student Book.
b) Your sketch should match the left-hand part of Fig. 7.2 on page 261 of the Student Book.
Developing Investigative Skills, page 264
1. To vary the current, the student can place a variable resistor in series with the coil and the power supply. Different settings on the variable resistor will allow different currents in the circuit. The power supply the student uses may have a variable setting to do this. The student will need to include an ammeter in the circuit to measure the current.
2. The student should keep the number of turns on the coil constant (including keeping the spacing of the turns constant). Clearly the student should use the same nail throughout, as different nails may have different diameters, etc. They should also keep the temperature of the coil constant (see question 7). The number of turns may affect the strength of the electromagnet. The reason for the same nail is given. “A higher temperature coil may melt the plastic causing a short circuit and so changing the number of turns.”
3. Line graph or bar chart. The current is a continuous variable, indicating that a line graph would be appropriate. However, the discrete nature of the paper clips measurement suggests that a best-fit line may not be entirely suitable in this context.
4. As the current increases, the electromagnet can generally hold more paper clips. The ‘strength’ of the electromagnet is not a variable on the graph, so really should not be included in a statement of ‘what the graph shows’.
5. a) Hanging the paper clips in a bunch has the advantage of attaching quite a large number of paper clips, so in effect smaller variations in strength can be noted. However, it is not a particularly repeatable method, as there are many angles that the clips can attach in and the student would have to judge how far up the nail to allow the paper clips to go.
b) Hanging the clips in a line attached to each other is really testing the strength of the electromagnet at its tip, since the other paper clips are just adding extra weight. This method is not a particularly fine discriminator, as it will only pick up changes in terms of ‘whole paper clips’. Since the paper clips are attached, they could all be attached to the first one, which should be connected to the tip of the electromagnet through magnetic attraction alone. 
c) This method really tests how well the magnet induces magnetism in the first paper clip and, consequently, how each paper clip in turn induces magnetism in the next. This method will work well if the paper clips are small, so that smaller changes in the magnetic field can be detected by how many paper clips are picked up. 
6. Still using paper clips, the measurements will be more precise if smaller paper clips are used, since this will allow smaller changes in the magnetic field to be noted. If a different measuring technique is used, such as measuring the repulsion between the electromagnet and a bar magnet resting on an electronic balance (where the repulsion gives an increased reading on the balance scale), then improved precision can be achieved.
7. As the current increases the heating effect in the coil will increase. With the plastic-coated wire typically used in school science labs this can result in the plastic melting, making the coil difficult to use. Also, the low-voltage power supply used may have a cut-out to prevent large currents being drawn from it.
Activity P7.1b Consolidation and summary
Answers
End of topic questions mark scheme. Page 266
	Question
	Correct answer
	Marks

	1
	Any two of: 
increasing the current flowing through the coil
increasing the number of coils
adding a soft iron core inside the cardboard tube
	2 marks 
– 1 mark for each

	2
	Any three of:
relay
door bell
scrap yard crane
electric motor/starter motor
	3 marks – 1 mark for each

	3
	The current,
the number of turns on the coil (per unit length),
presence of an iron core.
	1 mark
1 mark
1 mark

	4 a
	Iron does not retain its magnetism when the current is switched off,
allowing greater flexibility in the electromagnet’s use (or example given, such as scrapyard).
	1 mark
1 mark

	4 b
	Similar diagram to bar magnet field pattern
with field lines closer together at the ends of the nail and no field lines crossing.
	1 mark
1 mark

	5
	When the switch is pressed, the electromagnet attracts the hammer support and the hammer hits the bell,
the movement of the hammer support breaks the circuit,
so the electromagnet ceases to operate.
The hammer support then returns to its original position, forming the circuit again and the process is repeated.
	1 mark

1 mark
1 mark

1 mark

	
	Total:
	16 marks





Activity P7.2b Consolidation and summary
Answers
End of topic questions mark scheme. Page 270
	Question
	Correct answer
	Marks

	1
	Should describe experiment shown in Fig. 7.13 on page 268 of the Student Book
	6 marks

	2 a)
	To the right
	1 mark

	2 b)
	To the right
	1 mark

	3
	When the conductor is parallel
to the magnetic field lines.
	1 mark
1 mark

	4
	Use Fleming’s Left Hand Rule.
Set your thumb, first finger and second finger at right angles to each other.
Line your first finger along the magnetic field lines and your second finger in the direction of the current
and your thumb indicates the direction of the motion.
	1 mark
1 mark

1 mark
1 mark

	
	Total:
	14 marks



Activity P7.2a Force on a current-carrying conductor
Answers
Page 273 (top)
1. Extended   The current in the coil creates a magnetic field around the coil. This interacts with the magnetic field from the permanent magnet, producing forces in opposite directions on either side of the coil. Putting the coil on an axle allows these forces to spin the coil.
2. Extended   The commutator reverses the direction of the current in the coil each half-turn and therefore reverses the direction of the forces on the two sides. This allows the coil to maintain its motion in the same direction.
Page 273 (bottom)
1. Increase the current or increase the strength of the magnetic field.
2. Change the direction of the current or reverse the magnetic field.


Activity P7.3b Consolidation and summary
Answers
End of topic questions mark scheme. Page 274

	Question
	Correct answer
	Marks

	1 a)
	When a current flows, each side of the coil experiences a force in the magnetic field.
The current is in opposite directions in the two sides of the coil, so the forces on the sides are in opposite directions,
which creates a turning moment on the entire current.
	1 mark

1 mark
1 mark

	1 b)
	Stronger magnetic field, increase the current, more turns on the coil.
	3 marks – 1 mark each

	2 a)
	(Same answer as question 1 a)
When a current flows, each side of the coil experiences a force in the magnetic field.
The current is in opposite directions in the two sides of the coil, so the forces on the sides are in opposite directions,
which creates a turning moment on the entire current.
	
1 mark

1 mark
1 mark

	2 b)
	The other two sides are parallel
to the magnetic field lines.
	1 mark
1 mark

	
	Total:
	11 marks





Activity P7.4a Electromagnetic induction
Answers
Page 276
1. Extended   An e.m.f. is created in a wire in a complete circuit when:
the wire is moved through a magnetic field (‘cutting’ the field lines)
the magnetic field is moved past the wire (again ‘cutting’ the field lines), or
the magnetic field around the wire changes strength.
2. Extended   No, the wire needs to move relative to the field.
3. Extended   The magnitude of the induced e.m.f. depends on the field strength and the speed with which the wire is moved.
Developing investigative skills, page 277
1. The time period of the spring’s oscillation depends on the stiffness of the spring, so if the student sets the spring going from larger extensions the initial speed will be greater, indicating that the method will work. However, as the oscillation loses energy and the amplitude decreases, so the speed will reduce as well. As long as the student is only trying to measure the initial maximum voltage this method will allow measurements to be made. If the student were to use different springs with different spring constants they would also be able to control the speed of the oscillation.
2. The timebase circuit moves the trace across the screen, so if it is switched off the student will see a vertical line: because the spot moves up and down only, the length of the line reflecting the magnitude of the induced voltage.
3. The deflection of the spot on the screen will be positive as the magnet moves in one direction and negative when the magnet moves in the other direction.
4. The screen of the cathode ray oscilloscope (CRO) has a grid. The controls of the CRO will indicate how many volts each grid square is ‘worth’. As the spot is deflected, the student will be able to judge how many grid squares it moves and so will be able to estimate the maximum voltage.
5. The graph should have a sine wave shape with an amplitude that decreases over time.
6. In this context, ‘qualitative’ indicates a more descriptive measurement (bigger, smaller) rather than specific measurements (a quantitative approach).
7. The measurements of speed and voltage could be improved by developing a method that makes some kind of record that can be analysed later, rather than judging by sight as the experiment runs. Data logger and sensors could be used, or record the experiment with a video camera, allowing playback frame-by-frame.



Activity P7.4b Consolidation and summary
Answers
End of topic questions mark scheme. Page 278

	Question
	Correct answer
	Marks

	1
	Electromagnetic induction is when an e.m.f. is induced in a wire in a complete circuit when:
the wire is moved through a magnetic field (‘cutting’ the field lines)
the magnetic field is moved past the wire (again ‘cutting’ the field lines)
the magnetic field around the wire changes strength.
	1 mark

1 mark
1 mark
1 mark

	2
	Move a magnet near a wire.
Move a wire near a magnet.
	1 mark
1 mark

	3
	No emf is induced
since the motion does not cause the wire to cut through any field lines.
	1 mark
1 mark

	4
	Connect a coil of wire to a suitable voltmeter (such as oscilloscope).
Hang a magnet from a mass loaded onto the end of a spring.
Allow the magnet to bounce up and down on the spring so that it enters and leaves the coil – an emf will be induced.
	1 mark
1 mark
1 mark

	5
	Increase the speed of the magnet.
Use a stronger magnet.
	1 mark
1 mark

	
	Total:
	13 marks



Activity P7.5a The a.c. generator
Answers
Page 281
1. Extended   Via slip rings.
2. Extended   To increase the voltage, increase the rate of rotation, increase the strength of the magnetic field, increase the number of turns on the coil. The output is an alternating current because the relative motion between coil and field reverses each half-turn.

Activity P7.5b Consolidation and summary
Answers
End of topic questions mark scheme. Page 282
	Question
	Correct answer
	Marks

	1
	Cycle faster: the induced e.m.f. would increase as the magnet turned
faster.
Increase the area of the coil, increase the number of turns on the coil,
increase the strength of the magnetic field, increase the speed of
rotation.
	3 marks 
– 1 mark 
for each

	2
	In a.c. the electrons change their direction of motion periodically,
in d.c. the electrons always travel in the same direction.
	1 mark

1 mark

	3
	Falling water in a hydroelectric power station, steam pushing round a turbine connected to the generator in a fossil fuel or nuclear power station, wind turning a turbine blade in a wind-powered generator. 
	3 marks – 1 mark for each (accept any suitable responses)

	4
	Cyclist has to work harder
to provide the energy to move the bicycle and to drive the dynamo.
	1 mark

1 mark

	5
	If the rotation of the armature induces an e.m.f., 
which is being withdrawn via A and B, then it is a generator.
If, alternatively, electricity is being supplied via A and B
to produce rotation, then it is a motor.
(The same device can be used as either a motor or a generator. A motor needs an electrical supply in order to produce movement. In a generator the movement is used to generate electricity.)
	1 mark
1 mark
1 mark
1 mark

	
	Total:
	14 marks





Activity P7.6a Transformer
Answers
Page 285
1. Extended   When the secondary coil has more turns than the primary coil, the voltage increases in the same proportion. This is a step-up transformer. A transformer with fewer turns on the secondary coil than on the primary coil is a step-down transformer, and produces a smaller voltage in the secondary coil.
2. Extended   20 V
3. Extended   6.0 V
4.  Extended  a) 24 V
                       b) 2 A
                       c) 24 A
Worksheet P7.6aii
1. a) There are more turns on the secondary side than the primary side.
b) 72 V
c) 2 V
2. 50
3. a) 2.1 : 1
b) 2.1 : 1
c) 251
d) Swap over the primary and secondary connections.
4. a) 19.2 : 1
b) 19.2 : 1
c) 48

Activity P7.6b Using transformers in electricity generation
Answers
Page 287
1. Extended   High-voltage transmission reduces power loss.
2. Extended   The voltage is stepped up at the power station for high-voltage transmission and then
    		stepped down again before use.
3.  Extended   a) 25 600 W
         b) 0.64%

Activity P7.6c Consolidation and summary
Answers
End of topic questions mark scheme. Page 290
	Question
	Correct answer
	Marks

	1
	A lower voltage is needed,
so turn the coil slower,
have fewer turns on the coil
or a weaker magnetic field.
	1 mark
1 mark
1 mark
1 mark

	2 a)
	Iron
	1 mark

	2 b)

	The varying current produces
a varying magnetic field,
which is transferred through the core.
	1 mark
1 mark
1 mark

	2 c)
	The varying magnetic field in the core
induces
a varying current in the secondary coil.
	1 mark
1 mark
1 mark

	2 d)
	Up/Vs = nap/ns; Vp/14 = 12/7
Up = 12/7 × 14
= 24 V
	1 mark
1 mark
1 mark

	
	Total:
	14 marks



Activity P8.1a The structure of an atom
Answers
Page 295
1. It is the smallest particle of an element. It consists of a nucleus with protons and, except in the case of hydrogen, neutrons and electrons, which orbit the nucleus. 
2. They have the same number of positive protons as negative electrons.
3. The proton number is the number of protons; the nucleon number is the number of protons and neutrons.


Activity P8.1b Consolidation and summary
Answers
End of topic questions mark scheme. Page 296
	Question
	Correct answer
	Marks

	1
	Protons have a position charge and neutrons have no charge,
so a nucleus has an overall positive charge.
In a small nuclei, the number of protons and neutrons is approximately equal
but larger nuclei have a greater number of neutrons compared to protons.
	1 mark
1 mark
1 mark

1 mark

	2
	

For example, there are two types of stable copper nuclei,  and .
The first type contains 29 protons and 63 nucleons (particles in a nucleus, i.e. protons and neutrons), hence (63 – 29 =) 34 neutrons.
The second type is the same except it contains 36 neutrons (65 – 29).
	1 mark

1 mark

1 mark

	3
	Completed table as shown:

	Atom
	Symbol
	Number of protons
	Number of neutrons

	Hydrogen
	

	1
	0

	Carbon
	

	6
	6

	Calcium
	

	20
	20

	Uranium
	

	92
	146



(Remember: number of electrons = number of electrons in a neutral atom; number of neutrons = nucleon number – proton number)
	12 marks (1 mark each)

	4
	protons: 11
neutrons: 24 – 11
= 13
	1 mark
1 mark
1 mark

	
	Total:
	22 marks





Activity P8.2a Ionising radiations
Answers
Page 300-301
1. The emission of particles and/or energy from an unstable nucleus.
2. Unstable.
3. Alpha particles are relatively large, so as they travel they collide often, reducing their energy quickly, so they cannot travel very far. Beta particles are smaller and travel more quickly, having fewer collisions and losing less energy each time. This means that they will travel further before losing all their energy. Gamma radiation, being electromagnetic waves, only interacts weakly with matter so it has a much larger range.
4. Extended   Alpha and beta particles are charged and so are deflected, but gamma particles are uncharged and so are not deflected.
Page 302
1. Two protons and two neutrons are emitted. The atomic number is reduced by 2 and the mass number by 4.
2. A neutron changes into a proton. The atomic number increases by 1 and the mass number is not affected.
3. There is no change to the number or types of particles. There is a reduction in energy, however.
4. Emitting alpha or beta radiation changes the number of protons in the nucleus. This means that the number of outer electrons will also change, changing the chemical behaviour – it is a different element.
Worksheet P8.2a
1. a) Alpha and beta
b) Gamma
c) Very energetic (high-frequency) electromagnetic waves


d) alpha  	beta  
2. a) The tracks appear suddenly and unpredictably with different intervals between them and different directions.
b) The tracks are all about the same length, so the alpha particles are losing their energy after roughly the same number of collisions with air molecules – so they must have similar energies.
c) See Table 8.2 on page 301 of the Student Book.



3. a)  →  + 	decay of uranium by beta emission



b)  →  + 	decay of gold by alpha emission



c)  →  + 	decay of sodium by beta emission



d)  →  + 	decay of helium by beta emission



e)  →  + 	decay of thorium by alpha emission
Activity P8.2b Half-life
Answers
Page 304
1. Half-life is the time taken for half the active nuclei in the sample to decay, i.e. the time for the activity to reduce to half its current level
2. Activity is 800 Bq now, so in 8 hours it will be 400 Bq; 8 hours later it will be 200 Bq and a further 
8 hours later the activity will be 100 Bq. This gives a total of 24 hours: three half-lives.
Developing investigative skills, page 304
1. The ionising radiation from radioactive sources can be very harmful and the use of radioactive materials is covered by a range of regulations. Young people are generally not allowed to handle radioactive materials, because they are still growing and developing rapidly. Reducing the exposure to radioactive materials reduces the risk of any harmful effects to cells in the body.
2. With no radioactive source present, the teacher should take a count rate several times to find a mean background activity. This value should be subtracted from the values measured during the experiment, since this count would have been expected anyway and cannot be due to the protactinium sample.
3. The independent variable was the time since the experiment started, the dependent variable the activity of the sample.
4. The graph should be a smooth curve
5. Depending on the particular curve drawn, the half-life should be a little over 1 min (actual value for this isotope is 72 s). There should be evidence on the graph of how the value was found – for example, lines traced across from one axis to the other in two places, where one has half the activity of the other.
6. ‘Random’ in this context indicates that the behaviour of any individual atom cannot be predicted. Towards the end of the experiment, the values do not follow the pattern exactly, indicating that the randomness of the decay is becoming more significant.
7. The experiment is to investigate the behaviour of the protactinium sample. Background radiation does not come from the sample, but it will change the measurements made, possibly misleading us into drawing incorrect conclusions about the behaviour of protactinium.
8. To get an accurate value for the half-life we need a graph with as smooth a curve as possible – one where we are confident that we have drawn the correct line. The larger the sample of the radioactive source, the higher values our measurements will have and the effect of random variations will be reduced. If we repeat the test and add all the values together this would effectively give us a larger sample of the material and should lead to a more accurate value for the half-life. However, simply repeating the experiment and averaging the values of half-life obtained would not significantly improve the accuracy.
Activity P8.2c Uses and dangers of radioactivity
Answers
Page 308
1. Radioactive emissions are ionising radiations – they can ionise cells in the body, which may destroy the cells or damage them (particularly hazardous is damage that causes cell mutations, which can lead to cancerous changes).
2. Extended   Any three from: sterilising medical equipment, radiotherapy, radiocarbon dating, smoke alarms, tracers.
Activity P8.2d Consolidation and summary
Answers
End of topic questions mark scheme. Pages 310 and 311
	Question
	Correct answer
	Marks

	1 a)
	Beta particle.
	1 mark

	1 b)
	x = 24
y = 12
	1 mark
1 mark

	2
	The count falls from 100 Bq to 50 Bq in 15 hours. It also falls from 50 Bq to 25 Bq in 15 hours.
The half-life is 15
hours
	1 mark

1 mark
1 mark

	3
	Beta particles are high-energy (i.e. fast-moving) electrons.
They are negatively charged
and have very little mass.
	1 mark
1 mark
1 mark

	4
	‘Ionisation’ means knocking electrons away from an atom,
leaving it with a net positive charge (it becomes a positive ion).
	1 mark
1 mark

	5
	

	3 marks – 1 mark for each correct nuclide

	6
	

	3 marks – 1 mark for each correct nuclide

	7
	Place each source in turn close (no more than a few cm) to a GM tube connected to a counter.
Place a sheet of paper between each source and the detector.
For the alpha source only, the count rate would fall to the background level, as alpha particles are blocked by paper.
With the remaining two sources, repeat the experiment using a sheet of aluminium about 1–2 mm thick.
If the count falls to the background level you have a beta source, as 
1–2 mm of aluminium will block beta particles, 
but has very little effect on gamma rays.
	
1 mark
1 mark

1 mark

1 mark

1 mark
1 mark

	8 a)
	200
	1 mark

	8 b)
	400 – 1 half-life; 200 – 2 half-lives, 100 – 3 half-lives, so 50 is
4 half-lives
	1 mark
1 mark

	8 c)
	100 is 3 half-lives
3 × 30 minutes
so, 1 hour 30 minutes
	1 mark
1 mark
1 mark

	9 a)
	Count rate = 128/(2 × 2 × 2)
= 16 counts/min
	1 mark
1 mark

	9 b)
	Count rate of 4  = 128/(2 × 2 × 2 × 2 × 2) [5 half-lives]
So, time = 8 days × 5
= 40 days
	
1 mark
1 mark

	10
	Initial value 2000 counts; halves to 1000 counts at 8 min;
halves again to 500 counts at 16 min;
so, half-life is 8 min
	1 mark
1 mark
1 mark

	11 a)
	Alpha particles
	1 mark

	11 b)
	Beta particles
	1 mark

	11 c)
	Gamma rays
	1 mark

	12 a)
	Lead
(In fact, the uranium-238 decays through a chain of short-lived intermediate elements before forming lead.)
	2 marks

	12 b)
	The ratio of uranium-238 to lead-207 enables the age of the rock to be determined.
(In a similar way the carbon-14 : carbon-12 ratio is important in finding out the age of previously living material.)
	4 marks

	
	Total:
	45 marks
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