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Answers to Questions

1 1128 has four significant figures. That is because they are all non-zero numbers.


478.2 has four significant figures. That is because they are all non-zero numbers.


201 has three significant figures. That is because there are two non-zero numbers with a zero 
between them (remember that a zero between two non-zero numbers is significant).


1.109 has four significant figures. That is because there are three non-zero numbers with a zero 
between them.

2 0.04115 has four significant figures. Remember that zeros before the first non-zero number are not 
significant.


00.79 has two significant figures.


0123 has three significant figures.


005.6 has two significant figures.

3a 3.0682 has five significant figures. We need to round this to three significant figures. The first three 
significant figures are 3.06 


In this case, the 6 is followed by 8. The 8 rounds the 6 up to 7. 


Final answer = 3.07

3b 120.14 has five significant figures. We need to round this to four significant figures. The first four 
significant figures are 120.1


In this case, the 1 is followed by 4. The 4 simply rounds down and has no effect on the 1.


Final answer = 120.1

3c 0.005673 has four significant figures. We need to round this to two significant figures. The first two 
significant figures are (0.00)56


In this case, the 6 is followed by 7. The 7 rounds the 6 up to 7.


Final answer = 0.0057

3d 0.1025 has four significant figures. We need to round this to three significant figures. The first three 
significant figures are (0.)102


In this case, the 2 is followed by 5. The 5 rounds the 2 up to 3.


Final answer = 0.103

3e 215.6714 has seven significant figures. We need to round this to four significant figures. The first four 
significant figures are 215.6


In this case, the 6 is followed by 7. The 7 rounds the 6 up to 7.


Final answer = 215.7
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Kinetic Energy

1a To answer this question, we need to use the equation for kinetic energy (which you need to learn as 
you are not given it in the exam).


Ek = 0.5 x m x v2


Ek = 0.5 x 0.5 x 102


Ek = 25 J

1b Ek = 0.5 x m x v2


Ek = 0.5 x 30 x 2.52


Ek = 93.75 J

2a Ek = 0.5 x m x v2


Ek = 0.5 x 800 x 152


Ek = 90 000 J


To convert to kJ, we divide by 1000.


90 000 / 1000 = 90 kJ

2b If we double the speed of the car then the kinetic energy store will increase by four times.


Remember that kinetic energy = 0.5 x m x v2. The key part of this is that the kinetic energy store is 
proportional to the speed squared. We have doubled the speed (in other words we have increased 
the speed by a factor of 2x). 22 = 4. Therefore the kinetic energy store increases by 4x.


If we triple the speed, then the kinetic energy store would increase by nine times (in other words 32). 
It's important to keep this idea in mind as it's a common question on kinetic energy.

3a To calculate the mass of the mouse, we have to rearrange the equation for kinetic energy


m = Ek / 0.5 x v2


m = 0.0001 / 0.5 x 0.12


m = 0.0001 / 0.005


m = 0.02 kg

3b In this question, the speed of the dog is given in cm/s. We need to convert this to m/s by dividing by 
100. 


speed = 90 / 100 = 0.9 m/s


m = Ek / 0.5 x v2


m = 12 / 0.5 x 0.92


m = 12 / 0.405


m = 29.6 kg (to 3 significant figures)
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Kinetic Energy

4a In this question, the kinetic energy of the biker and the motorbike is 46 kilojoules. We need to 
convert this to joules by multiplying by 1000.


46 x 1000 = 46 000 J


To calculate the speed of the biker and motorbike, we have to rearrange the equation for kinetic 
energy.


v2 = Ek / 0.5 x m


v2 = 46 000 / 0.5 x 230


v2 = 46 000 / 115


v2 = 400


v = √ 400 


v = 20 m/s

4b In this question, the mass of the rugby ball is given as 450 grams. We need to convert this to 
kilograms by dividing by 1000.


450 / 1000 = 0.45 kg


We can now use this to calculate the speed of the rugby ball.


v2 = Ek / 0.5 x m


v2 = 38 / 0.5 x 0.45


v2 = 38 / 0.225


v2 = 168.88 recurring


v = √ 168.88 recurring 


v = 12.99 m/s


v = 13 m/s (to 2 significant figures)
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Gravitational Potential Energy

1 The gravitational potential energy store is the energy stored in an object due to its position above the 
Earth's surface. This is due to the force of gravity acting on the object.

2a Ep = m x g x h


Ep = 3 x 9.8 x 4.5


Ep = 132.3 J

2b In this question, the mass of the book is given as 950 grams. We need to convert this to kilograms 
by dividing by 1000.


Mass of book = 950 / 1000 = 0.95 kg


Ep = m x g x h


Ep = 0.95 x 9.8 x 1.5


Ep = 13.97 J (to 4 significant figures)

2c In this question, the height of the bag is given as 75 centimetres. We need to convert this to metres 
by dividing by 100.


Height of bag = 75 / 100 = 0.75 m


Ep = m x g x h


Ep = 4.5 x 9.8 x 0.75


Ep = 33 J (to 2 significant figures)

3 To answer this question, we need to rearrange the formula for gravitational potential energy.


m = Ep / g x h


m = 2000 / 9.8 x 3


m = 2000 / 29.4


m= 68 kg (to 2 significant figures)

4a To answer this question, we need to rearrange the formula for gravitational potential energy.


h = Ep / m x g


h = 14 700 / 75 x 9.8


h = 14 700 / 735


h = 20 m
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Gravitational Potential Energy

4b In this question, the gravitational potential energy store of the helicopter is given as 2 700 kilojoules. 
We need to convert this to joules by multiplying by 1000.


Gravitational potential energy = 2 700 x 1000 = 2 700 000 J


h = Ep / m x g


h = 2 700 000 / 1400 x 9.8


h = 2 700 000 / 13 720


h = 196.8 m (to 4 significant figures)

5 To answer this question, we need to rearrange the formula for gravitational potential energy.


g = Ep / m x h


g = 5476 / 185 x 8


g = 5476 / 1480


g = 3.7 N / kg

6a Ep = m x g x h


Ep = 1000 x 9.8 x 60


Ep = 588 000 J (or we can express this as 588 kJ)

6b This is a very common exam question. We know that the roller-coaster car has a gravitational 
potential energy of 588 000 J at the top of the ride. When the car reaches the bottom, we can 
assume that all of this energy will be converted to kinetic energy.


We can rearrange the equation for kinetic energy to calculate the speed as follows:


Ek = 0.5 x m x v2


v2 = Ek / 0.5 x m


v2 = 588 000 / 0.5 x 1000


v2 = 588 000 / 500


v2 = 1176


v = √1176


v = 34.3 m/s (to 3 significant figures)

6c In the answer above, we assume that all of the gravitational potential energy store of the roller 
coaster car is converted to the kinetic energy store.


However, in reality a large amount of the gravitational potential energy will be converted to thermal 
(heat) energy. This is due to friction between the car and air particles and between the wheels of the 
car and the rails that the car travels on. 


This means that not all of the gravitational potential energy store of the car is converted to the kinetic 
energy store so the actual speed of the car will be less than the value calculated in question 6b.
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Elastic Potential Energy

1 Elastic potential energy is the energy stored in a stretched spring (or in any elastic object which can 
be stretched for example an elastic band).

2a When we apply a force to a spring and measure the extension, we get a straight line graph passing 
through zero. This tells us that the extension is directly proportional to the force applied. Remember 
that this only applies until we reach the limit of proportionality.

2b To answer this question, we need to read 
15 N on the x axis and draw a vertical line 
to the line on the graph. We then draw a 
horizontal line to the y axis and read the 
extension produced by this force.


Looking at the graph, we can see that a 
force of 15 N produces an extension of    
0.3 m.

2c When the limit of proportionality is 
exceeded, the original straight line is 
broken. Now the extension is no longer 
directly proportional to the force applied.

2d Statement 1: This statement is correct. If we look at the graph (before the limit of proportionality has 
been exceeded) we can see that every 5 N increase in force produces an increase in extension of     
0.1 m. For example, 5 N produces 0.1 m and 10 N produces 0.2 m. However, this is no longer the 
case after the limit of proportionality has been exceeded. We can see that increasing the force from 
20 N to 25 N (ie an increase of 5 N) produces an extension of 0.18 m. In effect, the spring has become 
easier to stretch.


Statements 2 and 3: These statements are incorrect. As discussed above, once we have exceeded 
the limit of proportionality, the spring extends more for the force applied.

2e Remember that this is not an equation you need to know. However, the exam often contains 
questions where you are given new information and asked to apply it. In this case, we are using the 
graph to determine the spring constant of the spring.


First select two different points on the x axis (force applied). We will select 10 N and 20 N. Now read 
off the extension for these two forces. The extension at 10 N is 0.2 m and the extension at 20 N is    
0.4 m.


Spring constant (N/m) = change in force applied (N) / change in extension of spring (m)


Spring constant (N/m) = 10 N / 0.2 m


Spring constant (N/m) = 50 N / m
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Elastic Potential Energy

3a Ee = 0.5 x k x e2


Ee = 0.5 x 15 x (0.2)2


Ee = 0.3 J

3b In this question, the original length of the spring is 25 cm. The spring is then extended to 50 cm. This 
means that the extension is 25 cm. We need to convert this to metres by dividing by 100.


Extension = 25 / 100 = 0.25 m


Ee = 0.5 x k x e2


Ee = 0.5 x 50 x (0.25)2


Ee = 1.5625 J


Ee = 1.56 J (to 3 significant figures)

4 To answer this question, we have to rearrange the equation for elastic potential energy.


Ee = 0.5 x k x e2


k = Ee / 0.5 x e2


k = 0.144 / 0.5 x (0.12)2


k = 0.144 / 0.0072


k = 20 N / m

5a To answer this question, we have to rearrange the equation for elastic potential energy.


Ee = 0.5 x k x e2


e2 = Ee / 0.5 x k


e2 = 5 / 0.5 x 100


e2 = 5 / 50


e2 = 0.1 m


e = √0.1


e = 0.32 m (to 2 significant figures)

5b The question states that beyond this extension, much less force was required to extend the spring 
further. This shows us that the spring has exceeded the limit of proportionality. We saw this in 
question 2d.
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Specific Heat Capacity

1 ΔE = m x c x Δθ


ΔE = 0.6 x 4200 x 80


ΔE = 201 600 J


The question asks for this in kJ so we need to divide by 1000. Kilojoules are used when we have a 
very large energy value.


ΔE = 201 600 / 1000 


ΔE = 201.6 kJ

2 In this question, we start by calculating the temperature change. The temperature increased from 
20oC to 65oC. This means that the temperature increase was 45oC.


ΔE = m x c x Δθ


ΔE = 10 x 1800 x 45


ΔE = 810 000 J


The question asks for this in kJ so we need to divide by 1000.


ΔE = 810 000 / 1000 


ΔE = 810 kJ

3 In this question, we need to calculate the temperature change of the coffee. The starting temperature 
is 75oC and the final temperature is 20oC. This means that the temperature change is 55oC.


The mass of the coffee is given as 300 g. We need to convert this to kg by dividing by 1000.

 
Mass of coffee = 300 / 1000 = 0.3 kg.


We can now use these values to calculate the thermal energy transferred to the surroundings.


ΔE = m x c x Δθ


ΔE = 0.3 x 4200 x 55


ΔE = 69 300 J


The question asks for this in kJ so we need to divide by 1000.


ΔE = 69 300 / 1000 


ΔE = 69.3 kJ
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Specific Heat Capacity

4 In this question, we need to start by calculating the temperature change of the block. The starting 
temperature is 25oC and the final temperature is 75oC. This means that the temperature change is 
50oC.


The thermal energy given in the question is in kilojoules so we need to multiply by 1000 to convert this 
to joules.


136.5 x 1000 = 136 500 J


To answer this question, we need to rearrange the equation to find the mass.


ΔE = m x c x Δθ


m = ΔE / c x Δθ


m = 136 500 / 910 x 50


m = 136 500 / 45 500


m = 3 kg

5 In this question, we first need to calculate the temperature change of the air. The starting temperature 
is 10oC and the final temperature is 20oC. This means that the temperature change is 10oC.


The thermal energy given in the question is in kilojoules so we need to multiply by 1000 to convert this 
to joules.


3692 x 1000 = 3 692 000 J


We now need to rearrange the equation to find the specific heat capacity.


c = ΔE / m x Δθ


c = 3 692 000 / 367 x 10


c = 3 692 000 / 3670


c = 1006 J/ kg oC (to 4 significant figures)

6 In this question, we need to start by converting the mass of the water to kg. To do this, we divide the 
mass by 1000.


Mass of water = 330 / 1000 = 0.33 kg


We also need to convert the thermal energy from kJ to J by multiplying by 1000.


Thermal energy = 20.79 x 1000 = 20 790 J


We now need to rearrange the equation to find the temperature change.


Δθ = ΔE / m x c


Δθ = 20 790 / 0.33 x 4 200


Δθ = 20 790 / 1 386


Δθ = 15oC


This tells us the increase in temperature of the water but the question asks for the final temperature. 
The starting temperature was 5oC. The final temperature of the water = 5 + 15 = 20oC
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Energy Transfers: Pendulum

1 The law of conservation of energy states that energy can be transferred usefully, stored or dissipated 
but it cannot be created or destroyed.


Remember that when energy is dissipated, it is converted to less useful forms such as thermal energy 
and spread out into the surroundings.


The law of conservation of energy is very important. It allows us to keep track of energy transfers 
between different forms.

2a The system shown in the question consists of four parts. The fixed point, the string and the pendulum 
are all shown in the diagram. However, what is not shown are the air particles surrounding this. These 
are also a part of the system.

2b A closed system is one where there is no energy transfer into the system or out of the system.


Think of a closed system a bit like a box completely isolated from its surroundings. Because no 
energy can enter or leave a closed system, the only energy transfers that we need to consider are 
those taking place inside the system.

3 With this question, you need 
to look at the direction that 
the pendulum is swinging 
(shown by the arrows). If the 
pendulum is swinging down, 
then gravitational potential 
energy is being transferred to 
kinetic energy. If the 
pendulum is swinging up, 
then kinetic energy is being 
transferred to gravitational 
potential energy.

4a Remember that at the zero 
position the pendulum is 
completely vertical. This 
means that the pendulum is 
moving with maximum speed 
and has the maximum kinetic 
energy but zero gravitational 
potential energy.


At the maximum positions left 
and right, the pendulum is at 
the top of the swing and is 
not moving. The gravitational 
potential energy is at a 
maximum but kinetic energy 
is zero.

4b In this experiment, there are two main energy transfers taking place. These are between kinetic energy 
and gravitational potential energy.


However, we also need to consider friction. There will be friction at the fixed point as the pendulum 
swings from side to side. There will also be friction between the pendulum and air particles as the 
pendulum swings through them. Because of the effect of friction, some energy will be transferred to 
thermal (heat) energy at the fixed point and in the air.


So although the total energy of the system will not change (as it is a closed system), the maximum 
positions of the pendulum to the left and right gradually reduce. Over time, the pendulum will stop 
swinging as all of the energy is eventually transferred to thermal (heat) energy. The temperature of the 
fixed point and the air will increase.
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Energy Transfers: Pendulum

4c We can reduce friction in the pendulum system in two ways. Firstly, we can lubricate the fixed point 
(eg using oil).


Secondly, we can remove the air particles around the pendulum. This would place the pendulum in a 
vacuum.

5a Ep = m x g x h


Ep = 1 x 9.8 x 0.5


Ep = 4.9 J

5b If all of the gravitational potential energy is converted to kinetic energy (ie assuming that there is no 
friction), then the maximum kinetic energy of the pendulum mass will also be 4.9 J.

5c As we saw in question 6b in the topic on gravitational potential energy, this is a very common exam 
question.


From question 5b, we know that the maximum kinetic energy of the pendulum mass is 4.9 J.


We can rearrange the equation for kinetic energy to calculate the speed as follows:


Ek = 0.5 x m x v2


v2 = Ek / 0.5 x m


v2 = 4.9 / 0.5 x 1


v2 = 4.9 / 0.5


v2 = 9.8


v = √9.8


v = 3.1 m/s (to 2 significant figures)
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Energy Transfers: Bungee Jumper

1 A = The bungee jumper has not jumped. All of the energy in the system is in the gravitational potential 
energy store.


B = The bungee jumper is falling. The gravitational potential energy store is being transferred to the 
kinetic energy store.


C = The bungee cord is just becoming taut. The energy is a combination of the gravitational potential 
energy store and the kinetic energy store. Remember that at this stage, the bungee cord has not 
started stretching.


D = The bungee cord is stretching. The gravitational potential energy store and the kinetic energy 
store are transferred to the elastic potential energy store.


E = The bungee cord is recoiling. The elastic potential energy store is transferred to the kinetic energy 
store and the gravitational potential energy store.

2a Ep = m x g x h


Ep = 80 x 9.8 x 15


Ep = 11 760 J

2b If we assume that all of the gravitational potential energy has been transferred to kinetic energy, then 
the kinetic energy of the jumper must also be 11 760 J.

2c We can rearrange the equation for kinetic energy to calculate the speed as follows:


Ek = 0.5 x m x v2


v2 = Ek / 0.5 x m


v2 = 11 760 / 0.5 x 80


v2 = 11 760 / 40


v2 = 294


v = √294


v = 17.2 m/s (to 3 significant figures)

3a Because a bungee cord behaves like a spring, we can use the equation for elastic potential energy.


Ee = 0.5 x k x e2


Ee = 0.5 x 60 x 152


Ee = 6750 J

3b In this question, we are assuming that all of the gravitational potential energy of the jumper is 
transferred to elastic potential energy in the bungee cord.


However, in reality some of the energy will be dissipated to thermal (heat) energy. For example, as the 
jumper falls through the air, there will friction between the jumper and air particles. Secondly, as the 
bungee cord stretches, some of the elastic potential energy is transferred to thermal energy in the 
bungee cord. 
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Work Done by a Force

1a Because the go kart is moving, it has a store of kinetic energy. After braking, the go kart has stopped 
so it has no kinetic energy store. Remember that the law of conservation of energy states that energy 
can be transferred usefully, stored or dissipated but it cannot be created or destroyed. 


This means that the kinetic energy store of the go kart must have been transferred to other stores of 
energy. When we apply the brakes, the brakes press against the wheels. This creates friction which 
transfers the kinetic energy store to the thermal (heat) energy store.

1b Work done is another way of saying "energy transferred". We calculate work done using this equation 
(and you are not given this in the exam so you do need to learn it).


Work done = force x distance


Work done = 100 x 4


Work done = 400 J

2a Most vans run on fossil fuels such as petrol or diesel. Fossil fuels contain a store of chemical energy. 
In the engine, the petrol or diesel is ignited, transferring the chemical energy store to the thermal 
(heat) energy store. Some of this thermal energy is then transferred to the kinetic energy store of the 
van.

2b Work done = force x distance


Work done = 3 750 x 20


Work done = 75 000 J

3 In this question, the distance is given in centimetres. We need to convert this to metres by dividing by 
100.


Distance = 40 / 100 = 0.4 m


Work done = force x distance


Work done = 0.3 x 0.4


Work done = 0.12 J

4 To answer this question, we need to rearrange the equation to calculate the force required to stop the 
car.


Force = work done / distance


Force = 140 000 / 20


Force = 7000 N

5 To answer this question, we need to rearrange the equation to calculate the distance that the box was 
pushed.


Distance = work done / force


Distance = 200 / 40


Distance = 5 m

6a Ep = m x g x h


Ep = 50 x 9.8 x 20


Ep = 9 800 J
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Work Done by a Force

6b As we said above, work done is another way of saying "energy transferred". We know that the 
gravitational potential energy store of the object was 9 800 J (from question 6a). This value will be the 
same as the work done.


To answer this question, we need to rearrange the equation to calculate the force used to lift the 
object.


Force = work done / distance


Force = 9 800 / 20


Force = 490 N
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Calculating Power

1 Power is the rate at which energy is transferred. In other words, how much energy is transferred every 
second.


In the previous chapter, we saw that "work" is another way of saying "energy transferred". So we can 
also think of power as the rate at which work is done, in other words the amount of work done every 
second.


The unit of power is the watt (W). A power of 1 W means that 1 J of energy is transferred every 
second.

2a Power = Energy transferred / Time


Power = 1800 / 120


Power = 15 W

2b Power = Energy transferred / Time


Power = 288 000 / 480


Power = 600 W

2c In this question, the time has been given in minutes. We need to convert this to seconds by 
multiplying by 60.


Time = 3 x 60


Time = 180 s


Power = Energy transferred / Time


Power = 360 000 / 180


Power = 2000 W


When the power is relatively large such as this one, we can express it in kilowatts (kW). 1 kW is       
1000 W. However, this question has asked us to express our final answer in watts.

3a In this question, the time has been given in minutes. We need to convert this to seconds by 
multiplying by 60.


Time = 2 x 60


Time = 120 s


Power = Work done / Time


Power = 15 000 / 120


Power = 125 W

3b Power = Work done / Time


Power = 1000 / 16


Power = 62.5 W
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Calculating Power

4 In this question, the time has been given in minutes. We need to convert this to seconds by 
multiplying by 60.


Time = 10 x 60


Time = 600 s


We now need to rearrange the equation for power to calculate the energy transferred.


Power = Energy transferred / Time


Energy transferred = Power x Time


Energy transferred = 2 000 x 600


Energy transferred = 1 200 000 J 

5 To answer this question, we need to use the following equation for power:


Power = Work done / Time


We need to rearrange the equation to calculate the time taken.


Time = Work done / Power


Time = 980 / 50


Time = 19.6 s



19
Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
s

Efficiency

1 The efficiency of an energy transfer tells us what fraction of the energy we put into an appliance is 
transferred to useful forms of energy. We can never get an efficiency greater than 100%. This would 
mean that we had created energy.

2a Efficiency = Useful output energy transfer / Total input energy transfer


Efficiency = 200 / 500


Efficiency = 0.4


(Remember that we can also express efficiency as a percentage. To do that, we multiply the above 
answer by 100. This would give us an efficiency of 40%. The exam question will tell you whether the 
answer should be a decimal or a percentage).

2b Efficiency = Useful output energy transfer / Total input energy transfer


Efficiency = 4000 / 5000


Efficiency = 0.8 (or 80%)

3a Efficiency = Useful power output / Total power input


Efficiency = (135 / 150) x 100


Efficiency = 90%

3b Efficiency = Useful power output / Total power input


Efficiency = (7 / 8) x 100


Efficiency = 87.5%

4 To answer this question, we need to rearrange the equation for efficiency to calculate the useful 
power output.


Efficiency = Useful power output / Total power input


Useful power output = Efficiency x Total power input


Useful power output = 0.9 x 200


Useful power output = 180 W

5 To answer this question, we need to rearrange the equation for efficiency to calculate the total power 
input.


Efficiency = Useful power output / Total power input


Total power input = Useful power output / efficiency


Total power input = 160 / 0.8


Total power input = 200 W

6a The pan on the right is most efficient at heating the water. This is because it has a large surface in 
contact with the electric hob so more of the thermal energy is transferred through the bottom of the 
pan into the water. With the pan on the left, a large amount of the thermal energy from the hob will be 
transferred into the air, rather than into the water.
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Efficiency

6b A lid would reduce the amount of thermal energy passing from the water into the air. This means that 
more of the thermal energy would remain in the water, making both pans more efficient.

6c Using the kettle to heat water is more efficient than using the pans shown in question 6a + b. There 
are three reasons:


1. With the kettle, the heating element is in the water. This means that thermal energy is transferred 
directly from the element to the water. In the case of the pans, some of the thermal energy will be 
transferred to the air rather than the water. Some thermal energy will also be required to heat the 
metal base of the pans.


2. The kettle has plastic walls and plastic is a poor conductor of thermal energy. This means that less 
thermal energy will pass through the walls of the kettle compared to a pan. Pans have metal walls. 
Remember that metal is a good conductor of thermal energy.


3. The kettle has a lid. This reduces the amount of thermal energy that can pass to the air, compared 
to the pans which do not have lids.




21
Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
s

Cooling of Buildings

1a A low thermal conductivity means that this material transfers (conducts) only a relatively small amount 
of thermal energy through it.


Insulators have a low thermal conductivity as they do not allow very much thermal energy to transfer 
through them.

1b In the UK, we like to keep our houses at a steady temperature of around 20oC (which is normally 
called room temperature). The UK has a relatively cool climate. For most months of the year, the 
temperature outside a house will be lower than the temperature inside. This means that thermal 
energy will tend to transfer from the inside of the house to the outside.


However, if we pack the wall cavity with an insulating material, then we can significantly reduce the 
amount of thermal energy that is transferred out of the house. This means that less energy will be 
required to heat our homes and that our heating bills will be reduced. 

2a A single sheet of glass has a relatively high thermal conductivity (5.8). In single-glazing, a significant 
amount of thermal energy can be transferred from the interior of the house to the outside through the 
windows. However, with double-glazing, we have two sheets of glass with an air gap between them. 
Air has a much lower thermal conductivity (3.7) compared to glass. This means that with double-
glazing, a much smaller amount of thermal energy is transferred from the interior of the house to the 
outside.

2b Loft insulation has a low thermal conductivity. In uninsulated houses, a large amount of thermal 
energy passes through the roof. However, with loft insulation, the transfer of thermal energy through 
the roof is significantly reduced.

3 Another way of reducing thermal energy transfer from a house is to make the walls thick. Thicker walls 
have a lower thermal conductivity than thinner walls.
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Required Practical 1: Specific Heat Capacity

1a Zero error is an example of a systematic error. Systematic errors are due to faulty equipment and are 
not due to the person using the equipment. A systematic error will be the same for every user of that 
equipment. For example, if a balance has a zero error of +0.4g, this means that every mass recorded 
on that balance will be 0.4g greater than the actual mass.

1b If the balance has a zero error of 5g, then the actual mass of liquid will be 800 - 5 = 795 g.

1c When students look at a thermometer, they do not all look in exactly the same way every time. Some 
students look at the thermometer directly one time and may look from slightly above or slightly below 
at other times. These will all produce slightly different values. This does not depend on the 
thermometer. So this produces random errors.


If we compare this with a systematic error (such as zero error), we can see the difference. A 
systematic error is due to faulty equipment and does not depend on the student. For example, a 
broken thermometer may record the temperature 2oC higher than the actual temperature. This is not 
random. Using this thermometer will always give you a temperature which is 2oC higher than the 
actual temperature.

1d We can reduce the effect of random errors by taking repeat readings and calculating a mean value. 
Consider the example of the thermometer. If a student reads a thermometer once, there will be a 
random error, for example above the actual value. If they read the thermometer three times, each time 
will produce a slightly different random error, some above and some below the actual value. 
Calculating a mean of these values reduces the effect of the random errors.

2 In this experiment, we are transferring thermal energy into the liquid and measuring the increase in 
temperature. We do not want the thermal energy to transfer to the surroundings. We can reduce this 
by wrapping the beaker in insulating foam. Insulating foam has a low thermal conductivity. This 
reduces the amount of thermal energy transfer to the surroundings.

3 The joulemeter measures the amount of electrical energy transferred from the powerpack to the 
immersion heater. We can assume that the immersion heater is 100% efficient in transferring electrical 
energy to thermal energy so the reading on the joulemeter tells us the number of joules of thermal 
energy passing into the liquid.

4 Before we carry out this calculation, we need to convert the mass of liquid to kilograms by dividing by 
1000.

 
Mass of liquid = 800 / 1000 = 0.8 kg.


The temperature change is 68 - 20 = 48oC.


Specific heat capacity = change in thermal energy / mass x temperature change


Specific heat capacity = 75212 / 0.8 x 48


Specific heat capacity = 75212 / 38.4


Specific heat capacity = 1958.6 J / kg oC
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Required Practical 1: Specific Heat Capacity

5 First we need to calculate the power of the electrical circuit (remember that this will be covered 
extensively in the electricity topic later in Physics 1).


Power = Potential difference x Current


Power = 60 x 0.3


Power = 18 W


Now we need to convert the time to seconds by multiplying by 60.


Time = 60 x 60


Time = 3600 seconds


Now we need to calculate the energy transferred by the immersion heater.


Energy = Power x Time


Energy = 18 x 3600


Energy = 64 800 J


At this stage we can put these numbers into the equation for specific heat capacity. Remember that 
the starting temperature is 20oC and the final temperature is 80oC, giving us a temperature change of 
60oC.


Specific heat capacity = change in thermal energy / mass x temperature change


Specific heat capacity = 64 800 / 1.2 x 60


Specific heat capacity = 900 J / kg oC

6 Thermal energy passing out of the beaker into the air: Wrap the beaker with an insulator with a low 
thermal conductivity


Not all thermal energy passing into the oil: Make sure that the immersion heater is fully submerged in 
the oil.


Incorrect reading of the thermometer: Use an electronic temperature probe (or have several people 
read the thermometer and take a mean of their readings).


Thermal energy not being spread through the oil: Stir the oil.
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Required Practical 2: Thermal Insulators

1a A measuring cylinder is designed to measure volumes accurately. Scientists call this volumetric. A 
beaker is not designed to accurately measure volumes. Beakers are not volumetric.

1b Both the volume and starting temperature of the water are kept the same. We call these control 
variables.

1c The lid reduces thermal energy transfer to the air above the beakers. If we allowed thermal energy to 
escape in this way, it would produce inaccurate results.

1d The resolution is the smallest value that can be measured by a piece of apparatus. In this case, the 
thermometer can read to the nearest 1oC. So the resolution of this thermometer is 1oC.

2a The independent variable is the variable that we change in our experiment. 


The dependent variable is the variable that is measured for every change in the independent variable.


Control variables are variables that we do not allow to change in our experiment (or we monitor to 
ensure that they do not change eg the temperature of the room). The key idea behind control 
variables is that they can affect the dependent variable. If we allow control variables to change, then 
we cannot be certain that any changes in the dependent variable are due only to changes in the 
independent variable.

2b Mass of insulating material: Control variable

Starting temperature of water: Control variable

Volume of water: Control variable

Type of insulating material: Independent variable

Temperature change: Dependent variable

Size of the beakers: Control variable

Temperature of the surroundings: Control variable

3a Cork = material B             Polystyrene = material A


Looking at the table, we can see that cork has a much greater thermal conductivity than polystyrene. 
This means that cork allows a greater transfer of thermal energy through it than polystyrene. 


If we look at the graph, we can see that material B has a more rapid drop in temperature than material 
A. For example, between 0 minutes and 9 minutes, the experiment with material B dropped from 80oC 
to 30oC (a drop of 50oC). However, with material A, the temperature dropped from 80oC to 44oC (a 
drop of 36oC). This tells us that material B is allowing more thermal energy to pass through than 
material A. Therefore material B must be cork.

3b The containers will cool down until they reach the same temperature as the room. The final 
temperature of both experiments is 22oC. This must be the temperature of the room.

3c At 3 minutes, the temperature of experiment A is 64oC and at 12 minutes, the temperature is 36oC. 
This means that the temperature drop is 28oC. 


Rate of cooling = change in temperature / time


Rate of cooling = 28 / 9 


Rate of cooling = 3.11oC / minute (to 3 significant figures)

4 The independent variable is the number of layers of newspaper.


The dependent variable is the temperature of the water.


The control variables are 

1. The starting temperature of the water

2. The beaker used

3. The type of newspaper

4. The temperature of the room
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Required Practical 2: Thermal Insulators

5a

5b The anomalous result is for 9 minutes. We can tell this because the temperature is much lower than 
the temperatures for 12 minutes and for 15 minutes. 


A possible reason for the anomalous result is that the thermometer was not in the liquid (for example, 
the student may have lifted the thermometer out of the liquid for that reading). This means that we are 
reading the temperature of the room, rather than the temperature of the liquid.
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Energy from Fossil Fuels

1 The fossil fuels are gas, oil and coal.

2 Fossil fuels are reliable because they are always available to provide energy (unlike renewable 
energy sources). Fossil fuels can also release a very large amount of energy, which makes them 
useful eg for airplanes. Fossil fuels are also abundant (ie there are large amounts in the world). This 
also makes them relatively cheap. Lastly, fossil fuels are versatile and can be used for transport, 
heating and generating electricity.

3a Increasing levels of carbon dioxide in the atmosphere is contributing to climate change.

3b Non-renewable resources are resources which are not replenished as they are used.

3c
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Nuclear Power

1a Uranium and Plutonium are the two elements used to generate electricity in nuclear power plants.

1b Resources which are not replenished as they are used are called non-renewable resources.

2

3 Burning fossil fuels releases a great deal of carbon dioxide into the atmosphere. This is contributing to 
global warming / climate change. 


Once a nuclear power station is built, it generates no carbon dioxide at all. This means that nuclear 
power does not contribute to global warming / climate change.
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The UK Energy Mix

1a Correct answer: The UK has large deposits of coal so it was extremely cheap and easy to get.


Option 1 is incorrect. The UK did not have to import coal as the UK has large coal deposits.


Option 3 is incorrect: In the 1950s scientists did not know about climate change.

1b In the 1950s, nuclear power was developed. The UK began to built nuclear power plants to generate 
electricity. Today, around 20% of the UK's electricity comes from nuclear power.


In the 1970s, the UK discovered large oil and gas deposits in the North Sea and started using these to 
generate electricity and for heating.

1c Generating electricity by burning gas generates less carbon dioxide than burning coal. This means 
that burning gas contributes less to climate change. Gas-fired power stations can also be switched 
on very rapidly when demand for electricity is high. This is called a short start-up time. Coal power 
stations have a very long start-up time.

2a Economic factors are linked to cost. It would be possible for the UK to completely phase out fossil 
fuels if the country converted all energy use to electricity and built a lot of nuclear power stations and 
expanded renewable energy generation. However, the cost of that would be extremely high. Also, a 
lot of people currently employed in the fossil-fuel industry (eg oil) could lose their jobs.

2b The main disadvantage of using wind power to generate electricity is that it is unreliable. This is due 
to weather conditions. In order to generate electricity, a wind turbine requires a certain wind speed. 
Although the UK is generally a windy country, we cannot be completely certain that it will always be 
windy enough to generate the electricity that we need. For example, we sometimes experience 
periods with very low wind speeds. If this happens, then electricity output from wind farms falls. This 
means that even though the UK has a great deal of potential to generate electricity by wind, we 
cannot rely on wind power for all of our electricity.

2c Nuclear power will be the base-load. This means that the nuclear power plants will be on all the time, 
providing the UK with a large proportion of its electricity requirement. Renewable sources such as 
wind power and solar power will contribute but the amount of electricity generated by these sources 
varies.


Gas-fired power stations will provide for extra demand. This is because gas-fired power stations have 
a very short start-up time so they can be activated rapidly if demand for electricity increases or if 
conditions change eg a period of very calm weather when electricity generation from wind power falls.
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Renewable Sources of Energy

1 All renewable energy resources have two advantages:


They will never run out.


They do not release carbon dioxide.

2 Both wind power and solar power depend on weather conditions. Wind power only works if there is 
sufficient wind speed (but not too much). In the UK, we sometimes experience extremely still periods 
when there is not very much wind at all. In this case, electricity generation by wind power would be 
significantly reduced. Solar power works best in sunny conditions. Cloudy weather reduces the 
electricity output of solar panels. And of course, solar panels cannot generate electricity at night. For 
all of these reasons, we cannot rely on wind power and solar power for all of our electricity. They are 
not reliable enough.

3a The advantage of hydroelectric power is that it is generally very reliable (unless there is a significant 
drought). This means that we can rely on hydroelectric power to generate electricity exactly when we 
need it. The disadvantage of hydroelectric power is that habitats are destroyed when dams are built. 
Building a dam is extremely harmful to habitats of animals and plants. As the land behind the dam 
floods, this also destroys a huge amount of habitat. 

3b For hydroelectricity, a country requires a large number of fast flowing rivers, or places where a river 
can be dammed and a valley can be flooded (creating a huge lake). In the UK, we simply do not have 
these possibilities.

4 Tidal power, wave power and geothermal power all have the advantage of reliability. For example, the 
tide comes in and goes out twice every day and we can rely on it to generate electricity. The coast 
around the UK provides plenty of opportunity to capture the energy in waves. Geothermal energy 
relies on the heat present in underground rocks. Currently geothermal energy is not used extensively 
in the UK but it is used in other countries for example Iceland.

5a Biofuels are carbon neutral. To produce biofuels, we start by growing plants (eg corn). As these plants 
grow, they take in carbon dioxide by photosynthesis. We then convert the plants to biofuel (eg 
biodiesel). Burning biofuels releases carbon dioxide. However, the burning the biofuels does not 
release any more carbon dioxide than the plant originally absorbed from the atmosphere. Because of 
this, burning biofuels releases no net carbon dioxide.


There is one point here though, strictly speaking biofuels are not 100% carbon neutral. That is 
because it requires energy to grow the plants (eg in making fertilisers) and transporting them to the 
biofuel factory. It also requires energy to make the biofuel. If all of this energy is generated by burning 
fossil fuels, then that will release some carbon dioxide to the atmosphere.

5b To make biofuels, you need to grow plants eg corn. If we were to replace fossil fuels (eg petrol/diesel) 
with biofuels (eg biodiesel), then we would need to grow a vast amount of plants. This would require a 
great deal of farmland. Since this farmland would not be used to grow food, this could push up food 
prices.
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Current in Series Circuits

1 Cell

Open switch

Closed switch

Filament lamp

2a In a series circuit there are no branches. This means that the electrical current has to flow through 
every component (remember that a component is simply part of a circuit eg a filament lamp).

2b An electrical current in a circuit is a flow of electrons from the negative pole of the cell to the positive 
pole of the cell.


A long time ago, scientists thought that an electric current ran from the positive pole of the cell to the 
negative pole. This is called the conventional current and this is still used in Physics even though we 
now know that this is not correct (part of the reason for this is that many of the symbols and rules for 
working with circuits were developed based on conventional current- you'll see an example in the 
Physics 2 workbook - Fleming's Left Hand rule). All of the diagrams in this book use the conventional 
current.

2c The electrons in an electric current are carrying energy. In the filament lamp, some of this energy is 
transferred into thermal (heat) energy and light.

2d You can place the arrow anywhere you like on the 
wire as long as it points from the positive pole of 
the cell to the negative pole.

3a

3b The unit for electrical current is the ampere (A).

3c Remember that the current is the same all the way around a series circuit. The current flowing 
through ammeter 1 is 0.2 A. This means that the current flowing through ammeters 2 and 3 must 
also be 0.2 A.

3d Electrical current is not used up in a circuit. So the student is wrong. The current is always the same 
at every point in a series circuit.
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Current in Parallel Circuits

1a Difference one: In a parallel circuit, there are branches. In a series circuit, there are no branches.


Difference two: In a parallel circuit, the current splits between the different branches. This means that 
the current in a parallel circuit is not the same all around the circuit. In a series circuit, the current 
cannot split so the current is the same all around a series circuit.

1b Remember that the current entering the cell must 
be the same as the current leaving the cell. Since 
0.5 A is leaving the cell, 0.5 A must be entering the 
cell.

In this case, we have 0.4 A entering the lamp on 
the top branch. Remember that the current leaving 
a component must be the same as the current 
entering the component (current is never used up 
by components). This means that 0.4 A must also 
be leaving the lamp.

In this example, the total current flowing through 
the circuit is 0.8 A. This means that the total 
current flowing through the branches must add up 
to 0.8 A. We know that the top branch has a 
current of 0.2 A. This means that the bottom 
branch must have a current of 0.6 A.

The total current passing through the circuit is 0.5 
A (top ammeter). The current now splits between 
two branches (which I have not placed any 
ammeters in) and then rejoins. This means that the 
central ammeter must show the same current as 
the top ammeter (ie the total current flowing 
through the circuit). 


The current now splits again between two 
branches. The total current between these two 
branches must equal the total current in the circuit. 
Because the bottom branch has a current of 0.4 A, 
the top branch must have a current of 0.1 A.
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Potential Difference in Series Circuits

1 The cell has a store of chemical energy. The energy is carried around the circuit by electrons. When 
the electrons pass through components, some of the energy is transferred to other forms of energy 
for example light and thermal energy. The potential difference across a component gives us an 
idea of the energy transferred by the component.

2a+b This circuit has a cell with a potential difference of 
9V. Because the circuit contains only one 
component (the filament lamp), then the potential 
difference across the filament lamp must also be 
9V.

2c In this case, we have two identical lamps in series. 
The total potential difference across both lamps 
must be same as the potential difference across 
the cell (ie 9 V). Because the two lamps are 
identical, the potential difference must be split 
equally (ie 4.5 V per lamp).

2d In the top circuit, the single lamp has a potential difference of 9 V. This means that 9 J of energy are 
transferred to light (and thermal) energy in the lamp per coulomb of charge. However, in the bottom 
circuit, each lamp now has a potential difference of 4.5 V. This means that only 4.5 J of energy are 
transferred in each lamp per coulomb of charge. Therefore the lamps in the bottom circuit will be 
less bright than the lamp in the top circuit.

3a We know that the potential difference across the 
cell is 10 V and that lamp A has a potential 
difference of 3 V. Since the potential difference 
across the cell must be shared between the two 
lamps, lamp B must have a potential difference of 
7 V.

3b 
and 

c

In this circuit, lamp B will be brighter than lamp A. For lamp B, 7 J of energy will be transferred to 
light and thermal energy per coulomb of charge. However, for lamp A only 3 J of energy will be 
transferred per coulomb of charge. Therefore lamp B will be brighter.

4 In the first circuit, the mistake is that the switch is open. This means that no current will be flowing 
so the potential difference across the lamp will be zero. To correct the mistake, we can either close 
the switch or we could leave the switch open and change the potential difference across the lamp to 
zero.


In the lower circuit, the mistake is that all of the lamps have been given the same potential difference 
as the cell. Remember that potential difference is shared between components in series. To correct 
the mistake we need to share the potential difference between each lamp (eg 3 V for each lamp if 
the lamps are identical). We could also leave the lamps as they are and change the potential 
difference of the cell to 27 V.
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Potential Difference in Parallel Circuits

1a With parallel circuits, the 
potential difference 
across each branch is 
the same as the 
potential difference 
across the cell. In this 
case, the cell has a 
potential difference of   
9 V so the potential 
difference across each 
branch must also be     
9 V.

1b 
and 

c

Both the lamps in the circuit will have an equal brightness. That is because both the lamps have a 
potential difference of 9 V. This means that for both lamps, 9 J of energy is transferred to light and 
thermal energy per coulomb of charge.

2a In this circuit, the 
bottom branch contains 
two lamps in series. The 
total potential difference 
across this branch is 4 V 
+ 6 V = 10 V. 


In a parallel circuit, all of 
the branches have the 
same potential 
difference as the cell. 
This means that the top 
branch and the cell 
must also have a 
potential difference of 
10 V.

2b Lamp A will be the brightest.

2c The potential difference across lamp A is 10 V. This means that 10 J of energy are transferred to light 
and thermal energy in lamp A per coulomb of charge. In lamp B, only 4 J of energy are transferred 
per coulomb of charge and in lamp C the energy transfer is only 6 J per coulomb of charge. So 
lamps B and C will be dimmer than lamp A.

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
s



35
Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

Potential Difference from Batteries

1a

2a In this battery, both cells are pointing in the same 
direction. This means that the potential 
difference across the cells can be added 
together. Each cell has a potential difference of  
4 V so the total potential difference across the 
battery is 8 V.

2b In this battery, the cells are pointing in opposite 
directions. This means that the potential 
differences of the two cells cancel out to 0 V.


2c In this battery, the right-hand cell is pointing in 
the opposite direction to the central cell. This 
means that their potential differences cancel out. 
So the total potential difference of the battery is 
the potential difference of the left-hand cell 
which is 4 V.

2d In this battery, the central cell is pointing in the 
opposite direction to the left-hand cell. This 
means that their potential differences cancel out. 
So the total potential difference of the battery is 
the potential difference of the right hand cell 
which is 4 V.

3a In this circuit, the two cells are pointing in the 
same direction so their potential differences add 
together, giving a total of 8 V across the cell. The 
total potential difference across the two lamps in 
series must be 8 V. The potential difference of 
the left hand lamp is 2 V so the potential 
difference of the right hand lamp is 6 V.

3b In this circuit, the two cells are pointing in the 
opposite direction so their potential differences 
cancel out to zero. This means that the two 
lamps must also have a potential difference of 
zero.


4 In this circuit, the potential difference of the bottom branch is 9 V. Because this is a parallel circuit, 
the potential difference of the branches is the same as the battery. So the potential difference across 
the battery is also 9 V. The battery contains three cells, so the potential difference of each cell must 
be 3 V. 
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Charge in Circuits

1a Q = I x t


Q = 0.3 A x 15 s


Q = 4.5 C

1b To answer this question, we need to rearrange the equation to find time.


Q = I x t


t = Q / I


t = 150 / 0.3


t = 500 s

2 To answer this question, we need to rearrange the equation to find current.


Q = I x t


I = Q / t


I = 75 / 150


I = 0.5 A

3a To answer this question, we need to rearrange the equation to find current.


Q = I x t


I = Q / t


I = 20 / 80


I = 0.25 A

3b The total current in a parallel circuit is the sum of the currents in each branch. The top branch has a 
current of 0.7 A and the bottom branch has a current of 0.25 A (answer to 3a). The total current is 
0.7 + 0.25 = 0.95 A.
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Calculating Energy Transfer by Components

1a E = Q x V


E = 1.5 x 5 = 7.5 J

1b The potential difference tells us the energy transferred by a component per coulomb of charge that 
flows. This circuit only has one lamp with a potential difference of 5 V. All of the energy transfer 
taking place in this circuit is due to the lamp. This means that the potential difference across the cell 
must be the same as the lamp.

2a For lamp A, Q = 4 C and V = 3 V. 


E = Q x V


E = 4 x 3


E = 12 J


For lamp B, Q = 4 C and V = 6 V


E = Q x V


E = 4 x 6


E = 24 J

2b The total energy transfer of the circuit is the energy transfer of lamp A added to lamp B.


Total energy transfer = 12 + 24 = 36 J

2c The total energy transfer in the circuit is 36 J and the charge is 4 C.


The potential difference across the cell is calculated from V = E / Q


V = 36 / 4 = 9 V

3a E = Q x V


E = 4 x 4 = 16 J

3b E = Q x V


E = 4 x 4 = 16 J

3c Total energy transfer = 16 + 16 = 32 J

3d V = E / Q


V = 32 / 8 = 4 V
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Resistance

1 An electrical current is a flow of electrons around a circuit. These carry energy. When the electrons 
pass through a component they collide with atoms in the metal. The energy is transferred to 
thermal energy. The resistance tells us the potential difference required to drive one coulomb of 
charge through. The unit for resistance is the ohm (Ω).

2 R = V / I


R = 10 / 0.2

 
R = 50 Ω

3 V = I x R


V = 0.3 x 20


V = 6 V

4 I = V / R


I = 5 / 50


I = 0.1 A
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Resistors

1a In the circuit, the potential difference across the cell is 20 V. This means that 20 J of energy is 
transferred in the circuit for every coulomb of charge passing through.


If the lamp was on its own in the circuit, then the potential difference across the lamp would also be 
20 V. In other words, the lamp would transfer all of the available energy carried by the current. 
However, in this circuit the lamp is in series with a resistor. Some of the energy carried by the current 
is now transferred to thermal energy in the resistor. We can see that the potential difference across 
the resistor is 12 V. So by using the resistor, we have reduced the potential difference across the 
lamp to 8V. Now less energy is transferred to light by the lamp, so the lamp is dimmer.

1b R = V / I


R = 12 / 0.2 


R = 60 Ω

1c R = V / I


R = 8 / 0.2 


R = 40 Ω

2a If we increase the potential difference across a resistor and measure the current, then we get a 
straight line passing through zero. 


A straight line passing through zero tells us that the current is directly proportional to the potential 
difference.

2b Because a resistor gives us a straight line graph, this tells us that the resistance is constant. This 
kind of resistor is called an ohmic conductor. This is only the case if the temperature is constant.
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Resistance of a Filament Lamp

1a A filament is a very fine piece of wire.

1b A very thin wire has a very high resistance (this is not on your spec but it's worth learning as it could 
feature in an application question).


Because the filament is so thin, it has a high resistance. This means that the potential difference 
across the resistor is very high (remember that the potential difference = current x resistance). 
Because the potential difference is so high, a great deal of energy is transferred to thermal (heat) 
energy in the filament. The temperature of the filament increases until it glows.

2 If we increase the potential difference across a filament lamp then we increase the current. However, 
at a high potential difference, the current no longer increases by the same amount. 


If the current was directly proportional to the potential difference then we would see a straight-line 
graph running through zero.

3a In order for an electrical current to pass through a conductor, the delocalised electrons must move 
from the negative end to the positive end. Under cool conditions, the metal atoms are not vibrating 
strongly so the delocalised electrons can easily pass through the metal. However, as the 
temperature of the metal increases, the metal atoms vibrate much more strongly. Now it requires 
more energy (ie greater potential difference) for the delocalised electrons to pass through the metal.


Remember that resistance = potential difference / current. Because we now need a greater potential 
difference to achieve the same current, we can see that the resistance of the wire increases at 
higher temperatures.

3b In an ohmic conductor (for example a resistor at a fixed temperature), the current is directly 
proportional to the potential difference. This produces a straight-line graph passing through zero. As 
we saw in question 2, in the case of a filament lamp, we do not get a straight-line graph. The graph 
shows us that at high potential difference, the current no longer increases to the same extent (at 
high potential difference, the graph levels off). Therefore, a filament lamp is not an ohmic conductor.
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Diodes and LEDs

1a The symbol for a diode is


1b Remember that in order for the lamp to light up, an electrical current must flow around the circuit. A 
diode will only allow the current to flow in one direction (the conventional current must flow in the 
same direction as the arrow on the symbol for the diode).


Looking at circuit A, we can see that the conventional current (shown by the arrow) is in the opposite 
direction to the arrow on the diode symbol. This means that in circuit A, no current can flow and the 
lamp will not light.


Looking at circuit B, now we can see that the conventional current is in the same direction as the 
arrow on the diode symbol. This means that in circuit B, a current can flow and the lamp will light up.

1c The current-potential 
difference graph for a diode 
looks like this:


2a Similarity: both the normal diode and the light-emitting diode will only allow current to flow in one 
direction around a circuit (the conventional current must be in the direction of the arrow shown on 
the symbol).


Difference: the light-emitting diode emits light when a current flows through it. A normal diode does 
not do this.

2b A light-emitting diode is much more energy-efficient than a filament lamp. In a filament lamp, most of 
the energy is transferred to thermal (heat) energy with only a small proportion transferred to light. 
However, with an LED, a much greater proportion of the energy is transferred to light and only a tiny 
proportion transferred to thermal energy. This means that a much smaller amount of energy is 
required to achieve the same light level using an LED compared to a filament lamp.


There is another benefit that is worth learning. As we said before, a filament lamp emits a great deal 
of thermal energy. If a circuit contains several filament lamps, there is a risk that the circuit will 
overheat. This is not a risk with LEDs as they transfer only a tiny amount of energy to thermal energy.
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Resistors in Series and Parallel

1a Remember that when resistors are in series, we calculate the total resistance by adding the separate 
resistances together.


In this case, the two resistors have resistances of 75 Ω and 50 Ω. Adding these together gives us a 
total resistance of 125 Ω.

1b I = V / R


I = 10 V / 125 Ω


I = 0.08 A

2a We can calculate the total resistance of the circuit using the equation:


R = V / I


R = 20 V / 0.1 A


R = 200 Ω

2b Looking at the individual resistors, we can see one with a resistance of 10 Ω and one with a 
resistance of 30 Ω. These together have a total resistance of 40 Ω. As we have seen, the total 
resistance of the circuit is 200 Ω.


The resistance of the unknown resistor must be 200 Ω - 40 Ω = 160 Ω

3a Total resistance = less than 65 Ω.

3b When we have resistors in parallel, the total resistance is less than the smallest individual resistor.


We have three resistors in parallel, with resistances of 150 Ω, 200 Ω and 65 Ω. This means that the 
total resistance of this combination must be less than 65 Ω.
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Light-dependent Resistors

1 As the light intensity increases (in other words it gets lighter), the resistance of the LDR decreases.


What this means is that an LDR has a huge resistance in the dark and a very low resistance in the 
light.

2a R = V / I


R = 20 V / 0.2 A


R = 100 Ω

2b To understand this question, it's worth starting by calculating the individual resistances of both the 
LDR and the lamp.


In the light conditions, the resistance of the LDR is very low. We can calculate this from the circuit. 


R = V / I


R of LDR = 1 V / 0.2 A 


R of LDR = 5 Ω


R of lamp = 19 V / 0.2 A


R of lamp = 95 Ω


The total potential difference of the circuit is split between the LDR and the lamp in proportion to 
their individual resistances. This is why the LDR has a potential difference 1/20th that of the cell and 
the lamp has a potential difference 19/20th that of the cell.


In the dark, the resistance of the LDR now increases to 10 000 Ω but the resistance of the lamp 
stays at 95 Ω. Because the potential difference of the cell splits in proportion to the resistances, the 
LDR now has a potential difference around 99X greater than the lamp (in other words around 19.8 V).

2c In the dark, the total resistance of the circuit is 10 000 Ω (from the LDR) + 95 Ω (from the lamp).


Remember that Current (I) = potential difference (V) / resistance (R)


Current (I) = 20 V / 10095 


Current (I) = 0.00198 A (to three significant figures).


As we can see, increasing the total resistance of the circuit by around 100 X causes the current 
flowing through the circuit to decrease by around 100 X.

2d From question 2b and 2c, we can see that both the current through the lamp and the potential 
difference across the lamp have fallen. This means that only a tiny amount of energy is now 
transferred in the lamp so the lamp turns off.


I should point out that the actual circuit in a mobile telephone is much more complex than the simple 
example shown in this question.
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Thermistors

1a

1b

1c A thermostat is a device which controls temperature. For example, a central-heating system 
contains a thermostat. The householder sets the thermostat to the desired temperature. The 
thermostat then runs the central-heating system so that this temperature is maintained in the house.

2a Looking at the above graph, we can see that the resistance of the thermistor is high in cool 
conditions (in other words, when the temperature is low). 


The left hand circuit shows cool conditions. Remember that the potential difference from the cell is 
split across each component in proportion to the resistance. Because the resistance of the 
thermistor is high, the majority of the potential difference is now across the thermistor. This means 
that the potential difference across the fan is low so the fan is turned off.


In hot conditions, the resistance of the thermistor falls to a low value. Now the potential difference 
across the thermistor is low. This means that the majority of the potential difference is across the fan, 
so the fan is switched on, cooling the computer.

2b Premature babies are often much smaller than full-term babies. This means that premature babies 
lose body heat quickly. To prevent this, premature babies are usually kept in a temperature-
controlled incubator.


The incubator contains a thermistor (in a thermostat). The temperature of the incubator is set by the 
medical team and this is then maintained by the thermostat. However, as this is a life-critical system, 
there will also be back-up systems and an alarm, incase there is a problem and the temperature is 
not controlled properly.
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Required Practical 3: Resistance

1

1

2 1. Adjust the crocodile clip to the zero position on the metre rule.

2. Use the ammeter to measure the current running through the circuit.

3. Use the voltmeter to measure the potential difference across the wire.

4. Calculate the resistance of the wire.

5. Now adjust the crocodile clip to change the length of the wire and calculate the resistance for 
each length.

3a If we plot the resistance of the wire against the length of the wire, then we get a straight line passing 
through zero. This tells us that the resistance is directly proportional to the length.

3b A zero error is a reading on a measuring instrument when the true value is zero. In this case, we have 
a resistance when the length of the wire is zero.

3c A zero error is an example of a systematic error. That means that every reading will have the zero 
error.

3d In this required practical, the zero error is a positive value. To correct for this, we need to subtract 
this value from all of our readings. If our zero error was a negative value, then we would need to add 
this value to all our readings.

3e In this practical, we should not get any value for the resistance when the crocodile clip is set to a 
length of zero (that's because there should be no wire for there to be any resistance in). However, 
what we find is that there is a resistance. This is due to two effects. Firstly, it is impossible to 
connect the two crocodile clips with no wire between them. That is because crocodile clips are quite 
large. Secondly, there is always resistance where the crocodile clip touches the wire. This is called 
contact resistance.
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Required Practical 3: Resistance

4a If the temperature of the wire increases, then the resistance of the wire will also increase (we saw this 
when we looked at filament lamps). The wire will no longer be an ohmic conductor.


Remember that with an ohmic conductor, the current is proportional to the potential difference as 
long as the temperature is kept constant.

4b Remember that the potential difference tells us the energy transferred by the electric current (a 
potential difference of 1 volt means that 1 joule of energy is transferred per coulomb of charge). If we 
use a high potential difference, then more energy is transferred to thermal energy in the wire, 
compared to using a low potential difference. Because we do not want the wire to increase in 
temperature, it is best to use a low potential difference.

4c Another way to reduce the problem of heating in the wire is to turn off the current in between 
readings. If we leave the current running, then the wire will increase in temperature, affecting the final 
results.

5 A variable resistor allows us to change the resistance by changing the length of the wire. If we 
increase the resistance then the lamp will become dimmer.© fre
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Required Practical 4: Current / PD characteristics

1a

1b In this case, the potential difference across the fixed resistor will be 1 V.


Remember that the total potential difference across both the resistors must be the same as the 
potential difference across the cell. The potential difference across the cell is 20 V. The variable 
resistor has a potential difference of 19 V. This means that the potential difference across the fixed 
resistor is 1 V.

1c When we vary the potential difference across a fixed resistor and measure the current through it, we 
get a straight line graph passing through zero. This tells us that the current is directly proportional to 
the potential difference.

1d Conductors which show a current-potential difference graph with a straight line passing through zero 
are called ohmic conductors. A fixed resistor is an ohmic conductor (but see question 1e).

1e As we've seen, it is very important that the temperature across a fixed resistor remains constant. If 
the temperature changes, then the current will no longer be directly proportional to the potential 
difference. In other words, the resistor will no longer be an ohmic conductor. If the circuit is 
connected for too long, then the temperature of the resistor will increase. The current will no longer be 
directly proportional to the potential difference. In other words, it will no longer be an ohmic 
conductor.

2 A filament lamp is not an ohmic conductor.


and 


At a high potential difference, the resistance of the filament lamp increases as it gets hotter.

3a Below a certain minimum potential difference, the current flowing through a diode is zero. However, 
after the minimum potential difference is reached, the current increases as the potential difference 
increases.

3b When the potential difference is reversed, there is no current flowing. 
Many students struggle with this idea. How can we have a reversed 
potential difference? What this means is that the battery is pointing in the 
"wrong direction". In this case, the conventional current is pointing 
"backwards" (when compared to the battery in the forward direction). We 
can see this with the circuit I'm showing you on the right. In this circuit, 
the current through the diode is blocked as it is flowing in the opposite 
direction to the arrow on the diode symbol. As we saw in the section on 
diodes, the conventional current has to flow in the same direction as the 
arrow on the diode, otherwise the current is completely blocked.


The reason that the current is blocked in the reverse direction is that the 
diode has an extremely high resistance in the reverse direction but a low 
resistance in the forward direction. This means that current can easily 
flow in the forward direction but is blocked in the reverse direction.
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Energy Transfer by Appliances

1a

1b Some appliances are clearly designed to transfer energy to the thermal energy store for example an 
iron. However, when any appliance (for example a fan) transfers energy to the kinetic energy store, 
there will always be a small amount transferred to the thermal energy store as well. This is due to 
friction and it is very hard to avoid. However, this is not the intended energy transfer for that appliance 
so we don't consider this.

1c Hair straighteners: energy transferred to the thermal energy store. In the case of hair straighteners, 
there is only one energy transfer taking place.


Microwave oven: energy transferred to the thermal energy store and the kinetic energy store (in the 
case of the microwave oven, we want thermal energy to heat the food but also kinetic energy in the 
rotating stand, to ensure that the thermal energy is evenly distributed).

2a 1 watt is 1 joule of energy transferred by an appliance every second.

2b In a fan, the main energy transfer is to the kinetic energy store. There will be a tiny amount of energy 
transfer to the thermal energy energy store (due to friction) but this is not the intended energy transfer. 
This means that the fan only transfers a relatively small amount of energy each second, so it has a 
relatively low power rating.


The clothes dryer has a much greater power rating than the fan. This is because there are two 
intended energy transfers. Firstly, the clothes dryer transfers energy to the kinetic energy store to turn 
the rotating drum (and the clothes inside). Secondly, the clothes dryer has to heat the air to dry the 
clothes. This involves transferring a lot of energy to the thermal energy store. Due to both of these 
energy transfers, the clothes dryer transfers a large amount of energy each second so it has a high 
power rating.
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Calculating Energy Transferred by Appliances

1a Energy transferred (J) = power (W) x time (s)


Energy transferred = 170 x 140


Energy transferred = 23 800 J

1b In this case, the time is given as 2 minutes. We need to convert this to seconds by multiplying by 60.


Time = 2 x 60 = 120 seconds.


Energy transferred (J) = power (W) x time (s)


Energy transferred = 2 x 120


Energy transferred = 240 J

1c In this case, the time is given as 3 hours. We need to convert this to seconds. There are 60 minutes in 
each hour and 60 seconds in each minute. Therefore to convert 3 hours into seconds, we need to 
multiply by 3600.


Time = 3 x 3600 = 10 800 seconds.


Energy transferred (J) = power (W) x time (s)


Energy transferred = 7 x 10 800


Energy transferred = 75 600 J

1d In this case, the time is given as 5 hours. We need to convert this to seconds. There are 60 minutes in 
each hour and 60 seconds in each minute. Therefore to convert 5 hours into seconds, we need to 
multiply by 3600.


Time = 5 x 3600 = 18 000 seconds.


Energy transferred (J) = power (W) x time (s)


Energy transferred = 100 x 18 000


Energy transferred = 1 800 000 J

2a Power (W) = energy transferred (J) / time (s)


Power = 900 / 300 


Power = 3 W

2b In this case, the time is given as 2 minutes. We need to convert this to seconds by multiplying by 60.


Time = 2 x 60 = 120 seconds.


The energy transfer is given in kilojoules (not joules). We need to convert this into joules by multiplying 
by 1000.


Energy transfer = 240 x 1000 = 240 000 J


Power (W) = energy transferred (J) / time (s)


Power = 240 000 / 120 


Power = 2000 W
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Calculating Energy Transferred by Appliances

2c In this case, the time is given as 20 minutes. We need to convert this to seconds by multiplying by 60.


Time = 20 x 60 = 1200 seconds.


The energy transfer is given in kilojoules (not joules). We need to convert this into joules by multiplying 
by 1000.


Energy transfer = 144 x 1000 = 144 000 J


Power (W) = energy transferred (J) / time (s)


Power = 144 000 / 1200 


Power = 120 W

3a In this case, the energy transfer is given in kilojoules (not joules). We need to convert this into joules 
by multiplying by 1000.


Energy transfer = 432 x 1000 = 432 000 J


Time (s) = energy (J) / power (W)


Time = 432 000 / 900


Time = 480 seconds

3b In this case, the energy transfer is given in kilojoules (not joules). We need to convert this into joules 
by multiplying by 1000.


Energy transfer = 900 x 1000 = 900 000 J


Time (s) = energy (J) / power (W)


Time = 900 000 / 500


Time = 1800 seconds
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Power of Components

1 Power (W) = potential difference (V) x current (A)


Power = 12 x 0.1


Power of resistor = 1.2 W

2 In this circuit, we are not given the potential difference across resistor B. We need to work this out 
first.


Remember that the potential difference is shared by components in series. The cell has a potential 
difference of 6 V. This is shared between resistors A and B. Resistor A has a potential difference of     
2 V which means that resistor B must have a potential difference of 4 V.


Power (W) = potential difference (V) x current (A)


Power = 4 x 0.2


Power of resistor B = 0.8 W

3 In this circuit, we have two resistors in parallel. We are not given the potential difference of resistor A. 
We need to work this out first.


Remember that the potential difference across parallel branches (such as shown in the circuit) is the 
same as the cell. The resistors in parallel are the only resistors in this circuit, so they must have the 
same potential difference as the cell. This means that the potential difference across resistor A is 6 V.


Power (W) = potential difference (V) x current (A)


Power = 6 x 0.5


Power of resistor A = 3 W

4 Current (A) = power (W) / potential difference (V)


Current = 2 / 20


Current = 0.1 A

5 Current (A) = power (W) / potential difference (V)


Current = 3 / 15


Current = 0.2 A

6 Potential difference (V) = power (W) / current (A)


Potential difference = 2 / 0.5


Potential difference = 4 V

7a Potential difference (V) = power (W) / current (A)


Potential difference = 4 / 0.5


Potential difference = 8 V

7b Remember that potential difference is shared by components in series. We know that the resistor on 
the left has a potential difference of 8 V (from 7a) and the resistor on the right has a potential 
difference of 5 V (from the question). This means that the potential difference across the cell must be 
8 V + 5 V = 13 V.
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Power of Components

8 Power (W) = current (A)2 x R (Ω)


Power = (0.2)2 x 50


Power = 0.04 x 50 = 2 W

9 Resistance (Ω) = power (W) / current (A)2


Resistance = 5 / (0.4)2


Resistance = 5 / 0.16


Resistance = 31.25 Ω

10a Remember that the total resistance of resistors in series is the sum of the individual resistors.


In this case, the total resistance is 75 Ω + 50 Ω + 25 Ω = 150 Ω.

10b Current (A)2 = power (W) x resistance (Ω)


Current2 = 24 / 150 = 0.16


Current = √0.16 = 0.4 A
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DC and AC Supply

1 The electrical supply from a cell is an example of direct current. This is because the current moves in 
one direction only and the potential difference does not change.

Mains electricity is an alternating current. With AC, the current switches direction many times every 
second and the potential difference rises and falls. The benefit of AC is that we can use a 
transformer to easily change the potential difference of the supply. Mains electricity has a frequency 
of 50 Hz and a potential difference of around 230 V.

2a The oscilloscope shows that supply A has a potential difference that is constant at around 120 V. 
Because the potential difference is not changing, we know that this is a direct current (DC).

2b Looking at the oscilloscope trace of supply B, we can see that the time taken for one complete cycle 
(in other words from one peak to the next peak, or from one trough to the next trough) is 0.01 
seconds. The frequency is the number of cycles in each second.


Frequency = 1 / time for one complete cycle


Frequency = 1 / 0.01 = 100 Hz© fre
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Mains Electricity

1a The wires in three-core cable are made of copper as copper is an extremely good conductor of 
electricity.

1b The wires are coated with plastic. This is because plastic does not conduct electricity. If the wires 
were not coated with plastic, an electric current would simply flow from the live wire to the neutral 
and the Earth wires. A huge current would flow and this would be seriously dangerous.

1c Brown wire = live

Blue wire = neutral

Green / yellow striped wire = earth.

2

3a

3b The live wire is always carrying an electrical current. If the switch is open, then the live wire before the 
switch is carrying an electrical current (although the live wire after the switch would not be carrying a 
current in this case). If a person touched the live wire before the switch, they would receive an electric 
shock which could be fatal.

3c The neutral wire only carries an electrical current if it is connected to the live wire (as in this case, the 
neutral wire completes the circuit). If the switch is open, then the neutral wire is not connected to the 
live wire, so it will not be carrying an electrical current.

3d If a fault develops so that the live wire is touching the case, the case now becomes live. It is now 
carrying an electrical current. If someone touched the case, they could receive an electrical shock. 


As you can see from the above diagram, the appliance is connected to the Earth wire. This means 
that the metal case of the appliance has a wire running from the case straight down into the Earth 
(usually every house has a metal rod placed in the ground and all the Earth wires from the different 
plugs are connected to this). Now, if a fault develops and the case becomes live, this causes a 
massive electrical current to run straight down the Earth wire to the Earth.


The fuse is designed so that if a large current runs through it, then the fuse melts and shuts down the 
current. So in the case of the fault, because a huge current is now running down to Earth, the fuse 
melts and the current stops. This means that the appliance is safe. 


If the householder simply replaced the fuse with a new one, then once again a huge current would 
flow and would melt the new fuse. This means that the householder has to get the appliance fixed or 
replaced. 
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The National Grid

1a The National Grid consists of transformers and high-voltage cables.


Remember that the National Grid does not include the power stations. This is a common mistake that 
many students make.

1b Electricity has to be transmitted from power stations to homes, offices and factories. 

The problem is that a lot of energy is lost in the transmission cables. One way to reduce 

this is to build houses very close to power stations. However, this is not a realistic 

solution. Another way is to transmit the electricity at very high potential difference. 

First the electricity passes through step-up transformers which increase the potential 

difference to several hundred thousand volts. The electricity then passes through high-

voltage cables. Finally, step-down transformers decrease the potential difference to 230 

volts before the electricity is passed to homes.© fre
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Static Electricity

1 The correct boxes are:


Conductors have electrons which can easily move through them.


and


Insulators do not have electrons which can move through them.


The incorrect boxes are:


Materials such as plastic are good conductors of electricity (correct version: materials such as plastic 
are poor conductors of electricity).


Insulators include metals (correct version: conductors include metals).


2a Remember that electrons are negative. If a material becomes negatively charged then it must have 
gained electrons and if a material becomes positively charged then it must have lost electrons. So in 
the example shown, when the cloth is rubbed against the plastic rod, the cloth becomes negatively 
charged and the rod develops a positive charge. This means that electrons must have moved from 
the plastic rod onto the cloth.


I should point out that you are not meant to explain why electrons will move off certain materials. This 
is due to the triboelectric effect and that is well beyond the GCSE specification.

2b In this question, the student has rubbed the cloth against a metal rod. Now, neither the cloth nor the 
metal rod has an overall charge.


Remember that metals are excellent conductors of electricity. This means that electrons can easily 
move through metals. So in this case, the electrons have moved off the cloth onto the metal rod. 
These electrons will then move through the metal rod, through the person holding the rod and down 
to Earth.

3 When jet fuel passes through pipes, it can become charged. Imagine that the jet fuel gains a negative 
charge. This means that we now have a potential difference between the jet fuel and the Earth. 
Because of this, a spark (in other words a flow of electrons) could pass between the jet-fuel and any 
nearby Earthed object (eg a metal pipe). This spark could ignite the jet fuel. 


To prevent this, both the refuelling truck and airplane are Earthed. This means that no charges or a 
potential difference can develop so no sparking takes place.
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Electric Fields

1a In this example, the two plastic spheres have the 
same type of charge (positive). This means that the 
spheres will experience a force of repulsion and 
move further apart. We would see the same effect if 
both of the spheres were negatively charged.

1a In this example, the plastic spheres have different 
charges (the left one positive and the right one 
negative). This means that the spheres will 
experience a force of attraction and will move 
closer together.

1b In the example above, the two spheres are held by plastic wires. Remember that plastic is an insulator. 
However, if we use copper wires instead then we would not see the same effect. Copper is an 
excellent conductor. This means that electrons would flow onto the positive sphere and from the 
negative sphere until both spheres were uncharged. Now there would be no forces on the spheres due 
to static electricity.

2 Two charges which are the same will repel each other. However, if the two charges are different then 
they will attract each other. The forces which exist between charges are called non-contact forces as 
the two objects do not need to touch for the forces to operate.

3 When the person walked across the carpet, electrons moved onto the person's body. Carpet is an 
insulator, so these electrons could not flow back down to earth. 


Now the person's body has an overall negative charge. Each hair on the person's head will be 
negatively charged so the hairs will repel each other and stand on end.

4 Mistake: The force lines are pointing towards the 
positive sphere. Remember that the force lines 
represent the force experienced by a positive 
object. So in this case the line should be 
pointing away from the sphere, as a positive 
object near the positive sphere would 
experience a force of repulsion.

Mistake: The force lines must be perpendicular 
(ie at right angles) to the surface of the sphere. In 
this case, the force lines are not perpendicular to 
the surface of the sphere.

Mistake: The diagram shows a negative object 
near a positive sphere. In this case, because the 
two charges are opposite, the negative object 
will experience a force of attraction towards the 
positive sphere.

Mistake. Both negative objects are attracted to 
the central positive sphere. However, the object 
that is closer to the central sphere will 
experience a stronger force of attraction than the 
object which is further away (the force is 
reduced as the distance increases).
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Density

1a Solid


Spacing of particles: particles are very close together

Arrangement of particles: particles are arranged in a regular pattern

Movement of particles: particles vibrate but do not move from place to place


Liquid


Spacing of particles: particles are close together

Arrangement of particles: particles are not arranged in a pattern

Movement of particles: particles can move around each other


Gas


Spacing of particles: particles are very far apart

Arrangement of particles: particles are not arranged in a pattern

Movement of particles: particles are moving very rapidly

1b The density of a material tells us the mass in a given volume. A brick is dense because it contains a 
lot of mass packed into its volume. A polystyrene block is not dense as it only has a small mass in its 
volume.

2 Density (kg / m3) = mass (kg) / volume (m3)


Density = 3476 / 2


Density = 1738 kg / m3

3 Density (kg / m3) = mass (kg) / volume (m3)


Density = 598 800 / 600


Density = 998 kg / m3

4 Density (kg / m3) = mass (kg) / volume (m3)


Density = 88 / 72


Density = 1.2 kg / m3 to 2 significant figures

5 In both solids and liquids, the particles are very close together. This means that in a given volume of 
solid or liquid, we have a lot of mass packed into a relatively small volume. So both solids and liquids 
have a high density. If you look at questions 2 and 3, you can see that the solid (magnesium) and the 
liquid (water) both have a high density.


However, in a gas the particles are very far apart. This means that in a given volume of gas, we have a 
very small amount of mass in a relatively large volume. So gases have a low density.


If you look at question 4, you can see that the gas (air) has a low density.

6 Although polystyrene is a solid, it has a relatively low density. This is because polystyrene is packed 
full of air-spaces. As we've seen, gases have a low density so because polystyrene contains a lot of 
air, the overall density of polystyrene is low.
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Required Practical: Density

1a To determine the volume of the cube, we multiply the lengths of the sides. In this case, the length of 
each side is 0.3 m.


Volume = 0.3 x 0.3 x 0.3 = 0.027 m3


Density = mass / volume


Density = 27 / 0.027


Density = 1000 kg / m3

1b In the case of this cube, the length of the sides is given in cm. We first need to convert this to metres 
before we calculate density. Remember that we convert cm to m by dividing by 100.


Volume = 0.2 x 0.2 x 0.2 = 0.008 m3


Density = mass / volume


Density = 12 / 0.008


Density = 1500 kg / m3

1c In this example, the mass is given in grams. We need to convert this to kilograms by dividing by 1000. 
12000 g = 12 kg.


Volume = 0.3 x 0.5 x 0.4 = 0.06 m3.


Density = mass / volume


Density = 12 / 0.06


Density = 200 kg / m3

2a Before calculating the density, we need to make certain that we convert the mass from grams to 
kilograms.

2b When we use a Eureka can, we immerse our object in water. The volume of water displaced (pushed 
out) tells us the volume of our object. So it's important that every drop of water displaced is collected 
and measured.


If we did not fill the Eureka can right up to the spout, then some of the displaced water would not 
pour out of the spout and be collected. To make sure that the water is right up to the spout, we fill the 
Eureka can to the point where water pours out of the spout (we do not collect this water). Now, when 
we immerse our object, we know that we have collected all of the displaced water.

2c A measuring cylinder is designed to measure volume accurately. Scientists say that a measuring 
cylinder is volumetric. However, a beaker is not volumetric so a beaker can only give us an 
approximate volume.

2d In this example, both the mass and the volume are in the correct units.


Density = mass / volume


Density = 2 / 0.0004


Density = 5000 kg / m3
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Internal Energy

1 When particles are moving, they have kinetic energy. Gases have the most and solids have the least. 
Particles also have forces between them. There are also bonds between the atoms in a molecule. 
The energy in forces and bonds is called potential energy. The kinetic energy of the particles added 
to the potential energy of the forces and bonds is called the internal energy.

2a

2b Internal energy increases: melting, boiling, sublimation


In all three of these cases, we are increasing the kinetic energy of the particles. Remember that the 
particles in a liquid or gas have more kinetic energy than the particles in a solid. Also, remember that 
the particles in a solid are held together by relatively strong forces of attraction. When we melt a solid, 
we weaken or break these forces. When we boil a liquid, we also break the forces of attraction 
between the particles. Weakening or breaking forces of attraction increases the potential energy. So in 
these cases, we have increased both the kinetic energy and the potential energy of the particles.


Internal energy decreases: condensation and freezing.


In both of these cases, we have decreased the kinetic energy of the particles. We have also 
decreased the potential energy as we have reformed the forces of attraction between the particles.

2c Changes of state do not involve a change of mass because we are not adding or taking away any 
particles. We are simply changing the energy of the particles and how the particles are arranged.

2d In changes of state, no chemical reaction takes place. If we reverse the change of state, then the 
material recovers its original properties. For example, if we take liquid water and boil it we produce 
water vapour (steam). If we now condense the water vapour back to liquid water, the liquid water has 
exactly the same properties as it had at the start.

2e During evaporation, the particles on the surface of a liquid have enough energy to turn into a gas. 
When a liquid evaporates, the particles on the surface have enough energy to break the forces of 
attraction between them. 


We can compare this to boiling. During boiling, a lot of the particles in a liquid have enough energy to 
break the forces of attraction between them and turn to a gas. This can take place anywhere within 
the liquid (the bubbles that we see in boiling water are due to water vapour forming within the liquid). 
However, evaporation can only take place on the surface of a liquid.
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Specific Heat Capacity

1 To answer this question, first we have to calculate the temperature change. The temperature of the 
water increased from 20oC to 60oC. This is a temperature increase of 40oC.


Energy change (J) = mass (kg) x specific heat capacity (J / kg oC) x temperature change (oC)


Energy change = 30 x 4200 x 40


Energy change = 5 040 000 J


This is clearly a very large energy change so we convert this to kilojoules by dividing by 1000.


Energy change = 5 040 kJ

2 To answer this question, we need to rearrange the equation for temperature change.


Temperature change (oC) = energy change (J) / mass (kg) x specific heat capacity (J / kg oC)


Temperature change = 400 000 / 2 x 4200


Temperature change = 400 000 / 8400


Temperature change = 47.62 oC (to 4 significant figures)

3 To answer this question, we need to rearrange the equation for mass.


Mass (kg) = energy change (J) / specific heat capacity (J / kg oC) x temperature change (oC)


Mass = 900 000 / 511 x 30


Mass = 900 000 / 15 330


Mass = 58.7 kg (to 3 significant figures)

4 To answer this question, we need to rearrange the equation for specific heat capacity.


Specific heat capacity (J / kg oC) = energy change (J) / mass (kg) x temperature change (oC)


Specific heat capacity = 52 000 / 3 x 45


Specific heat capacity = 52 000 / 135


Specific heat capacity = 385 J / kg oC
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Heating and Cooling Graphs

1a At point A, the chemical is a solid. We are putting thermal (heat) energy into the chemical. This is 
causing the particles to vibrate with a greater kinetic energy (remember that the particles in a solid 
only vibrate, they do not move from place to place). 


The temperature is a measure of the average kinetic energy of the particles. So because we are 
increasing the kinetic energy of the chemical, the temperature of the chemical is increasing.

1b

1c To answer this question, we need to read off the y axis to find the temperatures where melting and 
boiling take place.


Melting point = approximately 25oC

Boiling point = approximately 47oC

1d Remember that when we heat a chemical, we are increasing the average kinetic energy of the 
particles. Temperature is a measure of the average kinetic energy of the particles, so the temperature 
increases. 


However, when a substance changes state, the energy that we are putting in is not increasing the 
kinetic energy of the particles. Instead, the energy is used to weaken or break the forces of attraction 
between the particles. So during a change of state (eg B and D) on the graph, the temperature of the 
substance does not increase.

1e The energy required to change the state of a substance is called the latent heat (we will see this in the 
next chapter).

1f A, C and E all show the internal energy stores increasing. We can see this as the temperature is 
increasing and temperature is a measure of the average kinetic energy of the particles. However, in A, 
C and E, there is no change of state taking place. This means that the forces of attraction between 
the particles are not breaking in these stages.

2a

2b Condensation point = approximately 200oC

Freezing point = approximately 100oC
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Specific Latent Heat

1 The specific latent heat of fusion is the energy required to change one kilogram of a substance from 
a solid to a liquid with no change in temperature. This applies when a substance is melted. The 
specific latent heat of vaporisation is the energy required to change one kilogram of a substance 
from a liquid to a vapour with no change in temperature. This applies when a substance boils.

2a Energy (J) = mass (kg) x specific latent heat (J / kg)


Energy = 2 x 200 000


Energy = 400 000 J 

2b To answer this question, we first need to convert the mass of the octane from grams to kilograms. To 
do this, we divide the mass in grams by 1000.


Mass = 600 / 1000 = 0.6 kg


Energy (J) = mass (kg) x specific latent heat (J / kg)


Energy = 0.6 x 298 000


Energy = 178 800 J 

2c To answer this question, we need to rearrange the equation for mass.


Mass (kg) = energy (J) / specific latent heat (J / kg)


Mass = 6 680 / 334 000


Mass = 0.02 kg
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Particle Motion in Gases

1a The pressure of a gas is caused by the gas particles colliding with the walls of the container. 
Container A contains twice the number of gas particles as container B. This means that there will be 
twice as many collisions per second between the gas particles and the walls in container A compared 
with container B. So the pressure of the gas in container A will be twice the pressure of the gas in 
container B.


I should point out that the pressure of a gas also depends on the temperature and volume. The 
question states that the temperature and volume of the two containers is the same so these two 
factors do not affect the answer.

1b + c Statement 1: This is incorrect. As we have seen, the gas pressure depends on the number of 
particles. Container B has half the number of particles as container A so the pressure of container B 
cannot be greater than container A. The question tells us that the temperature and volume are 
identical for the two containers.


Statement 2: This is correct. Container A has more particles than container B so there will be more 
collisions per second between the particles and the walls of container A. This means that the pressure 
of the gas in container A will be greater than container B.


Statement 3: This is correct. Container B has half the number of gas particles as container A therefore 
the pressure of container B will be half the pressure of container A.

2a Remember that the temperature of a substance is a 
measure of the average kinetic energy of the 
particles.


The arrows give an idea of the kinetic energy. 
Particles in gas A have the lowest kinetic energy so 
gas A will have the lowest temperature.


Particles in gas C have the greatest kinetic energy 
so gas C will have the highest temperature.


The kinetic energy of the particles in gas B is 
between gas A and gas C so this means that the 
temperature of gas B lies between gas A and gas 
C.

2b We can see that the volume and the number of particles are the same for each gas. So the only factor 
which will affect the pressure is the temperature. The gas with the highest temperature will be at the 
greatest pressure. Gas C has the highest temperature so this must have the highest pressure.
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Pressure in Gases

1 Because the two gases are at the same temperature, the average kinetic energy of the particles will 
be the same. However, gas A has half the volume of gas B. This means that the particles in gas A will 
travel a shorter distance before they collide with the walls of the container. Because of this, there will 
be more collisions per second between the gas particles and the walls of the container with gas A 
than with gas B. This means that the force experienced by the walls of the container with gas A will be 
greater than for gas B. So gas A will be at a higher pressure than gas B.

2a Remember that the pressure of a gas multiplied by its volume is a constant. If we halve the volume, 
we double the pressure.


In this question, the volume has halved from 20m3 to 10m3. This means that the pressure will double 
from 100 000 Pa to 200 000 Pa.

2b In this question, the pressure has fallen by four times (from 200 000 Pa to 50 000 Pa). Therefore the 
volume must have increased by four times (from 100 m3 to 400 m3).

2c From questions 2a and 2b, we can see that if we increase the volume of a gas we decrease the 
pressure. If we decrease the volume of a gas, we increase the pressure. Therefore the pressure of a 
gas is inversely proportional to the volume.

2d If we are investigating how the volume of a gas affects the pressure, then we must keep the 
temperature constant. As we saw in the last chapter, the temperature of a gas indicates the average 
kinetic energy of the particles. If we increase the temperature of a gas, the particles now have more 
kinetic energy. This means that when they collide with the walls of the container, they apply a greater 
force (and therefore a greater pressure). Therefore, increasing the temperature of a gas increases the 
pressure.
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Work Done on a Gas

1a When a gas is compressed, the kinetic energy of the particles is increased.

1b As we saw in the chapter on Energy, work done = force x distance.


When we compress a gas, we have to apply a force. This means that we have carried out work on the 
gas. 


Remember that work is another way of saying "energy transferred". Because we have transferred 
energy to the gas particles, we have increased their kinetic energy.

1c The internal energy is a combination of the kinetic energy store and potential energy store of the 
particles.


The kinetic energy store is due to the movement of the particles. The potential energy store is due to 
the forces between the particles and due to the chemical bonds within the particles (for example 
between atoms in a gas molecule).

1d When we compress a gas, we increase the internal energy of the particles. Because the particles 
now have a greater kinetic energy, the temperature of the gas increases. This explains why the end 
of a bicycle pump heats up when we inflate a tyre.
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Atomic Structure

1a The typical radius of an atom is 1x10-10 m.

1b

1c The radius of the nucleus is less than 1x10-14 m.

1d

1e

1f The nucleus has an overall positive charge because it contains protons, which are positive.

1g The charge on the nucleus does not depend on the number of neutrons because neutrons are 
neutral (they have no charge).

1h In the first example, electromagnetic radiation is being absorbed. We can tell this because an 
electron has moved from a lower energy level to a higher energy level.


In the second example, electromagnetic radiation has been emitted. We can tell this because 
an electron has moved from a higher energy level to a lower energy level.

1i
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Atomic and Mass Numbers

1a

1b Protons = 19

Electrons = 19


Remember that the number of protons is given by the atomic number. In an uncharged atom 
(such as the one shown above), the number of electrons is the same as the number of protons.

1c Atoms have no overall charge because the number of electrons is the same as the number of 
protons. Electrons have a negative charge and protons have a positive charge. These charges 
cancel out so the atom has no overall charge.

2a

2b To calculate the number of neutrons in an atom, we subtract the atomic number from the mass 
number.

2c Boron (B) = 5 protons, 6 neutrons, 5 electrons

Argon (Ar) = 18 protons, 22 neutrons, 18 electrons

Bromine (Br) = 35 protons, 45 neutrons, 35 electrons

Phosphorus (P) = 15 protons, 16 neutrons, 15 electrons

Iron (Fe) = 26 protons, 30 neutrons, 26 electrons

Strontium (Sr) = 38 protons, 50 neutrons, 38 electrons

3a 12-C = 6 protons, 6 neutrons, 6 electrons

13-C = 6 protons, 7 neutrons, 6 electrons

14-C = 6 protons, 8 neutrons, 6 electrons

3b These are all isotopes of carbon. They are all atoms of the same element (carbon) with the 
same atomic number. However they have different numbers of neutrons so they are isotopes.

4a An ion is an atom with an overall electrical charge.

4b When an atom loses an electron, it forms a positive ion. Normally, the number of electrons is 
the same as the number of protons, so the charges cancel (leaving no overall charge). 
However, if an atom loses an electron, it now has one fewer electrons than protons so the 
charges no longer cancel. Because protons have a charge of +1, the atom now has an overall 
+1 charge.


If an atom lost 2 electrons, it would now have an overall charge of +2.

4c Li+ = 3 protons, 4 neutrons, 2 electrons (in this case, the ion has an overall charge of +1, so it 
must have lost one electron).

Mg2+ = 12 protons, 12 neutrons, 10 electrons (in this case, the ion has an overall charge of +2, 
so it must have lost two electrons).

4d The first ion has 24 electrons and a +2 charge. The +2 charge tells us that the atom must have 
lost 2 electrons. This means that the original atom had 24 + 2 = 26 electrons. The element with 
26 electrons is iron (Fe) with an atomic number of 26.


The second ion has 2 electrons and a +3 charge. The +3 charge tells us that the atom must 
have lost 3 electrons. This means that the original atom had 2 + 3 = 5 electrons. The element 
with 5 electrons is boron (B) with an atomic number of 5.
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Alpha-scattering and the Nuclear Model

1a The ancient Greeks believed that atoms are tiny spheres that could not be divided. Centuries 
later, scientists found that atoms contain tiny negative particles which they called electrons. 
This showed scientists that atoms are not tiny spheres. Atoms must have an internal structure.

1b In the plum-pudding model, we have tiny negative particles (in other words electrons). 


The negative particles are embedded within a general region of positive charge. There is no 
region of concentrated positive charge.

2a The scientists took a piece of gold foil (sometimes called gold leaf). They bombarded this with 
a stream of alpha particles.


The scientists then placed detectors around the gold foil to see where the alpha particles went.

2b The scientists wanted to use a piece of metal that was only a few atoms thick. Gold is 
extremely malleable and can be hammered very thinly. Gold foil can be made which is only 
around a hundred atoms thick.

3a First the scientists found that most of the alpha particles passed straight through the gold foil. 
This told them that atoms are mainly empty space.


Secondly, the scientists found that a small number of alpha particles were strongly deflected 
(changed direction). This told them that there must be a region of concentrated positive charge 
in the atom. This positive charge repelled the alpha particles (which are also positive).


Lastly, some of the alpha particles returned back in their original direction. This told the 
scientists that atoms must contain a central region containing a great deal of mass.


From these experiments, scientists realised that atoms must contain a tiny, positive nucleus 
containing most of the mass of the atom. Electrons were thought to orbit at a distance from the 
nucleus. Scientists called this the nuclear model.

3b Version A: This is the first version of the nuclear model. Neither protons, neutrons nor electron 
energy levels had been discovered.


Version B: Niels Bohr calculated that electrons orbit in energy levels (shells). Bohr's 
calculations agreed with experimental results.


Version C: Scientists discovered that the positive charge in the nucleus is due to positive 
particles which they called protons.


Version D: The scientist James Chadwick discovered that the nucleus contains particles with 
no charge. He called them neutrons.
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Radioactivity

1a 39-K: 19 protons, 20 neutrons, 19 electrons


40-K: 19 protons, 21 neutrons, 19 electrons

1b These are isotopes because they are atoms of the same element (potassium) with different 
numbers of neutrons.

1c In a radioactive isotope, the nucleus is unstable. The nucleus becomes stable by giving out 
radiation. This is called radioactive decay.

1d Radioactive decay is a random process. This is because scientists cannot predict when any 
individual nucleus will decay.


Option 1 is incorrect. Scientists can predict whether an isotope will be radioactive from the 
atomic number and mass number.


Option 2 is incorrect. Scientists can predict which type of radiation will be emitted by a 
nucleus.

1e 1 Bq = 1 decay per second.


Because the isotope has an activity of 50 Bq, we know that 50 unstable nuclei decay every 
second.


In three minutes, there are 180 seconds.


180 x 50 = 9000 nuclei decayed after three minutes.

1f The activity of the sample is the number of decays every second. A Geiger-Muller (GM) tube 
detects radiation produced by radioactive decay.


However, if we pointed a GM tube at the sample, the GM tube would detect decays from the 
sample plus decays occurring due to natural background radiation. Therefore the count rate of 
the GM tube would not be the same as the activity of the sample.


The other idea to bear in mind is that a radioactive sample emits radiation in all directions. A 
GM tube only detects radiation which passes into the tube. 

2a

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
s



73
Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

Properties of alpha, beta and gamma radiation

1a+b The top radiation is alpha. Alpha particles typically have a range in air of around 5 cm.


The centre radiation is beta. Beta particles are much smaller than alpha particles and can have 
a range in air of around 15 cm to around 1 m depending on the energy of the beta particle.


Gamma radiation can pass through many metres of air.


You need to be aware that there are no fixed values for the range of different radiations in air. It 
depends on the energy of the radiation emitted by a radioactive isotope and that can vary 
depending on the isotope. The values above are general values.

1c Alpha particles are extremely large and are travelling relatively slowly (compared to beta and 
gamma). They collide with a large number of air particles, losing energy each time until they 
stop.

1d Beta particles are smaller than alpha particles. This helps to explain why beta particles travel 
further in air than alpha particles. I should point out that beta particles are also moving many 
times faster than alpha particles which also explains why they can pass through a greater 
distance in air before stopping.


The other two options are both wrong. Beta particles have a negative charge (not a positive 
charge) and beta particles are smaller than alpha particles (not larger).

2a The penetrating power tells us what material the different types of radiation are stopped by.

2b Alpha radiation can be stopped by a single sheet of paper.

Beta radiation can be stopped by a few mm of aluminium.

Gamma radiation can be stopped by several cm of lead.

3a When radiation such as alpha particles collides with atoms (for example in air), the radiation 
has enough energy to knock outer electrons off the molecule. This is ionisation.


Alpha particles have an extremely large mass and carry a lot of energy. For this reason alpha 
particles are strongly ionising. Beta particles have a much smaller mass and carry less energy. 
This means that beta particles are less ionising than alpha particles. Gamma radiation is an 
electromagnetic wave (not a particle). As gamma radiation has a relatively low energy, it is the 
least ionising radiation.

3b Gamma radiation is weakly ionising and alpha radiation is very strongly ionising. Beta radiation 
has an ionising power between gamma radiation and alpha radiation.

4a Alpha radiation is easily stopped by plastic. This means that none of the alpha radiation from 
the radioactive source can penetrate the plastic case and present a hazard to anyone nearby.


Both beta radiation and gamma radiation could penetrate through the plastic. This would mean 
that anyone near the smoke detector could be irradiated by the beta or gamma source. For 
this reason, beta and gamma sources are never used in smoke detectors.

4b Alpha radiation is the most ionising radiation and generates a large amount of ions in air. 
However, beta and gamma radiation are both less ionising than alpha radiation. This means 
that beta and gamma radiation would be less effective in the smoke detector (making the 
smoke detector less sensitive to smoke). 


Also, as we saw in 4a, both beta and gamma radiation would penetrate the plastic case and 
present a radiation hazard.
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Nuclear Equations

1a An alpha particle contains 2 protons and 2 neutrons.

1b During alpha decay, the atomic number decreases by 2. This is because 2 protons have left the 
nucleus in the alpha particle.


During alpha decay, the mass number decreases by 4. This is because 2 protons and 2 
neutrons have left the nucleus in the alpha particle. Remember that the mass number is the 
total number of protons and neutrons added together.

1c The atomic number is 84 (subtract 2 from the atomic number of the original element).

The mass number is 194 (subtract 4 from the mass number of the original element).

1d The atomic number of actinium is 89 (in this case, we need to add 2 to the atomic number of 
the daughter element francium, which is 87).


The mass number of this actinium isotope is 227 (in this case, we need to add 4 to the mass 
number of the daughter element francium, which 223).

2a During beta decay, the atomic number increases by 1 but the mass number does not 
change.

This is because a neutron changes into a proton and an electron (which forms the beta 
particle).

2b The atomic number of the bismuth isotope is 83 (this is because during beta decay, a neutron 
changes into a proton and an electron. Because the atomic number tells us the number of 
protons in the nucleus, this increases by 1).


The mass number of the bismuth isotope is 212 (this is because the mass number tells us the 
total number of protons and neutrons in the nucleus. This number has not changed as a proton 
has simply changed into a neutron and an electron).

2c The atomic number of the original protactinium isotope is 91 (we need to subtract 1 from the 
atomic number of the uranium isotope, which is 92).


The mass number of the original protactinium isotope is 233 (in the case of beta decay, the 
mass number does not change).

3 In the first example, alpha decay has taken place. We can see this as the atomic number has 
decreased by 2 and the mass number has decreased by 4.


In the second example, beta decay has taken place. We can see this as the atomic number 
has increased by 1 but the mass number has not changed.
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Half-life

1 Radioactive decay is a random process. Scientists cannot predict when any nucleus will 
decay. Instead, scientists measure the half-life. This is the time it takes for the number of 
undecayed nuclei in a sample to halve. The half-life is also the time taken for the count rate to 
fall to half its original level.

2a The half-life of isotope A is 60 minutes. The graph shows that we start with 9000 undecayed 
nuclei. To work out the half-life we need to find the time it takes for this value to fall by half. 
Half of 9000 is 4500. Looking at the graph, we can see that it takes 60 minutes for the number 
of undecayed nuclei to fall to 4500. If we then look at a further 60 minutes, we can see that the 
number of undecayed nuclei has halved again, to 2250. After a further 60 minutes, the number 
of undecayed nuclei has halved again to 1125.


The half-life of isotope B is 100 days. The graph shows that we start with 100 undecayed 
nuclei. To work out the half-life we need to find the time it takes for this value to fall by half. 
Half of 100 is 50. Looking at the graph, we can see that it takes 100 days for the number of 
undecayed nuclei to fall to 50. If we then look at a further 100 days, we can see that the 
number of undecayed nuclei has halved again, to 25. After a further 100 days, the number of 
undecayed nuclei has halved again to 12 (we cannot have half a nucleus).

2b As we saw in question 2a, isotope A has a half-life of 60 minutes. We start with 9000 
undecayed nuclei. After 60 minutes (one half-life), this fell to 4500. After 120 minutes (2 half-
lives), this halved again to 2250. After 180 minutes (3 half-lives), this halved again to 1125. 
After 240 minutes (4 half-lives), this will halve again to 562.5 (rounded to 563).

3 The initial count rate is 400 counts per second. This will halve for every half-life. The half-life is 
3 hours and we have to calculate the count rate after 12 hours. 12 hours is four half-lives. After 
one half-life, the count rate will halve to 200 counts per second. After two half-lives, this will 
halve again to 100 counts per second. After three half-lives, this will halve again to 50 counts 
per second and after four half-lives, this will halve to 25 counts per second, which is the final 
answer.

4 In this question, the half-life of the alpha-emitter is 432 years. This means that every 432 years, 
the count rate falls by half. To answer this question, we need to calculate the number of half-
lives required for the count rate to fall from 120 counts per second to 15 counts per second.


120 to 60 = 1 half-life

60 to 30 = 1 more half-life

30 to 15 = 1 more half-life


As you can see, for the count rate to fall from 120 to 15, we need 3 half-lives. Each half-life is 
432 years. This means that we need 3 x 432 = 1296 years.
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Irradiation and Contamination

1a When the syringe is irradiated with gamma rays, the gamma rays will destroy any microbes 
(such as bacteria or fungi) on the syringe. This is because intense gamma radiation is ionising. 
However, once we remove the syringe from the box, it can now be re-infected with microbes 
(for example from the air). To prevent this, the syringe is sealed inside a plastic wrapper. 
Gamma rays can easily penetrate the plastic and destroy any microbes. However, once the 
syringe is removed from the box, no microbes can now get through the plastic wrapper and re-
infect the syringe.

1b The correct answer is "Some equipment is damaged by heating". This includes plastic objects 
such as syringes.


Looking at the other options, the first option is incorrect. Heating is a very effective way to 
sterilise objects.


The third option is also incorrect. Heating is a rapid way to sterilise objects.

1c While the syringe is inside the lead box, it is exposed to gamma radiation. This means that it is 
being irradiated. However, none of the gamma source will ever touch the syringe (or the plastic 
wrapper). This means that the syringe and the plastic wrapper cannot become radioactive.


Remember that in order for an object to become radioactive, it must be contaminated with a 
radioactive source. This means that particles of the radioactive source must come in contact 
with the object. It is important that you understand the difference here between a radioactive 
source and radiation. A radioactive source emits radiation. So if an object becomes 
contaminated with a radioactive source, that object is now radioactive. However, radiation 
(such as alpha, beta or gamma) cannot make an object become radioactive.

1d Gamma radiation is ionising and penetrating. If a worker is exposed to gamma radiation, it can 
pass through their skin and ionise molecules in the worker's cells. This will increase the risk of 
the worker developing cancer. 


You need to realise that even though gamma radiation is less ionising than alpha radiation or 
beta radiation, it is still dangerous. Exposure to gamma radiation increases the risk of cancer.

1e Beta and gamma radiation are both much more penetrating than alpha radiation. Alpha 
radiation is easily stopped by the skin (and by simple wearing a pair of plastic gloves). 
However, both beta and gamma radiation would easily penetrate plastic gloves and irradiate 
the person's body (increasing the risk of cancer). Therefore, when regularly working with beta 
or gamma radiation, we should wear a lead apron to prevent the radiation from penetrating into 
the body.

2a Crops and fish near the nuclear power plant were both irradiated and contaminated.


One idea that you should understand is that an object can be irradiated without being 
contaminated (we saw that in question 1c). However, if an object is contaminated with a 
radioactive source, then it will also be irradiated (as the radioactive source will be emitting 
radiation).

2b Radiation monitors allow a person to check how much radiation their body has been exposed 
to. Although any radiation is potentially harmful, scientists have determined the levels that are 
considered safe.


If a radiation monitor shows that a person has been exposed to the safe limit for radiation, then 
that person can stop working in the radioactive area.

2c The statement is partially correct. A plastic suit can protect a worker from irradiation from 
alpha radiation. However, it will not protect against beta or gamma radiation as these are more 
penetrating.


A plastic suit will protect a worker from contamination as it will prevent any radioactive 
isotopes from coming in contact with the worker's body.
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Irradiation and Contamination

2d

3a The process where scientists' studies are published and checked is called peer-review.

3b Peer review helps scientists to detect false claims. It also helps scientists to decide which 
findings are scientifically valid (for example if an experiment is repeated by lots of different 
scientists who get similar results, then the findings are considered valid. However, if a finding 
cannot be repeated then it will be considered invalid).


One key idea that you need to understand is that scientific journals carry out peer review 
before publishing a study. Other scientists are asked to review the findings to see if there are 
any problems. If the findings appear valid then they are published in the scientific journal. 
However, peer review is not carried out in the popular media (for example websites). This 
means that scientific claims in the popular media could be inaccurate (ie wrong) or biased. 
They could also be simplified to the point where their scientific meaning is simply lost.
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Background Radiation

1 Background radiation is radiation from the environment. Background radiation is present all the 
time.

2

3 Over the course of one minute, the Geiger-Muller tube detected 180 decays due to 
background radiation. There are 60 seconds in one minute so there were 3 decays per second 
due to background radiation.


The count-rate near the radioactive source was 27 counts per second. However, 3 of these 
counts per second would be due to background radiation. Therefore the count rate due only to 
the radioactive source is 24 counts per second.

4a The rocks under Cornwall contain granite. Granite contains natural radioactive isotopes, which 
increase the level of background radiation.

4b The background radiation on a transatlantic flight is mainly due to cosmic radiation entering 
the atmosphere from space. Most cosmic radiation is absorbed by the atmosphere, so only a 
small amount reaches the surface of the Earth. However, as airplanes flight at high altitudes, 
they are more exposed to cosmic radiation.
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Nuclear Radiation in Medicine

1a Correct answer: Radioactive tracers allow doctors to see if a cancer has developed.


Correct answer: Radioactive tracers can be used to see if organs are functioning normally.


Incorrect answer: Radioactive tracers can be used to destroy cancer cells.

1b A radioactive tracer has to emit radiation that can be detected from outside the body (eg using 
a scanner). Any alpha radiation emitted from a tracer inside the body would not be able to 
penetrate the body and be detected. 


Also, remember that alpha radiation is strongly ionising and would cause a great deal of 
damage to body cells.

1c Gamma radiation is very penetrating so virtually all of the gamma radiation emitted by a tracer 
will pass out of the body and can be detected. Also gamma radiation is the least ionising 
radiation so is unlikely to damage the patient's cells (certainly at the level used in a tracer).


Beta radiation is much less penetrating than gamma. This means that a large amount of beta 
radiation would be stopped by the structures in the body (eg bones). This would make beta 
radiation hard to detect from outside the body. Also, beta radiation is quite ionising so this 
would cause a large amount of damage to body cells.

1d Technetium-99 has a half-life of around 6 hours. To answer this question, we need to work out 
how many half-lives will have passed after two days. 


Two days is 48 hours, ie 8 half-lives.


Every half-live, the number of undecayed nuclei falls by half. 

1 half life: remaining undecayed nuclei = 1/2

2 half-lives: remaining undecayed nuclei = 1/4

3 half-lives: remaining undecayed nuclei = 1/8

4 half-lives: remaining undecayed nuclei = 1/16

5 half-lives: remaining undecayed nuclei = 1/32

6 half-lives: remaining undecayed nuclei = 1/64

7 half-lives: remaining undecayed nuclei = 1/128

8 half-lives: remaining undecayed nuclei = 1/256


As you can see, after two days only a tiny fraction of the original radioactive isotope will be 
present in the patient. This is a good feature for a tracer as we do not want radioactive 
isotopes present in the patient's body for a long time (not only would a gamma emitter irradiate 
the patient but it would also irradiate anyone near the patient).

1e Radioactive tracers must not decay into radioactive isotopes. This is because they will 
continue to decay, producing ionising radiation and damaging the patient's healthy cells.

2a Advantage: Gamma radiation is very penetrating. This means that gamma radiation from a 
gamma source outside the body can pass into the body and destroy cancer cells.


Disadvantage: As the gamma radiation passes through the body, it can damage healthy cells.

2b When a radioactive source is placed inside the body, the radiation is targeted more precisely at 
the cancerous cells. This means that there is less damage to healthy cells.
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Nuclear Fission and Nuclear Fusion

1 Nuclear fission takes place with the elements uranium and plutonium. The nuclei of these 
elements are unstable. When the nuclei of these elements absorb a neutron, the nucleus 
splits.

2a

2b

2c When one nucleus undergoes fission (splits), it releases two or three more neutrons. These can 
then go on to trigger other nuclei to undergo fission. Again, when these nuclei undergo fission, 
they each release two or three more neutrons and again these can trigger more nuclei to 
undergo fission. This is a chain reaction.

3a First we need to calculate the number of neutrons on the left hand side of the equation. The 
original uranium atom has 235 - 92 = 143 neutrons. We have also added 1 neutron to trigger 
fission. This means that the total number of neutrons on the left hand side is 144.


This means that there must be 144 neutrons on the right hand side of the equation. The barium 
atom has 141 - 56 = 85 neutrons and the krypton atom has 92 - 36 = 56 neutrons. Adding 
these together gives us a total of 141 neutrons. This means that 3 neutrons must have been 
released during fission.


One thing to consider is that fission of a nucleus can release two or three neutrons depending 
on how the nucleus splits. That's because we do not always get the same two daughter nuclei 
every time. 

3b After five rounds of fission, a total of 31 nuclei will have split.


The first nucleus splits and triggers two more nuclei to split (3 nuclei split so far).

The two nuclei now trigger four more nuclei to split (7 nuclei split so far).

The four nuclei now trigger eight more nuclei to split (15 nuclei split so far).

The eight nuclei now trigger sixteen more nuclei to split (31 nuclei split in total).
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Nuclear Fission and Nuclear Fusion

4a The control rods absorb neutrons. This means that when a nucleus undergoes fission and 
releases 2 or 3 neutrons, some of these neutrons are now absorbed by the control rods. This 
means that not all of these 2 or 3 neutrons can then go on to trigger nuclear fission. This slows 
down the rate of nuclear fission.

4b Nuclear fission releases a great deal of radiation (mainly gamma radiation). Gamma radiation is 
extremely penetrating and can easily pass through most materials. The walls of the reactor are 
made of thick concrete to prevent gamma radiation from penetrating and irradiating any 
workers near the reactor.


The concrete walls also prevent the workers from being irradiated by neutrons. Neutrons are 
also extremely penetrating (this is not required by the specification).

4c A nuclear weapon is an example of uncontrolled nuclear fission.

5 Nuclear fusion is not an example of a chain reaction. When two nuclei fuse (join together), this 
does not trigger other nuclei to fuse.© fre
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Question Answers Mark Extra information Workbook 
page

1.1 conduction


lower / low


thickness

3 The definition of thermal conductivity is 
not required by the AQA spec. However, 
you should know that materials with 
higher thermal conductivity conduct 
thermal energy at a higher rate than 
materials with a lower thermal 
conductivity.

Energy 

page 32

1.2 Please note that long answer 
questions such as this are 
often marked on a "best fit" 
basis rather than a tick list of 
correct answers.


However, marking on a "best 
fit" basis is a skill that requires 
a lot of practise and guidance. 
So rather than this, this mark 
scheme uses a tick list 
approach.


3 marks available for method 

• Place the beaker containing 
hot water inside a larger 
beaker


• Place a lid on the beaker

• Record the temperature of 

the water at regular intervals

• Using a thermometer

• Place insulating material in 

space and repeat 
experiment


3 marks available for 
variables (one each for IV, DV 
and one CV). 

• Independent variable = type 
of insulating material


• Dependent material = rate of 
temperature drop (do not 
accept final temperature of 
water)


• Control variables = volume 
of water (do not accept 
amount), mass of insulating 
material, sizes of beakers, 
starting temperature of 
water, the temperature of the 
surroundings.

6

This is a relatively straightforward recall 
question based on required practical 2. 
The method is simple so I have also 
placed an emphasis on stating the 
variables.


For this practical, the dependent variable 
is how rapidly the temperature of the 
water falls (in other words the rate of 
temperature drop). The final temperature 
is not the dependent variable as all of the 
different experiments will eventually fall to 
the same temperature (ie room 
temperature).


There are several control variables in this 
experiment. The major ones are listed on 
the left. In any experiment, there will 
always be major control variables and 
some that are less important. Make sure 
that you learn the major control variables.


Energy

Page 36-39
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Question Answers Mark Extra information Workbook 
page

1.3 1 oC 1 The resolution is the smallest value that 
can be measured by a measuring 
instrument. The figure shows that the 
thermometer used measured to the 
nearest 1oC.

Energy

Page 36

1.4 Random error


Each student will view the 
thermometer from a different 
angle.

1


1


Total 
= 12

Human error is never an accepted error.


Systematic error is due to a faulty piece of 
equipment and always produces the 
same size of error. A good example of 
systematic error is zero error. This is 
discussed on page 24 of the Energy topic.

Energy 

Page 33
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2.1 3 This is a relatively straightforward recall 
question.

Electricity

Page 75

2.2 If the metal case becomes live 
then a large current flows to 
Earth through the Earth wire.


A large current now passes 
through the live wire.


This melts the fuse.


Cutting off the current.

1


1


1


1

How the Earth wire and the fuse protects 
users of appliances from electrical shock 
is an important topic. Remember that the 
Earth wire and fuse work together.


With this system, replacing the fuse will 
not protect the end user as that does not 
fix the fault. Infact, if the fuse was 
replaced, it would simply melt again and 
the current would shut down.

Electricity 

Page 76

2.3 With an alternating current, the 
direction of the potential 
difference (and current) 
switches direction many times 
each second.


With a direct current, the 
direction of the potential 
difference (and current) does 
not change.

1


1

Strictly speaking, it is the direction of the 
potential difference that switches with AC. 
This then causes the direction of the 
current to switch direction.

Electricity 

Page 74

2.4 Transformers


High-voltage cables

1


1

Many students think that power stations 
are part of the National Grid. They are not.

Electricity 

Page 77

2.5 At very high voltage, there is 
less energy dissipated / wasted 
in the cables.


Due to heating.

1


1


Total 
= 13

Do not say "less electricity is wasted in 
the cables". 


When transmitting electricity through a 
cable, some electrical energy is always 
transferred to thermal (heat) energy due to 
resistance in the wire. However, by using 
a very high voltage, this energy wastage is 
reduced.

Electricity 

Page 77
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3.1 Boiling 1 Remember that on any heating graph, the 
horizontal line at the lower temperature 
represents melting and the horizontal line 
at the higher temperature represents 
boiling.

Particle 
Model of 
Matter


Page 88

3.2 70oC 1 The horizontal line at the lower 
temperature represents the chemical 
melting.

Particle 
Model of 
Matter


Page 88

3.3 Energy (J) = mass (kg) x specific latent heat (J / kg)


Energy (J) = 0.5 x 180 000


Energy (J) = 90 000 J

2 In this question, 1 mark is awarded for 
selecting the correct equation from the 
equation sheet. The second mark is for 
using the equation correctly to achieve 
the correct answer.

Particle 
Model of 
Matter


Page 89

3.4 The kinetic energy (of the 
particles)


and


Potential energy (of the 
particles)

1


1

It is important that you learn this 
definition.

Particle 
Model of 
Matter


Page 86

3.5 During a change of state, the 
potential energy of the particles 
increases but the kinetic 
energy does not.


Accept references to breaking 
or weakening forces of 
attraction (but reject any idea 
of breaking chemical bonds eg 
covalent).

1 Remember that the temperature of a 
substance reflects the average kinetic 
energy of the particles.


When a substance changes state, the 
energy that is put in goes towards 
breaking or weakening the forces 
between the particles. It does not go 
towards increasing the kinetic energy of 
the particles.


Remember that energy is not used to 
break chemical bonds eg covalent bonds. 
Change of state is a physical process not 
a chemical reaction.

Particle 
Model of 
Matter


Page 88

3.6 Change of thermal energy = mass x specific heat 
capacity x temperature change


Change in thermal energy = 0.3 x 2150 x 105


Change in thermal energy = 67 725 J

3


Total 
= 10

The first mark is for converting 300 g to 
0.3 kg


The second mark is for calculating the 
temperature change as 105oC.


The third mark is for calculating the final 
answer correctly.

Particle 
Model of 
Matter


Page 87
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4.1 Atoms of the same element


With a different number of 
neutrons

1


1

This is common content with the 
Chemistry specification.

Atomic 
Structure 

and 
Radioactivity


Page 97

4.2 The count rate did not 
decrease with a sheet of paper

1 Remember that alpha particles are 
blocked by a sheet of paper.

Atomic 
Structure 

and 
Radioactivity


Page 101

4.3 count rate = 240 / 60 


count rate = 4 counts per 
second


count rate due to radioactive 
source = 4 - 0.2 = 3.8 


Accept:


Counts per minute due to 
background radiation = 0.2 x 
60 = 12 counts per minute


240 - 12 = 228


228 / 60 = 3.8 

1


1


1

In this question, you need to look at the 
units required for the final answer. 
Although the count from the GM tube is 
given as counts per minute, the question 
requires a final answer as counts per 
second.

Atomic 
Structure 

and 
Radioactivity


Page 108

4.4 Natural source: cosmic rays or 
radioactive rocks


Man-made source: nuclear 
weapons testing or nuclear 
accidents

1


1

Accept a description of cosmic rays eg 
from space.


Reject references to nuclear reactors 
without idea of accident.

Atomic 
Structure 

and 
Radioactivity


Page 108

4.5 A neutron changes


To a proton and an electron


The electron is ejected from 
the nucleus

1


1


1


Total 
= 11

Remember that a beta particle is an 
electron but this electron is from the 
nucleus, not from the energy levels 
around the nucleus.

Atomic 
Structure 

and 
Radioactivity


Page 100
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5.1 10Ω = 3 V


20Ω = 6 V

1


1

The potential difference is shared in 
proportion to the resistance. The total 
resistance is 30Ω. The 10Ω resistor will 
have a share of 1/3 of the total potential 
difference and the 20Ω resistor will have a 
share of 2/3.

Electricity

Page 49

5.2 I = V / R


I = 9 / 30


I = 0.3 A

1


1


1

You need to learn the equation V = I x R


Remember that you are not given this 
equation in the exam. This is one of the 
most important equations as it is used a 
lot in electricity calculations.

Electricity

Page 56

5.3 The current would increase


As the total resistance would 
decrease

Resistors in parallel is sometimes 
considered to be a challenging idea by 
students. Remember that the total 
resistance of two resistors in parallel is 
less than the smallest individual resistor. 
In this circuit, the smallest resistor is 10Ω. 
This means that when they are in parallel, 
the total resistance is less than 10Ω.


From the equation I = V / R, we can see 
that if resistance falls then current 
increases.

Electricity

Page 56

5.4 E = Q x V


E = 0.5 x 9


E = 4.5 J

1


1


1

You are not given the equation for the 
energy transferred by a component.

Electricity

Page 54

5.5 The lamp would go out (accept 
no longer emit light or words to 
that effect).


As the potential differences of 
the cells now point in opposite 
direction.


Accept "as no current will flow"

1


1

In this battery, we have two cells with a 
potential difference of 4.5 V each. For a 
current to flow, they must both point in 
the same direction. 

Electricity

Page 52

5.6 It is very important that you learn the 
current / pd graphs for an ohmic 
conductor, a filament lamp and a diode. 

Electricity

Page 58
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5.7 With an ohmic conductor, the 
current is directly proportional 
to the potential difference (at 
constant temperature).


Accept 


An ohmic conductor has a 
constant resistance (at 
constant temperature).


With a filament lamp, the 
resistance increases at high 
potential difference.


As the temperature of the 
filament increases.

1


1


1

With an ohmic conductor, the graph of 
current / pd is a straight line passing 
through zero. This tells us that the 
resistance is constant. Remember that 
this is only the case if the temperature of 
the resistor is constant.


With a filament lamp, we can see that the 
current / pd graph is not a straight line. 
This tells us that the resistance is not 
constant. This is because the temperature 
of the filament increases and this 
increases the resistance.


As the resistance increases, as we 
increase the potential difference we no 
longer see an increase in current.

Electricity

Page 58

5.8 1 You could be asked to draw or identify 
any of the circuit symbols in the Electricity 
chapter.

Electricity

Page 59

5.9 An LED is more energy-
efficient than a filament lamp.


Accept "With an LED, a greater 
proportion of the input energy 
is transferred to light".

1


Total 
= 18

With a filament lamp, a very large 
proportion of the input energy is 
transferred to thermal (heat) energy. 
Filament lamps are not energy-efficient 
and are being phased out.

Electricity

Page 59
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6.1 Convert the height to metres 
by dividing by 100


30 / 100 = 0.3 m


g.p.e. = mass x gravitational 
field strength x height


g.p.e. = 5 x 9.8 x 0.3


g.p.e. = 14.7 J

1


1


1

You are not given the equation for 
gravitational potential energy in the exam.

Energy 

Page 15

6.2 Convert 5 minutes to seconds 
by multiplying by 60


5 x 60 = 300 seconds


Power = energy transferred / 
time


Power = 30 / 300


Power = 0.1 W

1


1


1

You are not given the equation for power 
in the exam.


Remember that power is the energy 
transferred per second so check the time 
given. If it is given in minutes then you 
need to convert to seconds.


You need to learn that the unit for power 
is the watt. 1 W = 1 J / s

Energy 

Page 27

6.3 Efficiency = useful output 
energy transfer / total input 
energy transfer


Efficiency = 150 / 200


Efficiency = 0.75

1


1

You are not given the equation for 
efficiency in the exam.


You could be asked to express efficiency 
as a percentage or as a decimal. If you 
are asked for a percentage, then you 
need to multiply your decimal by 100.

Energy 

Page 29

6.4 The resource is not replenished 
as it is used.

1 I would not be surprised to see this 
question on your exam.

Energy 

Page 40

6.5 Burning fossil fuels produces 
carbon dioxide


Which contributes to climate 
change / global warming

1


1

The environmental impact of different 
energy resources is an important topic. 
Be careful, as many students get easily 
confused by this. Some students seem to 
think that burning fossil fuels damages 
the ozone layer. This is incorrect.

Energy 

Page 40
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7.1 2 The total mass numbers and atomic 
numbers have to add up on both sides of 
a nuclear equation.

Atomic 
Structure 

and 
Radioactivity


Page 103

7.2 Alpha decay


As an alpha particle contains 
two protons and two neutrons


Accept "As an alpha particle is 
the same as a helium nucleus"

1


1

Do not accept "As an alpha particle is the 
same as a helium atom"

Atomic 
Structure 

and 
Radioactivity


Page 100

7.3 Irradiation is exposure to 
radiation.


Contamination is unwanted 
contact with radioactive atoms. 

1


1

Accept an example of radiation eg alpha, 
beta, gamma, neutron.


Some students get confused between 
irradiation and contamination. Remember 
that when an object is irradiated, it does 
not become radioactive.

Atomic 
Structure 

and 
Radioactivity


Page 
106-107

7.4 The time taken for the number 
of undecayed nuclei to fall by 
half.

1 Accept the time taken for the count rate / 
activity to fall by half.

Atomic 
Structure 

and 
Radioactivity


Page 105

7.5 88 years 1 Accept any answer between 80-90 years. Atomic 
Structure 

and 
Radioactivity


Page 105

7.6 A nucleus absorbs a neutron


The nucleus splits (fission)


Releasing neutrons


Neutrons trigger fission of 
other nuclei


In a chain reaction.

5 Nuclear fission in a nuclear reactor is a 
controlled process.


In a nuclear weapon, nuclear fission is 
uncontrolled but the process is the same 
as in a nuclear reactor.

Atomic 
Structure 

and 
Radioactivity


Page 110

7.7 Nuclear weapon 1 Accept nuclear explosion. Atomic 
Structure 

and 
Radioactivity


Page 110

7.8 (two) light nuclei join to form 
heavier nucleus


(some of the) mass is 
converted to energy / radiation

1


1


Total 
= 16

Do not accept references to atoms 
joining.

Atomic 
Structure 

and 
Radioactivity


Page 110
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8.1 Determines volume of cuboid

(0.15 x 0.30 x 0.21 = 0.00945 
m3)


Density = mass / volume


Density = 50 / 0.00945


Density = 5291 kg / m3

1


1


1 0.005291 can be awarded 2 marks. This 
is for students who did not convert the 
dimensions to metres.

Particle 
Model of 
Matter


Page 84-85

8.2 Please note that long answer 
questions such as this are 
often marked on a "best fit" 
basis rather than a tick list of 
correct answers.


However, marking on a "best 
fit" basis is a skill that requires 
a lot of practise and guidance. 
So rather than this, this mark 
scheme uses a tick list 
approach.


• Measure mass of object

• Using a balance

• Fill a displacement can 

(Eureka can) with water

• Water should completely fill 

the can to the spout

• Carefully lower object into 

water

• Catch overflow water 

• Measure volume of overflow 

water

• Using measuring cylinder

• Volume of water equals 

volume of object

6


Total 
= 9

This is a straightforward recall question 
based on required practical 5. 


Instead of using a displacement (Eureka) 
can, students could suggest determining 
volume as follows:


• Select measuring cylinder large enough 
to accommodate object


• Half-fill measuring cylinder with water

• Note starting volume of water

• Lower object into water

• Note final volume of water

• Determine volume of object by 

subtracting initial volume from final 
volume


Particle 
Model of 
Matter


Page 84-85
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Suggested Level Boundaries

Please note that the level boundaries shown below are very approximate. 

In the real GCSE Science exams, the level boundaries are determined 
when all of the candidates' papers have been marked. This allows the 
exam boards to adjust the grade boundaries up (if the exam appeared 
slightly easier than usual) or down (if the exam appeared slightly harder 
than usual).

Mark / 100 Level

75 9

66 8

56 7

46 6

36 5

26 4

16 3

This is because the paper above is a specimen paper. Real exam papers 
go through a long process of review where questions are analysed and 
modified before being issued.

I do not offer any guarantee that the level you achieve in this specimen 
paper is the level that you will achieve in the real exam.
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