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GCSE Physics: 
Required practical activities 
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Introduction 
 
Practical work is at the heart of science – that’s why we have placed it at the heart of each of our 
GCSE science specifications.  By carrying out carefully considered practical work, students will 
enhance their investigative thinking, improve their mastery of techniques and consolidate their 
understanding of key scientific concepts. 
  
The assessment of practical skills is changing, so we are creating documents to help you and your 
students prepare for the changes including the Required practical summary.  It provides further 
details on how the sample lessons in this document meet the specified practical skills, 
mathematical skills and Working scientifically skills. 
 
This document contains the required practical activities for the GCSE Physics qualification.  By 
undertaking the required practical activities, students will have the opportunity to experience all of 
the required apparatus and techniques needed for the qualifications.  However, these activities are 
only suggestions and teachers are encouraged to develop activities, resources and contexts that 
provide the appropriate level of engagement and challenge for their own students. 
 
These sample activities have been written by practising teachers and use apparatus and materials 
that are commonly found in most schools.  
 
When planning your lessons, remember that the required practical activities listed as ‘physics only’ 
(practicals 2 and 10) are only required by GCSE Physics and not for either of the combined 
science specifications. 
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Getting started 
 
 

Risk assessment 
 
These required practical activities have been suggested by teachers who have successfully carried 
them out in the lab. However it is the responsibility of the centre to ensure that full risk 
assessments have been carried out in each case. 
 
Trialling 
 
The practical activities should be trialled before use with students to ensure that they match the 
resources available within the school or college.  
 

GCSE science practical handbook 
 
Further guidance on carrying out effective practical work will be made available in the new AQA 
Science Practical Handbook which will be published in the spring 2016.  It will provide resources 
for teachers and students including: 
  
1. cross-board apparatus and techniques and Ofqual regulations 
 
2. practical skills assessment in question papers 

 
3. sample practical lessons 
 
4. guidelines for supporting students in practical work 
 
5. improving the quality of practical work 
 

a. working scientifically 
b. collecting data 
c. graphing 
d. glossary of terms 

 
6. practical progression ladders 
 
7. student resources. 
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GCSE Physics required practical activity 1: 
Specific heat capacity  
 
 
Teachers’ notes  
 

Required practical activity Apparatus and techniques 

An investigation to determine the specific heat capacity of one 
or more materials. The investigation will involve linking the 
decrease of one energy store (or work done) to the increase in 
temperature and subsequent increase in thermal energy 
stored.  

AT 1, AT 5 

 
What is the specific heat capacity of copper? 
 
Materials 
 
In addition to access to general laboratory equipment, each student 
needs: 
 
• 1 kg copper, iron and aluminium metal blocks, each with two holes 

– one for the heater and one for the thermometer 
• thermometer 
• pipette to put water in the thermometer hole 
• 30 W, 12 V heater and power supply 
• insulation to wrap around the blocks 
• ammeter and voltmeter 
• 4mm leads 
• stop watch or  stop clock 
• balance (capable of measuring more than 1 kg) to determine the 

mass of the blocks. 
 

Technical information 
 
The method involves using the electric heaters to raise the temperature of the blocks. You may 
have blocks made for this experiment. The blocks usually have a mass of 1 kg and have holes that 
fit the heater and the thermometer. The heaters fit snugly but there is usually an air gap around the 
thermometer. A drop of water provides a better thermal contact. The blocks should be lagged to 
reduce heat loss to the surroundings. 
 
The students will switch on the power supply and measure the current and potential difference. 
This is to obtain the power of the heater (power = IV) which should remain constant. Typically the 
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heaters are either about 30 W or 50 W. The students can be told the power of the heater rather 
than measure it if preferred. The students measure and record the temperature of the block every 
minute for about 10 minutes. They then plot a graph of temperature against work done by the 
heater. 
 
There is some thermal inertia as the block warms up so the beginning of the student’s graphs will 
not be linear if they start timing from when they switch on. 
 
The student work sheet suggests comparing the specific heat capacities of three metals – 
aluminium, copper and iron. If you don’t have all three types of block, the experiment can become 
a simple measurement of one of them. 
 

Additional information 
 
The heat capacity of a substance is the work done raising the temperature of the substance by       
1 kelvin. Usually this is changed to 1°C, although 1 celsius degree would be more correct. Heat 
capacity depends upon the mass of substance. If it is measured for unit mass (ie 1 kg) it is called 
the specific heat capacity. 
 
The students obtain values for current and potential difference (to work out the power), time and 
temperature. From the power and time they can work out the energy supplied, or work done by the 
heater.  A graph of temperature against work done should be a straight line once the block has 
warmed a bit. Students use the gradient of this line and the mass of the block to work out the 
specific heat capacity. Having blocks of different materials allows students to see that specific heat 
capacities vary significantly, even between metals. 
 

Metal Copper Aluminium Iron Lead 

Specific heat 
capacity    (J kg-1 K-1) 385 913 500 126 

 
Using a 30 W heater for 10 minutes provides 30 × 60 × 10 = 18 000 J 
This would be sufficient to raise the temperature of 1 kg of copper from room temperature to about 
70 °C, aluminium to about 40 °C and iron to 55 °C. This supports the idea that 10 minutes is an 
adequate length of time for the experiment. 
 

Risk assessment 
 
• Risk assessment and risk management are the responsibility of the centre. 

• The mains leads of the power supplies should be checked. The heater connections should 
also be checked. They will also get hot, particularly if left on without being in contact with the 
blocks. 
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Trialling 
 
The practical should be trialled before use with students. 
 

Alternative practicals  
 

Outline method Suggested apparatus Outcomes 

(a)The specific heat capacity 
of lead shot. 

Measure the temperature of 
some lead shot. Put it in a 
long tube and seal it. Turn the 
tube upside down so that the 
lead falls to the other end of 
the tube. Make sure the lead 
drops rather than slides. 
Repeat so that the lead drops 
the length of the tube 40 
times. Pour out the lead and 
measure its temperature 
straight away.  Avoid handling 
the shot. 

Cardboard tube, about 50 cm 
to 100 cm long, sealed at one 
end and with a cap or bung to 
seal the other once the lead is 
in. 

About 500 g of lead shot. 

Plastic cup to hold the shot. 

Thermometer 

Ruler (to measure the length 
of the tube). 

Balance (to measure the mass 
of the lead – although you 
don’t need to). 

 

Work is done on the lead shot 
as you turn the tube over. This 
is transferred to thermal 
energy when the lead hits the 
bottom of the tube. 

The work done = mass of lead 
× g × length of tube × number 
of turns. 

The specific heat capacity = 
the work done/(mass of lead × 
the temperature rise) 

(Notice that the mass 
cancels). 

The temperature rise using a 1 
metre tube, turned 40 times = 
10 × 1 × 40/126 = 3 degrees. 

(b) It is not recommended to 
put hot metal into water. 

You could try putting a cold 
coin (eg at 0 °C) into 100 ml 
hot water (at 80 °C) and 
measuring the equilibrium 
temperature. 

Copper coin at 0 °C (eg placed 
in an ice/water mix). 

Insulated plastic cup (not a 
copper calorimeter) with lid 
and hole for thermometer, 
measuring cylinder and hot 
water. Tongs to handle the 
coin. 

 

The hot water warms up the 
copper, the copper cools the 
water and they reach an 
equilibrium temperature.  

A 20 g copper coin put into 
100 ml of 80 °C water: the 
mixture would reach about 70 
°C if there were no energy 
losses.  
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GCSE Physics required practical activity 1: 
Specific heat capacity  
 
 

Student sheet 
 

Required practical activity Apparatus and techniques 

An investigation to determine the specific heat capacity of one 
or more materials. The investigation will involve linking the 
decrease of one energy store (or work done) to the increase in 
temperature and subsequent increase in thermal energy 
stored.  

AT 1, AT 5  

 
What is the specific heat capacity of copper? 
 
In this investigation you will heat up a block of copper using an electric heater. You will measure 
the mass, the work done by the heater and the temperature. You will plot a graph of temperature 
against work done and use the gradient of this graph, and the mass of the block, to determine the 
specific heat capacity of copper. 
 
Learning outcomes 

1 
 
2 
 
Teachers to add these with particular reference to working scientifically 

 
Method 
 
You are provided with the following: 
• copper block wrapped in insulation, with two holes for a thermometer and heater 
• thermometer 
• pipette to put water in the thermometer hole 
• 30 W, 12 V heater and power supply 
• insulation to wrap around the blocks 
• ammeter and voltmeter 
• five 4 mm leads 
• stop watch or  stop clock 
• balance 
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You should read these instructions carefully before you start work.   
 
1. Measure and record the mass of the copper block, in kg. 

2. Place a heater in the larger hole in the block. Connect the ammeter, 
power pack and heater in series. 

3. Connect the voltmeter across the power pack. 

4. Put a small amount of water in the other hole using the pipette.  

5. Put the thermometer in this hole. 

6. Switch the power pack to 12 V and switch it on. 

7. Record the ammeter and voltmeter readings. These shouldn’t 
change during the experiment.  

8. Measure the temperature and switch on the stop clock. 

9. Record the temperature every minute for 10 minutes. Your results 
table will need three columns. Notice that the time is measured in 
seconds, so the column will go 0, 60, 120, etc. 

 

Time in seconds Work done in J Temperature in °C 

   
 
 
10. Calculate the power of the heater in watts. To do this, multiply the ammeter reading by the 

voltmeter reading. 

11. Calculate the work done by the heater. To do this, multiply the time in seconds by the power of 
the heater. 

V 

A 

12V 

Temperature in °C 

Work done in J 
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12. Plot a graph of temperature in oC against work done in J. 

13. Draw a line of best fit. Take care as the beginning of the graph may be curved. 

14. Calculate the gradient of the straight part of your graph. 

15. The heat capacity of the block is 1/gradient. 

16. The specific heat capacity is the heat capacity divided by the mass of the block in kg. Work out 
the specific heat capacity of the material of the block. 

17. If you can, repeat this experiment for other blocks such as aluminium and iron. There is a 
suggestion that if metal blocks have the same mass, the bigger the volume: the bigger the 
specific heat capacity. Is this true for the blocks you tested? 
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GCSE Physics required practical activity 2: 
Thermal insulation (physics only) 
 
 

Teachers’ notes  
 

Required practical activity Apparatus and techniques 

Investigate the effectiveness of different materials as thermal 
insulators and the factors that may affect the thermal insulation 
properties of a material. 

AT 1, AT 5 

 
This investigation is divided into two parts: 
 
1. Investigating the effectiveness of different materials as thermal insulators. 
 
In this part of the experiment students will measure the rate of cooling of a beaker of hot water 
when insulated with different materials. 
 
They will plot cooling curves to determine which is the best thermal insulator. 
 
2. Investigating factors that may affect the thermal insulation properties of a material. 
 
In this part of the experiment students will measure the rate of cooling of a beaker of hot water 
when insulated with different thicknesses of the same materials. 
 
They will plot cooling curves to determine which is the best thermal insulator. 
 
Materials 
 
In addition to access to general laboratory equipment, each student needs: 
 
• 100 ml beaker (×5) 
• 250 ml beaker (×5) 
• 800 ml beaker (×5) 
• thermometer (×5) 
• kettle to heat water 
• piece of cardboard 
• scissors 
• stopwatch 
• insulating material, eg newspaper, corrugated cardboard, bubble wrap, sawdust, polystyrene 

granules 
• rubber bands. 
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Technical information 
 
Constantan resistance wire is an alloy made of 56% copper and 44% nickel.  Its value in this 
experiment is that its resistance changes very little over a wide range of temperatures. 
Constantan wire of diameter 0.27 mm (32 SWG) has a resistance of about 11.8 ohms per metre.  
This means that if a p.d. of 6 volts is applied across the ends of a 1 metre length, the current will be 
approximately 0.5 amps. 
 
Additional information 
 
If time is short, class results may be pooled so that each student has a complete set of results.  It is 
important however that each student carries out the experiment for at least one type of insulator in 
part 1 and at least one thickness of insulator in part 2. 
 
Risk assessment 
 
• Risk assessment and risk management are the responsibility of the centre.  

• Care should be taken when using boiling water. 
 
Trialling 
 
The practical should be trialled before use with students. 
 
Alternative practicals  
 
As an alternative to using a thermometer and stopwatch, students could use a temperature probe 
and data logger. 
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GCSE Physics required practical activity 2: 
Thermal insulation (physics only) 
 
 

Student sheet 
 

Required practical activity Apparatus and techniques 

Investigate the effectiveness of different materials as thermal 
insulators and the factors that may affect the thermal insulation 
properties of a material. 

AT 1, AT 5 

 
1. Investigating the effectiveness of different materials as thermal insulators. 
 
In this part of the experiment you will measure the rate of cooling of a beaker of hot water when 
insulated with different materials. 
 
You will plot cooling curves to determine which is the best thermal insulator. 
 

Learning outcomes 

1 
 
2 
 
Teachers to add these with particular reference to working scientifically 

 
Method 
 
You are provided with the following: 
 
• large beaker (eg 800 ml) 
• small beaker (e.g. 250 ml) 
• thermometer 
• kettle to heat water 
• piece of cardboard 
• scissors 
• stopwatch 
• selection of insulating materials, eg polystyrene granules, sawdust, bubble wrap, newspaper. 
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Risk assessment 
 
Take great care when pouring the near-boiling water from the kettle.  If you splash any on yourself, 
immediately wash the affected area with cold water. 
 
You should read these instructions carefully before you start work. 
 
1. Use the kettle to boil water and then put 80 ml of this hot water into a 100 ml beaker. 

2. Place the small 100 ml beaker inside the large beaker. 

3. Use a piece of cardboard, with a hole for the thermometer, as a lid for the large beaker. 

4. Insert the thermometer through the hole in the cardboard lid so that its bulb is in the hot water. 

5. Record the temperature of the water and start the stopwatch. 

6. Record the temperature of the water every 5 minutes for 20 minutes. 

7. Repeat steps 1 to 6, but this time fill the space between the small and the large beaker with an 
insulating material.  Make sure that you use the same volume of water each time. 

8. Draw cooling curve graphs by plotting temperature against time for each insulator. 

9. From your graphs, determine which material is the best insulator. 

10. Record your results in a table such as the one below. 

11. Plot a cooling curve for each type of material used. 
 

 
Note: If you are working on your own in this investigation, you should be provided with at least 5 
beakers of each size, and 5 thermometers.  This will enable you to set up the equipment for all of 
the different insulators at the same time. 

Alternatively, your teacher may decide to pool the class results so that you only need to set up the 
equipment for one of the insulators. 

  

Material used for 
insulation 

Temperature in °C 

At the start after 5 
minutes 

after 10 
minutes 

after 15 
minutes 

after 20 
minutes 
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2. Investigating factors that may affect the thermal insulation properties of a material. 
 

In this part of the experiment you will measure the rate of cooling of a beaker of hot water when 
insulated with different thicknesses of the same materials. 
 
You will plot cooling curves to determine which is the best thermal insulator. 
 

Method 
 
You are provided with the following: 
 
• beaker (eg 250 ml) 
• thermometer 
• kettle to heat water 
• piece of cardboard 
• scissors 
• stopwatch 
• insulating material, eg newspaper, corrugated cardboard, bubble wrap 
• rubber bands. 
 

Risk assessment 
 
Take great care when pouring the near-boiling water from the kettle.  If you splash any on yourself, 
immediately wash the affected area with cold water. 

 
You should read these instructions carefully before you start work. 
 
1. Use the kettle to boil water and then put 200 ml of this hot water into a 250 ml beaker. 

2. Use a piece of cardboard, with a hole for the thermometer, as a lid for the beaker. 

3. Insert the thermometer through the hole in the cardboard lid so that its bulb is in the hot water. 

4. Record the temperature of the water and start the stopwatch. 

5. Record the temperature of the water every 5 minutes for 20 minutes. 

6. Repeat steps 1 to 5, but this time insulate the beaker by wrapping one or more layers of 
insulating material around the beaker.  The insulating material may be held in place by using 
rubber bands. Make sure that you use the same volume of water each time. 

7. Draw cooling curve graphs by plotting temperature against time for each number of different 
layers of insulation. 

8. From your graphs, write a conclusion about the effect of changing the number of layers of 
insulation. 

9. Record your results in a table such as the one below. 

10. Plot a cooling curve for each type of material used. 
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Note: If you are working on your own in this investigation, you should be provided with at least 5 
beakers and 5 thermometers.  This will enable you to set up the equipment for all of the different 
numbers of layers of insulation at the same time. 

Alternatively, your teacher may decide to pool the class results so that you only need to set up the 
equipment for one particular number of layers. 

  

Number of layers 
of material used for 

insulation 

Temperature in °C 

At the start after 5 
minutes 

after 10 
minutes 

after 15 
minutes 

after 20 
minutes 
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GCSE Physics required practical activity 3: 
Resistance  
 
 
Teachers’ notes  
 

Required practical activity Apparatus and techniques 

Use circuit diagrams to set up an appropriate circuit to 
investigate a factor/the factors that affect the resistance of an 
electrical component. This should include how the length of a 
wire (at constant temperature) affects the resistance of the 
wire.  

AT 1, AT 6, AT 7  

 
How does the resistance of a wire depend on its length? 
 
Materials 
 
In addition to access to general laboratory equipment, each student needs access to: 
 
• a battery or suitable power supply 
• ammeter or multimeter 
• voltmeter or multimeter 
• two crocodile clips 
• resistance wire eg constantan of different diameters 
• metre ruler 
• connecting leads. 
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Technical information 
 
The most straightforward way to investigate resistance is to use an ohmmeter. However, this 
practical requires the students to make a circuit, measure current and potential difference and 
calculate the resistance. 
 
There are at least 5 different experiments that could be carried out: the circuit is the same in each 
case. However, this practical focuses on the variation of resistance with length. 

Use a length of resistance wire (just over a metre of 22 swg constantan). Attach it to a metre ruler 
using tape. Attach a crocodile clip to one end (the zero end) of the material. Attach the other 
crocodile clip to the wire. The students vary the length of wire by moving this crocodile clip and 
record the length of wire, current and potential difference. 
 
 

 
 
Additional information 
 
The resistance of the wire is proportional to its length. A graph of resistance against length should 
be a straight line through the origin. This experiment is a good one to use to discuss zero error as it 
is hard to attach the crocodile precisely to the zero end of the wire, and there will be some contact 
resistances. The potential difference will not vary very much during the experiment. Use a low 
value of potential difference particularly for the short length of wire as the current will increase 
significantly and the wire can get quite hot. The wire should be fairly thin to give decent values of 
resistance. 
 

Risk assessment 
 
• Risk assessment and risk management are the responsibility of the centre. 

• Short lengths of wire are likely to get hot. Use low values of potential difference. Switch off 
between readings. 

 
Trialling 
 
The practical should be trialled before use with students. 
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Alternative practicals  
 

Outline method Suggested apparatus Outcomes 

(a) Make a dimmer switch. Put 
a lamp in series with the 
resistance wire. Demonstrate 
the variation in resistance by 
showing the effect it has on 
the brightness of a lamp. 
 

As above with a suitable lamp 
in series with battery eg a 6V 
lamp if a 6V battery is being 
used.  

The brightness gives an 
indication of current. The 
current in the circuit is 
determined by the total 
resistance. As the length of 
wire changes, so does its 
resistance. 

(b) Variation of resistance with 
diameter. 
Measure the resistance of 
several pieces of wire of the 
same length and material, but 
different diameters. If the 
length investigation has been 
done, time could be saved by 
using an ohmmeter. 

As above 
1 metre lengths of constantan 
of different diameters. Use a 
micrometer to measure the 
diameter and label each of the 
wires. 

The resistance is inversely 
proportional to the area. A 
graph of resistance against 
1/diameter2 would give a 
straight line through the origin. 
As the wires get wider, it is 
similar to adding more 
resistors in parallel. 

(c) The light dependent 
resistor 
If the length experiment has 
already been done, this 
experiment is probably best 
done with an ohmmeter. 
Simply attach the ohmmeter to 
the LDR and investigate 
different light levels.  

LDR, two crocodile clips, two 4 
mm leads and an ohmmeter. 

The brighter the light level, the 
lower the resistance. 

(d) Using a thermistor as a 
thermometer. 
Again, if the length experiment 
has been completed, use an 
ohmmeter. Pour some hot 
water in a beaker with a 
thermometer. Put in the 
thermistor, connected to the 
ohmmeter, and record the 
resistance and temperature as 
the water cools down. Plot a 
graph of resistance against 
temperature – a calibration 
curve. 

Thermistor 
Two crocodile clips 
Two 4 mm leads and an 
ohmmeter 
Beaker 
Kettle 
Thermometer (alcohol in glass 
rather than digital may make a 
better contrast) 

The graph is likely to be a 
curve, depending on the 
temperature range 
investigated. The greater the 
temperature, the lower the 
resistance (this is the opposite 
to a metal conductor, like the 
filament of a light lamp). 
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GCSE Physics required practical activity 3: 
Resistance  
 
 
Student sheet 
 

Required practical activity Apparatus and techniques 

Use circuit diagrams to set up an appropriate circuit to 
investigate a factor/the factors that affect the resistance of an 
electrical component. This should include how the length of a 
wire (at constant temperature) affects the resistance of the wire. 

AT 1, AT 6, AT 7  

 
How does the resistance of a wire depend on its length? 
 
A dimmer switch allows you to control the brightness of a lamp. In this experiment you will 
investigate how the dimmer switch works. You will construct a circuit to measure the potential 
difference across a wire and the current in the wire. You will do this for different lengths of wire. 
 

Learning outcomes 

1 
 
2 
 
Teachers to add these with particular reference to working scientifically 

 
Method 
 
You will use the following: 
 
• a battery or suitable power supply 
• ammeter or multimeter 
• voltmeter or multimeter 
• two crocodile clips 
• resistance wire eg constantan of different diameters attached to a metre ruler 
• connecting leads. 
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You should read these instructions carefully before you start work.   
 
1. Connect the circuit. It may be helpful to start at the positive side of the battery or power supply. 

This may be indicated by a red socket. 

2. Connect a lead from the red socket to the positive side of the ammeter.  

3. Connect a lead from the negative side of the ammeter (this may be black) to the crocodile clip 
at the zero end of the ruler. 

 

 
 

4. Connect a lead from the other crocodile clip to the negative side of the battery. The main loop 
of the circuit is now complete. Use this lead as a switch to disconnect the battery between 
readings. 

5. Connect a lead from the positive side of the voltmeter to the crocodile clip the ammeter is 
connected to. 

6. Connect a lead from the negative side of the voltmeter to the other crocodile clip. 

 

 
 

7. Record the length of the wire between the crocodile clips, and the readings on the ammeter 
and voltmeter in a suitable table. You will need just four columns in total.  

 

Length of wire          
in cm 

Potential difference 
in V 

Current                          
in A 

Resistance               
in Ω 
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8. Move the crocodile clip and record the new ammeter and voltmeter readings. Note that the 
voltmeter reading may not change. Repeat this to obtain several pairs of meter readings for 
different lengths of wire. 

9. Calculate and record the resistance for each length of wire using the equation: 

 

resistance in Ω = potential difference in V 
current in A 

 
10. Plot a graph of resistance in Ω against length.  

11. You should be able to draw a straight line of best fit although it may not go through the origin.  
Can you account for the extra resistance? 
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GCSE-Physics required practical activity 4: 
V-I Characteristics  
 
 

Teachers’ notes  
 

Required practical activity Apparatus and techniques 

Use circuit diagrams to construct appropriate circuits to 
investigate the V – I characteristics of variety of circuit elements 
including a filament lamp, a diode and a resistor at constant 
temperature.  

AT 6, AT 7  

 
What happens to the current through a component when the p.d across it changes? 
 
Materials 
 
In addition to access to general laboratory equipment, each student needs access to: 
For the regular shaped solid objects: 
 
• ammeter and milliammeter, or multimeter 
• voltmeter or multimeter 
• component holders 
• 12 V, 24 W lamp e.g. a ray box lamp 
• resistor, for example 100 Ω, 1 W 
• diode and protective resistor (eg 10 Ω) 
• rheostat eg 10 Ω, 5 A 
• connecting leads. 
 
Technical information 
 
There are many different electricity kits available and the students should use what is familiar to 
them. If using multimeters it may be helpful to tape over the connections not in use. 
 
When using the diode, the students will need to use a protective resistor. They should still be able 
to connect the voltmeter across the diode (ie the resistor and diode should not be soldered 
together). This resistor should be labelled ‘P’ to distinguish it from the other resistor. 
 
If a lab pack is used for the power supply this can remove the need for the rheostat as the pd can 
be varied directly. 
 
The voltage should not be allowed to get so high as to damage the components. 
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 A 

 V 

 A 

V 

mA 

V 

Additional information 
 
There are three separate experiments. 
 
The exception is the diode as it will need to be protected to prevent the current through it getting 
too big. It also behaves differently depending on the polarity of the supply. Due to the low currents 
through it, a milliammeter will need to be used. 
 
The students will record the current through each component for different values of p.d. The p.d. 
will be varied using a rheostat, although a variable power supply may be used. 
 
The students will plot a graph of current against pd. This is what is meant by a characteristic. There 
is a tendency for some to think that the gradient of this graph is the resistance. In fact the 
resistance at any point on the graph is the inverse of the gradient of a line from that point to the 
origin. 

 

Risk assessment 
 
• Risk assessment and risk management are the responsibility of the centre. 

• Care should be taken as components, particularly lamps, are likely to get quite hot. The mains 
lead should be checked for damage before a lab pack is used by a student. 

 
Trialling 
 
The practical should be trialled before use with students. 
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Alternative practicals  
 

Outline method Suggested apparatus Outcomes 

Enclose the component in a 
black box with two sockets, 
although this may be difficult 
for the diode. 
Students have to measure its 
characteristic and determine 
what is in the box.  

As above, but with each 
component soldered into a 
box with two connections. 

The students would have to 
identify the component from its 
characteristic. 
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GCSE Physics required practical activity 4: 
V-I Characteristics  
 
 

Student sheet 
 

Required practical activity Apparatus and techniques 

Use circuit diagrams to construct appropriate circuits to 
investigate the V-I characteristics of variety of circuit elements 
including a filament lamp, a diode and a resistor at constant 
temperature.  

AT 6, AT 7 

 
What happens to the current through a component when the pd across it changes? 
 
There are three activities. In each one you are going to measure electric current in a component as 
you change the potential difference (pd) across it. You will then plot a graph of current in A against 
potential difference in V. You will investigate the behaviour of a resistor, a lamp and a diode. 
 

Learning outcomes 

1 
 
2 
 
Teachers to add these with particular reference to working scientifically 

 
Method 
 
You have access to the following: 
 
• ammeter and milliammeter, or multimeter 
• voltmeter or multimeter 
• component holders 
• 12 V, 24 W lamp eg a ray box lamp 
• resistor 
• diode and protective resistor (eg 10 Ω) 
• rheostat eg 10Ω, 5A 
• connecting leads. 
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A 

V 

You should read these instructions carefully before you start work.   
 
Activity 1:  The characteristic of a resistor. 
 

1. Connect the circuit. It may be helpful to start at the positive side of the battery or power supply. 
This may be indicated by a red socket. 

2. Connect a lead from the red socket to the positive side of the ammeter. 

 
3. Connect a lead from the negative side of the ammeter (this may be black) to one side of the 

resistor. 

4. Connect a lead from the other side of the resistor to the variable resistor. 

5. Connect a lead from the other side of the variable resistor to the negative side of the battery. 
The main loop of the circuit is now complete. Use this lead as a switch to disconnect the 
battery between readings. 

6. Connect a lead from the positive side of the voltmeter to the side of the resistor the ammeter is 
connected to. 

7. Connect a lead from the negative side of the voltmeter to the other side of the resistor. 

8. Record the readings on the ammeter and voltmeter in a suitable table.  

9. Adjust the variable resistor and record the new ammeter and voltmeter readings. Repeat this 
to obtain several pairs of readings. 

10. Swap the connections on the battery so that the ammeter is now connected to the negative 
terminal and variable resistor to the positive terminal. The readings on the ammeter and 
voltmeter should now be negative.  

11. Continue to record pairs of readings of current and potential difference with the battery 
reversed. 

12. Plot a graph of current in A against potential difference in V. As the readings include negative 
values the origin of your graph will be in the middle of the graph paper. 

13. You should be able to draw a straight line of best fit through the origin. This is the 
characteristic of a resistor. 
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 A 

 V 

 

Activity 2: the characteristic of a lamp. 
 
You should read these instructions carefully before you start work.   
 
1. Swap the leads on the battery back to their original positions.  

2. Replace the resistor with the lamp. If you are starting the circuit from the beginning, follow the 
instructions above, inserting the lamp for the resistor.  

3. The lamp will get hot. Take care not to touch it. 

4. Follow the procedure for the resistor, swapping the leads on the battery to obtain negative 
readings. 

5. Plot a graph of current in A against potential difference in V. Again the origin will be in the 
middle of the paper. Draw a curved line of best fit for your points. 
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V 

mA 

Activity 3: the characteristic of a diode. 
 
You should read these instructions carefully before you start work.   
 
1. Swap the leads on the battery back to their original positions. 

2. If you can, reduce the battery potential difference to less than 5 V. 

3. Remove the lead from the positive side of the battery and connect it to the extra resistor 
labelled P. 

4. Connect the other end of P to the positive side of the battery. 

5. Replace the ammeter with a milliammeter or change the setting on the multimeter. 

 
 
 
 
 
 
 
 
 
 
 
6. Replace the lamp with the diode. Connect the positive side of the diode to the milliameter. 

7. Repeat steps 1 – 6 above to obtain pairs of readings of potential difference and current for the 
diode.  

8. Plot the graph of current in A against potential difference in V. The origin will probably be in the 
middle of the bottom of your graph paper. There should not be any negative values of current. 
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GCSE Physics required practical activity 5: 
Density  
 
 

Teachers’ notes  
 

Required practical activity Apparatus and techniques 

Use appropriate apparatus to make and record the 
measurements needed to determine the densities of regular and 
irregular solid objects and liquids.  
 
Volume should be determined from the dimensions of a 
regularly shaped object and by a displacement technique for 
irregularly shaped objects. 
 
Dimensions to be measured using appropriate apparatus such 
as a ruler, micrometre or Vernier callipers 

AT 1  

 
Using density to identify what something is made from.  
 
Materials 
 
In addition to access to general laboratory equipment, each student needs access to: 
For the regular shaped solid objects: 
 
• 30 cm ruler marked off in mm 
• digital balance  
• materials kits ie various regular shaped objects made of iron, copper, aluminium. 

 
For the irregular shaped solid objects: 
 
• digital balance 
• displacement can and something to stand it on (eg a brick) 
• measuring cylinders 
• 250 ml beaker of water and an extra empty beaker 
• paper towels 
• cotton or thin string 
• various irregular shaped objects 
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For the liquids: 
 
• digital balance 
• 250 ml beaker 
• suitable liquid eg sugar solution. 

 

 
 
 
 
Ideally the digital balance should have a range of 1 kg in 1 g steps.  
 
The experiments are relatively straightforward although the measurement of the densities of the 
liquids and the irregular objects may create a bit of a mess. 
 
The experiments may be best done as part of a circus – so that everyone uses the different density 
measuring techniques. 
 
You may want to label the solid objects for easy identification. 
 
The displacement can spout is likely to be too low to fit a measuring cylinder underneath it; use a 
brick or something similar to stand the displacement can on. Alternatively they can tip the 
measuring cylinder so that it goes under the spout, but they may knock the spout when moving it. 

 

Additional information 
 
There are three separate experiments. The density of regular objects focuses on the use of a 
millimetre scale ruler and the calculations of volume and density. Students use their value of 
density to identify the material of the object being measured. 
 
In the second experiment students measure the volume by displacement. This can be done by 
lowering the object into a sufficiently large measuring cylinder and noting the change in volume 
reading. However, a displacement can allows the use of narrower and therefore more precise 
measuring cylinders to measure the volume. The students should choose a measuring cylinder 
and justify their choice. 
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The density of liquid experiment does not make use of specific gravity bottles. It is a basic 
technique and students identify a liquid from its density. 

 

Risk assessment 
 
Risk assessment and risk management are the responsibility of the centre. 
 
There are no serious issues related to these activities. 
 

Trialling 
 
The practical should be trialled before use with students. 
 

Alternative practicals  
 

Outline method Suggested apparatus Outcomes 

If a 100 rivets have a density 
of  8 g /cm3 what is the density 
of one rivet?  
Use the displacement can to 
measure the density of 
different numbers of rivets. 

Apparatus for irregular 
objects. 

The idea is to show that the 
density of a material does not 
depend on how much of it you 
have. 

Neutral buoyancy – measure 
the density of an object and 
make a solution of the same 
density. Choose an object with 
a density not much greater 
than water. Determine its 
density using the previous 
methods. Calculate the 
amount of sugar that would be 
added to water to make it 
have the same density, and 
make up the solution. Test it 
by placing the object in the 
solution. 

Object with density similar to, 
but greater than, water. 
Apparatus as before. 

When placed in the solution, 
the object should not sink or 
float but just stay wherever it 
is put. 
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GCSE Physics required practical activity 5: 
Density  
 
 
Student sheet 
 

Required practical activity Apparatus and techniques 

Use appropriate apparatus to make and record the 
measurements needed to determine the densities of regular and 
irregular solid objects and liquids.  
 
Volume should be determined from the dimensions of a 
regularly shaped object and by a displacement technique for 
irregularly shaped objects. 
 
Dimensions to be measured using appropriate apparatus such 
as a ruler, micrometre or Vernier callipers. 

AT 1 

 
Identifying a substance from its density. 
 
There are three activities. In each one you are going to measure the density of something and use 
the value to find out what the substance is. You will be expected to work as accurately as possible. 
 
In one activity you will determine the density of a regular shaped object using a ruler and balance.  
In another activity you will measure the mass of an object in the same way, but you will measure its 
volume from the amount of water it displaces. 
 
In the third activity you will find the density of a liquid.  
 

Learning outcomes 

1 
 
2 
 
Teachers to add these with particular reference to working scientifically 
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Activity 1:  Regular shaped objects 
 
Method 
 
You have access to the following: 
 
• 30 cm ruler marked off in mm 
• digital balance  
• regular shaped objects 
 
You should read these instructions carefully before you start work.   
 
1. Measure the length, width and height of each of the objects. 

2. Record your results in a table. Include columns for volume, mass, density and substance. 

3. Measure the mass of each object using the digital balance, and record the results. 

4. Calculate and record the volumes (length x width x height).  

5. Calculate and record the densities (mass ÷ volume). 

6. Use this table to identify the substance each object is made from. 
 

Substance aluminium zinc iron copper gold  

Density g/cm3 2.7 7.1 7.9 8.9 19.3  

 
Activity 2:  Irregular shaped objects. 
 
Method 
 
You have access to the following: 
 
• digital balance 
• displacement can and something to stand it on (eg a brick) 
• various measuring cylinders 
• beaker of water and an extra empty beaker 
• paper towels 
• cotton or thin string 
• irregularly shaped objects 
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You should read these instructions carefully before you start work.   
 
1. Measure the mass of one of the irregular shaped objects. 

 

 
 

2. Record your result in a table. It will need extra columns for the volume, density and substance. 

3. Place a displacement can on a brick. Put an empty beaker under the spout and fill the can with 
water. Water should be dripping from the spout.  

4. When the water has stopped dripping, place a measuring cylinder under the spout. Choose 
the measuring cylinder you think will give the most precise reading. 

5. Tie the object to a piece of cotton and very carefully lower it into the displacement can so that 
it is completely submerged. Collect all of the water that comes out of the spout in the 
measuring cylinder. 

6. Measure and record the volume of the collected water; this is equal to the volume of the 
object.  

7. Calculate and record the density of the object. Try to find out what substance it is made from. 

8. Repeat for some of the other objects. Remember to refill the can each time. 
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Activity 3 – liquids 
 
Method 
 
You have access to the following: 
 
• digital balance 
• 250 ml beaker 
• 100ml measuring cylinder  
• suitable liquid eg sugar solution. 
 
You should read these instructions carefully before you start work.   
 
1. Measure the mass of the empty beaker. 

2. Record your results in a table. Your table will also need columns for the mass of the beaker 
with the liquid in, the mass of the liquid, the volume of the liquid and the density. 

3. Pour about 100 ml of liquid into the measuring cylinder. Measure and record the volume. 

4. Pour this liquid into the beaker. Measure and record the mass of the beaker and liquid. 

5. Calculate and record the volume of the liquid. 

6. Calculate the density of the liquid. 

7. The density of water is 1 g/cm3. Determine the mass of sugar per cm3 dissolved in the water, 
assuming the sugar does not affect the volume of the water. 
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GCSE Physics required practical activity 6: 
Light (physics only) 
 
 

Teachers’ notes  
 

Required practical activity Apparatus and techniques 

Investigate the reflection of light by different types of surface 
and the refraction of light by different substances. 

AT 4, AT 8 

 
What happens to the direction of light after hitting the surface of different materials? 
 
Materials 
 
In addition to access to general laboratory equipment, each student needs: 
 
• ray box and suitable power supply 
• collimating slit and lens 
• rectangular transparent blocks – preferably of different materials eg glass, Perspex 
• 30 cm ruler 
• protractor 
• sheets of plain A3 paper. 
 

Technical information 
 
In this experiment, students trace the path of light refracted through and reflected from blocks of 
different materials. They will use a ray box to produce a narrow ray of light. They will compare the 
light reflected and refracted for the two materials. 
 
The ray is produced using a single narrow slit placed in the jaws of the ray box. The ray is likely to 
broaden as it leaves the slit so a cylindrical convex lens can be used to help produce a narrow, 
bright ray. The reflected and refracted rays will be faint. The experiment will have to be carried out 
in low light conditions. 
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Additional information 
 
A ray shows the path of the light wave. The angle of the ray at the surface of a material is 
conventionally measured to the ‘normal’. This is a line drawn at right angles to the surface. 
 
The angle of the incident ray (the angle of incidence) and the angle of the reflected ray (the angle 
of reflection) are equal. This does not depend on the material. 
 
The path of the refracted ray within the block is found by marking its path as it leaves the block and 
joining the start of this to the end of the path of the incident ray. The angle the ray makes to the 
normal (the angle of refraction) within the block depends on the material. 
 
The investigation is designed to demonstrate the effect the material has on the angles of reflection 
and refraction. 
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Risk assessment 
 
• Risk assessment and risk management are the responsibility of the centre. 

• The ray box will get hot. It should be switched off when not in use. 

• The experiment will have to be carried out in reduced lighting. Care should be taken so that 
students can still be supervised to minimise the risk of accidents. 

 

Trialling 
 
The practical should be trialled before use with students. 
  

angle of 
reflection 

angle of 
incidence 

angle of 
refraction normal 
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Alternative practicals  
 

Outline method Suggested apparatus Outcomes 

(a) The refractive index of the 
two materials can be 
measured. 
This is achieved by measuring 
the angle of refraction (using 
the method described in the 
pupil sheet) for different 
angles of incidence.  

As before A graph of sin (angle of 
incidence) on the y-axis 
against sin (angle of 
refraction) on the     x – axis 
should give a straight line 
through the origin. The 
gradient of this line is the 
refractive index. 

(b) A reflection experiment 
(with a little more to it than just 
‘angle of incidence = angle of 
reflection’) is to set up a mirror 
at right angles to the incident 
ray so that it just bounces 
straight back. Then turn the 
mirror through an angle, and 
measure the angle between 
incident ray and reflected ray. 
(The context of this work could 
be reflecting sunlight off a 
watch face). 

Ray box etc. as before. 
Mirror and system to mount it 
vertically (eg plasticine). 
Protractor. A3 paper. 

The angle between the 
incident ray and reflected 
should be double the angle 
the mirror is moved through. 
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GCSE Physics required practical activity 6: 
Light (physics only) 
 
 

Student sheet 
 

Required practical activity Apparatus and techniques 

Investigate the reflection of light by different types of surface 
and the refraction of light by different substances. 

AT 4, AT 8 

 
What happens to the direction of light after hitting the surface of different materials? 
 
When light hits a surface it can be reflected, transmitted and absorbed. In this experiment, you will 
investigate what happens to light when it is reflected and transmitted using two different materials.  
You will use a ray box to direct a ray of light onto the surface of a transparent block. You will then 
mark the path of the ray that is reflected from the surface of the block and the ray that passes 
through the block. You will use the ray box to produce a narrow ray of light and perform the 
experiment in a darkened room, so that the paths of the rays can be marked precisely. You will 
then repeat the experiment using a different block and compare the results. 
 

Learning outcomes 

1 
 
2 
 
Teachers to add these with particular reference to working scientifically 

 
Method 
 
You are provided with the following: 
 
• Ray box and suitable power supply 
• a slit and lens that fit the ray box and can be used to make a narrow ray 
• two rectangular transparent blocks of different materials eg glass, Perspex 
• 30 cm ruler 
• protractor 
• sheets of plain A3 paper. 
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You should read these instructions carefully before you start work   
 
1. Before the room is darkened, set up the ray box, slit and lens so that a narrow ray of light is 

produced.  

2. The ray box will get hot – be careful when you move it and switch it off when you don’t need it. 

3. Place the ruler near the middle of the A3 paper and draw a straight line parallel to its long side. 

4. Use the protractor to draw a second line at right angles to this line. Label this line with an ‘N’ 
for ‘normal’. 

 

5. Place the longest side of the block against the first line, with the largest face of the block on 
the paper. The normal should be near the middle of the block. 

6. Without moving the block, carefully draw around it. 

7. Use the ray box to direct a ray of light at the point where the normal meets the block. This is 
called the incident ray. 

8. The angle between the normal and the incident ray is called ‘the angle of incidence’. Move the 
ray box or paper to change the angle of incidence until you see a clear ray reflected from the 
surface of the block and another clear ray leaving the opposite face of the block. You will 
probably have to do this with the room darkened. 

  

N 
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9. Mark the path of the incident ray with a cross. If the ray is wide, make sure the centre of the 
cross is in the centre of the ray. 

10. Mark the path of the reflected ray with another cross. 

11. Mark the path of the ray that leaves the block (the transmitted ray) with two crosses, one near 
the block and the other further away. 

12. Switch on the room lights, switch of the ray box and remove the block.  

13. Draw in the incident ray by drawing a line through your first cross to the point where the 
normal meets the block. 

14. Draw the reflected ray by drawing a line through your second cross to the point where the 
normal meets the block. 

15. Draw the transmitted ray by drawing a line through the two crosses on the other side of the 
block to that side of the block. Label this point with a ‘P’. 

16. Draw a line that represents the path of the transmitted ray through the block. Do this by 
drawing a line from point P to the point where the normal meets the block. 
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17. Use the protractor to measure: 
 
a. the angle between the incident ray and normal. This is the angle of incidence. 

b. the angle between the reflected ray and normal. This is the angle of reflection. 

c. the angle between the ray inside the block and the normal. This is the angle of refraction. 

 

 

18. Record your measurements in a suitable table. You are going to need three rows and five 
columns. 
 

angle of 
incidence in 

degrees 

first block second block 

angle of 
reflection in 

degrees 

angle of 
refraction in 

degrees 

angle of 
reflection in 

degrees 

angle of 
refraction in 

degrees 

     
 
 
19. Now repeat this for the other block. Place the other block on the A3 paper. 

20. Line up the long side of the block as before. 

21. If the block is not the same size as the first one, carefully draw around it without moving it. 

22. Use your ray box to send in an incident ray along the same line as before. Again you may 
have to work in a darkened room. 

23. Look at the directions of the reflected and transmitted rays.  
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24. If they are not the same as before, mark their paths using crosses. 

25. Remove the block, switch off the ray box, and switch on the room lights. 

26. Draw in the reflected and refracted rays.  

27. Measure the angle of reflection and the angle of refraction and record them in your table. 

28. Physics theory suggests that the angles of reflection should be the same, but the angles of 
refraction should be different. How well do your results support this theory? 
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GCSE Physics required practical activity 7: 
Force and Extension  
 
 
Teachers’ notes  
 

Required practical activity Apparatus and techniques 

Investigate the relationship between force and extension for a 
spring.  

AT 1, AT 2  

 
Making and calibrating a spring-balance (newtonmeter). 
 
Materials 
 
In addition to access to general laboratory equipment, each student needs: 
 
• a spring of a suitable stiffness (eg capable of extending more than 1 cm under a load of 1 N) 

with loops at each end 
• metre ruler 
• suitable pointer – eg splint and tape 
• weight stack appropriate for the spring – eg 10 N in steps of 1 N. 
• clamp stand, 2 clamps and bosses 
• g clamp or weight to prevent the apparatus tipping over the edge 
• object, eg stone attached to string, to weigh. 
 

Technical information 
 
If you are using new springs you should extend them under a suitable load for a short while. 
The pointer should be attached so that it doesn’t slip or change angle. It is probably best attached 
to the bottom of the spring. The students will measure the extension ie the increase in length. 
Many are likely to think that this is the incremental increase – in fact it is the total increase (ie from 
the original length). The students align the top of the ruler with the top of the spring – this isn’t 
essential but it may help emphasise this point about the extension. 
 
Students may need to be told how to convert the mass (in grammes) written on the weight stack 
into a weight in newtons. (Using the equation W = mg, 100 g has a weight of 1 N). This practical 
can be used to emphasise the difference between mass and weight. 
 
The weight of the stone should be within the range of weights used. The length of the spring 
shouldn’t exceed one metre when fully stretched. 
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Additional information 
 
The relationship between force and extension is given by Hooke’s Law. This is an opportunity to 
investigate the life and work of Robert Hooke who was a contemporary of Isaac Newton.  

The students will record the reading on the metre ruler (which will be the length of the spring if set 
up that way) as the weights are added. They will then calculate the extension (ie the increase from 
the original reading). The extension should increase in proportion to the weight. A graph of 
extension against weight will be a straight line through the origin. The gradient of the line is 
1/stiffness or 1/spring constant. (ie the graph for a stiffer spring will have a lower gradient). To 
determine the weight of the stone, students measure the extension and either use their graphs 
(read off the weight directly) or use 1/gradient multiplied by the extension to give the weight. 

 

 
 
 
Risk assessment 
 
• Risk assessment and risk management are the responsibility of the centre. 

• The springs should be checked so that the loops at the ends don’t unravel when the greatest 
weight is used. 

• It is likely that the spring will extend below the edge of the bench. The clamp stand should be 
secure so as not to tip. Put something under the spring and weight to protect the floor in case 
things slip. 

 

Trialling 
 
The practical should be trialled before use with students. 
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Alternative practicals  
 

Outline method Suggested apparatus Outcomes 

(a) Testing springs in series. 
Connect two identical springs 
by threading the bottom loop 
of one through the top loop of 
the other. Set up the 
apparatus as described and 
work out the spring constant 
for two (and more) springs in 
series. 

As above. 

3 or 4 identical springs 

As you add more springs in 
series the stiffness decreases 
ie you get a greater extension 
for the same force. 

In fact stiffness = stiffness of 
one spring/number of springs. 

(b) Use a rod (eg a nail) 
clamped horizontally. Hang 
two identical springs from the 
rod. Place a second rod 
through the loops at the 
bottom of the springs and 
hang weights from this rod. 
Measure the spring constant 
for two (and more) springs in 
parallel. 

As above 

2 stiff rods (eg nails) to 
suspend the springs and 
weights. 

As you add more springs in 
parallel the stiffness 
increases. In fact stiffness = 
stiffness of one spring × 
number of springs. 

(c) Investigate what happens if 
more weight is added so that 
the spring extends beyond its 
elastic limit 

Disposable springs, more 
weights (and more care!) 

The graph will no longer be 
linear, and when the weights 
are removed the spring will not 
return to its original length. 
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GCSE Physics required practical activity 7: 
Force and Extension  
 
 

Student sheet 
 

Required practical activity Apparatus and techniques 

Investigate the relationship between force and extension for a 
spring.  

AT 1, AT 2  

 
Making and calibrating a spring balance (newtonmeter) 
 
In this activity you will investigate the relationship between the weight hung from a spring and how 
much longer the spring gets (the extension). You will plot a graph of extension against weight and 
use your graph to find the weight of a mystery object. 
 

Learning outcomes 

1 
 
2 
 
Teachers to add these with particular reference to working scientifically 

 
Method 
 
You are provided with the following: 
 
• a spring  
• a metre ruler 
• a splint and tape to act as a pointer  
• a 10 N weight stack. 
• a clamp stand, and two clamps and bosses 
• a heavy weight to prevent the apparatus tipping over. 
• a mystery object to weigh. 
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You should read these instructions carefully before you start work.   
 
1. Attach the two clamps to the clamp stand using the bosses. The top clamp should be further 

out than the lower one.  
2. Place the clamp stand near the edge of a bench so that the ends of the clamps stick out 

beyond the bench. 
3. Place a heavy weight on the base of the clamp stand to stop the clamp stand tipping over. 

 

 

 

4. Hang the spring from the top clamp. 

5. Attach the ruler to the bottom clamp with the zero on the scale at the top of the ruler. (If there 
are two scales going in opposite directions you will have to remember to read the one that 
increases going down.) 

6. Adjust the ruler so that it is vertical, and the zero on the scale is at the same height as the top 
of the spring. 

7. Attach the splint securely to the bottom of the spring. Make sure that the splint is horizontal 
and that it rests against the scale of the ruler. 

8. Take a reading on the ruler – this is the length of the unstretched spring. 

9. Carefully hook the base of the weight stack onto the bottom of the spring. This weighs 1.0 
newton (1.0 N). 

10. Take a reading on the ruler – this is the length of the spring when a force of 1.0 N is applied to 
it. 

11. Add further weights, measuring the length of the spring each time. 
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12. Record your results in a suitable table. You will need a third column for the extension. This is 
the amount the string has stretched. To calculate this you subtract the length of the 
unstretched spring from each of your length readings. 

 

Weight in N Length of spring in cm Extension of spring in cm 

   
 

13. Do not put the apparatus away yet. Plot a graph of extension against weight.  

14. Hang the unknown object on the spring. Measure the extension and use your graph to 
determine the object’s weight. Check it with a newtonmeter. 
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GCSE Physics required practical activity 8: 
Acceleration  
 
 

Teachers’ notes  
 

Required practical activity Apparatus and techniques 

Investigate the effect of varying the force on the acceleration of 
an object of constant mass and the effect of varying the mass of 
an object on the acceleration produced by a constant force.  

AT 1, AT 2, AT 3  

 
Investigating acceleration using an air track and light gates 
 
Materials 
 
In addition to access to general laboratory equipment, each student needs access to: 
 
• linear air track and gliders 
• bench pulley, string and small weight stack e.g. 1 N in steps of 0.2 N  
• card 10 cm x 5 cm 
• two clamp stands, clamps and bosses 
• two light gates, interface and computer software 
• blutak or similar to attach the weights to the glider. 
 

Technical information 
 
The air track provides a cushion of air for the gliders to ‘float’ on, thus reducing friction to almost 
zero. Air is often provided by a vacuum cleaner in ‘blow’ mode. The air track should be level. This 
can be achieved by adjusting the legs. There are two adjustments:  one to make sure that the air 
track isn’t leaning to one side. The other to make sure it is horizontal. Place a glider in the middle 
of the air track and switch on the vacuum cleaner. Adjust the legs so that the glider rests on the 
cushion of air without moving or touching the sides of the air track. 
 
The card is attached to the glider. Using the clamp stands, the light gates are positioned so that the 
card interrupts the light beam as the glider moves along the air track. The time is measured 
automatically. The software usually requires you to input the length of the card (10 cm in this case). 
The force is provided by the weight stack, string and pulley. Attach the pulley to the bench at the 
far end of the air track. Hang the weight stack on the string, pass it over the pulley and attach it to 
the glider.  Check that, when the vacuum cleaner is switched on, the weight starts to fall and the 
glider to accelerate. It is important that the card passes through the second light gate before the 
weight stack hits the ground. 
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When varying the force, the total mass of the system should stay constant. The mass of the 
system is the mass of the glider plus the mass of the weight stack. The ‘unused’ weights should 
therefore be attached to the sides of the glider (with the Blutak). 
 
The experiment is best controlled with the vacuum cleaner mains switch. When everything is ready 
simply switch it on and the glider will go. When the weight stack hits the ground, switch it off and 
the glider stops. Pull the glider back into position with the vacuum cleaner off. 
 

Additional information  
 
The relationship between force, mass and acceleration is given by Newton’s Second Law of 
Motion. The acceleration of the glider is usually worked out automatically by the software that 
comes with the light gates provided the length of the card is input into the system. Students should 
understand how the calculation is done: 
 
 

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =  
� 𝑎𝑎𝑎𝑙𝑎ℎ 𝑎𝑜𝑎𝑎𝑎𝑜
𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖𝑎 𝑎𝑎𝑡𝑎 2 −

𝑎𝑎𝑎𝑙𝑎ℎ 𝑎𝑜 𝑎𝑎𝑎𝑜
𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖𝑎 𝑎𝑎𝑡𝑎 1�

𝑎𝑎𝑡𝑎 𝑏𝑎𝑎𝑏𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖𝑎𝑎𝑎𝑎𝑖
 

  
 
The students will record the values of acceleration for constant mass as the force is varied. They 
can plot a graph of acceleration against force and get a straight line through the origin. 
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Risk assessment 
 
• Risk assessment and risk management are the responsibility of the centre. 

• Check the mains cable to the vacuum cleaner. 

• Do not use large weights on the weight stack. The glider can cause the air track to fall off the 
bench if it hits the end moving quickly.  
 

Trialling 
 
The practical should be trialled before use with students. 
 
Alternative practicals  

 

Outline method Suggested apparatus Outcomes 

(a) The same experiments can 
be carried out using other 
equipment, depending on 
what is available. eg Make a 
velocity-time graph out of 
ticker tape and measure the 
acceleration from the slope. 

Replace air track: friction 
compensated (ie sloping) 
ramp and dynamics trolleys.  
Replace light gates: ticker 
tape timers or camera or 
accelerometer. 
Replace weights and pulley: 
elastic pulled to the same 
length. 

The outcome should be the 
same. 

(b) The variation of 
acceleration with mass can be 
investigated. Use the 1 N 
weight stack and add gliders 
(using magnets or Blutak), 
increasing the total mass each 
time. 

Equipment as before, with 
extra gliders of known mass. It 
would be worth measuring and 
writing down the mass of each 
glider and sticking it on each 
one. 

For a constant force, the 
acceleration will decrease as 
the mass increases. In fact, 
they will be inversely 
proportional. A graph of 
acceleration against 1/mass 
will be a straight line through 
the origin. 
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GCSE Physics required practical activity 8: 
Acceleration  
 
 

Student sheet 
 

Required practical activity Apparatus and techniques 

Investigate the effect of varying the force on the acceleration of 
an object of constant mass and the effect of varying the mass of 
an object on the acceleration produced by a constant force.  

AT 1, AT 2, AT 3  

  
Investigating acceleration using an air track and light gates 
 
In this activity you will investigate the relationship between the acceleration of an object and the 
size of the force acting upon it. You will use an air track. This produces a cushion of air which allow 
gliders to move almost friction free.  
 
Learning outcomes 

1 
 
2 
 
Teachers to add these with particular reference to working scientifically 

 
Method 
 
You have access to the following: 
 
• linear air track and gliders 
• bench pulley, string and small weight stack eg 1 N in steps of 0.2 N  
• card 10 cm x 5 cm 
• two clamp stands, clamps and bosses 
• two light gates, interface and computer 
• Blutak or similar to attach the weights to the glider. 
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You should read these instructions carefully before you start work.   
 
1. Place the air track on a bench and attach it to the vacuum cleaner, set on ‘blow’. 

2. Place a glider on the air track and switch on the vacuum cleaner. The glider should lift up off 
the air track and be free to move.  

3. Adjust the legs of the air track so that the glider moves without touching and the air track is 
horizontal. There are two separate adjustments to make. With the vacuum cleaner on: 

 
• place the glider above the adjuster that tilts the air track from side to side. Adjust the 

length of the leg until the glider does not touch the sides; 

• then place the glider in the middle of the air track and adjust the other leg until the glider 
does not move when released. 
 

 
4. Cut out a piece of card measuring 5 cm x 10 cm and place it, with the long side horizontal, in 

the groove on the glider.  

5. Clamp the two light gates horizontally and place them above the air track so that the card 
passes through them as the glider moves. 

6. Connect the light gates to the interface and computer. Start the software for timing. You should 
have the opportunity to choose acceleration using two light gates. Type in the length of the 
card (10 cm) when asked by the software. 

7. Check the movement of the glider by gently pushing it along the track with the software 
running. The acceleration should be close to zero. Switch off the vacuum cleaner. 

8. Attach the bench pulley to the end of the air track away from the vacuum cleaner. 

9. Tie a length of string to the glider, pass the string over the pulley and attach the weight stack 
to the free end. Make sure the string is horizontal and is in line with the air track. 

10. Switch on the vacuum cleaner. The glider should accelerate through the light gates as the 
weight falls to the ground. 

11. If necessary, move the second light gate so that the glider passes through it before the weight 
hits the ground. Otherwise the glider will stop accelerating too early. 
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12. The first experiment will investigate how the acceleration depends upon the force. The force is 

provided by the weight stack. Attach the full weight stack (1 N) to the end of the string, switch 
on the software, make sure the glider is in position and switch on the vacuum cleaner. The 
glider should accelerate through the light gates towards the bench pulley. Record the 
acceleration. Repeat. If the two values are not similar, repeat again. Record your readings in a 
suitable table, and calculate the mean. 
 

Force in N 
acceleration in cm/s2 

first go second go third  
(if necessary) mean 

     
 

13. Remove one weight (0.2 N) and attach that to the glider. This will keep the total mass 
constant. (The weight stack is being accelerated too.) 

14. Repeat the experiment for a force of 0.8 N, 0.6 N, 0.4 N and 0.2 N. Remember to attach each 
weight to the glider as it is removed from the weight stack. 

15. Plot a graph of acceleration in m/s2 against force in N. 
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GCSE Physics required practical activity 9: 
Waves 
 
 

Teachers’ notes  
 

Required practical activity Apparatus and techniques 

Investigate the suitability of apparatus to measure the 
frequency, wavelength and speed of waves in a ripple tank and 
waves in a metal rod. 

AT 4 

 
This activity is likely to be a teacher demonstration or form part of a ‘circus’ of experiments for 
students to perform. 
 
The activity is split into two parts; 
 
• observing water waves in a ripple tank; 
• observing waves on a stretched string or elastic cord. 
 
Activity 1: Observing waves in a ripple tank 
 
Materials 
 
• ripple tank plus accessories 
• suitable low voltage power supply 
• metre ruler. 

 

Technical information 
 
The design of ripple tanks varies slightly from one manufacturer to another. The following is given 
for general guidance. 
 
The depth of water in the ripple tank should be about 5 mm.  
 
To produce plain (straight) waves, a wooden rod should be used (usually one of the accessories 
supplied with the ripple tank). When stationary the wooden rod should just touch the water surface. 
A single low voltage power supply may be used for both the motor attached to the wooden rod and 
the lamp (usually a power supply designed specifically for use with a ripple tank). Alternatively, a 
fixed power supply can be used for the lamp and a single 1.5 V cell with a variable resistor (in 
series) as a variable supply to the motor. 
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The ripple pattern can be viewed either on a large sheet of white card placed on the floor 
directly below the ripple tank or on the ceiling. To view the floor, have the lamp above the 
ripple tank. To view the ceiling, have the lamp below the ripple tank. If viewing the pattern on 
the floor students should look from the side directly at the card and not look from above 
through the water in the ripple tank. The position of the lamp should be adjusted to give a clear 
image. Some ripple tanks are designed to sit on top of an overhead projector. If one of these is 
used the students will be able to view a large image projected onto a wall. 

 

 

 
 

Additional information 
 
A darkened laboratory may make it easier to observe the wave pattern. 
 
Students should observe the wave pattern and then decide how the wavelength, frequency and 
speed should be measured. 
 
Wavelength – it is likely that a metre ruler positioned at right angles to the projected wave fronts 
will be used. Measure across as many waves as possible then divide the total length by the 
number of waves. 
 
Frequency – it is likely that no apparatus will be used. If the motor is rotating slowly so the 
frequency is low it should be possible to count the number of waves passing a point in the pattern 
over a given time (say 10 seconds). Then divide the number of waves counted by 10. If this is a 
demonstration experiment have several students count the waves and then calculate the mean 
value. Using a stroboscope may be suggested. This will ‘freeze’ the pattern. The frequency of the 
stroboscope is then the frequency of the waves.  
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Speed – this will be calculated using the equation: 
 

wave speed = frequency x wavelength 
 

Risk assessment 
 
Water is easily spilt onto the floor. Mop up all spills straight away. 
Place any power supply used on a laboratory bench and not on the floor. 
The frequency of a stroboscope can trigger an epileptic fit. Although this method may be 
suggested by students it is therefore NOT advisable to use a stroboscope with the class. 
 

Trialling 
 
Obtaining a clear pattern from a ripple tank is not easy. It is advisable to trial the experiment and if 
possible have the ripple tank set up and ready for use before the class starts. 
 
Activity 2: Observing waves on a stretched string or elastic cord 
 
This method uses resonance to set up a standing wave on a vibrating string. The theory of 
resonance and standing waves does not need to be covered. 
 
Materials 
 
• vibration generator 
• suitable power supply (variable frequency) 
• suitable string or elasticated cord 
• set of 100g masses and hanger 
• set of 10g masses and hanger 
• wooden bridge 
• pulley on a clamp 

 
Technical information 
 
To achieve the conditions necessary for resonance the following can be adjusted: 
 
• the frequency at which the generator vibrates (adjust the frequency of the power supply) 

• the length of string allowed to vibrate (move the wooden bridge) 

• the tension in the string (add or remove masses). 
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For a quick demonstration use an elasticated cord attached to the vibration generator.  Then 
simply stretch the cord until it resonates and a standing wave pattern is seen. 
 
Students should observe the wave pattern and then decide how the wavelength, frequency and 
speed should be measured. 
 
• Wavelength – it is likely that a metre ruler will be used to measure across as many half 

wavelengths as possible. Then divide the total length by the number of half waves. Multiplying 
this number by two will give the wavelength. 

• Frequency – it is likely that no apparatus will be used. The frequency will be the frequency of 
the power supply. It may be suggested that a stroboscope is used. This will ‘freeze’ the pattern 
to show a transverse wave. The frequency of the stroboscope is then the frequency of the 
waves.  

• Speed – this will be calculated using the equation: 
 

wave speed = frequency x wavelength 
 
Risk assessment 
 
• Students sitting close to the vibrating string should wear safety goggles or sit behind a safety 

screen. 

• The frequency of a stroboscope can trigger an epileptic fit. Although this method may be 
suggested by students it is therefore NOT advisable to use a stroboscope with the class. 

 
Trialling 
 
The practical should be trialled before use with students to ensure a standing wave can be set up 
and seen. 
 
Extension  
 
Using the same apparatus, the relationship between the tension in the string and speed of the 
wave could be investigated. 
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GCSE Physics required practical activity 9: 
Waves 
 
 

Student sheet 
 

Required practical activity Apparatus and techniques 

Make observations to identify the suitability of apparatus to 
measure the frequency, wavelength and speed of waves in a 
ripple tank and waves in a solid and take appropriate 
measurements. 

AT 4 

 
The activity is split into two parts: 
 
• observing water waves in a ripple tank; 
• observing waves on a stretched string or elastic cord. 
 
Your teacher may complete both parts of this activity as a class demonstration. 
 
Activity 1: Observing waves in a ripple tank 
 

Learning outcomes 

1 
 
2 
 
Teachers to add these with particular reference to working scientifically 

 
Method 
 
You will use the following: 
 
• ripple tank plus accessories 
• suitable low voltage power supply 
• metre ruler 
 
You should read these instructions carefully before you start work.   
 
1. Set up the ripple tank with a large sheet of white card or paper on the floor under the tank. 

2. Pour water to a depth of about 5 mm into the tank. 
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3. Adjust the height of the wooden rod so that it just touches the surface of the water. 

4. Switch on both the overhead lamp and the electric motor. 

5. Adjust the speed of the motor so that low frequency water waves are produced. 

6. Adjust the height of the lamp so that the pattern can be clearly seen on the card on the floor. 

7. Place a metre ruler at right angles to the waves shown in the pattern on the card. Measure 
across as many waves as possible then divide that length by the number of waves. This gives 
the wavelength of the waves. 

8. Count the number of waves passing a point in the pattern over a given time (say 10 seconds). 
Then divide the number of waves counted by 10. This gives the frequency of the waves.  

9. Calculate the speed of the waves using the equation: 

 
wave speed = frequency x wavelength 

 
 

 
 
 

 
Activity 2: Observing waves on a stretched string or elastic cord 
 
Learning outcomes 

1 
 
2 
 
Teachers to add these with particular reference to working scientifically 
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Method 
 
You will use the following: 
 
• vibration generator 
• suitable power supply (variable frequency) 
• suitable string or elasticated cord 
• set of 100 g masses and hanger 
• set of 10 g masses and hanger 
• wooden bridge 
• pulley on a clamp. 

 
You should read these instructions carefully before you start work 
 
1. Set up the apparatus as shown.  

 

 
 
 

2. Switch on the vibration generator. The string (or elasticated cord) should start to vibrate. 

3. Adjust the tension in the string or move the wooden bridge to adjust the length of the string 
until a clear wave pattern can be seen. The waves should look like they are stationary. 

4. Use a metre ruler to measure across as many half wavelengths as possible (a half wavelength 
is one loop). Then divide the total length by the number of half waves. Multiplying this number 
by two will give the wavelength. 

5. The frequency is the frequency of the power supply.  

6. Calculate the speed of the wave using the equation: 

 
wave speed = frequency x wavelength 
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GCSE Physics required practical activity 10: 
Radiation and absorption 
 
 
Teachers’ notes  
 

Required practical activity Apparatus and techniques 

Investigate how the amount of infrared radiation absorbed or 
radiated by a surface depends on the nature of that surface. AT 1, AT 4 

 
Investigate the amount of infrared radiation emitted by different surfaces 
 
Materials 
 
• Leslie cube 
• kettle 
• infrared detector 
• heatproof mat 
 
Technical information 
 
If a Leslie cube is not available or a class set is required then a simple ‘home-made’ version could 
be used. Take a large empty metal can and lid, for example a coffee tin. Remove any outside 
paper labels so that only the bare metal is seen. Paint one section with a matt white paint and 
another with a matt black paint. Leave one section as a shiny ‘silver’ surface. 
 

 
 

 
 

 
The detector may be an infrared detector with a suitable meter, an infrared thermometer or a 
liquid-in-glass thermometer with the bulb painted matt black. The last option is likely to have 
the least resolution. 
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Additional information 
 
Before filling with boiling (or very hot) water the Leslie cube should be placed on a heatproof mat. 
 
Risk assessment 
 
Risk assessment and risk management are the responsibility of the centre. 
Care must be taken when boiling (or very hot) water is used. Students should not carry containers 
of hot water across the laboratory. 
 

Trialling 
 
The practical should be trialled before use with students. 
 
Alternative practicals  
 

Outline method Suggested apparatus Outcomes 

(a) Investigate how the type of 
surface affects the amount of 
infrared radiation absorbed by 
a surface.  
 
Place two metal sheets an 
equal distance from a source 
of infrared radiation. Attach a 
small coin to the side of the 
sheets that face away from the 
infrared source.  

Two sheets of metal. One side 
of one sheet painted matt 
black. One side of the other 
sheet to be left shiny. 
 
A source of infrared radiation 
(filament lamp, radiant heater, 
Bunsen burner). Two retort 
stands and clamps. Candle 
wax and two small coins. 

The coin that drops off first will 
be the one attached to the 
sheet that was the better 
absorber of infrared radiation. 

(b) Investigate how the type of 
surface affects the amount of 
infrared radiation absorbed by 
a surface.  
Use two identical beakers. Fill 
one with water and the other 
with an equal volume of very 
strong black coffee. Put both 
beakers in a sunny position (or 
an equal distance from an 
infrared heater). Measure the 
temperature of each liquid 
over a period of time. 

Two 250 ml beakers (plastic if 
they are not to be placed near 
an infrared heater).  
 
Coffee granules. Two 
thermometers. 

The temperature of the water 
with the coffee granules added 
(black) will increase faster 
than the clear water. 
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GCSE Physics required practical activity 10: 
Radiation and absorption 
 
 

Student sheet 
 

Required practical activity Apparatus and techniques 

 
Investigate how the amount of infrared radiation absorbed or 
radiated by a surface depends on the nature of that surface. 
 

 
AT 1, AT 4 

 
Investigating the amount of infra-red radiation emitted by different surfaces 
 

Learning outcomes 

1 
 
2 
 
Teachers to add these with particular reference to working scientifically 

 
Your teacher may complete this investigation as a class demonstration or include it in a ‘circus’ of 
experiments. 
 
Method 
 
You will use the following: 
 
• Leslie cube kettle 
• infra-red detector 
• heat proof mat 
 
You should read these instructions carefully before you start work   
 
1. Place the Leslie cube on to a heat proof mat. 

2. Fill the cube with very hot water and replace the lid of the cube.  
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3. Use the detector to measure the amount of infrared radiated from each surface. Make sure 

that before a reading is taken the detector is the same distance from each surface. 

4. Draw a bar chart to show the amount of infrared radiated against the type of surface. 

 

Infrared 
detector 
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