
Newton’s Second Law and the AQA Required Practical. 

 

The relationship between force, acceleration and mass is fundamental to the study of mechanics.  As 

such it deserves the proper amount of teaching time to allow a full experimental treatment and 

analysis.   It is also an AQA required practical which further demands that pupils have a thorough grasp 

of the relationships between the variables, and the experimental technique. 

This paper looks at various ways to carry out this investigation using simpler, (and less expensive) 

equipment and offers sample results which may be useful for analysis exercises in lessons. 

The draft AQA document on required practicals suggested a traditional experimental approach using a 

linear air track and light gates. This can be problematic to use and not all schools have the necessary 

equipment. In the final AQA document on required practicals a much simpler approach is suggested. 

Whilst the technique is simpler, the data it yields is likely to be unreliable, and analysis difficult.  It is 

fair to say that until the topic has been properly examined we will not know the nature of the way 

exam questions will be posed.  Assuming however, that questions may well be based around the AQA 

suggested technique we will start there…. 

The technique is designed to allow pupils the opportunity to gain skill in AT (Apparatus & Technique) 1. 

AQA feels that other methods would not allow this. 

 

The suggested technique is to make a track out of meter rulers for a toy car to run between. The car is 

pulled by a falling weight attached to the car by a string passing over a pulley.  Lines are drawn across 

the runway at fixed distances, (20cm is suggested).  The car is released and pupils measure the time it 

takes the car to reach each line.  The times are likely to be very short, (a small falling weight is 

essential), and it is suggested that you use a stop watch that can record lap times or possibly film the 

motion to help obtain the times. 

 

 



Two experiments must be done…  

1. The relationship between force and acceleration with a constant mass. 

Since F = ma,   if the mass is held constant,   

Force is directly proportional to acceleration.              F α a 

If the experiment gives readings of force and the corresponding acceleration then pupils can 

look at results to see if doubling the force, doubles the acceleration. 

The relationship will however only be properly proved by plotting a graph of force against 

acceleration which should give a straight line through the origin and a gradient equal the total 

accelerating mass. 

2. The relationship between acceleration and mass with a constant force. 

 

Since F = ma,          a =  F              If the force is held constant… 
                                        m 
 
acceleration is inversely proportional to mass.   
 
If the experiment gives readings of mass and the corresponding acceleration then pupils can 
look at the results to see if doubling the mass, halves the acceleration. 
 
The relationship will however only be properly proved by plotting a graph of acceleration 
against 1/mass, which should give a straight line through the origin and a gradient equal to the 
constant force. 
 
 

Sample results for the relationship between force and acceleration with a constant mass. 

The table below is the sample table taken from the AQA required practical booklet.  Times have been 

added from calculations and based on a total accelerating mass of 1.5kg.  The acceleration for each 

force is given at the bottom of the table.  This therefore provides an ideal set of results. 

Distance travelled (cm) 

Force (N) 

1 0.8 0.6 0.4 0.2 

  Time in s Time in s Time in s Time in s Time in s 

20 0.8 0.9 1.0 1.2 1.8 

40 1.1 1.2 1.4 1.7 2.5 

60 1.3 1.5 1.7 2.1 3.0 

80 1.5 1.7 2.0 2.4 3.5 

100 1.7 1.9 2.2 2.7 3.9 
      
      

Acceleration  m/s
2

 0.67 0.53 0.4 0.27 0.13 

 

 



Analysis of these results is not straight forward.  The equation for calculating the acceleration is not 

part of the specification and so without the acceleration data, pupils can at best conclude that a 

greater force reduces the time to complete the course, probably, because the acceleration has 

increased. 

For a car starting from rest, the acceleration can be calculated from any of the times using… 

           a = 2s                (where ‘a’ is acceleration,  s is the distance travelled, and t is the time) 
                  t2 
 

With the sample acceleration data pupils can look to see if doubling the force does indeed double the 

acceleration. 

Sample results for the relationship between acceleration and mass with a constant force. 

The table below is the sample table taken from the AQA required practical booklet.  Times have been 

added from calculations and based on a car of mass 350g + a falling mass of 50g, (giving a constant 

force of 0.5N, taking g = 10 m/s2).   A further 200g is added to the car each time.   The acceleration for 

each force is given at the bottom of the table.  This therefore provides an ideal set of results. 

Distance travelled (cm) 

Mass (kg) 

0.4 0.6 0.8 1.0 1.2 

  Time in s Time in s Time in s Time in s Time in s 

20 0.57 0.70 0.81 0.90 0.99 

40 0.81 0.99 1.15 1.28 1.40 

60 0.99 1.21 1.40 1.56 1.71 

80 1.14 1.40 1.62 1.81 1.98 

100 1.28 1.56 1.81 2.02 2.20 
      
      

Acceleration  m/s
2

 1.23 0.82 0.61 0.49 0.41 

Once again, analysis of the timing data alone is difficult. Pupils at best can conclude that… as the mass 

increases, it takes longer to complete the course, probably because the acceleration is less. 

 

With the sample acceleration data, pupils can look to see if doubling the mass, halves the acceleration. 

Note that In both experiments, the proportionality cannot be seen by looking at the timing data only. 

 

NOTE:  Whilst the approach suggested by the AQA is necessary to allow access to the practical skill 

AT1, the relationships between the variables is most easily investigated and understood by any 

technique that will measure acceleration directly. There are several light gate and data logger 

systems that will do this.  If you have access to such equipment you are likely to get superior results 

than anything presented here.  If you do not have such equipment, the ideas presented here will 

give you alternative ideas. All examples have been worked through quickly to show that satisfactory 

results can be obtained within a 1 hour lesson and with the usual classroom distractions.  Any one of 

the techniques could be improved by taking extra care, and repeat readings etc. 



General Techniques and Class Discussion Points 

All the methods discussed in this paper rely on a car or dynamics trolley being accelerated by a falling 

weight.  The following points are worth discussing with your class as you take them through the 

practical procedure. 

1. The ramp should be tilted slightly to compensate for friction.   

The advantage of an air track is that it removes all friction.  If you are using a basic ramp or 

runway, you will need to tilt it slightly to compensate for the effects of friction.  Discuss with 

the class how you will know when the track is tilted to the right degree. 

Recalling Newton’s first law; if there is no overall force, then the trolley, once moving will 

continue along the ramp at uniform velocity.  This could be done by measuring the velocity at 

either end, although, ‘by eye’ judgement is likely to be sufficient. 

 

2. The string pulling the trolley should be parallel to the ramp. 

 

 

 

 

 

 

If the string is not parallel to the ramp as in the left hand diagram above, then only the 

horizontal component of the force produced by the falling mass will accelerate the trolley.  (The 

vertical component is trying to lift the trolley off the ramp).  Since component forces are now 

part of the specification, here is an ideal opportunity to reinforce the concept of components. 

 

3. For ‘constant mass’ experiments, keep the mass constant. 

 

The mass being accelerated is not only the mass of the trolley but the falling mass also. When 

varying the force by removing masses from the falling stack, the removed mass must be placed 

on the trolley so that the mass of the whole system remains the same. 

 

When doing constant force experiments don’t forget to include falling masses in the overall 

mass of the system. 

 

 

 ✓ 



Dynakar Experiments 

Techniques which give a direct measure of the acceleration will 

provide the easiest analysis.  The Dynakar will do this. (Currently 

£49.50 from the manufacturer) 

This relatively ‘new to market’ piece of equipment consists of a plastic car which 

reports its position wirelessly to the software on a laptop.  

The laptop then displays both displacement / time, and velocity / time graphs. The software measures 

the gradient of the v/t graph to give a value for the acceleration. 

 

 

The software shows very 

clearly the gradient 

calculation, (and the area 

under the line), which 

reinforces v/t graph work 

from the specification. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. DynaKar:  Measuring Force & Acceleration….  Constant Mass. 

Car pulled by falling slotted masses in 50g increments. (g=10 m/s2) 

 

Force Acceleration 

(N) (m/s2) 

0.5 0.77 

1.0 1.51 

1.5 2.31 

2.0 3.1 

2.5 3.83 

3.0 4.55 

3.5 5.35 

 

The gradient should equal the mass of the system. 

In this case the system mass was… Dynakar (230g)  + slotted masses (350g) = 580g 

Gradient of graph = 656g. 

 

2. DynaKar:  Measuring Mass & Acceleration….  Constant Force 

Car pulled by constant force of 0.50N from a 50g falling mass 
Mass of Dynakar = 230g 
System starting mass = 230 + 50 = 280g, added to in 100g increments 
 

Mass 
added 
to car 

Total mass 
to be 

accelerated 
1/mass Acceleration 

(kg) (kg) (kg-1) (m/s2) 

0 0.28 3.57 1.47 

0.1 0.38 2.63 1.14 

0.2 0.48 2.08 0.935 

0.3 0.58 1.72 0.776 

0.4 0.68 1.47 0.676 

0.5 0.78 1.28 0.612 

 

 
 
The gradient should equal the accelerating force. 

In this case the accelerating force = 0.50N 

The gradient = 0.38N 

 
 

 

 



 

Smartphone Acceleration Measurement 
 
In the absence of any high tech light gates, data loggers etc, it is possible to obtain reasonable results 
using a smartphone to measure acceleration. 

The free app called ‘Graphical’ from the company ‘Vernier’ will allow you to access the accelerometer 
readings from the smartphones built in accelerometers.  The output from the accelerometer can be a 
little noisy, but it is possible to highlight just the area of the graph you are interested in, and the app 
will average the acceleration over that period. 

 

 

 

 

 

 

 

 

 

 

 

3. Smartphone:  Measuring Force & Acceleration….  Constant Mass. 

Trolley pulled by falling slotted masses… 100g increments, up to 700g 
Mass of trolley = 830g 
Mass of phone = 185g 
Total mass to be accelerated = 700+830+185 = 1715g  or  1.72 kg 
 

 
 
The gradient should equal the mass of the system. 
In this case the system mass was  =  1.72 kg 
Gradient of graph = 1.85 kg 
 

Force Acceleration 

(N) (m/s2) 

1.0 0.6 

2.0 1.2 

3.0 1.5 

4.0 2.09 

5.0 2.82 

6.0 3.4 

7.0 3.7 



Bee Spi V Light Gates 

These relatively cheap, (around £22), light gates give a direct 

measurement of velocity for anything rolling underneath them. 

Suppose you let a trolley start from rest, and accelerate over a 

distance of 0.5 m before breaking the Bee Spi V light beam. 

u = 0m/s 

s = 0.5 m 

v = Reading from the Bee Spi V unit 

 

An equation new to the AQA spec is:              v2  =  u2  +  2as 

 

In this case, since  u  =  0 m/s,    and s  =  0.5 m             v2  =  a       

Hence acceleration is easily calculated. 

 

 

4. Bee Spi V:  Measuring Force & Acceleration….  Constant 

Mass. 

Trolley pulled by falling slotted masses… 100g increments, 
upto 600g 
Mass of trolley = 830g 
Total mass to be accelerated = 600+830  = 1430g  or  1.43 kg 
 
 

 

Force Velocity v Acceleration 

(N) (m/s) (m/s2) 

1.0 0.79 0.62 

2.0 1.10 1.21 

3.0 1.36 1.85 

4.0 1.56 2.43 

5.0 1.74 3.03 

6.0 1.91 3.65 

 

 

 

 

The gradient should equal the mass of the system. 
In this case the system mass was  =  1.43 kg 
Gradient of graph = 1.65 kg 

 

 

 



Traditional Timing Gates 

 

The older style of light gates, simply plug into a scalar-timer unit and 
record time only.  If you have these older gates, attach a 10cm, (0.1m), 
long card to the trolley, and position the gate 0.5 m down track of the 
start. As in the previous example, start the trolley from rest. 

 

v2  =  u2  +  2as 

 

Once again  u  =  0 m/s,    and s  =  0.5 m,      so        v2  =  a       

This time however, the velocity will have to be calculated. 

 

Velocity =  displacement                    Velocity  =  0.1 

                         time                                                 time 

 

 

5. Traditional Timing Gates:  Measuring Force & 

Acceleration….  Constant Mass. 

Trolley pulled by falling slotted masses… 100g increments, 
upto 600g 
Mass of trolley = 830g 

 

Force 
Time to 

travel 10cm Velocity v Acceleration 

(N) (s) (m/s) (m/s2) 

1.0 0.115 0.87 0.76 

2.0 0.082 1.22 1.49 

3.0 0.066 1.52 2.30 

4.0 0.057 1.75 3.08 

5.0 0.051 1.96 3.84 

6.0 0.047 2.13 4.53 

 

The gradient should equal the mass of the system. 
In this case the system mass was  =  1.43 kg 
Gradient of graph = 1.31 kg 
 
It is worth noting that this method gives times to three decimal places, and as such is the technique 
with the finest instrument resolution.  If time allows, doing this investigation in more than one of the 
ways suggested here provides a great opportunity to develop an understanding of the AQA science 
glossary terms such as accuracy, precision, repeatable, reproducible, etc. 
 
D. Farley      May 2018 
 
For further ideas on practical physics visit              http://www.practicalphysics.org/  
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