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Acceleration down a Slope 
Student Worksheet 

 

In this experiment you will make measurements of a ball rolling down a slope in order to 
calculate its acceleration. 

Theory 
If an object rolls from rest down a slope, then it is possible to calculate the acceleration of the 
object from the distance it has travelled and the time it takes. 

The equations for uniformly accelerated motion state that  

s = ut + ½ at2. 

where a is the acceleration, u is the initial velocity, s is the distance travelled and t is the time 
taken. 

If the ball starts from rest then u = 0 and the equation can be re-written as  

s = ½ at2. 

So, by measuring the time taken for an object to move a known distance down a slope, it is 
possible to measure its acceleration. 

By comparing this to the equation for a straight line we can see that if a graph of s (y-axis), is 
plotted against t2 (x axis) then this should be a straight line of gradient ½ a that passes 
through the origin. 

Making measurements and observations 
1 Set up the slope at an angle so that it takes at least two seconds for the object to roll 

down the complete length. 

2 On the slope, mark six points at different distances from the top end of the slope. The 
lowest point should be at least 0.75 m from the top end of the slope and the intervals 
between the points should be between 0.1 m and 0.2 m. 

3 Measure the time t taken for the object to roll from rest from the top of the slope through 
a distance s to one of the marks on the slope. The time t should be measured at least 
three times. You will need to take steps to ensure that your results are as accurate as 
possible. 

4 Repeat for different distances s, recording the values of s and t. 

Recording and presenting your data 
1 Your table of results should include the distance s recorded in metres and the time t 

recorded in seconds. As you have repeated the time readings, you should include the 
individual readings and the average value in your table. You will also need to include 
values of t2 in your table. 

2 Plot a graph of s (y-axis) against t2 (x-axis). 
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Acceleration down a Slope Student Worksheet 

Analysing your data 
1 Calculate the gradient of the line of best fit on your graph. 

2 Use your gradient to calculate the acceleration of the object, in m s-2, as it rolls down the 
slope. 

Evaluation 
1 Estimate the actual uncertainty in your measurements of s and t and explain how you 

reached your estimates. 

2 Suggest, with a reason, which measurement is the largest source of error. 

3 List any limitations or problems with the method chosen. 

4 Suggest ways in which the accuracy of the measurements taken could be improved. 
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Acceleration down a Slope 

Teaching Notes 
 

Link to theory 
3(g) solve problems using equations which represent uniformly accelerated motion in a 

straight line, including motion of bodies falling in a uniform gravitational field without 
air resistance. 

Key learning objectives 

• To highlight the effect that reaction time can have on the results of any human-timed 
experiment. 

• To provide an opportunity for graphical analysis of data including the use of a 
gradient to analyse the motion. 

• To develop the analysis and calculation of errors in experimental work. 

Notes 
The measurement of the actual length of the slope is likely to be to ± 0.5 mm although it is 
very hard to accurately note when the object has actually travelled that exact distance. The 
time measurement could be to about ±0.2 s, the relatively large uncertainty being due both to 
the reaction time and to the difficulty in knowing exactly when the ball passes the mark on 
the slope. 

It can be stressed that repeating readings and using a graph to calculate the acceleration will 
give a more accurate answer. In order to highlight some of these issues, you may wish to 
present the lesson in the following order. 

• Roll the object down the slope. 

• Ask students how they could measure the acceleration. 

• Work towards the formula a = 2s/t2 

• Measure the values of s and t once and calculate a value for a. 

• Raise the issue of errors and try and identify ways to gain the best possible value  
 of a. 

Before students carry out the graphical analysis in this activity it is important to stress why 
they are plotting s against t2 and what information can be gained from the graph. Relating a 
particular equation to that of a straight line and identifying what variables need to be plotted 
and what the value the gradient has is a very important skill. 

Expected results 
Although there will be a fair degree of error in the results, when students plot their graphs 
they should be able to gain a reasonably straight line. Smaller values of s will give smaller 
values of t and hence the errors here will be greater. This can be raised in discussions with 
the students about the work. 
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Acceleration down a Slope Teaching Notes 

Possible extension work 
You may wish to precede or follow this experiment with a measurement of the students’ 
reaction times in order to have an actual figure that can be used in the error calculations. 
Care needs to be taken when doing this as the time it takes for someone to react can change 
depending upon whether they are expecting an event, such as a ball rolling down a slope 
nearing a finishing point, or not. 

Students could be encouraged to repeat the experiment changing the angle θ between the 
slope and the horizontal and to investigate the relationship between a and θ. 

The most able students could be asked to extrapolate their results to θ = 90° and to consider 
why their value for a is substantially different from the acceleration of free fall. Researching 
the correct explanation will take them well beyond the A level syllabus. 

Students could also be asked to investigate whether the object itself had an effect on the 
value of a by repeating the same experiment for different objects. This could easily be done 
with different balls (e.g. tennis ball, golf ball, squash ball) or with a solid ball, a hollow ball, a 
solid cylinder and a tube. Again, to explain the differences will take students well beyond the 
A level syllabus. 
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Acceleration down a Slope 

Technical Notes 
 

Apparatus requirements 
1 Slope. This can be a long plank of wood at least 1m in length, and preferably longer. 

It should be stiff enough so that it does not sag in the middle when supported at one 
end. 

2 Lab jack or pile of books to prop one end of the slope up so that it is inclined. 

3 Object to roll down slope. This may be a mechanics trolley or a smooth ball at least 
as large as a squash ball. It must roll freely down the slope with little or no resistance. 
Table tennis balls are not appropriate as they are affected too much by air resistance. 

4 Metre rule. 
5 Stopwatch reading to 0.1 s or better. 




