TAP 209-1: Falling cupcakes

Gravity is not the only force

On Earth objects fall through the air, pulled downwards by the force of gravity. Air is a fluid and exerts forces on the object that oppose motion. This activity asks you to investigate the motion of objects for which the air resistance is quite large.

You will need


a set of up to 10 paper cupcake holders


stopwatch or wristwatch with ability to read to at least 0.1 s


metre rule or (better) a tape measure


stairwell or similar so that objects may fall through several metres

What to do

1.
Start with some preliminary observations. Drop a cupcake holder from a height of several metres, say into a stairwell, and see what happens. Think about such things as acceleration, steady speed.

2.
Now fit a second cupcake holder into the first and repeat the drop. You have doubled the mass – and the force of gravity acting on the falling object. How does this affect the motion (if at all)? Now fit even more cupcake holders together and drop them. Can you detect any pattern? Produce some hypotheses linking such things as:

· the mass of the object

· how long it accelerates

· how long it takes to reach the ground

· whether or not it reaches a steady speed

· how large the resistive force on the object is compared with the force of gravity on it

· or anything else that you think might affect the motion.

3.
There are enough factors to think about – so consider what measurements you could take to make sense of what is happening.

4.
Take whatever measurements you require, analyse them and state how they support (or don't support) your preliminary hypotheses.

What you should have learned

1.
The relative effect of the factors involved when an object falls through the air.

2.
One way to record the motion of a moving object.

Practical advice

This activity is aimed at revising (or reinvigorating) students' earlier Key Stage 4 work on falling objects. The idea is to stimulate some deeper thinking about motion. It would also be nice to avoid the boredom factor (‘but we've done all this already'!). The task is presented as a fairly open-ended investigation, but with lots of hints. Students drop increasing numbers of cupcake holders through a height of up to 3 metres (the higher the better up to this value). The area presented to the medium stays constant but the mass may be changed in equal increments. The experimental area could be a stairwell, but must be free from strong sideways draughts.

Students are not told about terminal velocity and an outcome is that students realise that the cupcake holders do eventually reach a steady speed, and that at this stage the upward and downward forces balance each other. The simple apparatus recommended will not allow exact recording of the motion and teachers may like to suggest at some stage (not the beginning) that times of fall might be taken for the first 0.5 m, the second 0.5 m etc until the holders reach the ground. This gives rough but workable values: see below if a more sophisticated approach is felt to be appropriate.

The activity is could be supplemented by computer simulations (using Modellus and/or an Excel spreadsheet).

Alternative approaches

The measurements may be refined by using a video camera or a camera linked to a computer to record the paths of the objects. But this may be luxurious in terms of time available – but could be considered as an investigation topic for coursework.

Larger targets are provided by coffee filters, and these may also be varied in number, and are large enough for many motion sensors to detect. Data from these may be analysed by spreadsheet, or other packages, to look for patterns in the speeds. Some success can be expected, but the demand of this activity will be greatly increased by suggesting this kind of analysis.

Social and human context

The investigation could be linked with the sport of free-fall parachuting – and the extent to which this is an accurate description!

Be safe

Reasonable care should be taken to discourage keen students from rushing up and down stairs too quickly. Any fixing of measuring marks or indicators should be properly supervised. If the class is difficult to supervise, it might be possible to use the school hall with papers released by a pupil standing on the stage. Avoid the temptation to allow pupils to stand on the bench in the lab.

External references

This activity is taken from Advancing Physics Chapter 8, 260E

