Calculating Gravity
Pupil Sheet

Overview

The purpose of this activity is to apply your knowledge of quadratic functions and differentiation in a practical experiment to calculate the gravitational constant by filming a projectile.
A projectile will accelerate under the influence of gravity, so it’s acceleration in the y-axis will be downward, or negative, and will be equal in size to the acceleration due to gravity on Earth, – 9.8 m/s2.

By taking the effect of air resistance to be negligible the projectile should follow a parabolic flight path. This path can be modelled by a quadratic equation (height vs time) and hence differentiated twice to obtain acceleration, i.e. the constant of gravity.

You will need:
· Standard digital camera with a video mode

· Tennis ball sized ball

· PC/laptop with video editing software per group
· Graph/Squared paper or Spreadsheet software
· Calculator

· Pupil sheet

Method
· Make a video of a projectile

· Model the projectile path with a quadratic function

· Use differentiation to determine the gravitational constant
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Step 1: Video

In groups of at least 3, use a regular digital camera in video mode to record a small ball being thrown across a background setup with 10cm spaced horizontal lines
Give a cheesy wave into the camera before you start so that you can identify which clip is yours if sharing cameras

The ball should be thrown as close to the background as possible to minimise shadow.

Step 2: Modelling
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Download the clip(s) from the camera to a computer using the USB cable or memory card.

Open Windows Movie Maker and click the Import Media button, or Import Videos
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Double click your clip to select and play

Use the ‘Next Frame’, ‘Previous Frame’ buttons to view the clip frame by frame
The time, in 1/100 sec, is given for each frame.

Note:  typical frame rate is 25 frames per second.
The lines are a guide to estimate, as accurately as possible, the height of the ball in each frame.
The lines are spaced 10cm apart.
It is best to watch the clip and decide which horizontal line would be best to use as the x-axis.

Record the height of the ball in each frame relative to your chosen x-axis and the time and plot the curve.

Your teacher will tell you to use paper or a spreadsheet.

Using the roots and one other suitable point determine a possible equation for your curve

Step 3: Differentiation
From your modelled equation use differentiation to calculate your value for the gravitational constant
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