Calculating Gravity
Teacher’s Notes


Overview

The purpose of this activity is to apply 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.

Pupils can use a standard digital camera* in video mode to film their projectile.  The film clip can then be analysed on a computer or laptop with standard video editing software** to obtain height and time data.

This activity works best if pupils have access to a computer/laptop per group, however, can be conducted with a single PC if necessary.  A single digital camera is sufficient if necessary too.  Three sample clips are included with this resource.
* 
Each projectile clip will last approximately 1 second thus a standard digital camera in video mode is sufficient and often simpler
** 
This activity is based on using Microsoft Movie Maker which is installed as standard on XP and Vista.  For Win7 computers it is available free online as part of Microsoft Live.  Mac users have similar functionality with Apple iMovie. 
Note: don’t be daunted!!  This activity is not as complicated as it might first appear!
Resources

· Whiteboard/Blackboard surface with 10cm ruled lines or Digital projector projecting 10cm space horizontal lines (See ‘Setting up Data Projector Screen’ below)

· Standard digital camera with a video mode

· Ball (approximately tennis ball sized)
· PC/laptop with video editing software per group (ideal but can manage with single class computer)
· Graph/Squared paper or Spreadsheet software
· Calculator

· Pupil sheet

· PowerPoint file: Calculating Gravity.ppt (included in activity folder)
Timing
Two periods (90-100 minutes)
Method

· Make a video of a projectile
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Model the projectile path with a quadratic function

· Use differentiation to determine the gravitational constant

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
It may be useful to ask each pair throwing the ball to wave into the camera before they start so that they can identify their clip.

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

Note:  typical frame rate is 25 frames per second.
Setup the horizontal lines to project 10cm apart (See ‘Setting up Data Projector Screen’ below)
The lines are a guide to estimate, as accurately as possible, the height of the ball in each frame.

It is best to watch the clip and decide which horizontal line would be best to use as the x-axis.

Pupils should record the height of the ball in each frame relative to their chosen x-axis.  Either on paper and a best-fitting curve sketched, or in a spreadsheet.
Using their knowledge of quadratic functions pupils should obtain a possible model for their data.

Step 3: Differentiation

From their modelled equation for height versus time, e.g. h(t), pupils should differentiate once to obtain velocity and a further time to obtain acceleration.  This will be a constant and their experimentally calculated value for the gravitational constant.

Example solution
(Data obtained from Clip1)
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The pupils calculated results may vary but will hopefully be in the region of –9.8 m/s2.

It may be useful to discuss factors which may have affected their results.

Primarily this will come from the original data, for example: 

· Height estimates: shadow, shaky camera, ball not close to surface/screen, inaccurate lines
· Time values: frame rate of camera too slow, 4/100sec is a large margin

Setting up Data Projector Screen
The following instructions detail how to set up 10cm spaced horizontal lines on your digital projector screen using Excel.  (Please note that these instructions are for illustration and are based on Excel 2003.  Menus and commands may vary slightly on different versions of Excel or other spreadsheet software)
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Open the Excel file ‘Horizontal Lines.xls’
(included in activity folder)
On the View menu select Full Screen


Select all cells by clicking the square at the top left of the row and column headers. 

All the cells should now turn blue.


Hover the mouse between any two rows in the row header column until the cursor changes to
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Click and hold down the Left mouse button and drag up or down until the horizontal lines on the projector screen are 10cm apart. (An assistant is very handy at this point!)
For finer adjustment (leaving all cells selected) go to the menu: Format > Row > Height and edit the value to suit.
Save the file for future use.

If the projector moved/changed or another room used then this setup process will need to be repeated.[image: image3.png]






h(t) 	= – 4.95t2 + 5.05t – 0.372 m





Velocity, v(t) = h’(t) 


v(t) 	= – 9.9t + 5.05 m/s





Acceleration, a(t) = v’(t) 


a(t) 	= – 9.9 m/s2





(Actual value is – 9.8 m/s2)





h(t) =  – k (t – m)(t – n)


From graph let m = 0.08 and n = 0.94


h(t) =  – k (t – 0.08)(t – 0.94)


h(t) =  – k (t2 – 1.02t + 0.0752)





Using point (0.2, 0.44)


0.44 	= – k((0.2)2 – 1.02(0.2) + 0.0752)


0.44 	= 0.0888k


	k 	= 4.95


 h(t) 	= – 4.95t2 + 5.05t – 0.372








