TAP 404- 4: Analysing data from the Apollo 11, gravitational potential at different distances

A large-scale experiment in space

Detailed data are kept of every space flight. These data, giving speeds and distances of Apollo 11 as it went to and returned from the Moon, are extracted from data supplied by NASA. They can be thought of as the results of an experiment to probe Earth’s gravitational field.

You will need

· computer running a spreadsheet

· spreadsheet data table

· the Excel file below

TAP 402-3 'Data from the Apollo 11 mission' is provided to go with this activity.

Finding the gravitational potential at different distances

The raw data can be used to find how the Earth’s gravitational potential varies with distance. Again you need to select and process suitable data.

Notice by inspecting the data that Apollo 11 has decreasing kinetic energy as it ‘goes uphill’ away from the Earth, and has increasing kinetic energy as it comes back ‘downhill’ to Earth again. Any increase in gravitational potential shows up as a decrease in the kinetic energy per kilogram, ½v2. Equally, any decrease in gravitational potential shows up as an increase in the kinetic energy per kilogram, ½v2. The two quantities are equal but opposite. Thus a graph of minus ½v2 maps the gravitational potential, except for an unknown constant, the total energy.

1.
Choose either the outward or homeward trip (they have different total energies) and 
select velocities and distances, one from each 10 minute spaced pair given.

2.
Calculate the kinetic energy per kilogram ½v2 for each.

(i)
Plot graphs relating the quantity minus ½v2 to the distance r. 

(ii)
Test whether the gravitational potential varies as 1 / r 

(iii)
Take trouble to find the best graphs to plot. 

(iv)
Give the graphs a caption saying what they have to tell

Practical advice

These data are selected from a huge printout supplied by NASA. More data is provided here so that it can be looked at and discussed, and so that further analyses can be done. We think that there is also some interest in imagining the whole mission, which is why times from throughout the 200-hour mission are included.

The exercise also provides students with further opportunities to think about the most effective graph to plot. It is worth insisting that graphs have captions that convey their intended message.

Alternative approaches

Slower students will benefit from simply looking at the data with you, and talking them through. Faster ones can for example plot the variation of potential for both outward and homeward trips and try to explain the small difference between them

Social and human context

NASA’s raw data were actually provided with distances in nautical miles above the surface of the Earth, and with velocities in knots.

External references

This activity is taken from Advancing Physics chapter 11, 240S

The spreadsheet is taken from Advancing Physics chapter 11, 160T

