TAP 402-2: Analysing data from the Apollo 11 mission to the Moon

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

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

Finding the gravitational field at different distances

The spreadsheet just provides raw data. To get information from it you will have to select and process data from it.

The flight data have a number of values of velocity and distance, arranged in pairs measured 10 minutes (600 seconds) apart. You can see how far Apollo 11 travelled in 10 minutes. You can see that Apollo 11 is decelerating on the way out and accelerating on the way home. You can find the acceleration and so the gravitational field at different distances:

1.
Calculate the changes in velocity between each pair of distances.

2.
Calculate the average distance for each pair.

3.
Calculate the average acceleration at each distance, from the change in velocity and the time interval (600 s).

4.
Plot one or more graphs to test whether the acceleration varies as the inverse square of the distance. Take trouble to find the graphs which best tell the message in these data. Give the graphs a caption saying what they have to tell.

Warning: the velocities given point approximately away from the centre of the Earth, but the space flight does change direction. So a simple calculation of the acceleration is only roughly an indication of the Earth’s gravitational field at that point.

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

You may, especially with a class lacking in confidence, find it useful to print out the data for everyone, and look through them together, talking about what is happening at each stage.

The exercise can be done without a spreadsheet but can be very tedious.  If a computer is not available try thinking along these lines:

1 
Calculate the average acceleration between each pair of points with no rocket burn on the outward journey.

2 
Without further calculations deduce an estimate for the gravitational field strength at the mid point of each interval

3 
Plot a graph that enables you to check whether g does vary as
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Answers and worked solutions

1.
Mean distance = (29.0 + 26.3) x 106 / 2 = 27.7 x 106 m

Time for interval = 600 s

Acceleration = (v-u)/t = (5374 - 5102) / 600 = 0.4553 m s-2 = g

	Mean distance

r / 106 m
	Mean acceleration

Acceleration / m s-2

	27.7
	-0.4553

	55.4
	-0.122

	96.5
	-0.042

	170.4
	-0.013


The –ve sign indicates towards the Earth

2.
 The values of the gravitational field strength are identical to the acceleration

3.
 A graph of g vs. 
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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

Questions 1-4 in alternative approaches are taken from an adaptation of Revised Nuffield Advanced Physics question 24L

_1189065608.unknown

