TAP 404- 5: Potential Gradient and Field Strength

The accompanying spreadsheet gives values of gravitational potential V at 100 km intervals from the surface of the Earth (calculated using V = –GM/r).

You will need

· computer running a spreadsheet

· spreadsheet data table

· the Excel file (see link below)

TAP 404-6: Excel file “potential gradient and field strength”
You are asked to complete the following tasks, in order to make the link between gravitational potential and field strength. You will be filling in the various columns in the table that are as yet uncalculated.

Look at the spreadsheet formula used to calculate the potential – can you explain each part of it?

In the next column, work out the change in potential that occurs (to 3 decimal places) over each 100 km interval. This change in potential decreases the further up you go. Why?

Consider equipotentials at, say, 2 MJ/kg intervals. What must be happening to the spacing of these equipotentials? Why does this happen?

At what height has the potential become half of its value at the surface? A third? Explain.

Now, you are going to relate the rate at which potential changes to the field strength. You have already calculated the change in potential over each 100 km interval. Dividing this by the 100 km interval will give the rate of change of potential with distance. This should give the field strength, since g = -dV/dr (the minus sign simply shows that the field acts towards the earth).

Fill in the next column of the table by converting the changes in potential from MJ/kg to J/kg.

Divide each change in potential (in J/kg) by 100 000 metres (i.e. 100 km) to fill in the final column, “Change in potential per metre (N/kg).” Why is the unit used here N/kg?

(i) 
Compare the data you have just calculated to the data for field strengths given on sheet 2 of the Excel file.

(ii) 
Can you explain why your final column data matches the data for field strengths given on sheet 2, but where your data is for 100 km, 200 km, 300 km etc, the field strength data is 
for 50 km, 150 km, 250 km etc?

