Problem 1: (Second Law Applications: synchronous satellite)

A synchronous satellite goes around the earth once every 24 h, so that its position appears
stationary with respect to a ground station The mass of the earth is m_=5.98x10%* kg . The mean

radius of the earth is r =6.37x10°m. The universal constant of gravitation is

G =6.67x10™ N —m?/kg?. Your goal is to find the radius of the orbit of a synchronous satellite
that circles the earth.

a) Describe what motion models this problem. Write down a vector description of the
acceleration. Clearly indicate your choice of unit vectors and your reasoning for choosing
them.

b) What is the radius of the orbit of a synchronous satellite that circles the earth?
Approximately how many earth radii is this distance?
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Problem 1: (Second Law Applications: synchronous satellite)

A synchronous satellite goes around the earth once every 24 h, so that its position appears
stationary with respect to a ground station The mass of the earth is m, =5.98x10* kg .

The mean radius of the earth is r, =6.37x10° m. The universal constant of gravitation is

G =6.67x10™ N —m?/kg?. Your goal is to find the radius of the orbit of a synchronous
satellite that circles the earth.

a) Describe what motion models this problem. Write down a vector description of
the acceleration. Clearly indicate your choice of unit vectors and your reasoning
for choosing them.

b) What is the radius of the orbit of a synchronous satellite that circles the earth?
Approximately how many earth radii is this distance?

Answer:

a) The motion of the satellite is uniform circular motion. Given wthe angular
speed of the satellite around the revolution axis (that we will consider passing
through the center of mass of the earth as this is a verv good approximation)
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and »its distance from the center of the sarth we have:
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I:i] Using Newton's second law we easilv write:
—m, W T = — G
from which:
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r=(GT¢)T =422 107m ~ 6.6 Reartn
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