Answers to Gravitation Test 2000

1.

The centripetal force keeping the planet in circular motion about the sun is provided by the gravitational force exerted by the sun on the planet:
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(Kepler’s law)

Hence, comparing the periodic times and radii of orbit of Earth and Mars about the Sun, we get:
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 Tmars = 1.87 years.

2. The force of gravity acting on mass m at the Earth’s surface,
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, where M = mass of Earth,




and
R = radius of Earth.
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We know that:

Radius of Venus, Rv = 0.90 R.

Mass of Venus, Mv = 0.80 M.

Hence, the force of gravity acting on mass m on Venus’ surface,
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, where gv = acceleration due to gravity on Venus’ surface.
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 gv = 9.88 m s-2.

3.

( = gravitational potential.

g = gravitational field.

g and ( are related by:

g = -
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Hence, the negative of the gradient of the potential-distance curve for any particular value of r gives the gravitational field strength g at that distance.

4. We know that, for a satellite of mass m at a distance r from Earth’s centre
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, where M = mass of Earth.
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Total mechanical energy = GPE + KE = 
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Hence, the graph looks like:
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5.

(a) The gravitational force exerted by the Earth on the satellite points towards the centre of the earth. Hence, the resulting circular motion must be in a plane containing the centre of the Earth.

(b) Centripetal force required = Gravitational force exerted by Earth on satellite.
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Consider the gravitational force acting on a mass m at the Earth’s surface:
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, where R = radius of Earth.

 GM = gR2.

Thus, continuing from (1):
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= (9.81)(6400 000)2.

 r = 4.24  107 m.

(c) Total energy of satellite 
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, where R = radius of Earth, , and r = radius of satellite’s orbit.
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= - 9.48  107 J.

(d) The negative sign implies that the satellite does not have enough energy to escape the gravitational field of Earth, and is therefore bound to the Earth.
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