Gravitational Field 1

ASSIGNMENT: GRAVITATIONAL FIELD

1.
The mass of the earth is 5.98 ( 1024 kg and the gravitational constant is 6.67 ( 10-11 m3 kg-1 s-2. Assuming the earth is a uniform sphere of radius 6.37 ( 106 m, find the gravitational force on a mass of 1.00 kg at the earth’s surface.
(9.67 N)

2.
A small planet, mass m, moves in an elliptical orbit round a large sun, mass M, which is at the focus F1 of the ellipse.


Write down an expression for the force acting on the planet when it is at a position A, at a distance r from the sun. Indicate the direction of this force on a copy of the given figure, and also mark on it the directions of the planet’s velocity and acceleration when at A. What is the magnitude of this acceleration?


According to Kepler’s second law, the planet is moving faster at B than at C. Account for this with reference to the principle of conservation of energy.


What is the moment of inertia of the planet , when at B, about F1? The velocities at B and C are vB and vC. Use the principle of conservation of angular momentum to deduce the ratio vB/vC.





[vB/vC = y2/x2]
3.
It is proposed to place a communications satellite in a circular orbit round the equator at a height of 3.59 ( 107 m above the earth’s surface. Find the period of revolution of the satellite in hours and comment on the result. (radius of earth = 6.37 ( 106 m, gravitational constant = 6.67 ( 10-11 m3 kg-1 s-2)


[23.98 hours]

4.
State Newton’s Law of Gravitation. If the acceleration due to gravity, gm, at the moon’s surface is 1.70 m s-2 and its radius is 1.74 ( 106m, calculate the mass of the moon.


To what height would a signal rocket rise on the moon, if an identical one fired on earth could reach 200 m? (Ignore atmospheric resistance.)
[7.72 ( 1022 kg; 1154 m]

5.
(Given: GME = 4.0 ( 1014 N m2 kg-1 where G = gravitational constant, ME = mass of earth) 
















































































































































































































A spacecraft (mass m) has just finished its mission on the moon and is planning to return to the earth. The figure above, which is not to scale, shows how the gravitational potential, V, between the surface of the moon and the surface of the earth varies along the line of centres.


a)
Explain why there is a point of maximum on the graph.


b)
If the spacecraft is just succeed in reaching the earth,



i)
what is the minimum energy per unit mass that has to be supplied? [2.6 ( 106 J]



ii)
what is the minimum speed of the spacecraft at take off?
[2280 ms-1]


c)
At points A and B, the spacecraft is so far away from the moon that its gravitational attraction on the spacecraft is negligible. The spacecraft is coasting through space with its motors off. If it had a velocity of 5200 m s-1 when at point A, 28000 km from the centre of the earth, what would be its velocity at point B, 20000 km from the centre of the earth?





[6202 ms-1

d)
As the spacecraft is returning to the earth at a very high speed, frictional force between the spacecraft and the atmosphere would cause its surface to reach a very high temperature. In order to protect the astronauts, what sort of material should the spacecraft be made of and why?
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