   Year 13 – Gravitational fields
   These questions test your understanding of gravitational fields.  You will need the following constants:


universal gravitational constant 
G = 6.67 × 10-11 N kg-2 m-2 


field strength at surface of earth 
g = 9.81 N kg-1 

1. A mass of 15kg is lifted 100m into the air.  Assume the field is uniform, with a field strength of 9.81N kg-1.
a. Calculate the gravitational potential at this height (assuming ground level to be at zero potential).
b. Calculate the GPE gained by the mass.

c. Calculate the velocity the mass would hit the ground if released and allowed to fall.

d. What velocity would a 1kg mass have if dropped from the same height?  Explain your answer, and include a calculation or mathematical expression to support it.
2. The moon has a mass of 7.35×1022 kg and a radius of 1737km.

a. Calculate the gravitational field strength ‘g’ on the surface of the moon

(hint: this is the force that would be experienced by a 1kg mass at this position)

b. Calculate the energy gained by a 10kg mass lifted a vertical distance of 100m on the moon.  Compare your answer to the value you calculated for the same scenario on earth in Q1.

3. Gravitational field strength on the surface of the earth is 9.81 N kg-1.

a. Given that the radius of the earth is 6400km, show that the mass of the earth is approximately 6×1024 Kg.

b. Calculate the gravitational field strength ‘g’ if the earth had the same mass but was only half the diameter.

4. The astronauts on the international space station are orbiting at a height of 400km.

a. Calculate the gravitational field strength ‘g’ at this height.  How does this compare to gravitational field strength on the earth’s surface?  Calculate the percentage decrease.
b. You may find the answer to (a) surprising!  In light of the above answer, explain why the astronauts appear to be ‘weightless’.

5. The moon has a mass of 7.35×1022 kg and orbits the earth every 27.3days.  The earth has a mass of 5.98×1024 kg.  By considering both bodies as point masses, with a separation of 385,000km:

a. Calculate the velocity of the moon in its orbit, in units of metres per second.

b. Calculate the angular velocity of the moon in radians per second.
c. Calculate the centripetal force required to keep the moon in orbit around the Earth.

d. Calculate the gravitational force acting between the moon and the Earth.
e. Explain why these forces must be equal.

6. The distance from the surface of the earth to the surface of the moon is approximately 375,000 km.

a. Calculate the energy required to lift a 10,000kg lunar landing module to a height of 375,000 km.

(hint: calculate the GPE at the surface of the Earth, and at the height to which the module is being lifted)
b. Give one reason you might expect the actual work required to be less than this figure and state any simplifying assumptions you have made.
c. Give two reasons you would expect the work to be far greater than this figure if the module was lifted by a rocket or space shuttle.
7. Neutron matter in a neutron star has a density of around 4×1017 kg m-3.

a. Estimate the mass of a typical coffee mug full of neutron matter.

b. Calculate the magnitude of the gravitational force that would be experienced by two such mugs of neutron matter separated by a distance of 1m.

