G494 – Equating GPE and KE to find orbital velocities
You will need the following data to answer these questions:

Universal Gravitational constant “G” = 6.67 × 10-11 N kg-2 m2
Radius of the Earth = 6400 km

Mass of the Sun = 1.98 × 1030 kg

Mass of Earth = 5.98 × 1024 kg

Mass of Moon = 7.35 × 1022 kg

1AU = 1.5 × 1011 m

1. A 500kg satellite is in a Molniya orbit – a highly elliptical orbit of the earth, with an orbital period of approximately 12 hours.  The perigee (closest approach) of the satellite is 500km above the surface of the Earth, at which point it is travelling at a speed of 10km/sec.

a. Calculate the kinetic energy of the satellite at perigee.

b. Calculate the GPE of the satellite at perigee.

c. Calculate the total orbital energy of the satellite.  Comment on your answer.

d. At apogee (greatest distance), the satellite is a height of 39,900km above the surface of the Earth.  Calculate the new GPE, and hence find the change in GPE.  Has the satellite lost or gained GPE?  Explain your answer.
e. Find the new KE, and hence the new velocity of the satellite.

2. The moon’s orbit is slightly eccentric.  At apogee (greatest distance from the earth) it orbits at a height of 399000km above the Earth’s surface, and is travelling at a speed of 0.97 km/sec.  At perigee (furthest distance from the Earth), the moon is at a height of 357000km above the Earth’s surface.

a. Calculate the KE of the moon at apogee.

b. Calcuate the GPE of the moon at apogee.

c. Calculate the total orbital energy of the moon.  Comment on your answer.

d. What speed will the moon be travelling at perigee?  (hint: find the change in GPE!)

3. An asteroid of mass 2500kg is drifting lazily at a distance of 100AU from the Sun, at a velocity of 1ms-1 in our direction, such that it is “falling into” our solar system.

a. Calculate the KE of the asteroid.

b. Calculate the GPE of the asteroid.

c. Calculate the change in GPE of the rock when it is at a distance of 1AU.

d. Calculate the new KE and velocity of the asteroid.
