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Advanced Mechanics Gravitation Test

1. Consider a two body system consisting of the earth of mass ME and the moon of mass MM . Their
surfaces are separated by a distance r and the moon has a radius of RM and the earth has a radius of
RE . You are in a spaceship of total mass MS at rest on the earth’s surface.

(a) Draw a diagram of this system.

(b) What must the launch velocity of the spaceship be to come to rest exactly at the moon’s surface.
Your final answer should be an algebraic expression (leave all numbers, including G, in variable
form).

(c) In a sentence or two (and with reference to your equation) explain how this launch speed would
change by increasing the earth’s mass if all else were to remain the same.

(d) Explain how your answer would change if the distance between earth’s and moon’s surfaces was
increased, all else remaining constant.

(e) If you wanted to launch a ship of double the mass, how would the requisite launch speed change?

2. A binary star system is composed of two stars, one with mass M and one with mass 3M. The distance
between their respective centers of mass is 4R. They are rotating in circular motion around the system’s
center of mass.

(a) What is the speed of each?

(b) What is the period of each?

(c) What is the energy that must be put into the system to bring them to rest infinitely far apart
from one another?
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3. An object is dropped from the upper reaches of the atmosphere.

(a) Draw an FBD of the object after it has been dropped. Consider air resistance to be negligible.

(b) Write, but do not solve, a di↵erential equation which could be used to find the object’s position
as a function of time.

(c) Is acceleration constant in time for this object? Reference your equation and explain why it is or
is not.

(d) The object falls directly into a hole on earth’s surface that extends down to the earth’s core.
Sketch a graph of acceleration as a function of time for the object as it falls from high above the
earth to the core.

(e) Find the depth into the earth’s core for which the magnitude of acceleration is equal to that
10,000 m above the earth’s surface.



Gravitation Test

1. A satellite has an instantaneous angular velocity of ! = 0.1 s
�1

as it orbits a planet of

mass mp = 1⇥ 10
27

kg. Please solve algebraically before plugging in numbers.

(a) What must the radius of this orbit be if the satellite is in circular orbit?

(b) What work was required to put this satellite in orbit from the surface of the planet

if the planet is taken to have a radius of 100 km (call this rp when solving alge-

braically)?

(c) If this satellite were losing mass at a constant rate, what must happen to the radius

of its orbit if it is to remain in circular orbit at the same radius? Why? Explain

your conclusion in as much detail as possible.

(d) If the satellite suddenly stopped orbiting (with a mass equal to its initial mass) how

long would it take to collide with the surface of the planet assuming its instanta-

neous acceleration towards the planet at this moment were its constant acceleration

as it falls to the planet?

(e) How would the actual time period to impact compare to that calculated in the

preceding section? Why?

(f) What can we say about the mass of the satellite if its escape velocity from the

surface of the planet is 40 m/s?
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Gravitation Test

Useful Quantities:

Mass of Earth: 5.97⇥ 10
24

kg

Radius of Earth: 6380 km

1. Model an elephant as a sphere of mass 7000 kg with a 2 m radius. A 1 kg fly

is in the vicinity of the elephant.

(a) What is the work that must be done against gravity for a fly to reach

that elephant’s surface if the fly started 10 m away? Assume this system

is isolated in deep space so don’t account for gravity due to earth or any

other celestial bodies.

(b) What is the acceleration the fly feels due to the elephant when on the

surface?

(c) How far would this fly need to be from earth’s surface to remain stationary

if it was 2 m away from the elephant’s surface between the elephant and

the earth?

(d) Now consider the earth and the elephant separated by 100,000 km. If the

fly were to leave earth and fly towards the elephant, how much work would

be done against gravity. Hint: Consider the work done with regards to

earth AND with regards to the elephant. Think about the sign of work in

each situation.

2. The distance between the earth’s surface and the moon’s surface is roughly

384,402 km. The average human walks at 5 km/hr. Assume the average human

weighs 700 N on earth. How, exactly, could you change earth such that, at your

normal walking pace, you could walk o↵ earth and make it to a point the moon’s

distance away from earth’s surface?

3. If the earth’s mass could be changed by 50,000 kg each time it’s radius doubled,

how many mass additions would you need before your weight on earth tripled?

If your weight would never be tripled, please explain why.
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