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Math Help: Gravity and Motion

Please select from the following topics. Each topic includes a short description, 2-3 examples and a multiple choice/true-false quiz.





Math Help:   F = ma
Math Help:  F = (GMm) / r2




Math Help:  Circular Motion

Math Help:   F = ma
Newton’s second law of motion is a deceptively simple equation...

F = ma

This little equation relates an object’s amount of matter (mass), to the effect a given (external) force will have on it. The greater the mass of an object, the more force is required to change that mass’s motion in a specific way. From everyday experience this means that a greater force is necessary in order to accelerate a five ton truck from 50 mph to 60 mph than to accelerate a two ton truck from 50 to 60 mph.

Example 1.
Two objects are moving at constant speed in a straight line. One of these objects has twice the mass of the other object. If the same force is applied, how will the acceleration of the more massive object compare to that of the less massive object?




m1 = 2m2



F1 = F2 




F1 / F2 = 1



Thus 1 = (m1a1)/(m2a2) 



            = (2m2a1)/(m2a2)



            = 2a1/a2
or, rewritten, a1 = 0.5a2. Which in words is, “The acceleration of the more massive object is half that of the less massive object.”
Example 2. 
Will a greater mass fall slower than a lesser mass when both are dropped from the same height?

This is an example of acceleration due to Earth’s gravitational attraction. This acceleration (at least near the surface of the Earth) is a constant. In metric units it is 9.8 m/s2, although in this instance we can approximate it by 10 m/s2. Acceleration is the change in velocity. Unless one of the masses was thrown, the will fall at the same speed. The difference shows up in the forces between each of the objects and the Earth, individually. That is to say, the force between the more massive object and the Earth will be greater than the force between the less massive object and the Earth.

Want to try a couple yourself? Here you go.



1. A 3000 kg spaceship is moving in a straight line in space at a speed of 300 m/s. What  force is necessary to maintain this motion?



A. 300/ms2 



B. None. There is no acceleration.



C. This question cannot be answered without more information.



D. 30,000 N (use F=ma with a set to 10m/s2)



Ca: The spaceship’s motion is not changing, therefore there is no acceleration.



Cb: Correct Answer



Cc: The spaceship’s motion is not changing, therefore there is no acceleration.



Cd: The spaceship’s motion is not changing, therefore there is no acceleration.



Answer:
B

2. A force of 6 N (Newtons) acts on a .02 kg box sitting on a sheet of ice (no friction). What is the acceleration of the box?



Answer:
300 m/s2
Math Help:  F = (GMm) / r2
Given two masses anywhere in the Universe, these two masses have an interaction that diminishes with distance. In fact it diminishes with the square of the distance that seperates them. This interaction is the Gravitational Force. Let’s look at the equation for this interaction more closely...

F = (GMm) / r2
The two interacting masses here are M and m, r is the distance between them, G is the gravitational constant which has the same value no matter where in the Universe one happens to be, (although its numerical value depends on the system of units being used). If you really look at this equation, you can see that the force on M by m is exactly the same numerically as the force on m by M. This means that m is attracting M with the same amount (magnitude) of force that M is attracting m. But these are two different forces!  In fact we know they are different because they are acting in opposite directions. Let’s look at some problems in order to get a better feel for this.

Example 1. 
(This and its variations are favorite exam questions of mine) Which is the greater force, the force on Mars due to Jupiter or the force on Jupiter due to Mars?

Refer to the equation of force between two masses, F = (GMm) / r2. The equation has the same values for both planets. These values are 1) the mass of Jupiter, 2) the mass of Mars, 3) the Gravitational Constant, and 4) distance between the two planets. At any given moment, the distance from Jupiter to Mars is the same as the distance from Mars to Jupiter.

Example 2.
Two planets with exactly the same mass revolve around a star (let’s call it Moo). One of the planets (Moo 2) is twice the distance away from Moo than the other planet (Moo 1). Is the force on Moo 2 the same as the force on Moo 1? 



Use F = G Mm/r2 


M1 = M2


r1 = 0.5r2


G is the same for both and the mass of the star Moo is the same (of course).



Thus we can take the ratio

F1/F2 = (M1/r12) /(M2/r22)





          = (r22 / r12)






          = (r22 /0.25 r22)






          = 4

In fact this shows us that the force on the inner (closer) planet is four times as great as the force on the outer planet.

Time for you to try a few.



1. A boy with a mass of 10 kg is heavier than an iron cannon ball of 10 kg.



Answer:
False



2. Mass and weight can be used interchangeably...



A: at all times.



B. if all objects under discussion are located at the same place on earth.



C. in space only.



D. Never



Answer:

D

Math Help:  Circular Motion

Circular motion (including elliptical motion) is a special motion. The force causing the orbiting body to change direction is constant and being constantly applied. this is why the body remains in orbit instead of flying off in a stright line. Think of a ball on a string. You swing it around and because the string is there, the ball keeps circling. If the string should break, the ball will fly straight off in whatever direction it was pointing at the time the string broke. One of the convenient results of this motion is this equation which relates the applied force to an orbiting body’s speed and distance from the focus of its orbit! The equation is stated as,

F = (mv2)/r.
For a given body (of constant mass) moving in an elliptical orbit, the only variables are speed and distance from the focus. Following the logic of the text leads us first to the equation of orbital speed (also known as circular speed); 

v = ((GM/r)
then finally to the equation that isolates and solves for the Mass at the focus around which the body is orbiting. This equation is,

M = (4(2r3) / (GP2)
The text has explained these equations and their derivations very completely, and given a few examples of their use. But now let’s see if you really understand these ideas with a few problems for you to try.

1. Because Jupiter is the most massive planet in the Solar System, use of its orbital velocity will give the most precise mass of the sun.



Answer:
False

2. The method of orbital velocities can be used to determine the central mass of any planetary system.



Answer:
True

3. Surface gravity is an acceleration caused by the presence of a small object near a very much larger body such as the earth.

Answer:
False

4. A more massive planet is more likely to have a denser atmosphere than a less massive body because...

Answer:
escape velocity for a given particle is higher for the more massive planet than for the less massive one due to greater surface gravity of the more massive planet.

