Janie Drum
Mr. White, AP Physics

Chapter 13: Universal Gravitation
Background/Summary:

In this unit, we will delve into different concepts surrounding gravity, orbits, gravitational
potential energy, escape velocity, and more.

Major Topics, Vocabulary, and Formulae:

1. Newton’s Law of Universal Gravitation
In the past, we have calculated the force of gravity only on Earth using the
formula F ;=M but there is another formula for calculating Fg that takes into

account the mass of the object (ml), the mass of the body (mz) exerting the force
of gravity, the distance between the two objects (), and the unit vector between

the two (7). We use this formula when the acceleration caused by gravity is not g.

Newton’s Law of Universal Gravitation:

mm_~ _ o 2
F = 6—2r where G = 6.67 * 10 LML
9 r kg

The “G” in this equation is the symbol for the universal gravitational constant,
which, according to the equations sheet, equals. This law applies to all objects.
Note: when you are given the radius of an object from Earth, remember to

include the radius of Earth (r = 6.38 * 106m) in your total radius for the
equation. We also sometimes call Earth’s mass “M.”

Fun fact: we can also use this equation to derive the acceleration of objects
on earth (g) with the following derivation:
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Another way you may see this equation is in calculating geosynchronous
orbit, which refers to the orbit of an object matching Earth’s rotation.
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2. Gravitational Potential Energy

Another concept covered within this unit is gravitational potential energy. In previous
X
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units, we used AU = U i U =-— AW = | Fg * dx. However, as highlighted in the
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previous section, we need to use Newton’s Law of Universal Gravitation when

calculating F p and we would also need to use radius, not x value. The derivation for this
equation is as follows:
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3. Orbits and Energy

Recall that the energy of a system is E cotal = U+ K = Liwm + %mvz. Within this

unit, we can consider problems where there is a satellite, which is a body in orbit around
another, that is “bound” in a circular orbit with a centripetal force provided by gravity.
We can calculate the energy in the system using the following analysis:

Fovee avmhés'lsr

F, =
[3 F‘l

o wewomt o find
oMy GMw - K wlidn 15 5 v, 50
2 - 2z we wulFpl bah sidex

2 (Olj Z BEJ( Kon theleft

— |
K=-3

Pack o e coloah'on E=Wtk, f we p'Ua wn kg
E= Wk

_ 1 - | _ B
l:=L{."7:LL- ZLL or -_Z-_:_v\

It makes sense that the energy of this system is negative because the gravitational
potential energy of a system is negative when the radius < co.

Another context in which we could see energy analysis is when calculating the escape
velocity of an object, meaning the velocity required for an object to completely leave

earth’s orbit. K, +U = Kf + Uf




Example Problems/FRQs

1. Draw a graph of the gravitational potential energy between the Earth and the object as a
function of the radius between the center of the Earth and the object, starting the graph
with at the surface of the Earth. Provide a justification for this graph

2. A satellite orbits the earth with a time period T=12
hours. What is the orbital radius?

3. With the values displayed in the diagram to the right,
in terms of G, M, m, and R, find...
a. Orbital speed
b. Gravitational potential energy at r = 3R
c. The escape velocity assuming that a similar
object with mass 5M is launched from the
surface of the earth
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Example Problems/FRQ Answers (Part I)
Problem 1 Solutions:
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Problem 2 Solutions:
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Problem 3 Solutions:
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