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EXPECTATIONS

• analyze the factors affecting the motion of isolated celestial 
objects and calculate the gravitational potential energy for 
each system

• analyze isolated planetary and satellite motion, and 
describe the motion in terms of the forms of energy and 
energy transformations that occur



EQUATIONS

• Gravitational Potential Energy

∆𝐸𝑔 =
𝐺𝑀𝑚

𝑟
• Escape Velocity

𝑣 =
2𝐺𝑀

𝑟



GRAVITATIONAL POTENTIAL 
ENERGY IN GENERAL

• Recall: for distances that are close together (less than a few 
hundred km) we use

∆𝐸𝑔 = 𝑚𝑔∆𝑦

• When we look at greater changes in displacement 𝑦, we can 
no longer approximate 𝑔 as constant.



DETERMINING ∆𝐸𝑔 IN GENERAL

• We start with the general gravitational force

𝐹𝐺 =
𝐺𝑀𝑚

𝑟2

• In order to increase the separation distance 
between two objects, work needs to be done to 
overcome the force of attraction
• Similar to stretching a spring

• Note: this work is equal to the area under the 
Force-separation graph between 𝑟1 and 𝑟2



DETERMINING ∆𝐸𝑔 IN GENERAL

• To avoid the use of calculus, we take the geometric 
average of 𝐹1 and 𝐹2 ( 𝐹1𝐹2)

• The area under the curve is the work done to increase 
the separation, but is also the change in gravitational 
potential energy

area = 𝐹1𝐹2 𝑟2 − 𝑟1

=
𝐺𝑀𝑚

𝑟1
2

𝐺𝑀𝑚

𝑟2
2 𝑟2 − 𝑟1

=
𝐺𝑀𝑚

𝑟1𝑟2
𝑟2 − 𝑟1

=
𝐺𝑀𝑚

𝑟1
−

𝐺𝑀𝑚

𝑟2



DETERMINING ∆𝐸𝑔 IN GENERAL

• Since the area is the change in gravitational potential energy,

area = ∆𝐸𝑔 =
𝐺𝑀𝑚

𝑟1
−

𝐺𝑀𝑚

𝑟2

= −
𝐺𝑀𝑚

𝑟2
− −

𝐺𝑀𝑚

𝑟1

= 𝐸𝑔2
− 𝐸𝑔1

• So, in general,

𝑬𝒈 = −
𝑮𝑴𝒎

𝒓



PROBLEM 1



PROBLEM 1 – SOLUTIONS



ESCAPE FROM A 
GRAVITATIONAL FIELD

• Recall: the gravitational potential 
energy of any two masses separated 
by a distance 𝑟 is

𝐸𝑔 = −
𝐺𝑀𝑚

𝑟
• The negative gives the shape of a 

potential well, the graph of 𝐸𝑔 vs 𝑟

• Recall: 𝐸𝑇 = 𝐸𝐾 + 𝐸𝑔



ESCAPE FROM A 
GRAVITATIONAL FIELD

• Consider a rocket at rest on the surface of a 
planet (point A)
• 𝐸𝐾 = 0

• 𝐸𝑔 = −
𝐺𝑀𝑚

𝑟
(minimum value)

• Launching the rocket will provide an initial 
kinetic energy (line AB)
• 𝐸𝑔 will increase along the curve to C
• 𝐸𝐾 will decrease to 0 at C
• 𝐸𝑇 = 𝐸𝐾 + 𝐸𝑔 = constant (line BC)

• Note: once 𝐸𝐾 = 0, the rocket falls back to 
the surface, converting 𝐸𝑔 back to 𝐸𝐾



ESCAPE FROM A 
GRAVITATIONAL FIELD

• To escape a potential well, we need 
to reach a separation large enough 
to have a gravitational potential 
energy of zero
• 𝑟 → ∞, 𝐸𝑔 → 0

• If we have a minimum kinetic energy
to reach this distance, we will be left 
with zero kinetic energy at this 
distance
• 𝑟 → ∞, 𝐸𝐾 → 0



ESCAPE FROM A 
GRAVITATIONAL FIELD

• Escape Speed: the minimum speed needed to project a mass 𝑚 from 
the surface of mass 𝑀 to just escape the gravitational force of 𝑀

𝐸𝑇 = 𝐸𝐾 + 𝐸𝑔 = 0

𝐸𝐾 = −𝐸𝑔

1

2
𝑚𝑣2 = − −

𝐺𝑀𝑚

𝑟

𝒗 =
𝟐𝑮𝑴

𝒓



ESCAPE FROM A 
GRAVITATIONAL FIELD

• Escape Energy: the minimum kinetic energy needed to 
project a mass 𝑚 from the surface of mass 𝑀 to just escape 
the gravitational force of 𝑀
• When 𝐸𝑇 = 𝐸𝐾 + 𝐸𝑔 = 0, then 𝐸𝐾 = −𝐸𝑔

• When 𝐸𝑇 > 0, then 𝐸𝐾 > −𝐸𝑔 and 𝑚 will have some 𝐸𝐾 left at an 
infinite separation distance

• When 𝐸𝑇 < 0, then 𝐸𝐾 < −𝐸𝑔 and m will not escape, but will stop 
at a finite distance before falling back down to the surface





ESCAPE FROM A 
GRAVITATIONAL FIELD

• Binding Energy: the amount of additional kinetic energy 
needed by a mass 𝑚 to just escape from a mass 𝑀
• At the surface:

𝐸𝑇 = 𝐸𝐾 + 𝐸𝑔

= 0 + −
𝐺𝑀𝑚

𝑟

= −
𝐺𝑀𝑚

𝑟
• The binding energy must be

𝐺𝑀𝑚

𝑟
to escape the surface



ESCAPE FROM A 
GRAVITATIONAL FIELD

• Binding Energy: the amount of additional kinetic energy 
needed by a mass 𝑚 to just escape from a mass 𝑀
• In orbit:

Σ𝐹 = 𝐹𝐺
𝑚𝑣2

𝑟
=

𝐺𝑀𝑚

𝑟2

𝑚𝑣2 =
𝐺𝑀𝑚

𝑟



ESCAPE FROM A 
GRAVITATIONAL FIELD

• Binding Energy: the amount of additional kinetic energy needed 
by a mass 𝑚 to just escape from a mass 𝑀
• In orbit:

𝐸𝑇 = 𝐸𝐾 + 𝐸𝑔

𝐸𝑇 =
1

2
𝑚𝑣2 −

𝐺𝑀𝑚

𝑟

=
1

2

𝐺𝑀𝑚

𝑟
−

𝐺𝑀𝑚

𝑟

= −
1

2

𝐺𝑀𝑚

𝑟

= 1

2
𝐸𝑔



PROBLEM 2



PROBLEM 2 – SOLUTIONS



PROBLEM 2 – SOLUTIONS CONT.



PROBLEM 2 – SOLUTIONS CONT.



PROBLEM 2 – SOLUTIONS CONT.



SUMMARY

• The gravitational potential energy of a system of two (spherical) masses is directly 
proportional to the product of their masses, and inversely proportional to the distance 
between their centres.

• A gravitational potential energy of zero is assigned to an isolated system of two masses 
that are so far apart (i.e., their separation is approaching infinity) that the force of 
gravity between them has dropped to zero.

• The change in gravitational potential energy very close to Earth’s surface is a special 
case of gravitational potential energy in general.

• Escape speed is the minimum speed needed to project a mass 𝑚 from the surface of 
mass 𝑀 to just escape the gravitational force of 𝑀.

• Escape energy is the minimum kinetic energy needed to project a mass 𝑚 from the 
surface of mass 𝑀 to just escape the gravitational force of 𝑀.

• Binding energy is the amount of additional kinetic energy needed by a mass 𝑚 to just 
escape from a mass 𝑀.



PRACTICE

Readings
• Section 6.3 (pg 285)

Questions
• pg 294 #1,2,4,5,6


