
Topic 6 Fields at work 



 



 



Newton’s 

Gravitation 

• Newton’s most 

original contribution! 

• All objects in the 

universe exert a 

gravitational pull on 

each other 

• F depends on: 

– d 

– m 



Gravitational Definitions 

• This is where most people mix up problems 

• Mass, Force or Field? 

– 25N 

– Weight 

– 5kg 

– 9.8N/kg 

– Apparent Weight 

– Gravitational acceleration 

– 25lb!? 

– 1.63m/s2  

 



One does not simply… 

…mix up mass and weight 



Universal gravitation: 

– Where G is the universal gravitational constant  

The problem in determining “G” is in measuring 

the feeble force between two ordinary (and 

“weighable”) objects 

Ex 1: Find the force of attraction between Rachel 

(50 kg) and Matt(80 kg) if they sit 2 m apart. 
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Cavendish’s “Weigh the 

Earth” Experiment 

• If we can get a measurable force for two known 

masses, we can find G 

• Once G is known, we can “weigh” anything! 

• Find G if Cavendish calculated the force between 

the 158 kg mass and the 0.73kg mass (when their 

centers are 25cm apart) to be: 
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Ex 2: find mass 

• Use the gravitational constant to find 

the Earth’s mass 
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• Ex 2: find the gravitational field strength 

“g” at an altitude of 130 km. Careful! 

2r

GM
g 

256

24
2

2
11

)103.11038.6(

1098.51067.6

mm

kg
kg

Nm

g








kg
Ng 41.9

mgFg 



Ex 4: find mass 

• Use the Earth’s orbit to find the mass 

of the Sun 

 
2

211

11
2

4

1067.6

105.1100.3

kg
Nm

m
s

m

M





2

2

2

4

T

rm

r

GMm 


G

rv
M

2



kgM 30100.2 

maF 



Exercises 

• P. 183-4 #1-3 

 

 



Ex. 3: find g on the moon. 
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Ex 5: find speed 

• How fast would you need to orbit a 10 

Solar mass black hole at a distance of 

100km? 
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Energy 



Gravitational Potential Energy 

• Switching from relative potential energy mgh 

• Absolute Grav Ep=-GMm/r 

• This is negative since gravity is always an 

attractive force.  We have to put energy into the 

system to separate the masses. 

• To find the energy needed to lift a mass off the 

surface of a planet, simply subtract the potential 

energy before and after 



Ex 1: How much 

potential energy? 

• What is the gravitational energy of a 55kg 
“little prince” standing on the surface of a 
100m wide, 3x109kg asteroid? 
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Ex 2: E 

• How much energy is required 

to lift off a 2900 Ton Saturn V 

rocket 100 km straight off the 

surface of the planet? 
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Ex 4: Escape velocity 

• Find the escape velocity for: 

– the Earth 

– the Moon 

– a 10 km diameter comet 

• This is the minimum velocity for which 

kinetic energy just balances potential, or: 
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• The Earth: 
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• The comet: mass? 
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• The comet continued: 

could you jump clear 

off the surface? 

s
mvesc 7.3
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• The lesson? Be careful when jumping 

around on a comet! 



Exercises 

• P. 127 #1-3 

 



 



 



 



 





Orbital Velocity 





Orbital velocity 

• This can be thought of as the half way point 

towards total freedom: orbital energy is half 

the potential energy at that point. 

• This gives us:  
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Ex 3: Geosynchronous 

Orbit 
• What period should a satellite in 

geosynchronous orbit have? 
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• How fast is a satellite in geosynchronous 

orbit (42000 km)? 



Gravitational Potential 

• This is energy per unit mass 
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• Ex: what is the potential at a point 3500 

km above the surface of the Earth? 
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What is your maximum potential? 
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Can you graph your potential? 
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Gravitational Potential 

• This can also be expressed as V=gh. Ex: 

what is the gravitational potential on 

NorKam’s roof, relative to the ground? 

1498.95  kgJghV

• Ex: what is the potential difference on the 

Crystal chair? 
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Exercises 

• Finish up to #5 p. 185 

• Continue up to #11 p. 190 

• Keep working on IA 



 



 



 



Centripetal Acceleration 

• We can have acceleration with constant 

speed 

• If a=v/  t we find the direction of a is 

towards the center of the circle 
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Magnitude of ac 

• We can also express this in terms of period 

of the rotation since v=d/t 

• v=d/t=2r/T 

• So we also have 
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Ex 1: find the acceleration 

• A 2kg mass is swung at the end of a 

0.5 m rope with a period of rotation of 

0.75s. Find a 
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Ex 2: find force 

• The Earth travels in its orbit at a speed 

of about 30 km/s. What force is 

necessary to keep it in its orbit? 
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Try it! 

• Lab 4-1 p. 110 Physics Two 



Ex 3: Geosynchronous Orbit 

• What orbital radius should this satellite have? 
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Exercises 

• Continue up to #19 p. 194 

• Keep working on IA 


