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Lesson 15  

 
Everyone should have read about Newton’s Universal Law of Gravitation last 
night. In general, what does this law state? [the Earth’s gravity pulls on 
everything; all objects have their own gravitational force and pull on everything 
else; it is gravity that keeps the planets, moons, stars in their orbits]. What is it 
that determines the amount of gravitational pull, because, obviously, the Earth 
doesn’t have the same pull as an apple...[The amount of attraction is 
determined by the mass and the distance between the two objects]. 
 
What is this thing we call mass, though? Why is it not your weight that affects 
your gravitational pull? Your mass contributes to your weight, but not the 
other way around. Your mass is the amount of matter in you, and your weight 
is calculated based on that amount of matter. 
 
But, how does this really work? Newton’s truly brilliant idea was: if the force of 
gravity reaches to the top of the highest tree, might it not reach even further; in 
particular, might it not reach all the way to the orbit of the Moon! Then, the 
orbit of the Moon about the Earth could be a consequence of the gravitational 
force, because the acceleration due to gravity could change the velocity of the 
Moon in just such a way that it followed an orbit around the earth. But that’s a 
bit confusing... 
 
This might make more sense if we do the following thought experiment: 
Imagine a cannon sitting on top of a mountain. We have the ability to control 
the force at which the cannon fires a cannon ball, thereby changing the velocity 
(speed + direction) of the cannon ball. If we simply fire the cannon ball from the 
cannon, the ball will eventually fall to Earth because of the gravitational force 
acting on the ball. But, if we increase the force of the cannon, thereby 
increasing the speed and velocity of the cannon ball the ball would travel 
completely around the Earth, always falling in the gravitational field but never 
reaching the Earth, which is curving away at the same rate that the ball falls. 
That is, the cannon ball would have been put into orbit around the Earth.   
 
Newton realized that the orbit of the Moon followed the same concept: the Moon 
continuously "fell" in its path around the Earth because of the acceleration due 
to gravity, thus producing its orbit. 
 
Newton’s Universal Law of Gravitation states: Gravity is an attractive force 
acting on everything in our universe. The greater the mass of an object, the 
greater its attraction to another object. Gravity weakens over distance (by the 
square of the distance – meaning if the distance doubles, the force becomes ¼ 
as strong). Newton summarized his Law in this equation: 
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But, really, what is my mass compared to the Earth’s? Or yours? And, clearly, 
we’re not quite like the moon or a giant cannon ball since we’re standing on the 
Earth, so the distance between us is hardly anything. So, what is the 
gravitational for us? 
 
Well, because the Earth is so massive and we reside on or near the surface of 

Earth, 
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 is the same for everyone, assuming m1 is the mass of Earth and d 

is the radius of Earth. Scientists have calculated 
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number look familiar to anyone? It should, it’s what we often refer to as gravity. 
In science, we refer to 9.8 m/s2 as g, which is the gravitational force on Earth.  
 
But, what about m2? Where did it go in all of this? Don’t worry, it didn’t 
disappear!  
 
What we’re left with in our equation is: 
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in this case? Well, that depends, it’s different for everyone in this room, 
because we could each be an m2. But, we could find out. How, you ask? Well, 
I’ve been keeping something from you, see, Fgravitational is more commonly known 
by another name: weight! So, I know my weight is 120 pounds, I need to 
convert that to kilograms to get the units right, which I did. I weigh roughly 
54.43 kilograms. So, what is my mass? Well, what do I know? [Fg and g]  
 
So, my equation now looks like: 
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54.43 = 9.8•m
meredith
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5.55kg " mmeredith  
 
My mass on Earth is roughly 5.55kg. Over the next few lessons, we’ll be 
discussing why mass is so important to know. And because of that, I need each 
of you to calculate your own mass for our next lesson.  
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