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Sir Isaac Newton wrote, "If I have seen far, it is because I 
have stood on the shoulders of giants."  By this, he meant 
that his insights into the nature of gravity and motion were 
based on the work Galileo Galilei and others did before him.  
Likewise, Albert Einstein's work built upon Newton's.  
Without these three great minds, spacecraft might not be 
orbiting Earth today.  The following pages provide a 
historical overview of each scientist's contribution to gravity 
and microgravity, and make mathematical connections 	 	

to microgravity platforms and research.

Gravity
Gravity can be described as the pull objects exert on each other.  Of 
course, an object has to be massive for the pull to be felt.  How 
massive does it need to be?  An object needs to be bigger than an 
elephant, a battleship, or a skyscraper - say in the neighborhood 
of a moon, a planet, or a star.  The massive object closest to us 
is Earth.  

The effects of gravity are subtle and pervasive.  Many people 
are surprised  to find that the force of gravity affects things 
like the shape of a drop of water, toast dropping jelly-side 
down on the floor, a thrown baseball arching back to Earth, hot 
air rising while cool air sinks, and Italian dressing settling in layers.  
Gravity affects daily life so much that it is easy not to think about it.

Great Minds Behind Microgravity
Some of the greatest minds in science and mathematics realized that an 
underlying force was at work when it came to falling objects.  Galileo, then 
Newton, and later Einstein devised experiments to better understand the 
effects of gravity.  Each of these scientist-mathematicians refined the 
research of his predecessors.  Galileo's work with free falling objects, 
Newton's thought experiment for an artificial satellite, and Einstein's insight 
into the feeling of weightlessness during free fall, paved the way for the 
science of creating environments where some of the effects of gravity are 
reduced to a small amount, that is microgravity.  Such environments allow 
scientists to research a number of phenomena normally affected by gravity.

"If I have 
seen far, it is 
because I have 
stood on the 
shoulders of 
giants."
Sir Isaac Newton
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Objects of Different Mass 
Fall at the Same Rate
A cannon ball and a musket ball, 
dropped from the Leaning Tower 
of Pisa, would hit the ground at 
the same time.

Try This!
Calculate your own value for g using data from these four microgravity drop facilities (three at NASA and one in Japan).  
Use the equation above and the data in the table to solve for g.  Note, d is distance and t is time.  
Consider vertical motion to be positive upwards.

While a professor in Pisa, Galileo was obligated to teach Aristotle's natural 
philosophy.  However, Galileo's observations differed from Aristotle's theory that 
heavier objects fall faster than lighter objects, in proportion to their weight.  
Galileo reasoned that objects fall at the same rate.  Legend has it that he 
dropped a cannon ball and a musket ball from the Leaning Tower of Pisa, and 
that the balls hit the ground at the same time.  Unfortunately, this experiment is 
not documented in Galileo's writings.

Since then, scientists have carefully studied free falling objects, taking 
measurements with increasing precision.  They have, indeed, found that, with the 
absence of air resistance, all bodies, regardless of size, fall with the same 
acceleration to Earth's surface.  This eventually became known as the 
acceleration of gravity.  On average, at Earth's surface the acceleration of gravity 
(1 g) is -9.8 meters per second squared (m/s2).

Galileo also showed that there is a similarity between something moving at a 
steady velocity and something that is not moving at all: forces acting on them
      balance each other out.  Galileo also discussed an aquarium on a ship: 
    fish can swim in all directions regardless of whether the ship is anchored
   or sailing.   For the fish, the ship's motion is irrelevant.  Similarly, we walk
 around on Earth, rarely noticing Earth's motion as it rotates on its axis and orbits 
the Sun at 27,772 m/s.  Einstein later used words similar to Galileo's in the 
context of falling systems.  Galileo's concepts led to the creation of microgravity 
conditions and to Einstein's theory of gravitation.

Galileo Galilei
1564-1642

The real data will not produce the precise magnitude for g of 9.8 m/s2.  Why not?  Note: making measurements 
and calculating results involve the concepts of accuracy and precision, significant figures, and orders of 
magnitude.

Facility	 	 	 	 Distance	 	 Time
Glenn Research Center	 	 132 meters	 	 5.2 seconds
	 	 	 	  	   24 meters	 	 2.2 seconds
Marshall Space Flight Center	 100 meters	 	 4.5 seconds
Japan Microgravity Center	 	 490 meters	 	 10  seconds

d=(1/2)gt2

Scientists are still doing experiments similar to Galileo's by dropping objects in 
drop towers.  Below is some information about drop facilities in the United States 
and in Japan.
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Sir Isaac Newton
1642-1727

F= G m Earthmsatellite
	 	 	 	   

 r2

v=	  GmEarth
	 	 	   r

Try This!
Given the two equations to the right, calculate how fast a Space Shuttle 
orbiter and the International Space Station must travel in order to orbit 
Earth.  Solve for velocity (v), using the data below.
G	 = Universal Constant of Gravitation = 6.67 x 10-11 m3/kg s2

mEarth	 = Earth's mass = 5.98 x 1024kg
r	 = radius of Earth + spacecraft's altitude
rEarth	 = 6.37 x 106m  	 	
Orbiter altitude = 290 km
International Space Station altitude = 350 km

The First Artificial 
Satellite Imagined
Newton thought how 
a cannon ball could 
orbit Earth: a cannon 
on top of a tall 
mountain would 
need to fire a 

cannon ball fast 
enough to fall entirely 

around Earth.

As a student at Cambridge, Newton retreated to the country when the 
university closed for 18 months because of the plague.  While there, 
Newton drew upon Galileo's work as he discovered laws of motion and 
gravitation; he also invented the mathematical basis for calculus.  His most 
famous scientific discoveries became known as the Universal Law of 
Gravitation and Newton's Three Laws of Motion.  Together they describe
 the force of gravity and the motion of objects throughout the universe.  

Newton reasoned that the shapes of planetary orbits around the Sun 
were due to gravity's presence.  He expanded this conclusion to 
hypothesize how an artificial satellite could be made to orbit Earth.  In 
his thought experiment, Newton imagined a tall mountain extending above 
Earth's atmosphere, so that air friction would not be a factor.  He then 
imagined a cannon at the top of that mountain firing cannon balls parallel to 
the ground.  The cannon ball would travel in a parabolic path, arching to 
Earth's surface, because of gravity.
  
With more and more black powder, the cannon ball 
path would lengthen.  If the cannon could fire with 
enough force, the cannon ball would fall entirely 
around Earth, orbiting it.  The Space Shuttle 
orbiters and the International Space Station are 
spacecraft that do, in fact, fall at fast enough 
rates to orbit Earth.
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