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Universal Gravitation

From Greek times to Newtonian 
Universal Gravity

The Earth is a sphere?

• Ancient Greece: Observations of ships on 
horizon

• Lunar Eclipse: Earth casts a disc shaped 
shadow on the moon

• Everyone can see that the moon is round –
Perhaps a sphere is the natural shape of 
celestial bodies

• Polar winter – Six month nights

What keeps us from falling off the 
spherical earth?

Greek View of Gravity

• Everything attracted to center of universe

• Earth is at the center of the universe

Figuring out the size of things

• Step 1: Determine the radius of the earth

The Radius of the Earth
• Erathoshenes 276 BCE

– Chief librarian in Alexandria

• He learned of a remarkable well in 
Syene in Southern Egypt
– At noon on June 21 each year, the day of 

the summer solstice, the sun shone directly 
into the well and illuminated it all the way 
to the bottom

• So on that day, in that location, the sun 
must be directly overhead

Determining true vertical

• Hold a plumb bob

• String will hang 
directly towards 
the center of the 
earth
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Determining angle of sun

• Use plumb bob to 
set stick to true 
vertical

• Determine ratio 
of length of 
shadow to length 
of stick

Determining angle of sun

• Use trigonometry 
to determine the 
angle based on 
the height of the 
stick and the 
length of the 
shadow

SHADOW
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Determining angle of sun

• Using this technique, the 
measured angle of the sun 
at noon on June 21 in 
Alexandria was 7º 12’

• 1/50 of a circle

SHADOW

Angle 
of sun

The circumference of 
the world is 25,000 

miles!

7º 12’ or 1/50 of a circle

The measured distance 
from Alexandria, Greece to 
Syene, Egypt is 500 miles.

So 500 miles is 1/50 of the 
circumference of the earth.

Radius: 6380 km

Figuring out the size of things

• Step 1: Determine the radius of the earth

• Step 2: Determine the diameter of the moon

Use Lunar Eclipse to determine 
Diameter of Moon

Earth

Just Before Eclipse Starts

Moon completely blocked 
by earth

Just after eclipse completed

Direction of 
moon travel

Diameter of moon determined by 
using observations and a clock.  
It take ¼ of transit time for lunar 
eclipse to become total.

CONCLUSION: Diameter of 
moon is ~¼ that of the earth.
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Figuring out the size of things

• Step 1: Determine the radius of the earth

• Step 2: Determine the diameter of the moon

• Step 3: Determine the distance to moon

Distance to the moon
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X2=?

Set up an object to block 
the image of the moon. 
Use similar triangles to 
determine the distance to 
the moon.
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Solve for X2.  The distance to the moon is  384,000 km.

Figuring out the size of things

• Step 1: Determine the radius of the earth

• Step 2: Determine the diameter of the moon

• Step 3: Determine the distance to moon

• Step 4: Determine the distance to the sun

Third century, Aristarchas:
Distance to the sun

• Strategy: Wait for a half moon
• Then the earth-moon-sun angle is 90º
• Measure moon-earth-sun angle
• Deduce sun-earth distance

320,000 km

87º

90º

Aristarchus   -230 BCE

Figuring out the size of things

• Step 1: Determine the radius of the earth

• Step 2: Determine the diameter of the moon

• Step 3: Determine the distance to moon

• Step 4: Determine the distance to the sun

• Step 5: Determine the diameter of the sun

Determining the size of the sun

• Use the fact that during a total eclipse the 
moon just blocks out the sun.

• Then use the diameter of the moon, the 
earth-moon distance and the earth-sun 
distance
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Determining the diameter of the sun based on earth-moon 
distance, earth-sun distance, and diameter of moon
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Moon Falling 
Around The 
Earth

� Distance to moon 

is 60X radius of 
earth

� Period of moon is 

~28 days

� So we can figure 

out how far the 
moon drops in one 

second

Inverse Square Law
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Paths of Satellites around Earth

http://science.nasa.gov/Realtime/JTrack/3D/JTrack3D.html

Kepler’s Laws

� Based on careful measurement of 

motion of planets

� Empirical

Kepler’s Laws

1. The path of each planet about the 

Sun is an ellipse with the Sun as 
one focus

2. Each planet moves so that an 
imaginary line drawn from the Sun 

to the planet sweeps out equal 

areas in equal periods of time
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Kepler’s Laws

3. The ratio of the squares of the 

periods T of any two planets 
revolving around the Sun is equal 

to the cubes of their mean 
distances from the sun.

5-9 Kepler’s Laws and Newton's Synthesis

Kepler’s laws describe planetary motion.

1. The orbit of each planet is an ellipse, with 
the Sun at one focus.

5-9 Kepler’s Laws and Newton's Synthesis

2. An imaginary line drawn from each planet to 
the Sun sweeps out equal areas in equal times. 

5-9 Kepler’s Laws and Newton's Synthesis

3. The ratio of the square of a planet’s orbital 
period is proportional to the cube of its mean 
distance from the Sun.

5-9 Kepler’s Laws and Newton's Synthesis

Kepler’s laws can be derived from Newton’s 
laws. Irregularities in planetary motion led to 
the discovery of Neptune, and irregularities in 
stellar motion have led to the discovery of 
many planets outside our Solar System.

Newton’s Law of Universal Gravitation

1. Force of gravity α 1/r2

� Initially this was arrived at empirically

� The surface area of a sphere
� A=4πr2

� Because of this, force laws are 
frequently inverse square laws.
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Newton’s Law of Universal Gravitation

� Assume that there are gravitons traveling 
away from a large body uniformly in all 
directions. 

� Then if another body has a size, ∆a, then 
the fraction of the overall sphere captured 
by ∆a would be:

� ∆a/a=∆a/4πr2  α 1/r2

� This fraction would also be the fraction of 
gravitons captured by the other body

Newton’s Law of Universal Gravitation

� Symmetry of masses

� Newton postulated that the mass of 

each object had to play a role in the 
force of gravitation.

� Because of Newton’s 3rd Law, there 

has to be a symmetry in the 
equation between the two masses 

that are being attracted:
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Newton’s Law of Universal Gravitation

� As a result of the symmetry, 

Newton postulated that:
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Newton’s Law of Universal Gravitation

� Every particle in the universe attracts 
every other particle with a force that is 

proportional to the product of their 
masses and inversely proportional to the 

square of the distance between them. 
This force acts along the line joining the 

two particles.

� G=6.67 x 10-11N m2/kg2
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Geo Synchronous Orbits

� Geo Synchronous – Object stays 

above the same place on earth at all 
times

� Gravitational attraction = Centripetal Force
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Geo Synchronous Orbits

� If we plug the expression for v into 

the equation above we get:

� r=42,300 km

� Subtracting the radius of the earth 

we get that the distance above the 
earth is ~ 36000km ~6 rE


