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Introduction
The Greek Archimedes lived in 250 BCE.  Greek power was fading. Roman power was 

rising.  
Archimedes was born in a Greek City Syracuse near Sicily. He went to study in 

Alexandria, Egypt.  Alexandria's musæum and the Great Library of Alexandria drew scholars 
from all over the world.  In the time of Archimedes, mathematicians had not yet discovered 
decimals. Archimedes expressed everything in fractions. 

Archimedes loved pure mathematics more than his inventions which won him fame.  
Even today, the discoveries of Archimedes amaze us

MATHEMATICAL CONCEPTS

The Principle of Buoyancy

The king ordered a goldsmith to make him a crown.  The king provided the gold for the 
crown.  When the smith produced a finished crown, the king suspected the goldsmith had 
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cheated him.  The king offered an award to whoever could prove if the crown were gold or 
not.

In a bath, Archimedes noticed that when he lowered himself, the water level would rise.  
He continued experimenting in the bath with this concept.  Thinking of the king’s challenge, 
Archimedes jumped out of the bath and ran home screaming “EUREKA!” naked in the 
street.1

d = m/v

density = mass /volume

Different densities sink to different depths of water.  Water has a density of one gram 
per cubic centimeter.  Any density less than that will float in water.  Any density more than 
that will sink in water.  An object with a density of 2 grams per cubic centimeter will displace 
more water than an object with a density of 1.5 grams per cubic centimeter.  He put the king’s 
crown in water.  The water level rose to a certain point.  He took pure gold of the same 
weight and put it into the water.  The water level rose to a higher point.  This showed that the  
crown had less density than gold, showing the crown contained impurities.

The Area of a Circle

Archimedes found a way to calculate the area of a circle without a formula.  He drew a 
multi polygon and found the sum of the area of all the triangles inside and outside of the 
circle.  He then split the difference.   This method we call triangulation.  In triangulation, one 
can take any polygon or shape, and draw in non-overlapping triangles inside the shape.

 Ancient Greeks often ran naked.  See “Runners in the Long Race” British Museum.1
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By triangulation, Archimedes calculated the value of π was between 3 1/7 which is 
3.142857142857… and 3 10/71 which is 3.140845070423…

Archimedes also established √3 being 265/153 or 1.7320261 and 1351/780 or1.730512.  Today, 
we have learned it is Archimedes calculated it correctly to fewer decimals, 1.73050807569.  
Archimedes calculated π extremely accurately.

The Quadrature of the Parabola

Archimedes established the quadrature of the parabola.  He established that the area of  
“a” is 4/3 of “b”.  

Filling the Universe

According to a proverb, “Grains of sand cannot be counted.”  Archimedes challenged 
the proverb.  He devised a counting system based on what he called a “myriad” which is 
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equal to 10,000.  He created a number system of a myriad of myriads.  He used this method 
to say that the number of grains of sand that would fill the universe is 8 vigintillian or 8*1063 
or 8, 000, 000, 000, 000, 000, 000, 000, 000, 000, 000, 000, 000, 000, 000, 000, 000, 000, 000, 000, 
000, 000.  

Sphere in a Cylinder

Archimedes determined the volume of a sphere perfectly fitting inside a cylinder is 2/3 
of the cylinder’s volume.  Archimedes was so proud of discovering this concept that he left 
instructions telling the engraver of his tombstone to draw this concept onto his tombstone. 

INVENTIONS
In the last two years of his life, in the 2nd Punic War,  Archimedes designed war 

machines.  The machines of Archimedes held the Romans back.  Roman generals knew and 
respected this Greek scholar.

The Archimedes Claw

Archimedes designed the claw to repel a powerful fleet of Roman galleys from the 
seaward walls of Syracuse. Plutarch, Polybius and Livy all describe huge beams that could 
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swing out over the walls.  Some of these beams dropped huge weights, punching holes 
through the Roman galleys sinking them.

The Archimedes Screw

The Archimedes screw consisted of a cylinder with a piece of metal spiraling up. A 
handle on the outside of the cylinder rotates the screw.  To pump water, one would place the 
screw in the water and turn the handle, forcing water upwards.   Greeks used the Archimedes 
screw to empty the water out of the bottoms of large ships.  The Romans used the 
Archimedes screw as a basis of Rome’s famous Aqueduct.   In Egypt, farmers still use the 
water screw Archimedes invented to irrigate their crops.   We use the screw for pump sewage2

Death Rays

Archimedes' death ray, focused sunlight onto the wooden Roman galleys and caused 
them to burst into flames. The device consisted of a large array of highly polished bronze or 
copper shields arranged in a parabola, concentrating sunlight into a single, intense beam.  A 

 “Archimedes” by T.L. Heath, Encyclopedia Britannica Macropedia 15th Ed. 19782
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recent news report mentioned that the Russian Army will design a laser beam to shoot down 
drones.  Archimedes’ mind thought far into the future.
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Demise

When the Romans finally broke into Syracuse, the Roman general Marcellus ordered his 
soldiers to spare Archimedes’ life.  Some say that during the siege, Archimedes was working 
on new engineering ideas.  When a Roman soldier came to collect Archimedes, Archimedes 
shooed the soldier away.  The angry soldier stabbed Archimedes. 

Conclusion

Archimedes valued above all his mathematical research.  His greatest achievements 
were in geometry.  He founded theoretical mechanics.  His practical inventions astonished 
the world.   The brilliant insights of Archimedes continue to inform us even today.

The Works of Archimedes

Nine books of Archimedes have survived today.  These books include
• On  the  Sphere  and  Cylinder,  describing  the  geometrical 

characteristics of spheres, cones, solid rhombi, and cylinders.
• Measurement of the Circle, defining the number pi.
• On  Conoids  and  Spheroids,  on  solids  generated  by  the 

revolution about  their  axes  above circle,  ellipse,  parabola,  and 
hyperbola. 

• On  Spirals.   Today  we  know  one  curve  as  the  spiral  of 
Archimedes.

• On the Equilibrium of Planes or the Centers of Gravity of 
Planes.  These two books describe how to determine the centers 
of gravity of geometric figures.

• Quadrature of the Parabola (see 5th illustration above)
• On Floating Bodies, discussing hydrostatics,  the positions 

of rest and stability of a solid floating in a fluid. 
• The Sand Reckoner, calculating the number grains of sand 

in a sphere of the size of the universe.
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• The Method.  Here Archimedes explains how he reached 
many of his important results. 3

We know of seven lost works by Archimedes.
• Investigations on Polyhedra
• Principles,  concerning  numbers  Archimedes  designed for 

the Sand Reckoner.
• On Balances
• On Centers of Gravity
• Catoptrica, concerning optics
• On the Calendar
• On  Sphere  Making.  Archimedes  explained  how  he 

constructed a sphere to imitate the motions of the sun, moon, and 
five planets.4
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