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Archimedes’ Principle

The Greek scientist
Archimedes made a brilliant
discovery around 212 B.C.E.
Hiero II, ruler of Syracuse,
suspected that the royal gold-
smith had not used pure gold
to make his crown. The king
asked Archimedes to deter-
mine whether the crown was
made entirely of gold.

Archimedes knew that all
he had to do was determine
whether the density of the crown matched the density of gold. Recall
that the formula for density requires only two values: mass and volume.
Archimedes could measure the mass of the crown easily with a balance.
How could he measure the volume of an object as irregularly shaped as
a crown?

Archimedes solved the problem while at the public baths. He
stepped into the almost-full bath, and water gushed all over the floor.
The solution to the problem came to Archimedes in a flash — a solid
object can displace water out of a container.

Figure 1.40 A solid object added to a container displaces the fluid.

Archimedes reasoned that the water that was displaced must have
exactly the same volume as the volume of his body. Therefore, to find
the volume of the crown, Archimedes would simply submerge the
crown in a container full of water. He would then collect and measure
the volume of the water that spilled out. When Archimedes carried out
this test, he showed that the crown was made of a mixture of gold and
silver. He concluded that the goldsmith who had made the crown had
tried to cheat the king.
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Archimedes applied his
new ideas to another property
of fluids. He believed that the
displaced fluid held the key to
whether the object placed in
the fluid would sink or float.
He wondered why he would
sink if he stepped into a bath-
tub, but he would float if he
stood in a boat on the water.
He concluded that the
amount of buoyant force that

would push up against the
object immersed in the fluid would equal the force of gravity (the
weight) of the fluid that the object displaced.

If the water in a container is still, or at rest, then the water particles
are neither rising nor sinking. An object immersed in a fluid such as
water does not rise or sink if the amount of force pulling down (gravity)
equals the amount of force pushing up (buoyancy). When gravity equals
buoyancy, this condition is known as neutral buoyancy. The water
particles in the lower part of the container must be exerting a buoyant
force equal to the weight, or force of gravity, of the water above it.

When Archimedes stepped into the bath, he sank because the
amount of water that he displaced weighed less than he did. When he
stepped into a boat, however, a larger volume of water was displaced.
The weight of this water far exceeded the weight of the boat and
Archimedes combined. Therefore, the buoyant force was greater and
the boat, with Archimedes in it, floated on the surface.

Why would Archimedes and his boat not continue to rise, with
such a large buoyant force pushing it upward? At the surface of the
water, the fluid supporting the object is air. As mentioned earlier, the
buoyancy of air is much less than that of water. Therefore, the upward
motion stops at the water’s surface.

Archimedes made the following conclusion, now known as
Archimedes’ principle: The buoyant force acting on an object equals the
weight (force of gravity) of the fluid displaced by the object. Archimedes’
principle is useful in predicting whether objects will sink or float.

The buoyant force does not depend on the weight of the submerged
object, but rather on the weight of the displaced fluid. A solid cube of
aluminum, a solid cube of iron, and a hollow cube of iron, all of the
same volume, would experience the same buoyant force!
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How Buoyancy and Density Are Related

Think back to your density tower (page 60). Both water and oil are
liquids, but they did not support the same objects. The buoyant force
of a liquid does not depend on physical state, but rather on density. (This Would water solutions
is also true for buoyancy in gases.) Id\keiy e a,greater
s ¥ . . .. . lensity than plain water?
As you observed in the previous Find Out Activity, objects float Use the particle model
more easily in salt water than in fresh water. Seawater (salt water) has and the formula for
a density of 1.03 g/mL and fresh water has a density of 1.00 g/mL. The density to explain your
density of salt water is greater than that of fresh water, which means answer.
that the particles of salt water are packed together more tightly. Salt
water can support more weight per volume than fresh water. The next
time you have a chance to swim in the ocean, observe how much more
easily you can float on your back! The relationship between buoyancy
and density is the basis for the hydrometer, an instrument designed to
measure liquid density. Figure 1.41 shows two kinds of commercial
hydrometers. A hydrometer will extend farther out of a liquid if the
liquid has a higher density, for example, water (1 g/mL). A hydrometer
will sink lower if the liquid has a lower density, such as vegetable oil
(0.9 g/mL).

Figure 1.41 Commercial
hydrometers

Many different hydrometers are available commercially, all designed for
specific uses. Hydrometers are widely used in the food and beverage
industries. Although they measure density, these instruments can be
used to determine other values indirectly. For example, they can be
used to determine the sugar content of canned fruit syrup, or the
alcohol content of wine. Analyze how a hydrometer works in the next
investigation.




