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can flow freely from position 
to position by sliding over one 
another. A liquid takes the 
shape of its container.
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The pressure of a liquid at rest depends only on 
gravity and the density and depth of the liquid. 

19.1Liquid Pressure



A liquid in a container exerts forces on the walls and bottom of the container.
Recall that pressureis defined as the force per unit area on which the force acts.

19.1Liquid Pressure



The pressure that a block exerts on a table is simply the weight of the block divided 
by its area of contact. 
The pressure a liquid in a cylindrical container exerts against the bottom of the 
container is the weight of the liquid divided by the area of the container bottom. 
ɉ7ÅȭÌÌ ÉÇÎÏÒÅ ÆÏÒ ÎÏ× ÔÈÅ ÁÄÄÉÔÉÏÎÁÌ ÁÔÍÏÓÐÈÅÒÉÃ ÐÒÅÓÓÕÒÅȢɊ

19.1Liquid Pressure



The liquid exerts a pressure against the 
bottom of its container, just as the block 
exerts a pressure against the table.

19.1Liquid Pressure



Density

How much a liquid weighs, and thus how much pressure it exerts, depends on its 
density.

Ɇ For the same depth, a denser liquid exerts more pressure. 

19.1Liquid Pressure



Depth

For any given liquid, the pressure on the bottom of the container will be greater if the 
liquid is deeper. 

19.1Liquid Pressure



a. The liquid in the first container is twice as deep, so the pressure on the 
bottom is twice that in the second container. 
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a. The liquid in the first container is twice as deep, so the pressure on the 
bottom is twice that in the second container. 

b. Two blocks exert twice as much pressure on the table.

19.1Liquid Pressure



The pressure of a liquid at rest does not depend on the shape of the container or the 
size of its bottom surface. 
Liquids are practically incompressible, at a given temperature, so the density of a 
liquid is normally the same at all depths. 

19.1Liquid Pressure



At a given depth, a liquid exerts the same pressure against any surfaceɂthe bottom 
or sides of its container, or even the surface of an object submerged in the liquid to 
that depth. 

The pressure a liquid exerts depends 
on its density and depth.

19.1Liquid Pressure



Volume

The pressure of a liquid does not depend on the amount of liquid. 
Neither the volume nor even the total weight of liquid matters. 

19.1Liquid Pressure



The water pressure is greater at the bottom of the deeper lake. The dam holding back 
water twice as deep must withstand greater average water pressure, regardless of the 
total volume of water.

19.1Liquid Pressure



The pressure of the liquid is the same at any given depth below the surface, regardless 
of the shape of the container.

19.1Liquid Pressure



4ÈÅ Ȱ0ÁÓÃÁÌȭÓ ÖÁÓÅÓȱ ÉÌÌÕÓÔÒÁÔÅ ÔÈÁÔ ×ÁÔÅÒ ÐÒÅÓÓÕÒÅ ÄÅÐÅÎÄÓ ÏÎ ÄÅÐÔÈ ÁÎÄ ÎÏÔ ÏÎ 
volume.
4ÈÅ ×ÁÔÅÒȭÓ ÓÕÒÆÁÃÅ ÉÎ ÅÁÃÈ ÏÆ ÔÈÅ ÃÏÎÎÅÃÔÅÄ ÖÁÓÅÓ ÉÓ ÁÔ ÔÈÅ ÓÁÍÅ ÌÅÖÅÌȢ 4ÈÅ 
pressures at equal depths are the same. 
At the bottom of all four vases, for example, the pressures are equal. 

19.1Liquid Pressure



At any point within a liquid, the forces that produce pressure are exerted equally in 
all directions. 
When you are swimming underwater, no matter which way you tilt your head, your 
ears feel the same amount of water pressure.

19.1Liquid Pressure



When the liquid is pressing against a surface, there is a force from the liquid 
directed perpendicular to the surface.
If there is a hole in the surface, the liquid initially will move perpendicular to the 
surface.  
Gravity causes the path of the liquid to curve downward.
At greater depths, the net force is greater, and the velocity of the escaping liquid is 
greater.

19.1Liquid Pressure



a. The forces against a surface add up 
to a net force that is perpendicular to 
the surface. 
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a. The forces against a surface add up 
to a net force that is perpendicular to 
the surface. 

b. Liquid escaping through a hole 
initially moves perpendicular to the 
surface.

19.1Liquid Pressure



think!

A brick mason wishes to mark the back of a building at the 
exact height of bricks already laid at the front of the building. 
How can he measure the same height using only a garden hose 
and water?
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think!

A brick mason wishes to mark the back of a building at the 
exact height of bricks already laid at the front of the building. 
How can he measure the same height using only a garden hose 
and water?

Answer: 

The brick mason can extend a garden hose that is open at both 
ends from the front to the back of the house, and fill it with 
water until the water level reaches the height of bricks in the 
front. Since water seeks its own level, the level of water in the 
other end of the hose will be the same!

19.1Liquid Pressure



What determines the pressure of a liquid?

19.1Liquid Pressure



When the weight of a submerged object is greater 
than the buoyant force, the object will sink. When 
the weight is less than the buoyant force, the 
object will rise to the surface and float. 

19.2Buoyancy



Buoyancy is the apparent loss of weight of objects when submerged in a liquid.
Ɇ It is easier to lift a boulder submerged on the bottom of a riverbed than to 
ÌÉÆÔ ÉÔ ÁÂÏÖÅ ÔÈÅ ×ÁÔÅÒȭÓ ÓÕÒÆÁÃÅȢ 

ɆWhen the boulder is submerged, the water exerts an upward force that is 
opposite in direction to gravity. This upward force is called the buoyant 
force. 

Ɇ The buoyant force is the net upward force exerted by a fluid on a 
submerged or immersed object.

19.2Buoyancy



The upward forces against the bottom of a submerged object are greater than the 
downward forces against the top. There is a net upward force, the buoyant force.

19.2Buoyancy



Arrows represent the forces within the liquid that produce pressure against the 
submerged boulder.

Ɇ The forces are greater at greater depth. 
Ɇ The forces acting horizontally against the sides cancel each other, so the 

boulder is not pushed sideways. 
Ɇ Forces acting upward against the bottom are greater than those acting 

downward against the top.
Ɇ The difference in upward and downward forces is the buoyant force.

19.2Buoyancy



When the weight is equal to the buoyant force, the submerged object will remain 
at any level, like a fish. 

19.2Buoyancy



If a stone is placed in a container of water, the water level will rise.
Water is said to be displaced, or pushed aside, by the stone. 
The volume of water displaced is equal to the volume of the stone. 

A completely submerged object 
always displaces a volume of liquid 
equal to its own volume.

19.2Buoyancy



When an object is submerged, it displaces a volume of water equal to the volume of 
the object itself.

19.2Buoyancy



To determine the volume of an irregularly shaped object, submerge it in water in a 
measuring cup. Note the apparent increase in volume of the water. 
The increase is equal to the volume of the submerged object. 

19.2Buoyancy



When an object is submerged in a container that is initially full, the volume of water 
overflowing is equal to the volume of the object. 

19.2Buoyancy



What determines if an object will sink or float? 

19.2Buoyancy



!ÒÃÈÉÍÅÄÅÓȭ ÐÒÉÎÃÉÐÌÅ ÓÔÁÔÅÓ ÔÈÁÔ ÔÈÅ ÂÕÏÙÁÎÔ 
force on an immersed object is equal to the weight 
of the fluid it displaces. 

19.3!ÒÃÈÉÍÅÄÅÓȭ 0ÒÉÎÃÉÐÌÅ



!ÒÃÈÉÍÅÄÅÓȭ ÐÒÉÎÃÉÐÌÅ describes the relationship between buoyancy and displaced 
liquid. 
It was discovered in ancient times by the Greek philosopher Archimedes (third 
century B.C.).

!ÒÃÈÉÍÅÄÅÓȭ ÐÒÉÎÃÉÐÌÅ ÉÓ ÔÒÕÅ ÆÏÒ ÌÉÑÕÉÄÓ 
and gases, which are both fluids.

19.3!ÒÃÈÉÍÅÄÅÓȭ 0ÒÉÎÃÉÐÌÅ



Immersed ÍÅÁÎÓ ȰÅÉÔÈÅÒ ÃÏÍÐÌÅÔÅÌÙ ÏÒ ÐÁÒÔÉÁÌÌÙ 
ÓÕÂÍÅÒÇÅÄȢȱ 
If we immerse a sealed 1-liter container halfway 
into water, it will displace half a liter of water 
and be buoyed up by the weight of half a liter of 
water. 
If we immerse it all the way (submerge it), it will 
be buoyed up by the weight of a full liter.

19.3!ÒÃÈÉÍÅÄÅÓȭ 0ÒÉÎÃÉÐÌÅ



A brick weighs less in water than in air. The buoyant force on the submerged 
brick is equal to the weight of the water displaced.

19.3!ÒÃÈÉÍÅÄÅÓȭ 0ÒÉÎÃÉÐÌÅ



A 300-gram brick weighs about 3 N in air. 
If the brick displaces 2 N of water when it is submerged, the buoyant force 
on the submerged brick will also equal 2 N. 
The brick will seem to weigh less under water than above water. 
The apparent weight of a submerged object is its weight in air minus the 
buoyant force.

19.3!ÒÃÈÉÍÅÄÅÓȭ 0ÒÉÎÃÉÐÌÅ



For any submerged block, the upward force due to water pressure on 
the bottom of the block, minus the downward force due to water 
pressure on the top, equals the weight of liquid displaced. 
As long as the block is submerged, depth makes no difference. 
There is more pressure at greater depths but the difference in pressures 
on the bottom and top of the block is the same at any depth. 

19.3!ÒÃÈÉÍÅÄÅÓȭ 0ÒÉÎÃÉÐÌÅ



The difference in the upward force and the 
downward force acting on the submerged block is 
the same at any depth.

19.3!ÒÃÈÉÍÅÄÅÓȭ 0ÒÉÎÃÉÐÌÅ



think!

A block is held suspended beneath the 
water in the three positions, A, B, and 
C. In which position is the buoyant 
force on it greatest? 
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think!

A block is held suspended beneath the 
water in the three positions, A, B, and 
C. In which position is the buoyant 
force on it greatest? 

Answer: 

The buoyant force is the same at all 
three positions, because the amount of 
water displaced is the same in A, B, and 
C. 

19.3!ÒÃÈÉÍÅÄÅÓȭ 0ÒÉÎÃÉÐÌÅ



think!

A stone is thrown into a deep lake. As it sinks deeper and 
deeper into the water, does the buoyant force on it increase, 
decrease, or remain unchanged?
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think!

A stone is thrown into a deep lake. As it sinks deeper and 
deeper into the water, does the buoyant force on it increase, 
decrease, or remain unchanged?

Answer: 

The volume of displaced water is the same at any depth. Water 
is practically incompressible, so its density is the same at any 
depth, and equal volumes of water weigh the same. The 
buoyant force on the stone remains unchanged as it sinks 
deeper and deeper. 

19.3!ÒÃÈÉÍÅÄÅÓȭ 0ÒÉÎÃÉÐÌÅ



7ÈÁÔ ÄÏÅÓ !ÒÃÈÉÍÅÄÅÓȭ ÐÒÉÎÃÉÐÌÅ ÓÔÁÔÅȩ

19.3!ÒÃÈÉÍÅÄÅÓȭ 0ÒÉÎÃÉÐÌÅ



Sinking and floating can be summed up in three 
simple rules.

1. An object more dense than the fluid in which it 
is immersed sinks.

2. An object less dense than the fluid in which it 
is immersed floats.

3. An object with density equal to the density of 
the fluid in which it is immersed neither sinks 
nor floats. 

19.4Does It Sink, or Does It Float?



The buoyant force on a submerged object depends on its volume.
Ɇ A smaller object displaces less water, so a smaller buoyant force 

acts on it. 
Ɇ A larger object displaces more water, so a larger buoyant force 

acts on it. 
Ɇ 4ÈÅ ÓÕÂÍÅÒÇÅÄ ÏÂÊÅÃÔȭÓ volumeɂnot its weightɂdetermines 

buoyant force. 

19.4Does It Sink, or Does It Float?



Whether an object sinks or floats (or does neither) depends on both its buoyant force 
(up) and its weight (down).

Ɇ When the buoyant force exactly equals the weight of a completely submerged 
ÏÂÊÅÃÔȟ ÔÈÅÎ ÔÈÅ ÏÂÊÅÃÔȭÓ ×ÅÉÇÈÔ ÍÕÓÔ ÅÑÕÁÌ ÔÈÅ ×ÅÉÇÈÔ ÏÆ ÄÉÓÐÌÁÃÅÄ ×ÁÔÅÒȢ 

Ɇ Since the volumes of the object and of the displaced water are the same, the 
density of the object must equal the density of water.

19.4Does It Sink, or Does It Float?



The wood floats because it is less 
dense than water. The rock sinks 
because it is denser than water. 
The fish neither rises nor sinks 
because it has the same density as 
water. 

19.4Does It Sink, or Does It Float?



4ÈÅ ÆÉÓÈ ÉÓ ȰÁÔ ÏÎÅȱ ×ÉÔÈ ÔÈÅ ×ÁÔÅÒɂÉÔ ÄÏÅÓÎȭÔ 
sink or float.

Ɇ The density of the fish equals the 
density of water. 

Ɇ If the fish were somehow bloated up, it 
would be less dense than water, and 
would float to the top. 

Ɇ If the fish swallowed a stone and 
became more dense than water, it would 
sink to the bottom.

19.4Does It Sink, or Does It Float?


