PRESSURE

FLUID PRESSURE
• Pressure is a force pushing on a surface
• You pushing down on the table is an example of you applying pressure…

• Fluids have pressure too…
• Fluid – a substance that has no fixed shape and yields easily to external pressure
• Can be a LIQUID (such as water) or a GAS (such as air)

• Air Pressure

• Water Pressure

AIR PRESSURE
• It can be easy for us to forget that air is made of atoms/molecules.
• Since atoms have mass, air (which is made of atoms) has mass.
• Atmospheric pressure is a result of the air that is weighing down on a specific point
• The more air above a point, the higher the pressure. This is why atmospheric pressure is 1 atm at sea
level, but lower at higher elevations.

AIR PRESSURE
• Evidence of standard atmospheric pressure…

• Remember this lab from when we
studied the gas laws? Decreasing the air
pressure inside of the can resulted in the
can being crushed under the forces of
standard atmospheric pressure.
• You can also see evidence of the forces
caused by air pressure by pumping up a
soccer ball. When you increase the
pressure inside the ball, it’s harder to
compress it.

AIR PRESSURE
• More evidence of standard atmospheric
pressure…
• Have you ever flown in an airplane or
ridden in a car up into the mountains?
Did your ears “pop”? Did you feel the
pressure on your eardrums?
• Our bodies have become accustomed to
our current elevation, so we’ve become
accustomed to a certain air pressure
outside our head. Lower the air
pressure by increasing your elevation
and now the pressure inside your head is
too high (no longer balanced by the
outside pressure).

PRESSURE AND FLIGHT
• BERNOULLI’S PRINCIPLE – the pressure exerted by a faster moving fluid is less
than the pressure of the surrounding fluid
• “Faster moving air creates lower pressure”
• Airplanes are designed so that with forward thrust, the air pressure above the wing is
lower (so the air pressure below the wing is greater), which produces “lift” (the upward
force that allows the airplane to fly).
• This is the same effect that causes your shower
curtain to suck in when you take a hot shower.
Faster moving water/air inside the shower creates
a lower pressure. The higher pressure outside
forces the shower curtain in (creating that brief
moment of panic when it touches you
unexpectedly).

BERNOULLI’S PRINCIPLE: TRY THIS
1) Blow up two balloons (about equal size) and tie a string to the end of each
one. Attach the string to the ceiling so that the balloons are level with
your head and about 8-12 inches apart.
• Blow very hard in between the balloons (or you can wave your hand between
them very quickly) and observe their motion.
• Most people would expect them to move apart, but that’s not the case…

2) Take a large index card (3x5 will work, but larger is better) and fold the sides in
about a centimeter. Place the card on a flat surface so it looks like a
tunnel.
• Blow underneath the card trying to flip it with your breath.
• You’d expect to be able to do it easily, but it’s reaction may surprise you…

3) Get a hair dryer and a ping pong ball. Turn the hair dryer on high, then
point it up toward the ceiling. Place the ping pong ball in the stream of air
and let go of it. As the ball “levitates,” try slowly turning the hair dryer at
an angle…
• Can you keep the ping pong ball suspended when it’s not blowing vertically?

• ALL OF THESE TRICKS CAN BE EXPLAINED USING BERNOULLI’S
PRINCIPLE…

BERNOULLI’S PRINCIPLE: TRY THIS
• Hanging Balloons
• The faster moving air between the balloons
causes lower pressure, and the higher pressure
outside the balloons pushes them toward each
other.

• Index Card Wind Tunnel
• The faster moving air below the card causes
lower pressure, and the higher pressure above
the card pushes it down instead of flipping it.

• Levitating Ping Pong Ball
• Faster/warmer air in the column of blowing air
causes lower pressure, and the higher pressure
of the air outside the column pushes in,
keeping the ping pong ball suspended in the
column even as you tilt it.

WATER PRESSURE
• Water pressure works similarly to air pressure.
• Water molecules have mass.
• As you dive deeper, more water molecules are weighing down on you, increasing the
pressure. That is why deep-sea divers must wear special equipment to allow them to
breathe and avoid being crushed.

WATER PRESSURE
• Evidence of water pressure…
• Have you ever gone to the bottom of
the deep end of the pool? Did your
body/head feel different down there
than at the surface?
• Take an empty milk jug or 2L soda
bottle and use a nail to poke three
holes in it vertically (one near the top,
one near the bottom, and one in the
middle). Cover the holes with tape,
then fill the bottle with water and
place it near your sink. When you
remove the tape, you’ll see the
difference in pressure according to the
depth of the water illustrated by how
far the water shoots out of each hole.

PRESSURE AND FLOATING
• Why do boats float?
• The simple answer is the same
reason that anything floats
• DENSITY
• An object will float if it is less
dense than the fluid surrounding it
• A hot air balloon floats because
the hot air inside the balloon
makes it less dense than the
outside air
• A boat floats because the air inside
of its hull makes it less dense than
the water it’s sitting in

• However, there’s a little more
to the FULL explanation of why
things float…

BUOYANCY
• Have you ever tried to pick up a
heavy object in the water (ex – a
log, your friend, etc…)? Is it easier
to pick it up in the water or in the
air?
• If you’ve ever experienced this, you
know it is MUCH easier to lift a heavy
object if it is in the water (even things
that don’t float).

• The object feels lighter in the water
because of the BUOYANT FORCE.
• You might think of the buoyant force
as the “normal force” under water…
it opposes gravity.

BUOYANT FORCE
• As we already know, water
pressure increases with depth.
• This means that the pressure at
the BOTTOM of a submerged
object is stronger than the
pressure at the TOP of the
object.
• This results in a net force in the
upward direction called the
BUOYANT FORCE.

BUOYANT FORCE AND FLOATING
• If the buoyant force is equal/stronger
than the gravitational force on the
object, it will float.

• If the buoyant force is weaker than
the gravitational force on the object it
will sink.

Net Force = 0

Net Force = Down

DETERMINING THE BUOYANT FORCE
• ARCHIMEDES’ PRINCIPLE – The buoyant
force on an object is equal to the weight
of the fluid displaced by the object.
• This means that, in order to float in water,
an object must weigh less than an equal
volume of water.
• This is why we use the concept of
density to determine if an object will
float.
• Remember, density is how much mass is in
a given volume.
• If something is less dense than water, that
means it would have less mass than the
same volume of water.

BUOYANT FORCE: TRY THIS
• Get an inflated beach ball and a tennis ball. Place each one in a body of water
(the bathtub, a pool, the ocean…) and observe how they float differently.
• You’ll observe that the beach ball floats on top of the water, with the majority of the ball
above the surface, while the tennis ball will float deeper in the water, with half (or more)
of the ball below the surface. Why is this?
• Remember that in order to float, both of these objects must have a buoyant force
equal to their own weight (force of gravity).
• Also remember that the buoyant force is equal to the weight of the water displaced.
• Because the tennis ball is heavier than the beach ball, it must displace more water for the
buoyant force to equal its weight, so it must float deeper in the water than the beach ball.

• Can you explain (in terms of the buoyant force) why a golf ball would sink if you placed it in
the water?

BUOYANT FORCE: TRY THIS
• Want to “FEEL” the buoyant force?
1) Get an object that you can lift, but that feels a little
heavy (like a bowling ball or dumbell). Take it with
you to the pool.
a)
b)

Lift the object outside of the pool. Feel its “weight” and
make note of how much effort you have to use to lift it.
Take the object with you into the water and lift it. Feel the
difference in how much easier it is to lift under water. That
is because the buoyant force is pushing up along with you.

2) Get an inflated beach ball and take it with you into
the pool.
a)

b)

Try to hold it under water. Make note of how much force
you must use to submerge the whole ball. The resistance
you are feeling is the buoyant force pushing up on the ball.
While you are holding the ball completely under the water,
let it go. It will accelerate toward the surface. This
acceleration is a result of the buoyant force providing an
upward net force on the ball.

