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Discussion

A large reservoir contains a very large mass of water. In this example, the weight of the water in the reservoir is

mg = 1.96 x 1013 N, where g is the acceleration due to the Earth’s gravity (about 9.80 m/s2). It is reasonable to
ask whether the dam must supply a force equal to this tremendous weight. The answer is no. As we shall see in the
following sections, the force the dam must supply can be much smaller than the weight of the water it holds back.

FIGURE 11.4 Three Gorges Dam in central China. When completed in 2008, this became the world’s largest hydroelectric plant, generating
power equivalent to that generated by 22 average-sized nuclear power plants. The concrete dam is 181 m high and 2.3 km across. The
reservoir made by this dam is 660 km long. Over 1 million people were displaced by the creation of the reservoir. (credit: Le Grand Portage)

11.3 Pressure

LEARNING OBJECTIVES

By the end of this section, you will be able to:
- Define pressure.
» Explain the relationship between pressure and force.
= Calculate force given pressure and area.

You have no doubt heard the word pressure being used in relation to blood (high or low blood pressure) and in
relation to the weather (high- and low-pressure weather systems). These are only two of many examples of
pressures in fluids. Pressure P is defined as

P=— 11.6
A

where F is a force applied to an area A that is perpendicular to the force.

Pressure

Pressure is defined as the force divided by the area perpendicular to the force over which the force is applied, or

P—F 11.7
=71 .

A given force can have a significantly different effect depending on the area over which the force is exerted, as
shown in Figure 11.5. The SI unit for pressure is the pascal, where

1 Pa=1N/m?2. 11.8

In addition to the pascal, there are many other units for pressure that are in common use. In meteorology,
atmospheric pressure is often described in units of millibar (mb), where

100 mb = 1x 10* Pa. 11.9

Pounds per square inch (lb/in2 or psi) is still sometimes used as a measure of tire pressure, and millimeters of
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mercury (mm Hg) is still often used in the measurement of blood pressure. Pressure is defined for all states of
matter but is particularly important when discussing fluids.
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FIGURE 11.5 (a) While the person being poked with the finger might be irritated, the force has little lasting effect. (b) In contrast, the same
force applied to an area the size of the sharp end of a needle is great enough to break the skin.

@ EXAMPLE 11.2

Calculating Force Exerted by the Air: What Force Does a Pressure Exert?

An astronaut is working outside the International Space Station where the atmospheric pressure is essentially zero.
The pressure gauge on her air tank reads 6.90 X 10° Pa. What force does the air inside the tank exert on the flat end
of the cylindrical tank, a disk 0.150 m in diameter?

Strategy

We can find the force exerted from the definition of pressure givenin P = %, provided we can find the area A acted
upon.

Solution

By rearranging the definition of pressure to solve for force, we see that
F = PA. 11.10
Here, the pressure P is given, as is the area of the end of the cylinder A, givenby A = 7r?. Thus,
(6.90 x 10% N/m?)(3.14)(0.0750 m)?
1.22 x 10° N.

F

11.11

Discussion

Wow! No wonder the tank must be strong. Since we found F = PA, we see that the force exerted by a pressure is
directly proportional to the area acted upon as well as the pressure itself.

The force exerted on the end of the tank is perpendicular to its inside surface. This direction is because the force is
exerted by a static or stationary fluid. We have already seen that fluids cannot withstand shearing (sideways) forces;
they cannot exert shearing forces, either. Fluid pressure has no direction, being a scalar quantity. The forces due to
pressure have well-defined directions: they are always exerted perpendicular to any surface. (See the tire in Figure
11.6, for example.) Finally, note that pressure is exerted on all surfaces. Swimmers, as well as the tire, feel pressure
on all sides. (See Figure 11.7.)
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FIGURE 11.6 Pressure inside this tire exerts forces perpendicular to all surfaces it contacts. The arrows give representative directions and
magnitudes of the forces exerted at various points. Note that static fluids do not exert shearing forces.

FIGURE 11.7 Pressure is exerted on all sides of this swimmer, since the water would flow into the space he occupies if he were not there.
The arrows represent the directions and magnitudes of the forces exerted at various points on the swimmer. Note that the forces are larger
underneath, due to greater depth, giving a net upward or buoyant force that is balanced by the weight of the swimmer.

@ PHET EXPLORATIONS

Gas Properties

Pump gas molecules to a box and see what happens as you change the volume, add or remove heat, change gravity,
and more. Measure the temperature and pressure, and discover how the properties of the gas vary in relation to
each other.

Click to view content (https://openstax.org/books/college-physics-2e/pages/11-3-pressure

11.4 Variation of Pressure with Depth in a Fluid

LEARNING OBJECTIVES

By the end of this section, you will be able to:
- Define pressure in terms of weight.
= Explain the variation of pressure with depth in a fluid.
= Calculate density given pressure and altitude.

If your ears have ever popped on a plane flight or ached during a deep dive in a swimming pool, you have
experienced the effect of depth on pressure in a fluid. At the Earth’s surface, the air pressure exerted on you is a
result of the weight of air above you. This pressure is reduced as you climb up in altitude and the weight of air above
you decreases. Under water, the pressure exerted on you increases with increasing depth. In this case, the pressure
being exerted upon you is a result of both the weight of water above you and that of the atmosphere above you. You
may notice an air pressure change on an elevator ride that transports you many stories, but you need only dive a
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