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Overview

• remote learning & technology issues

• pressure and depth



Remote Learning / Technology

• Zoom recordings of lectures - will be loaded to OneDrive,
under Office365 app in MyPortal

• WebAssign: you need to go to WebAssign from Canvas to see
the materials for this course; there is no course key!

• submitting pdfs to Canvas, you can scan with your phone
(AdobeScan, CamScanner, TapScanner, iPhone Notes, or
Microsoft Office Lens)

• short Zoom meetings with me

• please read your email & course announcements



Fluid Statics

We first consider fluid statics: fluids at rest in a container.

Fish congregate around a reef in 
Hawaii searching for food. How do 
fish such as the lined butterflyfish 
(Chaetodon lineolatus) at the upper 
left control their movements up and 
down in the water? We’ll find out in 
this chapter.  (Vlad61/Shutterstock.com) 

14.1 Pressure

14.2 Variation of Pressure  
with Depth

14.3 Pressure Measurements

14.4 Buoyant Forces and 
Archimedes’s Principle

14.5 Fluid Dynamics

14.6 Bernoulli’s Equation

14.7 Other Applications  
of Fluid Dynamics
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Matter is normally classified as being in one of three states: solid, liquid, or gas. From 
everyday experience we know that a solid has a definite volume and shape, a liquid has a 
definite volume but no definite shape, and an unconfined gas has neither a definite volume 
nor a definite shape. These descriptions help us picture the states of matter, but they are 
somewhat artificial. For example, asphalt and plastics are normally considered solids, but 
over long time intervals they tend to flow like liquids. Likewise, most substances can be a 
solid, a liquid, or a gas (or a combination of any of these three), depending on the tempera-
ture and pressure. In general, the time interval required for a particular substance to change 
its shape in response to an external force determines whether we treat the substance as a 
solid, a liquid, or a gas.
 A fluid is a collection of molecules that are randomly arranged and held together by 
weak cohesive forces and by forces exerted by the walls of a container. Both liquids and 
gases are fluids.
 In our treatment of the mechanics of fluids, we’ll be applying principles and analysis 
models that we have already discussed. First, we consider the mechanics of a fluid at rest, 
that is, fluid statics, and then study fluids in motion, that is, fluid dynamics.

14.1 Pressure
Fluids do not sustain shearing stresses or tensile stresses such as those discussed in 
Chapter 12; therefore, the only stress that can be exerted on an object submerged in 
a static fluid is one that tends to compress the object from all sides. In other words, 
the force exerted by a static fluid on an object is always perpendicular to the surfaces 
of the object as shown in Figure 14.1. We discussed this situation in Section 12.4.

At any point on the surface of 
the object, the force exerted by 
the fluid is perpendicular to the 
surface of the object.

Figure 14.1  The forces exerted 
by a fluid on the surfaces of a sub-
merged object.

 

Fluids will exert pressure on objects submerged in them and also
on the walls of the container.



Pressure in a Liquid in a Gravitational Field

In a uniform gravitational field, liquid pressure depends on depth.

Pliq = ρgh

where ρ = m/V is the mass density of the liquid and h is the
depth.

It does not depend on the total amount of water involved, just the
depth of water.



Liquid Pressure
A slice of liquid of cross section A at a depth h must support all
the water in a column directly above it.

The force exerted downward by the column of water is
F = mg = ρVg .



Liquid Pressure

F = mg = ρVg = ρAhg

Pressure, Pliq = F
A = ρAhg

A = ρgh.

1Figure from HyperPhysics.
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Total Pressure

The liquid pressure only expresses the pressure due to the weight of
the fluid above.

However, this is not the total pressure in most circumstances,
eg. diving on earth.

The total pressure or absolute pressure is the sum of the pressure
due to the liquid and the pressure due to the atmosphere.

Ptotal = P0 + ρgh

where P0 = Patm = 1.013 × 105 Pa.
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Pressure varies with Depth



Pascal’s Barrel

0Illustration from ‘The forces of nature’ by Amédée Guillemin, 1872.



Density of Water

For water:
ρw = 1.00 × 103 kg/m3

That is ρw = 1 g/cm3.

Originally, the gram was defined to be the mass of one cubic
centimeter of water at the melting point of water.
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Questions

Calculate the water pressure at the base of the Hoover Dam. The
depth of water behind the dam is 220 m.1

Density of water: ρw = 1000 kg/m3

Pliq = 2.16 × 106 Pa

Ptotal ≈ 2.3 × 106 Pa

Now consider, if the dam is 380 m long, what is the total force
exerted by the water on the dam?2

2Question from Hewitt, Conceptual Physics, 11th ed.
3See example 14.4, page 422, Serway & Jewett, 9th ed.
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Questions
Now consider, if the dam is 380 m long, what is the total force
exerted by the water on the dam?
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eardrum from the depth given in the problem; then, after estimating the ear drum’s surface area, we can determine 
the net force the water exerts on it.

Categorize  This example is a substitution problem.
The air inside the middle ear is normally at atmospheric pressure P0. Therefore, to find the net force on the eardrum, 
we must consider the difference between the total pressure at the bottom of the pool and atmospheric pressure. Let’s 
estimate the surface area of the eardrum to be approximately 1 cm2 5 1 3 1024 m2.

Use Equation 14.4 to find this pressure 
difference:

Pbot 2 P0 5 rgh

5 (1.00 3 103 kg/m3)(9.80 m/s2)(5.0 m) 5 4.9 3 104 Pa

Use Equation 14.1 to find the magnitude of the 
net force on the ear:

F 5 (Pbot 2 P0)A 5 (4.9 3 104 Pa)(1 3 1024 m2) <  5 N

Because a force of this magnitude on the eardrum is extremely uncomfortable, swimmers often “pop their ears” while 
under water, an action that pushes air from the lungs into the middle ear. Using this technique equalizes the pressure 
on the two sides of the eardrum and relieves the discomfort.

Example 14.4   The Force on a Dam

Water is filled to a height H behind a dam of width w (Fig. 14.5). Determine the 
resultant force exerted by the water on the dam.

Conceptualize  Because pressure varies with depth, we cannot calculate the 
force simply by multiplying the area by the pressure. As the pressure in the water 
increases with depth, the force on the adjacent portion of the dam also increases.

Categorize  Because of the variation of pressure with depth, we must use integra-
tion to solve this example, so we categorize it as an analysis problem.

Analyze  Let’s imagine a vertical y axis, with y 5 0 at the bottom of the dam. We 
divide the face of the dam into narrow horizontal strips at a distance y above the 
bottom, such as the red strip in Figure 14.5. The pressure on each such strip is 
due only to the water; atmospheric pressure acts on both sides of the dam.

S O L U T I O N

O

dy

y

h

w

H

y

x

Figure 14.5  (Example 14.4) Water 
exerts a force on a dam.

Use Equation 14.4 to calculate the pressure due to the 
water at the depth h :

P 5 rgh 5 rg(H 2 y)

Use Equation 14.2 to find the force exerted on the 
shaded strip of area dA 5 w dy :

dF 5 P dA 5 rg(H 2 y)w dy

Integrate to find the total force on the dam: F 5 3P dA 5 3
H

0
rg 1H 2 y 2w dy 5 1

2rgwH 2

Finalize  Notice that the thickness of the dam shown in Figure 14.5 increases with depth. This design accounts for the 
greater force the water exerts on the dam at greater depths.

What if you were asked to find this force without using calculus? How could you determine its value?

Answer  We know from Equation 14.4 that pressure varies linearly with depth. Therefore, the average pressure due to 
the water over the face of the dam is the average of the pressure at the top and the pressure at the bottom:

Pavg 5
Ptop 1 Pbottom

2
5

0 1 rgH
2

5 1
2rgH

WHAT IF ?

 

▸ 14.3 c o n t i n u e d

3See example 14.4, page 422, Serway & Jewett, 9th ed.
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▸ 14.3 c o n t i n u e d

3See example 14.4, page 422, Serway & Jewett, 9th ed.

F = 9.0×1010 N



Liquid Pressure Question

The figure shows four containers of olive oil. Rank them according
to the pressure at depth h, greatest first.3

36314-4 FLU I DS AT R E ST
PART 2

Fig. 14-3 The pressure p increases
with depth h below the liquid surface
according to Eq. 14-8.

p

h

Level 1

Level 2

Air

Liquid

y = 0

y 

p0

The pressure at a point in a fluid in static equilibrium depends on the depth of that
point but not on any horizontal dimension of the fluid or its container.

Thus, Eq. 14-8 holds no matter what the shape of the container. If the bottom 
surface of the container is at depth h, then Eq. 14-8 gives the pressure p there.

In Eq. 14-8, p is said to be the total pressure, or absolute pressure, at level 2.
To see why, note in Fig. 14-3 that the pressure p at level 2 consists of two contribu-
tions: (1) p0, the pressure due to the atmosphere, which bears down on the liquid,
and (2) rgh, the pressure due to the liquid above level 2, which bears down on
level 2. In general, the difference between an absolute pressure and an atmos-
pheric pressure is called the gauge pressure. (The name comes from the use of a
gauge to measure this difference in pressures.) For the situation of Fig. 14-3, the
gauge pressure is rgh.

Equation 14-7 also holds above the liquid surface: It gives the atmospheric pres-
sure at a given distance above level 1 in terms of the atmospheric pressure p1 at level 1
(assuming that the atmospheric density is uniform over that distance). For example, to
find the atmospheric pressure at a distance d above level 1 in Fig.14-3,we substitute

y1 ! 0, p1 ! p0 and y2 ! d, p2 ! p.

Then with r ! rair, we obtain
p ! p0 " rairgd.

of the water in the cylinder (Fig.14-2d).The balance of these forces is written as

F2 ! F1 # mg. (14-5)

We want to transform Eq. 14-5 into an equation involving pressures. From
Eq. 14-4, we know that

F1 ! p1A and F2 ! p2A. (14-6)

The mass m of the water in the cylinder is, from Eq. 14-2, m ! rV, where the
cylinder’s volume V is the product of its face area A and its height y1 " y2. Thus,
m is equal to rA(y1 " y2). Substituting this and Eq. 14-6 into Eq. 14-5, we find

p2A ! p1A # rAg(y1 " y2)

or p2 ! p1 # rg(y1 " y2). (14-7)

This equation can be used to find pressure both in a liquid (as a function of
depth) and in the atmosphere (as a function of altitude or height). For the former,
suppose we seek the pressure p at a depth h below the liquid surface. Then we
choose level 1 to be the surface, level 2 to be a distance h below it (as in Fig. 14-3),
and p0 to represent the atmospheric pressure on the surface.We then substitute

y1 ! 0, p1 ! p0 and y2 ! "h, p2 ! p
into Eq. 14-7, which becomes

p ! p0 # rgh (pressure at depth h). (14-8)

Note that the pressure at a given depth in the liquid depends on that depth but
not on any horizontal dimension.

h

(a) (b) (c) (d)

CHECKPOINT 1

The figure shows four
containers of olive oil.
Rank them according
to the pressure at depth
h, greatest first.

halliday_c14_359-385hr.qxd  26-10-2009  21:40  Page 363

A a, b, c, d

B a, d, c, b

C a, c, d, b

D All the same

3Halliday, Resnick, Walker, 9th ed, page 363.



Summary

• pressure and depth

Test Wednesday, April 22, in class. (TBC!)


