
Chapter 15. Fluids and Elasticity 

In this chapter we study 

macroscopic systems: 

systems with many particles, 

such as the water the kayaker 

is paddling through.  We will 

introduce the concepts of 
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introduce the concepts of 

density, pressure, fluid statics, 

fluid dynamics, and the 

elasticity of solids.

Chapter Goal: To 

understand macroscopic 

systems that flow or deform.



Topics:

• Fluids  

• Pressure  

• Measuring and Using Pressure  
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• Buoyancy  

• Fluid Dynamics  

• Elasticity  
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What is the SI unit of pressure?

A. Pascal

B. Atmosphere

C. Bernoulli
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C. Bernoulli

D. Young

E. p.s.i.



The buoyant force on an object 

submerged in a liquid depends on

A. the object’s mass.

B. the object’s volume.
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C. the density of the liquid.

D. both A and B.

E. both B and C.



The elasticity of a material is 

characterized by the value of

A. the elastic constant.

B. Young’s modulus.

C. the spring constant.
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C. the spring constant.

D. Hooke’s modulus.

E. Archimedes’ modulus.
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Density

The ratio of an object’s or material’s mass to its volume is 

called the mass density, or sometimes simply “the 

density.”
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The SI units of mass density are kg/m3.
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Pressure

A fluid in a container presses with an outward force 

against the walls of that container.  The pressure is 

defined as the ratio of the force to the area on which the 

force is exerted.

The SI units of pressure are N/m , also defined as the 
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The SI units of pressure are N/m2, also defined as the 

pascal, where 1 pascal = 1 Pa = 1 N/m2.
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Atmospheric Pressure

The global average sea-level pressure is 101,300 Pa. 

Consequently we define the standard atmosphere as

Copyright © 2008 Pearson Education, Inc.,  publishing as Pearson Addison-Wesley.



EXAMPLE 15.2 A suction cup

QUESTION:
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Pressure in Liquids

The pressure at depth d in a liquid is

where is the liquid’s density, and is the pressure at the 
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where ρ is the liquid’s density, and p0 is the pressure at the 

surface of the liquid.  Because the fluid is at rest, the 

pressure is called the hydrostatic pressure.  The fact that 

g appears in the equation reminds us that there is a 

gravitational contribution to the pressure.



EXAMPLE 15.4 Pressure in a closed tube

QUESTION:
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Gauge Pressure
Many pressure gauges, such as tire gauges and the gauges 

on air tanks, measure not the actual or absolute pressure p

but what is called gauge pressure pg.

where 1 atm = 101.3 kPa.
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Tactics: Hydrostatics
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Hydraulics

Consider a hydraulic lift, such as the one that lifts your car 

at the repair shop.  The system is in static equilibrium if
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EXAMPLE 15.7 Lifting a car

QUESTIONS:
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Buoyancy

When an object (or portion of an object) is immersed in a 

fluid, it displaces fluid. The displaced fluid’s volume 

equals the volume of the portion of the object that is 

immersed in the fluid.
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Suppose the fluid has density ρf and the object displaces 

volume Vf of fluid.  Archimedes’ principle in equation form 

is



Tactics: Finding whether an object floats or 

sinks
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Float or Sink?

The volume of fluid 

displaced by a floating 

object of uniform density is
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Fluid Dynamics

Comparing two points in a flow tube of cross section A1 and 

A2, we may use the equation of continuity

where v and v are the fluid speeds at the two points.  The 

Copyright © 2008 Pearson Education, Inc.,  publishing as Pearson Addison-Wesley.

where v1 and v2 are the fluid speeds at the two points.  The 

flow is faster in narrower parts of a flow tube, slower in 

wider parts.  This is because the volume flow rate Q, in 

m3/s, is constant.



EXAMPLE 15.10 Gasoline through a pipe

QUESTIONS:
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Bernoulli’s Equation
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The energy equation for fluid in a flow tube is

Bernoulli’s Equation
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An alternative form of Bernoulli’s equation is



EXAMPLE 15.11 An irrigation system

QUESTION:
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Elasticity
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Elasticity

F/A is proportional to ∆L/L.  We can write the 

proportionality as

• The proportionality constant Y is called 
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• The proportionality constant Y is called 

Young’s modulus.

• The quantity F/A is called the tensile stress.

• The quantity ∆L/L, the fractional increase in length, 

is called strain.

With these definitions, we can write
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EXAMPLE 15.13 Stretching a wire

QUESTIONS:
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Volume Stress and the Bulk Modulus

Copyright © 2008 Pearson Education, Inc.,  publishing as Pearson Addison-Wesley.



Volume Stress and the Bulk Modulus

• A volume stress applied to an object compresses 

its volume slightly.

• The volume strain is defined as ∆V/V, and is 

negative when the volume decreases.

• Volume stress is the same as the pressure.
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• Volume stress is the same as the pressure.

where B is called the bulk modulus.  The negative 

sign in the equation ensures that the pressure is a 

positive number.



Chapter 15. Summary Slides
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Chapter 15. Summary Slides



General Principles
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Important Concepts
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Applications
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A piece of glass is broken 

into two pieces of different 

size. Rank order, from 

largest to smallest, the mass 

densities of pieces 1, 2, and 3.
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A.

B.

C.

D.

E.
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A.

B.

C.

D.

E.



Water is slowly poured into the container until 

the water level has risen into tubes A, B, and C. 

The water doesn’t overflow from any of the 

tubes. How do the water depths in the three 

columns compare to each other?
A. dA = dC > dB

B. dA > dB > dC
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A B C

C. dA = dB = dC

D. dA < dB < dC

E. dA = dC < dB



A. dA = dC > dB

B. dA > dB > dC

Water is slowly poured into the container until 

the water level has risen into tubes A, B, and C. 

The water doesn’t overflow from any of the 

tubes. How do the water depths in the three 
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A B C

C. dA = dB = dC

D. dA < dB < dC

E. dA = dC < dB



Rank in order, from largest to smallest, the magnitudes of 

the forces                      required to balance the masses. The 
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A. F1 = F2 = F3

B. F3 > F2 > F1

C. F3 > F1 > F2

D. F2 > F1 > F3

E. F2 > F1 = F3

the forces                      required to balance the masses. The 

masses are in kilograms.
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An ice cube is floating in a glass of water 

that is filled entirely to the brim. When 

the ice cube melts, the water level will

A. rise, causing the water to spill.
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A. rise, causing the water to spill.

B. fall.

C. stay the same, right at the brim.
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The figure shows volume 

flow rates (in cm3/s) for 

all but one tube. What is 

the volume flow rate 

through the unmarked 

tube? Is the flow direction 

in or out?
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in or out?

A. 1 cm3/s, in

B. 1 cm3/s, out

C. 10 cm3/s, in

D. 10 cm3/s, out

E. It depends on the relative size of the tubes.
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Rank in order, from highest to lowest, the 

liquid heights h1 to h4 in tubes 1 to 4. The air 

flow is from left to right.
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A. h1 > h2 = h3 = h4

B. h2 > h4 > h3 > h1

C. h2 = h3 = h4 > h1

D. h3 > h4 > h2 > h1

E. h1 > h3 > h4 > h2
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