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Chapter 14 Preview

What is a fluid?

A fluid is a substance that flows. Both gases
and liquids are fluids.

u A gas is compressible. The molecules move
freely with few interactions.

= A liquid is incompressible. The molecules
are weakly bound to one another.
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Chapter 14 Preview

What is pressure?

Fluids exert forces on the walls of their
containers. Pressure is the force-to-area

ratio F/A.

= Pressure in liquids, called hydrostatic
pressure, is due to gravity. Pressure
increases with depfﬁy

= Pressure in gases is primarily thermal.

o o O —
Pressure is constant in a container.
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Chapter 14 Preview

What is buoyancy?

Buoyancy is the upward force a fluid exerts
on an object.

m Archimedes’ principle says that the
buoyant force equals the weight of the
displaced fluid.

= An object floats if the buoyant force is
sufficient to balance the object’s weight.

(¢ LOOKING BACK Section 6.1 Equilibrium
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Chapter 14 Preview

How does a fluid flow?

An ideal fluid—an incompressible,

nonviscous fluid flowing smoothly—flows
along streamlines. Bernoulli’s equation, a
statement of energy conservation, relates
the pressures, speeds, and heights at two

points on a streamline.

© 2017 Pearson Education, Inc.


David Newman

David Newman

David Newman

David Newman


Molecular Model of Gases and Liquids

Molecular model of gases and liquids

T : ) & S
Gases and hiquids are fluids—they flow and exert pressure. 5
Gases \ | >
* Molecules move freely through space. ) >
 Molecules do not interact except for occasional il D
collisions with each other or the walls. A gas fills the container.

* Molecules are far apart, so a gas 1s compressible.

Liquids

 Molecules are weakly bound and stay close together.

e A liquid i1s incompressible because the molecules
can’t get any closer. SRR

 Weak bonds allow the molecules to move around. A liquid has a surface.
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Volume

= An Important parameter
of a macroscopic
system is Iits volume V.

= The S.|. unit of volume
IS m3.

= Some unit conversions:

— )1 m3=1000 L
— >  1L=1000cm3
— ]l m3=106 cm?3
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Subdivide the 1 m X 1 m X 1 m cube 1nto
little cubes 1 cm on a side. You will get
100 subdivisions along each edge.

100 cm deep

)
100 cm across

1 m’

1 m 100 cm down

L1l
‘ -

I m

There are 100 x 100 x 100 = 10° little
1 cm’ cubes in the big 1 m” cube.
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= The ratio of an object’'s or material's mass to its
volume Is called the mass density, or
sometimes simply “the density.”

p = % (mass density)

= The Sl units of mass density are kg/m3.
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QuickCheck 14.1

A piece of glass is broken
into two pieces of different
size. How do their densities I y

compare? ~
&91 > p3 > po
B. pi=ps=p @

C. p1<ps<p:
S‘I’(MQ ‘/Vlaj/(/\,%\
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Densities of Various Fluids
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TABLE 14.1 Densities of fluids at standard

temperature (0°C) and pressure (1 atm)

Substance p (kg/m?)
Helium gas 0.18
Ailr 1.29
Gasoline 630
Ethyl alcohol 790
Benzene 380
Oil (typical) 900
Water 1000
Seawater 1030
Glycerin 1260
Mercury 13,600
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Pressure

= [here are two contributions to the pressure in a

container of fluid:

1. A gravitational
contribution, due to
gravity pulling down on
the liquid or gas.

2. A thermal contribution,
due to the collisions of
freely moving gas
molecules within the
walls, which depends
on gas temperature.
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Slightly less density
and pressure at the top
Liquid Gas /
4'»

As gravit}./ pulls down,

the liquid exerts a force  Gravity has little

on the bottom and effect on the pressure

sides of 1ts container. of the gas.
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Liquids in Hyadrostatic Equilibrium

—
Bt
> b o 1
A
. . d,
d,| b - Is this possible?—| ~| T~ S,
[Od\‘cé{\ S od
= NO!

= A connected liquid in hydrostatic equilibrium rises to
the same height in all open regions of the container.
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QuickCheck 14.2

What can you say about

the pressures at points
1 and 27
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QuickCheck 14.3

An iceberg floats in a
shallow sea. \What can
you say about the

pressures at points
1 and 27

A. p1>p
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QuickCheck 14 .4

l ?MM

What can you say about

the pressures at points
1,2, and 37

A. pi1=pr=p3

B. pi=p>>ps
C. p3>pi=p:
D. ps>p1>ps

?Jwrj A, T
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The net force of the fluid on tlle

= Consider a cylinder cylinder 1s the buoyant forc_.:e Fg.

submerged in a liquid.

= The pressure Iin the liquid
Increases with depth.

= Both cylinder ends have
equal area, so F, > Fyown

= The pressure Iin the liquid
exerts a net upward force
on the cylinder:

F net — F up F down ,o’f.
= This is the buoyant force. \

LD U o % M\Jr ?0 Feo 06 /\/(’L,e e 6[(47LFUP - Fdow:n because the pressure

increases with depth. Hence the

oF  Yue Yluod Ao VKC{C@ ﬁuid exerts a net upward force.
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Increasing
pressure
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(@) Imaginary boundary (b)  Real object with same size and
around a parcel of fluid shape as the parcel of fluid

T | AF,

-y

These are equal The buoyant force on the Oi)ject 1s the
9 because the parcel is same as on the parcel of fluid because
in static equilibrium. the surrounding fluid has not changed.

= The buoyant force on an object is the same as the
buoyant force on the fluid it displaces.
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= \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.

Archimedes’ principle A fluid exerts an upward buoyant force F g On an object
immersed in or floating on the fluid. The magnitude of the buoyant force equals
the weight of the fluid displaced by the object.

= Suppose the fluid has density p; and the object displaces
volume V; of fluid.

= Archimedes’ principle in equation form is
Fg = p; Vi

—

P
~
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QuickCheck 14.5

A heavy lead block and a light aluminum block of
equal sizes are both submerged in water. Upon
which is the buoyant force greater?

A. On the lead block

uminum block
C. They both experience the same buoyant@
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A Floating Object

= [he volume of fluid displaced An Obj?Ct of densi.ty 0, and yolume V.
by a floating object of uniform ' "0%ne o a fud ot density
density Is:

FB — prfg — Myg — poVog

= The volume of the displaced
fluid is less than the volume
of the uniform-density object:

!

The submerged volume of the object 1s
equal to the volume V; of displaced fluid.

© 2017 Pearson Education, Inc. 20
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A Floating Object

© 2017 Pearson Education, Inc.

= Most icebergs break off
glaciers and are fresh-
water ice with a density of

917 kg/m3.
= The density of seawater is
1030 kg/m3:
917 kg/m’
Vi = V., = 0.89V,

1030 kg/m® °

= About 90% of the volume
of an iceberg is
underwater!
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QuickCheck 14.7

Which floating block is most
dense? & vy | ey

(Bloc

Block b
. Block c
. Blocks a and b are tied.
Blocks b and c are tied.

mo O W
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QuickCheck 14.8

Blocks a, b, and c are all the
same size. Which experiences
the largest buoyant force?

A. Block a
B. BlockDb

C. Blockc - ‘
. All have the same
E. Blocks a and c have the
same buoyant force, but

the buoyant force on block
b is different.

© 2017 Pearson Education, Inc.
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Fluid Dynamics

= The ideal-fluid model provides a good description
of fluid flow In many situations.
= This model consists of three assumptions:

1. The fluid is iIncompressible; it is more like a

liquid than a gas.
2. The fluid i1s nonviscous: it iIs more like water

than syrup.
3. The flow is steady; it is more like laminar flow

than turbulent flow.

© 2017 Pearson Education, Inc.
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Fluid Dynamics

Comparing two points in a flow tube of cross section 4,
and 4,, we may use the equation of continuity:

ViA = A,

— e
/

where v, and v, are thé?l]id speeds at the two points.

= This is because the volume flow rate O, in m3/s, Is

constant: @ — %

' %

\

>

—

-

-

I en 9 o
" ol -
T B = -~ s
i |
B

-
el
" o .
-
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QuickCheck 14.9

Water flows from left to right
through this pipe. What can
you say about the speed of
the water at points 1 and 27

A. V1 > Vs
B. Vi—Vy
C. V1 < Vs
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Bernoulli's Equation

© 2017 Pearson Education, Inc.

Before:

mass of fluid as it

ﬁ— ————— — V1 FO“OW the Shaded

IMOVCS.

Area A, \ /

K and Ug don’t change.

— —>
After:  Kand U, | F,
- | Axy
decrease. R
F, increase.
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Bernoulli's Equation

= The energy equation for fluid in a flow tube is

p1+ 5pvi2 + pgy, = p, + 5 pv,2 + pgy;

VJZ\L K’M ~u

= An alternative form of Bernoulli’s equation is

p + 5pv? + pgy = constant

VY Uy - |

1 © 2017 Pearson Education, Inc.
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QuickCheck 14.10 Lml

l/u%
»
Gas flows from left to right through e s L7
this pipe, whose interior is hidden. 10 ot
At which point does the pipe have / % "
the smallest inner diameter? (L > b o "es
: : T
A. Point a e g
<_B. Pointb > | Liquid N —
C. Pointc 7da]€gi

D. The diameter doesn’t change.
E. Not enough information to tell. I
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Chapter 15 Preview

What are oscillations?

Oscillatory motion is a repetitive motion X
back and forth around an equilibrium A-
position. We'll describe oscillations in

terms of their amplitude, period, and 0
frequency. The most important

oscillation is simple harmonic motion —A-

(SHM), where the position and velocity
graphs are sinusoidal.

© 2017 Pearson Education, Inc.
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Chapter 15 Preview

What things undergo SHM?

The prototype of SHM is a mass oscillating
on a spring. Lessons learned from this
system apply to all SHM.

= A pendulum is a classic example of SHM.
m Any system with a linear restoring force
undergoes SHM.

(¢ LOOKING BACK Section 9.4 Restoring forces

© 2017 Pearson Education, Inc.

31



Oscillatory Motion

= ODbjects that undergo a
repetitive motion back and
forth around an equilibrium
position are called
oscillators.

= The time to complete one full
cycle, or one oscillation, is
called the period 7.

Position
, Period T \

A_

The oscillation takes
place around an
equilibrium position.

v

Position _
)
A _

e ot

S &': )Q
This oscillation L\
1S sinusoidal. AL M pet o

n"‘
e®
®
@
S
°
®

= The number of cycles per second is called the frequency c WFE

f, measured in Hz:

7 1
= — or
T

1
T =—
f

[/\0'/\/\/\0%

1 Hz =1 cycle per second = 1 s-!

© 2017 Pearson Education, Inc.
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Simple Harmonic Motion

A particular kind of oscillatory
motion is simple harmonic

motion.

In the figure an air-track glider
IS attached to a spring.

The glider’'s position
measured 20 times every

second.

The object’'s maximum
displacement from equilibrium
Is called the amplitude 4 of
the motion.

© 2017 Pearson Education, Inc.

Oscillation
< > ,
| ... Lhe point on the
mm ! object that is
| b4 measured
Air track L] '
IR
l
I
I
I
—A 0
: %
I 1 a —
| e
..
| . 8 ® | . )
| g0® % [Frm...... L... x 1s measured from
lo® | cyun i3
= the equilibrium
SN |
| "0 o I position.
| © & & |
S ] e, !
Turning o,
point | o®
! o @%... | .
| e B *====The motion is
°® B e
éq: A A >: sinusoidal.
1%0e A A |
! : !
Pt

Maximum distance from equilibrium is A.
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QuickCheck 15.1

Which oscillation (or oscillations) is SHM?

D. Aand B but not C.

éNone ar@ A OﬂL S U 0 J CO S
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Simple Harmonic Motion

= [he top Image shows position

versus time for an object Position x
undergoing simple harmonic g o
motion.

0

The speed 1s zero
when x = T A.

The speed 1s max-
imum when x=0.

7

The bottom image shows the ]
velocity versus time graph for the --
same object.

\/ T

x(t) Acos wt

Velocity v,

The velocity Is zero at the times |

max

when x =+ 4; these are the )

turning points of the motion. 0

The maximum speed v, IS
reached at the times when x = 0.

© 2017 Pearson Education, Inc.
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Simple Harmonic Motion

)

C
L)V‘DQ = |f the object is released from rest at time =0, we can
v model the motion with the cosine function:

N &
/ x(t) = Acos(wt)

= Cosine is a sinusoidal function.
= o IS called the angular frequency, defined as
w=2nm/T

= [he units of w are rad/s:
w = 2nf
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Simple Harmonic Motion

= [he position of the oscillator is
x(t) = Acos(wt)

= Using the derivative of the position function, we find the
velocity:

dx 2wA

2art
v (t)=—= sin| =

T) = —27fA SiIl(27Tfl‘) = —wA sin wt

= [he maximum speed is
Viax = WA

© 2017 Pearson Education, Inc. 37



Energy in Simple Harmonic Motion

= An object of mass m on a
frictionless horizontal surface
IS attached to one end of a
spring of spring constant %.

= The other end of the spring
Is attached to a fixed wall.

= As the object oscillates,
the energy Is transformed
between kinetic energy and
potential energy, but the
mechanical energy E=K+ U
doesn't change.

© 2017 Pearson Education, Inc.

Energy 1s transformed between
kinetic and potential, but the total
mechanical energy E doesn’t change.

v

k 55
NNVVVVVV Wi v
| | | | X
—A 0 X A
- >
| |
| |
l Energy . Total
: : el}ergy
E
—— Potential
I energy U
; |
Turning —— Kinetic
Pt \| I energy K
| : -
—A 0 A

Energy here 1s
purely kinetic.

Energy here 1s purely potential.
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Energy in Simple Harmonic Motion

= Energy Is conserved In

Simple Harmonic Motion:

1, 1
E=K+U=—mv"+ —kx
2 2

E(atx = T A) = U= —kA?

E(atx=0)=K = %m(vnm)2

© 2017 Pearson Education, Inc.

The total mechanical
+ energy E is constant.
Energy Potentlal energy
Kinetic energy

R0

Position
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Frequency of Simple Harmonic Motion

= |In SHM, when K is maximum, U =0, and when U is
maximum, K = 0.
« K+ Uls constant, so K., = U, ..

1 1
~ n/l(vmax)2 = —kA’

I 2 2
= S0 v, = \/:A
m

= Earlier, using kinematics, we found that

27 A
poo= 00 = A = @A

= SO w_f f—zw\f i = 277\/_

© 2017 Pearson Education, Inc.
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The Simple Pendulum

= Consider a mass m attached to a
string of length L which is free to

swing back and forth.
= |fit is displaced from its lowest

position by an angle 6, Newton's
second law for the tangential
component of gravity, parallel

to the motion, Is

(Foe)y = D, F, = (Fg), = —mgsin = ma,

&

dt?

© 2017 Pearson Education, Inc.

gsin 6

(a)
6 and s are 6 and s are
negative on positive on
the left. 0\ the right.
L
m
s
0 Arclength
(b) The tension has
/ only a radial
of circle :
[
| (Fo)i
Tangential
axis \/“
The grawtatlgnal force (Fy),
has a tangential F;

component —mg sin6.
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The Simple Pendulum

= |f we restrict the pendulum’s oscillations to small
angles (< 10°), then we may use the small angle
approximation sin 8 = 6, where 6 Is measured In
radians.
mg

(F.o), = —mgsinf = —mgh = — 7 S

and the angular frequency of the motion is found to be

w=277f=£

© 2017 Pearson Education, Inc.
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Chapter 16 Preview

What is a wave?

A wave is a disturbance traveling
through a medium. In a transverse wave,
the displacement is perpendicular to

the direction of travel. In a longitudinal
wave, the displacement is parallel to the
direction of travel.

© 2017 Pearson Education, Inc.

Transverse wave

r — )
YWV AW

—- )
Longitudinal wave
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Chapter 16 Preview

What are some wave properties?
A wave is characterized by:

= VWave speed: How fast it travels

Wavelength A

through the medium. 0

= Wavelength: The distance between
two neighboring crests.

= Frequency: The number of oscillations
per second.

= Amplitude: The maximum displacement.

(¢ LOOKING BACK Sections 15.1-15.2 Properties of
simple harmonic motion

© 2017 Pearson Education, Inc.
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Chapter 16 Preview

Are sound and light waves?
Yes! Very important waves.

= Sound waves are longitudinal waves.
= Light waves are transverse waves.

The colors of visible light correspond to
different wavelengths.

© 2017 Pearson Education, Inc.

I
700 600 500 400
Wavelength (nm)
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