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Newton’'s Law of Gravity

= The gravitational force is an inverse-square force.

Gravitational
force
- Doubling the distance
between the masses
causes the force to
decrease by a factor of 4.
Fl/4 -
F/9 - Separation
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Newton’'s Law of Gravity

= Since G Is so small, it means that the attractive force
between two 1.0 kg masses, whose centers are 1.0 m
apart, i1s 6.7 x 10-11 N.

= This is 100 billion times weaker than the force of gravity
from the earth on either of the masses!

- AIthOug h Weak’ g raVIty The dynamics of stellar motions, spanning
iS a long_range fO rce . ]ﬂ‘dl]):lly]()LlSﬂi?ﬂflS7()1‘ ‘]ig.l?t'.yeurs, darc gOVGl'HCd
by Newton’s law of gravity.

= Gravity keeps the earth
orbiting the sun and the
solar system orbiting
the center of the Milky
Way galaxy.
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Decrease of g with Distance

TABLE 13.1 Variation of g with height above the ground

Height h Example g (m/s?)
0 m ground 2 9.83
4500 m Mt. Whitney 9.82
10,000 m jet airplane 9.80
300,000 m space station 7 3.90
35,900,000 m communications satellite ~ 0.22
e

© 2017 Pearson Education, Inc. 4


David Newman

David Newman

David Newman

David Newman


QuickCheck 13.5

Astronauts on the International Space Station are weightless
because

There’s no gravity in outer space.

The net force on them is zero.

The centrifugal force balances the gravitational force.
g Is very small, although not zero.

CE. They are in free fall.>

-—
—_— — ——

OOow>

© 2017 Pearson Education, Inc. 5


David Newman


Satellite Orbits

The satellite must have

. . . speed VVGM/r to maintain
= Acircle Is a special case a circular orbit of radius .

of an ellipse.
= |f a small mass m orbits a

much larger mass M, the
small mass iIs called a

satellite.
= The speed of a satellite in

a circular orbit Is:
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QuickCheck 13.7

Two satellites have circular orbits with More
the same radius. Which has a higher mass
speed?

A. The one with more mass.
B. The one with less mass. { ot

QThey have the same spee@ A
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QuickCheck 13.8

Two identical satellites have different
circular orbits. Which has a higher
speed?

A. The one Iin the larger orbit.
<__B. The one in the smaller orbit.™,
C. They have the same speed.

© 2017 Pearson Education, Inc.

O
N/


David Newman


Orbital Energetics

We know that for a satellite in a circular orbit, its
speed is related to the size of its orbit by v2 = GM/r.
The satellite’s kinetic energy is thus

1, GMm
K=—_—-my- =
2 2r

But —-GMm/r i1s the potential energy, Ug, so

K:_%UG

If K and U do not have this relationship, then the
trajectory will be elliptical rather than circular. So, the
mechanical energy of a satellite in a circular orbit is

always
Epen = K+ Ug=3Ug
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Orbital Energetics

Firing the rocket tangentially
to the circle here moves the

Kinetic energy 1s
transformed 1nto
potential energy
as the rocket

moves “uphill.”

Initial orbit

Desired orbit

Elliptical
transfer
orbit
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satellite 1nto the elliptical orbit.

A second firing here transfers
it to the larger circular orbit.

The figure shows the
steps involved to lift a
satellite to a higher circular
orbit.

The first kick increases K
without increasing Ug, so

K 1s not —%4Ug, and the

orbit is elliptical.

The satellite then slows
down as r increases.

The second kick iIncreases
K again so that K =-4Uj,

and the orbit Is circular.
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Chapter 14 Preview

What is a fluid? F
J ) Vv
A fluid is a substance that flows. Both gases )
and liquids are fluids. - ¥
Gas [——
m A gas is compressible. The molecules move
freely with few interactions.
= A liquid is incompressible. The molecules Jx)))J)J)))))j
are weakly bound to one another. Liquid 23253300
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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 depth.

= Pressure in gases is primarily thermal.
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.
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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

Subdivide the 1 m X 1 m X 1 m cube 1nto
little cubes 1 cm on a side. You will get

= An Important parameter

of a maCI‘OSCOpiC 100 subdivisions along each edge.
system is its volume V. -
: 100 cm deep
= The S.1. unit of volume )
IS m3. 100 cm across
. . 3
= Some unit conversions: i m de

100 cm down

[ m3=1000 L
[ L=1000 cm? g vl

1 m3=106 cm3 tm
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? ~

A. p1>p3>p
B. p1=p3=p>
C. p1<p3<p;
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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

Is this possible?

= 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

A. p1>p
B. p1=p>
C. pi<p;
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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 1 .
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QuickCheck 14 .4

What can you say about

the pressures at points
1,2, and 37

A. p1=pr=p3
B. pi=p,>p;
C. p3>pi=p
D. p3>pi>p;
E. pi=p;>p
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Consider a cylinder
submerged in a liquid.
The pressure in the liquid
Increases with depth.
Both cylinder ends have
equal area, so F, > Fyown

The pressure In the liquid
exerts a net upward force
on the cylinder:
Fnet:Fup_Fdown
This is the buoyant force.
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The net force of the fluid on the
cylinder 1s the buoyant force Fs.

Increasing
pressure

Fy, = Fyown because the pressure

increases with depth. Hence the

fluid exerts a net upward force.
25



(@) 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 = pe Vi g
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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
B. On the aluminum block
C. They both experience the same buoyant force.
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QuickCheck 14.7

Which floating block is most
dense?

A. Block a
B. Block b
C. Blockc
D. Blocks a and b are tied.
E. Blocks b and c are tied.
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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. Block c

D. All have the same
buoyant force.

E. Blocks a and c have the
same buoyant force, but

the buoyant force on block
b is different.
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