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 average ~70% so far (MC & problems ~ same)

* may scale 1t a few points

* not kidding about practice, HW + quizzes 1s the bare

minimum

* not everything works by proportions ...
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* no reading quiz today (obviously)

* no homework this week

PackBack: no new quota — get caught up

* Lab ...
* lack of synchronization - will try to avoid

* when I can’t, will re-write or add preface
* there are reasons, and they are my fault ©

* attend the section you’re registered for
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Chapter Goal: To investigate how interactions
convert energy from one form to another in physical
processes within the universe.
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Chapter 7 Preview

* An interaction is an event that produces either a
change 1n physical state or a change in motion.

* You learned that the four fundamental interactions in

our universe are gravitational, electromagnetic, weak
nuclear, and strong nuclear.
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Looking Ahead: Potential energy

* Potential energy is a coherent form of internal
energy associated with the reversible changes 1n the

configuration of an object or system.

* You will learn about the potential energy associated
with gravitational and elastic interactions.

© 2015 Pearson Education, Inc. Slide 7-6



Looking Ahead: Energy dissipation during interactions

 Dissipative interactions are irreversible interactions
that involve changes in thermal energy.

COHERENT INCOHERENT
(mechanical energy) (thermal energy, source energy)

ENERGY OF MOTION

— Internal energy
(all but kinetic energy)

ENERGY OF CONFIGURATION

* You will learn to mathematically account for the
types of energy in dissipative and nondissipative
interactions.
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Chapter 7: Interactions

Concepts
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Section 7.1: The effects of interactions

Section Goals

You will learn to

* Define interactions as a mutual influence between
two objects that produces either physical change or a
change 1n motion.

* Develop criteria that allow interactions to be
1dentified and classified.
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Section 7.1: The effects of interactions

e Interactions are mutual influences between two
objects that produce change, either change in motion
or physical change.

* The figure below shows an interaction between two
carts linked by a spring.

N
a, a,

:./ / / / / / /':l StretCh'ed .Sprlng: .
attractive interaction
s T e e spr g
no interaction
a2 Z1)1
I:lNN 11— Compressed spring:
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Checkpoint 7.1

7.1

(a) Imagine holding a ball a certain height above the ground. If
you let the ball go, it accelerates downward. An interaction
between the ball and what other object causes this
acceleration? Is this interaction attractive or repulsive?

(b) Once the ball hits the ground, its direction of travel reverses.
Is this reversal the result of an attractive interaction or a
repulsive one?
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Checkpoint 7.1

7.1

(a) Imagine holding a ball a certain height above the ground. If
you let the ball go, it accelerates downward. An interaction
between the ball and what other object causes this
acceleration? Is this interaction attractive or repulsive?

attractive — 2 objects are the ball & earth, accelerated
toward each other

(b) Once the ball hits the ground, its direction of travel reverses.
Is this reversal the result of an attractive interaction or a
repulsive one?

repulsive — same 2 objects, now accelerated apart
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Section 7.1: The effects of interactions

before collision

during collision

after collision

v, b, =0 v, v, v, B,
— L] — — =S —_—
= — N '_.ﬁ ; — — i
cart 2 cart 1 cart2 cartl cart 2 cart 1

(a) Velocity

v, (m/s)
0.8

0.6

interaction

! i épeed of cart 1 changes
0.4 AVie}  twice as much as speed
Av,,
! of cart 2.
1
1
0.2 H
1
1
i
Cart|l I 1 1 : It (ms)
30 40 50 60 70 80 90
(c) Acceleration
a, (m/s?)
eor interaction
40+
A
20 Acceleration magnitude of
i cart 1 is twice that of cart 2.
cart 1
0
cart 2
—20 1 1 1 1 )t (ms)
30 40 50 60 70 80 90
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(b) Momentum

P, (kg+m/s)

Momentum of two-cart system is constant.
0.16 - -

interaction
cart 2 ¥

momentum of system

0.08

cart 1
0 . L I I j t(ms)
30 40 50 60 70 80 90
(d) Kinetic energy
K(m])
0r inte@on kinetic energy
. : of system
cart 2 !
30
. .,
éystem’s kinetic
20 energy changes
gy changes
during interaction.
10
0 cartll 1 1 1 1 I t (ms)
30 40 50 60 70 80 90
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Section 7.1: The effects of interactions

* The figure on the previous slide shows data for an elastic
collision.

* The inertia of cart 1 1s m, and the nertia of cart 2 is m,, where
m, =2m,.

* We can observe that

* The relative velocities of the two carts before and after the
interaction (or collision) are the same.

* The momentum of the two-cart system remains constant
before, after, and even during the collision.

* The ratio of the x component of the carts’ accelerations 1s
equal to the negative inverse of the ratio of their inertias.

* Kinetic energy is briefly transferred during the collision
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Section 7.1: The effects of interactions

Example 7.1 Crash

A small car and a heavy truck moving at equal speeds in
opposite directions collide head-on 1n a totally inelastic
collision. Compare the magnitudes of

(a) the changes in momentum and

(b) the average accelerations of the car and the truck.
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Section 7.1: The effects of interactions

Example 7.1 Crash (cont.)

@ GETTING STARTED I begin by making a sketch of
the situation before and after the collision. Before the
collision, the truck and car both move at the same
speed. After the totally inelastic collision, the two move

as one unit with zero relative velocity.

initial final
v

v
>

i

i

= e
L = 5.
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Section 7.1: The effects of interactions

Example 7.1 Crash (cont.)

@ GETTING STARTED Because the inertia m, of the
truck 1s greater than the nertia m_ of the car, the
momentum of the system points 1n the same direction as
the direction of travel of the truck. The combined wreck
must therefore move in the same direction after the
collision.

initial final

-
\_; \"

7

e
— _
—_QEIO: ngo
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Section 7.1: The effects of interactions

Example 7.1 Crash (cont.)

® DEVISE PLAN

* To compare the changes in momentum, I can apply
conservation of momentum to the 1solated truck-car

system.

I can obtain the change in velocity by dividing the
change 1n momentum by the inertia.

* Because the changes 1n velocity occur over the same
time interval for both, and because |a, | = Av/A¢, the
ratio of the accelerations 1s the same as the ratio of the
changes in velocity.
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Section 7.1: The effects of interactions

Example 7.1 Crash (cont.)

® EXECUTE PLAN (a) The momentum of the isolated
truck-car system does not change in the collision, and so

the magnitudes of the changes in momentum for the car
and the truck are the same. v/
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Section 7.1: The effects of interactions

Example 7.1 Crash (cont.)

® EXECUTE PLAN (b) The change in the x component
of the velocity of the truck is Ap, . /m,, and the change in
the x component of the velocity of the car is Ap, ./m..

Because m, > m_ and because the magnitudes of the
changes 1n momentum are equal, I conclude that the
magnitude of the velocity change of the car 1s larger than
that of the truck.v/
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Section 7.1: The effects of interactions

Example 7.1 Crash (cont.)

@ EVALUATE RESULT In any collision the
magnitudes of the changes in momentum are the same
for the two colliding objects, and so the answer to part a
does not surprise me.

That the magnitude of the velocity change for the car 1s
larger also makes sense: As my sketch shows, the
velocity of the car reverses, whereas the truck slows
down somewhat but keeps traveling in the same
direction.
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Section 7.1: The effects of interactions

* From Figure 7.2d we can conclude that the kinetic
energy of the system before the interaction is the
same as after the interaction, as required for elastic
collisions.

* However, unlike momentum, kinetic energy does not
remain constant during the interaction.

(d) Kinetic energy

K (m])
40 - . . L
interaction kinetic energy
of system
cart 2
30 -
v/
System’s kinetic
208 energy changes
during interaction.
10 -
cart 1
0 \ 1 1 1 I t (ms)
30 40 50 60 70 80 90
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Section 7.1: The effects of interactions

* The figure below shows that whenever two objects interact,
their relative speeds have to change, and therefore the kinetic
energy of the system must also change during the interaction.

instant of zero relative velocity at 60 ms

s RS
R A A
s N s N - N
v %, =0 5B v b,
e ® = = o —_—
L 1 i - > X .: M - X g 2 I LIR X
v, (m/s)
0.8 - z 7
interaction
i
i
0.6 - cart 2 :
7S R
B
E v,,, 1 Final relative speed same
04 | t ! as initial relative speed
' i
] ]
1 Viax 1
1 1
0.2 1 2
i
i
cart 1 !
0 ! 1 1 I ! I ¢ (ms)
30 40 50 60 70 80 90
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Section 7.1: The effects of interactions

 So. does the system violate ener Kinetic energy
) y Yy

conservation during the interaction? ’

[l

* No: The kinetic energy “missing”
during the interaction has merely
been temporarily converted to
internal energy. <squish>

i
(@
T

* As seen in the figure, the kinetic
energy of the bouncing ball goes into
changing the shape of the ball during DA
the interaction with the wall.

1]

LI

* As the ball regains its original shape,
the kinetic energy that was converted
to internal energy reappears as
kinetic energy after the collision.
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Section 7.1: The effects of interactions

* We can summarize the key characteristics of an
interaction:

1. Two objects are needed.

2. The momentum of an isolated system of
Interacting objects 1s the same before, during, and
after the interaction.
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Section 7.1: The effects of interactions

* In addition, for interactions that affect the motion of
objects (not all do):

1. The ratio of the x component of the accelerations of
the interacting objects 1s the negative inverse ratio of
their inertias.

o s
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Section 7.1: The effects of interactions

2. The system’s kinetic energy changes during the
interaction. Part of 1t 1s converted to (or from) some
internal energy:

* In elastic collisions, all of the converted energy
reappears as kinetic energy after the collisions.

* In 1nelastic collisions, some of the converted kinetic
energy reappears as kinetic energy.
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Checkpoint 7.4

@ 7.4 (a) In Figure 7.5, what is the momentum of the ball during
the collision? (b) Is the momentum of the ball constant before,
during, and after the collision? If so, why? If not, why not, and
for what system 1s the momentum constant?

kinetic energy

5 5,
v=0 [
e @ =

N || ||
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Checkpoint 7.4

@ 7.4 p=0 during the collision — its speed 1s zero
momentum is constant only when ball 1s isolated

while interacting with the wall, only net p 1s constant

kinetic energy

- E)
(0—> ;
g = during collision:
- Q | system = ball + wall

N || ||
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Section 7.1
Question 1

A pool ball collides head-on and elastically with a
second pool ball initially at rest. Which properties of
the system made up of the two balls change during the
interaction. Answer all that apply.

1. Momentum

2. Kinetic energy
3. The sum of all forms of energy in the system
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Section 7.1
Clicker Question 1

A pool ball collides head-on and elastically with a
second pool ball initially at rest. Which properties of
the system made up of the two balls change during the
interaction. Answer all that apply.

1. Momentum

¢/ 2. Kinetic energy — vy, 1s brietly zero
3. The sum of all forms of energy in the system
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Section 7.1

Question 2

In an elastic collision between two objects, their
relative speed stays the same during the interaction.

1. True
2. False
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Section 7.1

Question 2

In an elastic collision between two objects, their
relative speed stays the same during the interaction.

1. True

¢/ 2. False — during the interaction, they are touching
and v,,=0
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Section 7.2: Potential energy

Section Goals

You will learn to

 Identify potential energy as the part of the converted
kinetic energy 1n a collision or interaction that 1s
temporarily stored in reversible changes of physical
state.

* Recognize that potential energy is a type of internal
energy.

* Describe the fundamental interactions responsible for
gravitational potential energy and elastic potential
energy.
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Section 7.2: Potential energy

* In any interaction, the part of the converted kinetic
energy that 1s temporarily stored as internal energy
and 1s then converted back to kinetic energy after the
transaction 1s called potential energy (U).

* Potential energy is stored in reversible changes in the
configuration state of the system or the spatial
arrangement of the system’s interacting components.

e

* There are many forms of potential energy related to

the way the interacting objects arrange themselves
spatially.
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Section 7.2: Potential energy

* When you squeeze a ball or a
spring, you change the
configuration state of the atoms
that make up the ball or spring.

* Reversible deformation
corresponds to changes 1n elastic
potential energy.

* As seen 1n the figure, during the
interaction between cart and
spring, the kinetic energy i1s
temporarily converted to elastic
potential energy in the spring.
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Section 7.2: Potential energy

* Are all deformations elastic and reversible?

* No — try to bend your pencil. Too far?
* Paper clip — can break 1t by repeated bending

* Can make nearly 1deal springs, etc., but real materials
are complicated
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Section 7.2: Potential energy

* If you throw a ball up 1n the air, you change the
configuration state of the ball-Earth system.

* As the ball moves upward, the form of potential energy
called gravitational potential energy is stored 1n the
system 1n exchange for kinetic energy

* As the ball moves back toward the Earth, gravitational

potential energy converts back to kinetic energy and the
ball speeds up.

* Potential energy is the form of internal energy
associated with reversible changes in the
configuration state of an object or system. Potential
energy can be converted entirely to kinetic energy.
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Section 7.2: Potential energy

Exercise 7.2 Launch

A ball 1s pressed down on a spring and then released
from rest. The spring launches the ball upward. Identify
the energy conversions that occur between the instant
the ball is released and the instant it reaches the highest

point of 1ts trajectory.
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Section 7.2: Potential energy

Exercise 7.2 Launch (cont.)

SOLUTION As the spring expands, elastic potential
energy stored 1n the spring 1s converted to kinetic energy

of the ball.

As the ball travels upward, it slows down and the kinetic
energy 1s converted to gravitational potential energy of
the ball-Earth system. v/
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Checkpoint 7.5

: . =
@ 7.5 In Figure 7.7, the initial speed of the it E
cart 1S v.. Assuming no potential energy 1s ] H -
initially stored in the spring, how much S
potential energy is stored in the spring at the El =5
instant depicted in the middle drawing? g S
How about a.t the instant depicted in the s Y|
bottom drawing? o
d
ey 5. B
(Give your answers 1n terms of m, v, and v.) @ = }
I:I! III///I//G %
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Checkpoint 7.5

@ =
7.5 i =
Top: all kinetic energy, K ="2mv? =
e
Middle: cart stops, all potential energy @H K" %
conservation implies U_ = K. = Yamv? —
I-.ﬁmmm %‘ %
Bottom: all kinetic again 'R
conservation: K,= U_ = K. = Yamv? %‘
“ : | }
l:m II////I/IG -
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Section 7.3: Energy dissipation

Section Goals

You will learn to

* Identify dissipated energy as the part of the converted
kinetic energy 1n a collision or interaction that does
not reappear after the process.

* Classify energy into the categories of motion energy/
configuration energy and coherent energy/incoherent
energy.

* Understand how internal energy is quantified in this
classification scheme.
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Section 7.3: Energy dissipation

* Part of the converted kinetic energy that does not reappear
after an inelastic collision is said to be dissipated.

* To 1llustrate the 1dea of energy dissipation, consider the
example shown below:

* Coherent deformation (reversible): A piece of paper that 1s
gently bent returns spontaneously to its original shape.

* Incoherent deformation (irreversible): If crumpled, 1t does
not regain its original shape.

(a) Coherent deformation: reversible

=

(b) Incoherent deformation: irreversible

=4\
&
=)
&
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Section 7.3: Energy dissipation

* In coherent deformations there 1s a pattern to the
displacement of atoms.

* By deforming an object in this manner, you store
potential energy in it. When you release the object,
this potential energy converts back to kinetic energy.

* In incoherent deformations, the atoms are randomly
displaced.

* When you release the object, the atoms get 1n one
another’s way and the object cannot regain 1ts
original shape.
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Section 7.3: Energy dissipation

© 2015 Pearson Education, Inc.

We can now give a complete classification of energy:

The sum of a system’s kinetic energy and potential energy is called the
system’s mechanical energy or coherent energy.

A system can also have incoherent energy associated with the incoherent
motion and configuration of its parts.

An important part of a system’s incoherent energy is its thermal energy.

The higher the thermal energy of an object, the higher the temperature.

ENERGY OF MOTION

INCOHERENT
(thermal energy, source energy)

COHERENT
(mechanical energy)

ENERGY OF CONFIGURATION

kinetic energy
Vo # 0 O = 0
—_—t [ ]
® (@ (@ o ® o
® @ @ o & ©
I ®
® @ @ I~
........ Energy
dissipation
potential energy
T T \‘ i \/ <o
. | Z8
-0 @ O = Nee é P
i i
| ;o L [ ] /
—>C0 O 00 <+— N ® 00 d—
i i / Y \
— g @ @) *= / 3
i i /e ,\ L

—— Internal energy
(all but kinetic energy)
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Section 7.3: Energy dissipation

* What happens to the energy once 1t has become thermal
energy‘? (a) Rubber balls bouncing in a box

03 °

0 0 atoms
> in ball
o ©

Atoms share ball’s Kinetic energy is 2
coherent kinetic energy. - converted to incoherent ="
atomic motion (thermal energy).

(b) Gas atoms moving in a container

® @ )

@
o b =Y
> o
R J a @
b’ 9 N ) (’S. ‘1 ((S. S = @
~® @ ° v. @
Atoms do not have internal R0 6, they conti.nue to move.

structure to which their kinetic
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Checkpoint 7.6

@ 7.6 Because of friction, a 0.10-kg hockey puck initially sliding
over ice at 8.0 m/s slows down at a constant rate of 1.0 m/s? until
1t comes to a halt.

(a) On separate graphs, sketch the puck’s speed and its kinetic
energy as functions of time.

(b) To what form of energy 1s the kinetic energy of the puck
converted?
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@ 7.6 v.=8m/s, loses 1m/s per s. Straight line v(?).

Given v at a few times, find K = Yamv?

Converted to heat — puck & ice get warmer

vy (m/s) K (J)
15 - 4T
3
10
2 -
5 1 (L
0 | | | t (3) I 't (S)

| O I
0 2 4 6 38 10 0 2 4 6 8 10
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Section 7.4: Source energy

Section Goals

You will learn to

* Define source energy as an incoherent energy used
to produce other forms of energy.

* C(lassify the types of energy in a process using the
kinetic, potential, source, and thermal energies
scheme.
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Section 7.4: Source energy

* Energy obtained from sources such as fossil fuels, nuclear fuels, biomass
fuels, water reservoirs, solar radiation, and wind are collectively called

source energy.

* Broadly speaking, there are four kinds of source energy: chemical, nuclear,
solar, and stored solar energy.

* To facilitate our accounting of energy, we divide all energy into four
categories: kinetic energy K, potential energy U, source energy £, and

thermal energy E,,.

(a) The four categories of energy used for energy accounting

potential energy: coherent energy
associated with configuration of
interacting objects (gravitational
and elastic potential energy go here)

.-+ SOurce energy. incoherent energy

used to produce other forms of
energy (chemical, nuclear, solar,
and stored solar energy go here)

. thermal energy: incoherent
] energy associated with
chaotic motion of atoms

making up objects

kinetic energy: coherent

energy associated with -.,,

motion of objects "-, :
el

K U

mechanical energy
(all coherent energy)

© 2015 Pearson Education, Inc.

(b) In any closed system, the sum of
the four categories is constant

........................................................

K U E, E,, @

E=K+U+E+E,
is constant (does not change)
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Checkpoint 7.7

@ 7.7 How should chemical energy be classified in Figure 7.10?

COHERENT INCOHERENT
(mechanical energy) i (thermal energy, source energy)
kinetic energy
an‘ ¢ 6 i /lelTl = d
= — : ®
® @ (@ ® ® o
ENERGY OF MOTION
® @ @ o & ©
( ! . Q'
® @ @ ®
................................................ Energy '_ Internal energy
dissipation : (all but kinetic energy)
potential energy :
e 5 \;“ ‘“\‘: =
= | / X
—_— 0 @ 00 +— e® ® ®
= : | °® /;‘
: I L /
ENERGY OF CONFIGURATION | >0 © 00 +— O 0 00 d=—
. : : | ‘/ . ‘v\
@ @ O * = (@ ® |
v
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@ 1.7

Chemical energy — incoherent configuration energy

Configuration because it involves arrangement of atoms

Incoherent because arrangement of molecules and their
velocities before reaction & after are random

(Also: you can’t make all reaction products move 1n a single
direction and extract coherent KE; violates p conservation at
least)
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Section 7.4: Source energy

* The figure illustrates various
types of energy conversions
that can occur.

* Heaters are easy.

* Most everything is a heater,
intentionally or not.

© 2015 Pearson Education, Inc.

(a)

(b)

)

(d)

Kinetic energy can be converted
to potential energy, and vice versa.

th

Friction dissipates mechanical energy
irreversibly to thermal energy.

When source energy is converted to
mechanical energy, some dissipates

irreversibly to thermal energy.  }
»
K U E, Eg
Source energy can be converted .,
completely and irreversibly
K
to thermal energy.
K U E; Ey

NONDISSIPATIVE
(reversible)

> DISSIPATIVE
(irreversible)
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Section 7.4: Source energy

* Source energy = mechanical with thermal energy dissipated?

* In a combustion of fuels (methane 1n this case), some chemical
source energy 1s converted to kinetic energy of the reaction
products. Clearly, also incoherent thermal energy.

product molecules

'H,0

80 |

--------------------------------------------------------------------------------------

[ TTTTTT]
;N |
~ [T

:

L
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Section 7.4: Source energy

e To determine whether or not an interaction i1s
dissipative, check 1f the interaction 1s reversible:

* Interactions that cause reversible changes are
non-dissipative; those that cause irreversible
changes are dissipative.

* Ifitis reversible, playing it backwards would
not look weird

© 2015 Pearson Education, Inc.
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Checkpoint 7.8

@ 7.8 Whenever you leave your room, you diligently turn off the
lights to “conserve energy.” Your friend tells you that energy is
conserved regardless of whether or not your lights are off. Which
of you is right?

You are using two different definitions for “conserve.” Energy 1s
always conserved, given a closed system. The environmental
term means ‘use less source energy’ (oil, etc).

And your friend knew what you meant.
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Section 7.4: Source energy

Exercise 7.3 Converting energy

Identify the energy conversions that g
take place, and classify each ‘
according to the processes at right.

NONDISSIPATIVE
() u \_l I_' |_| (reversible)

K U E, E,

(a) A person lifts a suitcase.

(b) A toy suspended from a spring . =)
bobs up and down. e

DISSIPATIVE
(irreversible)

(c) A pan of water 1s broughttoa  © o L & 0
boil on a propane burner.

(d) A cyclist brakes and comes to a
stop. coeon
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Section 7.4: Source energy

Exercise 7.3 Converting energy (cont.)

SOLUTION (a) Closed SYStem: person, Kinetic energy can be converted

to potential energy, and vice versa.
suitcase, and Earth.

. o~ o . ’ u \_, |_' |_| l\ig)vzlrlzs)ilbslilPATIVE
- During lifting, potential energy ofthe =« © = &

Earth-suitcase system increases and the et i

kinetic energy of the suitcase increases. ‘
® ol e ol

K U E, E,

* The source energy is supplied by the
When source energy is C(m-v,c,l:té:.it,t)
person doing the lifting, who converts G i

A DISSIPATIVE

chemical (source) energy from food. et
( ) sy Ol el ol 0

* In the process of converting this source o
energy, thermal energy is generated i )
to thermal energy. =
the person gets hot). This process i1s
(the p gets hot) P e b b B
represented in Figure 7.13c. ¢/ £oWR &
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Section 7.4: Source energy

Exercise 7.3 Converting energy (cont.)

(b) Closed system: toy, spring, Earth. s

to potential energy, and

* As the toy bobs, its height changes, | ) ) o o owsmow

o
its velocity changes, and the R
configuration of the spring s i
changes. o LI

» The bobbing involves conversions ~ womss |

of gravitational & elastic potential , & & .
energy & kinetic energy. This -
reversible process is represented in s

Figure 7.13a. v/ “ e e b M
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Section 7.4: Source energy

Exercise 7.3 Converting energy (cont.)

(c) Closed system: pan of water and &

propane tank. o o

K U E, Ey,
Friction dissipates I 1 y N
irreversibly to thermal energy

As chemical (source) energy i1s
released by burning the propane, the « « = =
water is heated and its thermal
energy increases. This process 1s o Y L X
represented in Figure 7.13d.v/ -

DISSIPATIVE
(irreversible)

Source energy can b ted
completely and irreversibly
to thermal energy.

(d)
ol b bl
K U E, E,,
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Section 7.4: Source energy

Exercise 7.3 Converting energy (cont.)

(d) Closed system: Earth and cyclist. e

to potential energy, and vice versa

(a) \7] \T, IT’ |?| l(‘ig:r[s)ilbslz;PATIVE
During the braking, the biCYCle’S Friction dissipates mcchax?im}cnc:rgy N
kinetic energy 1s converted to
@ o e o EE

thermal energy by friction © T e

(Ignoring the muscle source energy ST —
required to pull the brakes) A /. R 2

DISSIPATIVE
(irreversible)

This process is represented 1n Figure oo,
7 . 1 3 b o V to thermal energy. £
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Section 7.4: Source energy

Coherent versus incoherent energy

* To get a feel for the different types of energy, let’s
look at a very ordinary object — a pencil. How many
types of energy are (or can be) stored 1n a pencil?
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Section 7.4: Source energy

Coherent versus incoherent energy (cont.)

* Coherent (mechanical) energy:

* Kinetic energy: If the pencil 1s at rest on your desk, its
kinetic energy 1s zero. If, however, you throw it across
the room, you give it a kinetic energy of about 1 J.

* Potential energy: To store potential energy in the
pencil, you must change 1ts configuration by squeezing
or bending 1t. The pencil, being stiff, does not bend or
squeeze easily, and so, 1f you are lucky, you might be
able to store 0.1 J of elastic potential energy 1n it
before 1t snaps.
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Section 7.4: Source energy

Coherent versus incoherent energy (cont.)

* Incoherent energy:

* Thermal energy: Thermal energy 1s the energy
associated with the random jiggling of atoms. It 1s
impossible to convert all of this energy to another form

* Imagine you take the pencil out of a drawer and carry
it around 1n your pocket so that its temperature rises
from room temperature to body temperature.

 This rise 1n temperature increases its thermal energy
by 100 J. If you could convert this 100 J of thermal
energy to kinetic energy, your pencil would be moving
at the speed of an airplane!
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Section 7.4: Source energy

Coherent versus incoherent energy (cont.)

* Incoherent energy:

* Chemical energy: Being made of wood, a pencil
stores chemical energy, which can easily be released.
If you burn the pencil, the wood turns to ashes, and
the configuration energy stored in the chemical bonds
is converted to thermal energy, which you feel as heat.

* The energy converted by burning the pencil is
100,000 J, an amount equal to the kinetic energy of a

medium-sized car moving at 35 mi/h.
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Section 7.4: Source energy

Coherent versus incoherent energy (cont.)

* Incoherent energy:

* Broken chemical bonds: If you bend the pencil
enough, it breaks. The energy required to break the
chemical bonds 1n the pencil 1s about 0.001 J. This
amount is only 1% of that 0.1 J of potential energy
you added by bending the pencil to just before its
breaking point; the remaining 99% ends up as thermal
energy: When the pencil snaps, the stress created by
the bending is relieved, and the snapping increases the
jiggling of the atoms.
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Section 7.4: Source energy

Coherent versus incoherent energy (cont.)

This comparison of energies makes two important
points that are valid more generally.

First, coherent forms of energy are insignificant
compared with incoherent forms — most of the energy
around us 1s 1n the form of incoherent energy.

Second, when energy 1s dissipated, virtually all of 1t
becomes thermal energy; the incoherent configuration
energy associated with deformation, breaking, and
abrasion 1s generally negligible compared to the
energies required to cause these changes.
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Checkpoint 7.9

@ 7.9 For each of the following processes, determine what
energy conversion takes place and classify the interaction as
dissipative or nondissipative. (Hint: Imagine what you would see
if you played each situation in reverse.)

(a) The launching of a ball by expanding a compressed spring
(b) the fall of a ball released a certain height above the ground,
(¢) the slowing down of a coasting bicycle

(d) the acceleration of a car.
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Checkpoint 7.9

@ 7.9 For each of the following processes, determine what
energy conversion takes place and classify the interaction as
dissipative or nondissipative. (Hint: Imagine what you would see
if you played each situation in reverse.)

(a) The launching of a ball by expanding a compressed spring
— reversible = nondissipative

(a) the fall of a ball released a certain height above the ground
— reversible = nondissipative

(b) the slowing down of a coasting bicycle
— slows down by friction, irreversible = dissipative

(c) the acceleration of a car

— combustion, irreversible = dissipative
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Section 7.4

Question 3

True or false: Dissipative interactions cause reversible
changes and nondissipative interactions cause
irreversible changes.

1. True
2. False
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Section 7.4

Question 3

True or false: Dissipative interactions cause reversible
changes and nondissipative interactions cause
irreversible changes.

1. True
¢/ 2. False —exactly backwards
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« Exam 1: scal

ed by +5 points, average 75.6
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exams back (hopefully at lab)

» lab tomorrow: will post after class
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Section 7.5: Interaction range

Section Goals

You will learn to

* Develop an understanding that interactions are
parameterized by certain attributes possessed by the
interacting objects.

* Contrast interactions by the interaction range over
which their influence 1s appreciable.
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Section 7.5: Interaction range

* Matter can be classified according to its interactions.

» Attributes we give to various types of matter are a way of
indicating the types of interactions they take part 1in.

* The strength of any interaction between two objects 1s a
function of the distance separating them, as illustrated in the

figure below.

(a) Long-range interaction (magnetic)

interaction

»
- field mediating interaction

interaction strength
(arbitrary units)

4
3
5 Magnets affect each other even when
separated by substantial distances.
1 -
Separation
0 1 1 . 1 ) distance (mm)

0 20 40 60 80 100 120
© 2015 Pearson Education, Inc.

(b) Short-range interaction (contact)

interaction strength
(arbitrary units)

4
3 =
5 Contact between solid objects acts
only over atomic-scale distances.
1 -
Separation
0 | I ! I L 1 distance (mm)

0 20 40 60 80 100 120
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Section 7.5: Interaction range

* As seen 1n the previous slide, the magnetic interactions
are said to be long-range because magnets can “feel”
each other over large distances.

* In contrast, interaction between two billiard balls 1s
said to be short-range because the balls do not interact
with each other when they are not “touching.”

* a key distinction is contact vs non-contact interactions

© 2015 Pearson Education, Inc. Slide 7-77



Section 7.5: Interaction range

* One model widely used to 1llustrate long-range
interactions 1s the field, shown 1n the figure below.

* For example, an electrically charged object has an
electric field, and interactions are mediated by these

fields.

(a) (b)
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Section 7.5: Interaction range

* An alternate model explains interactions in terms of an
exchange of fundamental particles called gauge
particles.

* Mathematically equivalent

Up quark in proton . . . ... turns into down quark plus pion, Pion and down quark turn into up
’ converting proton to neutron. quark, converting neutron to proton.

proton: s> ,y ‘3 " %}
2 up quarks é LA neutron @ S neutron @ _
1 down quark & @ @

\ pion ¥

neutron: s> @ 3 @ "
1 up quark y @ neutron ; @

2 down quarks
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Section 7.6: Fundamental interactions

Section Goals

You will learn to

* Identify the four fundamental interactions in our
universe: gravitational, electromagnetic, weak
nuclear, and strong nuclear.

* Characterize the physical attributes of objects that
these fundamental forces act on, the relative strength
of the interaction, their interaction range, and the
gauge particle that mediates them.
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Section 7.6: Fundamental interactions

 An interaction 1s fundamental if it cannot be
explained 1n terms of other interactions.

* All known interactions can be traced to the four
fundamental interactions listed below.

Table 7.1 Fundamental Interactions

Type Required attribute Relative strength Range Gauge particle Propagation speed
gravitational mass 1 % graviton? c?

weak weak charge 107 107¥ m vector bosons varies
electromagnetic electrical charge 10% o photon c

strong color charge 10% 107 m gluon c

The relative strength is a measure of the magnitude of the effects of these interactions on two protons separated by about 107'° m.
The question marks in the last two columns indicate that the information provided has not yet been verified experimentally. The
symbol ¢ represents the speed at which lights travels.

* Dark matter/energy — do we miss one here?
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Section 7.6: Fundamental interactions

Brief overview of the four fundamental
Interactions

1. Gravitational interaction:
* Long-range interaction between all objects that have mass.

* Probably mediated by a gauge particle called the graviton
(still undetected, but its basic properties are known).

* Determines the large-scale structure of the universe.
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Section 7.6: Fundamental interactions

Brief overview of the four fundamental
interactions

2. Electromagnetic interaction: Responsible for most of what happens
around us.

* Responsible for the structure of atoms and molecules, for all chemical
and biological processes, for repulsive interactions between objects
such as a bat and a ball, and for light and other electromagnetic
interactions.

* Long-range interaction mediated by a gauge particle called the photon.

(@) (®) m Residual

magnetic

Q)=

. interaction
t ... Magnetic

']
P
</ ' interaction
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Section 7.5: Interaction range

* Two electrons repel each other by exchanging a photon
* Both recoil, repulsive interaction

€ €

http://sciencevspseudoscience.files.wordpress.com/2011/12/moller_feynman_tree.png?w=500
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Section 7.6: Fundamental interactions

Brief overview of the four fundamental
interactions

3 (] Weak interaCtion : Re SponSible f()r ... decays into a proton, an electron,
. . An isolated neutron . . . and a neutrino, plus kinetic energy.
some radioactive decay processes  p . e |
. 1 .Y electron
and for converting hydrogen to g @ ! ®
helium in stars. JJJ GJJ
: - - Protons
* Acts inside the nucleus of atoms

...............................................................................

between subatomic particles that

carry an attribute called weak
charge. e

* Mediated by gauge particles 7
called vector bosons.
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Section 7.6: Fundamental interactions

Brief overview of the four fundamental
interactions

4. Strong interaction: Acts between quarks, which are
the building blacks of protons and neutrons, and
other particles.

* The attribute required for this interaction 1s called
color charge.

* Mediated by a gauge particles called gluons.

* Responsible for holding the nucleus of an atom
together.

© 2015 Pearson Education, Inc. Slide 7-86



Section 7.6: Fundamental interac

Size scale
10° m

Gravitational interactions
organize matter at planetary
to cosmic scales.

Residual electromagnetic
interactions assemble atoms
into molecules and
substances; these interactions
are also responsible for
contact interactions between
objects.

Electromagnetic interac-
tions assemble electrons and
nuclei into atoms.

Residual strong interactions
assemble protons and
neutrons into nuclei;
electromagnetic interactions
between protons limit nuclear
size.

‘The strong interaction
assembles quarks to form
protons and neutrons.
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Section 7.6

Question 4

Which fundamental interaction exerts the most control
(a) in chemical processes and (b) 1n biological

processes”?

1. Electromagnetic, gravitational respectively
2. GQravitational, electromagnetic respectively
3. Electromagnetic, electrostatic respectively
4. Gravitational, gravitational respectively
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Section 7.6

Question 4

Which fundamental interaction exerts the most control
(a) in chemical processes and (b) 1n biological
processes”?

1. Electromagnetic, gravitational respectively
Gravitational, electromagnetic respectively
¢/ 3. Electromagnetic, electrostatic respectively

Gravitational, gravitational respectively

hint: gravity 1s basically 1rrelevant
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Section 7.6

Question 5

The strength of the gravitational interaction is minuscule
compared with the strength of the electromagnetic interaction.
Yet we can study the interactions of most ordinary objects
without considering electromagnetic interactions, while it 1s
essential that we include gravitational interactions. This 1s

because

1. electromagnetic interactions occur only 1n atoms,
molecules, and subatomic particles.

most ordinary matter is electrically neutral.
3. atoms, molecules, and subatomic particles have no mass.
4. None of the above.
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Section 7.6

Question 5

The strength of the gravitational interaction is minuscule
compared with the strength of the electromagnetic interaction.
Yet we can study the interactions of most ordinary objects
without considering electromagnetic interactions, while it 1s
essential that we include gravitational interactions. This 1s

because

1. electromagnetic interactions occur only 1n atoms,
molecules, and subatomic particles.

‘/ 2. most ordinary matter 1s electrically neutral.
3. atoms, molecules, and subatomic particles have no mass.
4. None of the above.
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Chapter 7: Self-Quiz #1

Two carts are about to collide head-on on a track. The
inertia of cart 1 1s greater than the inertia of cart 2, and
the collision 1s elastic. The speed of cart 1 before the
collision 1s higher than the speed of cart 2 before the
collision.

(a) Which cart experiences the greater acceleration
during the collision?

(b) Which cart has the greater change in momentum
due to the collision?

(c) Which cart has the greater change in kinetic energy
during the collision?
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Chapter 7: Self-Quiz #1

Answer

(a) The cart with the smaller inertia experiences the
greater acceleration

(b) The magnitude of Ap, is the same as the magnitude
of Ap,, but the changes are in opposite directions
because the momentum of the system does not
change during the collision.

(¢) ‘AKI‘ = ‘AK2 ,but the changes are opposite 1n sign
because the kinetic energy of the system before the
elastic collision has to be the same as the kinetic
energy of the system afterward.
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Chapter 7: Self-Quiz #2

Which of the following deformations are reversible and
which are irreversible?

(a) The deformation of a tennis ball against a racquet

(b) The deformation of a car fender during a traffic
accident

(¢) The deformation of a balloon as it 1s blown up

(d) The deformation of fresh snow as you walk through 1t
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Chapter 7: Self-Quiz #2

Answer

(a) Reversible. The ball returns to its original shape.

(b) Irreversible. T
(c) Irreversible. T

ne fender remains crumpled.

he balloon does not completely return

to 1ts original shape after deflation.

(d) Irreversible. Your footprints remain.
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Chapter 7: Self-Quiz #5

Describe a scenario to fit the velocity-versus-time curves for two
colliding objects shown in Figure 7.23.

What happens to the initial energy of the system of colliding
objects during the interaction?

()

X
A
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Chapter 7: Self-Quiz #5

Answer

The graph represents an inelastic collision because the relative
velocity of the two objects decreases to about half its 1nitial
value. In order for the momentum of the system to remain
constant, the inertia of object 1 must be twice that of object 2.

Possible scenario: Object 2, inertia m, collides inelastically with
object 1, inertia 2m. The collision brings object 2 to rest and sets
object 1 in motion. The interaction converts the 1nitial kinetic
energy of object 2 to kinetic energy of cart 1 and to thermal
energy and/or incoherent configuration energy of both carts.

© 2015 Pearson Education, Inc. Slide 7-97



Chapter 7: Interactions

Quantitative Tools
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Section 7.7: Interactions and accelerations

Section Goal

You will learn to

 (Calculate the mathematical relationship between the
acceleration and 1nertia for two-body interactions.
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Section 7.7: Interactions and accelerations

* Now let us prove the relationship between accelerations and
inertia of interacting objects that we saw in section 7.1:

* Momentum conservation requires that the momentum of
an 1solated two-object system remains constant during an

Interaction:
Ap, =-Ap,
* [f the time-interval of the interaction 1s A¢, then we can
write
ap, _ Ap
At At

* If the inertias of the two objects are m, and m,, we have
mAvV,  m,Av,

At At
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Section 7.7: Interactions and accelerations

©2015P

ea

Using the definition of acceleration,

At—0 At
We can then rewrite Equation 7.3 as
mdy, = —Mydyy

Rearranging the previous equation, we get

This relationship between the accelerations of two
interacting objects of constant inertia holds for all
interactions in an 1solated two-object system.

rson Education, Inc.
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Checkpoint 7.11

@ 7.11 A 1000-kg compact car and a 2000-kg van, each traveling
at 25 m/s, collide head-on and remain locked together after the
collision, which lasts 0.20 s.

(a) According to Eq. 7.6, their accelerations during the collision
are unequal (ma 1s the same for both). How can this be 1f both
initially have the same speed and the time interval during which
the collision takes place is the same amount of time for both?

(b) Calculate the average acceleration in the direction of travel
experienced by each vehicle during the collision.

alx — m2

a2x ml
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Checkpoint 7.11

@ 7.11 (a) According to Eq. 7.6, their accelerations during the
collision are unequal. How can this be if both 1nitially have the
same speed and the time interval during which the collision takes
place 1s the same amount of time for both?

They don’t have the same change in velocity — the car changes its
velocity more
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Checkpoint 7.11

@ 7.11 (b) Calculate the average acceleration in the direction of travel
experienced by each vehicle during the collision.

purely inelastic:

v, =-25m/s

v, =125 m/s

m,v, + my, = (m,Tm/)v; first find final velocity
ve= (myv, —my.)/(m,+tm,) ==+833 m/s

a.= (ve—v,)/At=-170 m/s? now acceleration

a, = (vp— v )/At =+83 m/s?
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Section 7.7
Question 6

How are the acceleration and inertia of an object 1
related to the acceleration and inertia of an object 2
when the objects collide (a) elastically and (b)

inelastically?

1. Directly proportional, directly proportional

2. Directly proportional, inversely proportional
3. Inversely proportional, directly proportional
4. Inversely proportional, inversely proportional
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Section 7.7
Question 6

How are the acceleration and inertia of an object 1
related to the acceleration and inertia of an object 2

when the objects collide (a) elastically and (b)
inelastically?

1. Directly proportional, directly proportional
2. Directly proportional, inversely proportional
3. Inversely proportional, directly proportional

¢/ 4. Inversely proportional, inversely proportional

m,a,,. = —m,a,, still holds
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Section 7.8: Nondissipative interactions

Section Goals

You will learn to

* Identify that there 1s no change in source energy or
thermal energy for nondissipative interactions in a
closed system.

* Recognize that the only energy changes possible are
between Kinetic energy and potential energy for a
nondissipative closed system. This implies that the
change 1n mechanical energy for a nondissipative
closed system is equal to zero.
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Section 7.8: Nondissipative interactions

» Using the four categories of energy introduced in the
previous section, we can write conservation of energy
of any closed system as

AE=AK + AU+ AE, + AE, = 0 (closed system)

 For nondissipative systems, AEg = 0 and AE,;, = 0.

 If we introduce mechanical energy of a system as

E. ... = K+ U, we can write
AE_ .., = 0 (closed system, nondissipative interaction)
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Section 7.8: Nondissipative interactions

Consider the nondissipative interaction shown in the
figure below.

(a) Forward (b) Reverse
We know this interact ... because it could run in reverse—the reverse process is possible.
N s 3 —
¢ —]
! l_i wva/‘/\/‘/‘fgﬁ — t “ [ — WAL
%‘ l X . |
U X K U
- v =
t t,
: l_mmm ! Q ri_hfmm@_ ,
X «
U Xy K U
=0 =0 —
° °
t t. ]
Hmm@» = 3 w =
1 26 N 1 x ==
X3 K U X3 K )
L L =| B
t, t.
Q [ T} ’ (T =
| o L x <
X, K U X, K U
L £ P
" g = i [ SRR =
L x L x
X K U X K U
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Section 7.8: Nondissipative interactions

* The interaction between the cart and Earth in the
previous slide 1s nondissipative because it is reversible.

* Because K, 4, does not change, Equation 7.8 yields
AK_, . =—-AU

sprin

where Uy, 18 the elastic potenliiaig energy associated
with the shape of the spring.

* Ujpiing has a definite value at each position x of the end
of the spring.

* More generally, the potential energy of any system can
be written in the form

U= U(x)
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Section 7.8: Nondissipative interactions

Example 7.4 Path independence of change in
potential energy

Figure 7.26 shows a cart (a) Cart moves directly from x;, to x,

striking a spring. In Figure 5
—

7.26a, consider the motion of
the cart along the direct path RS s YT A

from the 1nitial position x, ,

=
(%

which is the position at which e
the cart makes 1nitial contact B w— T g
with the free end of the spring, P > X

to the position x, (path A). = path A
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Section 7.8: Nondissipative interactions

Example 7.4 Path independence of change in
potential energy (cont.)

In Figure 726b, consider the (b) Cart moves from x, to x, via x,
motion along the path from x, >

to the position of maximum e
compression x; and then back Ly 4

to x, (path B). Show that the 5

change in the cart’s kinetic il

energgy is the same for both — L
paths if the interaction caused v x ox

by the spring 1s reversible. = path B
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Section 7.8: Nondissipative interactions

Example 7.4 Path independence of change in
potential energy (cont.)

@ GETTING STARTED As the cart moves from x, to
x, along path A, the spring is compressed and the cart’s
kinetic energy steadily decreases. Along path B, the
spring 1s first compressed and the cart comes to a stop at
x,. The spring then expands, accelerating the cart back
to x,. To solve this problem, I’ll consider the closed
system made up of the cart, the spring, and Earth.
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Section 7.8: Nondissipative interactions

Example 7.4 Path independence of change in
potential energy (cont.)

@ DEVISE PLAN The change in the cart’s kinetic
energy 1s given by Eq. 7.11. Therefore 1f the change 1n
the elastic potential energy of the spring 1s the same
along both paths, then the change 1n the kinetic energy
of the cart must also be the same along both paths. 1’11
first determine the change in potential energy between
the 1nitial and final positions of path A, then do the
same between the mitial and final positions of the two
parts of path B.
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Section 7.8: Nondissipative interactions

Example 7.4 Path independence of change in
potential energy (cont.)

® EXECUTE PLAN Because the potential energy
associated with a reversible interaction 1s a function of x

only (Eq. 7.12), the change 1n elastic potential energy
along path A 1s

AvaathA - Uf_ U, = U(x2) R U(xl)

1

© 2015 Pearson Education, Inc. Slide 7-115



Section 7.8: Nondissipative interactions

Example 7.4 Path independence of change in
potential energy (cont.)

® EXECUTE PLAN Along path B I have two

contributions to AUg,;...: an increase in U from x; to x;

and a decrease from x; to x,:
AUpathB =AU; + AU;,
= [UGx) - U] + [UGx) — Ulxy)]
= Ulx,) — Ulx)) = AUpathA-‘/
So, the change 1n the cart’s kinetic energy is the same for
both paths.
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Section 7.8: Nondissipative interactions

Example 7.4 Path independence of change in
potential energy (cont.)

@ EVALUATE RESULT The change in the cart’s
kinetic energy is independent of the path joining x, and x,
even though the cart ends up moving 1n opposite
directions along the two paths. This 1s because the change

in potential energy AU,, depends only on the coordinates
of the initial and final positions x, and x,.
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Section 7.8: Nondissipative interactions

Example 7.4 Path independence of change in
potential energy (cont.)

@ EVALUATE RESULT Another way to see that this
must be true 1s to consider only the motion from x, to x;
and back. From x, to x; all the kinetic energy of the cart
1s converted to elastic potential energy of the spring.
From x; to x, the elastic potential energy is converted
back to kinetic energy, and so the motion from x, to x;
and back to x, doesn’t change the cart’s kinetic energy.
(Remember that kinetic energy is always positive and
independent of the direction of travel.)
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Checkpoint 7.13

@ 713 Show that, 1n Flgure 7 26, the (a) Cart moves directly from x, to x,
change 1n potential energy along a round 2
trip from position x, to position x, and then LRSS VW

—

back to x, 1s zero. G

—

g
L > X

1
X X
m—p path A

-

(b) Cart moves from x, to x, via x;

v
—

Li' — -.‘/"‘»/\f\/\/\/i/‘&,,/\»ﬂi

e
W]
| ] | > X

X Xy Xy

=< pathB
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Checkpoint 7.13

@ 7.13 Show that, in Figure 7.26, the (@ Cart moves directly from , to 3
change in potential energy along a round —_—
trip from position x, to position x, and then LRSS VW
back to x, 1s zero. s
g
. ! > X
U is a function of coordinate alone, U(x) it
If x. = x;, U(x;) = U(x;) — change in U 1s |
(b) Cart moves from x, to x, via x;
zero!
—
N VWV

whenever we have a reversible interaction, ;
change in U for a closed path is zero, 'im””*"”&
independent of the path! T

X Xy Xy

=< pathB
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Section 7.8: Nondissipative interactions

* The fact that potential energy 1s
a unique function of position "
leads to a very important point:

h i W
L X
X,

* For an example, consider a
closed system with the

v
=

L x
X

[ < [T

potential energy function

U(x), as shown. ,3 i

[ s 17718

*  We can state in general that:
* The parts of any closed ‘o gg

system always tend to

accelerate lll the ['"“ :il: VML

direction that lowers
the system’s potential
energy.

© 2015 Pearson Education, Inc.
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(b) Reverse
ss:D) t could run in reverse—tk possible
i a [ — AN
L X

v
—

t,
! Q J;!mmq
L %
X3

D

<=

K ;!fmmg
L X
X,

b
—
i [ WAL
. X
X,

= J1 ~ I o~ (I o~ I = [ 2
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Checkpoint 7.14

@ 7.14 Consider a ball launched upward. Verify that its
acceleration points in the direction that lowers the gravitational
potential energy of the Earth-ball system.
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Section 7.8
Question 7

Which of the following are dissipative interactions?

1. The force exerted by a spring on a particle in one
dimension

The force of friction

2

3. The force of gravity
4. Both 1 and 2

5. Both 1 and 3

6. Both 2 and 3

7. 1,2,and 3
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Section 7.8
Question 7

Which of the following are dissipative interactions?

1. The force exerted by a spring on a particle in one
dimension

¢/ 2. The force of friction
3. The force of gravity
4. Both 1 and 2
5. Both 1 and 3
6. Both 2 and 3
7. 1,2,and 3
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Section 7.9: Potential energy near Earth’s

surface

Section Goals

You will learn how to

 C(Calculate the gravitational potential energy of an
object near Earth’s surface.

* Demonstrate that the change in gravitational potential
energy for an object near Earth between two points 1s
independent of the path connecting the points.
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Section 7.9: Potential energy near Earth’s

surface

* As discussed in Chapter 3, free-
falling objects near Earth’s surface
fall with an acceleration
g=9.8 m/s’.

* Since the gravitational : i
interaction near Earth’s surface 1s BN
nondissipative, and since : P B

. v

AKg,.«, = 0, we can write energy : -
conservation as : 0 : Ao ;
G _ Earth Earth
AUC+AK, =0 nmid B

where AU is the change in < e
gravitational potential energy of i
Earth-ball system, and AK, 1s the X 4
change 1n the ball’s kinetic energy. K, UC K, =
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Section 7.9: Potential energy near Earth’s

surface

*  We can write the acceleration of the free-falling object as

Av_
a =——=—
At s
* Substituting a,= — g in Equation 3.7, x, —x, =v_Af+7a (At ),
we can write
Ax=v_At—1g(Aty’

* Substituting At = —Av /g in the previous equation and
expanding the A notations, along with some algebraic
manipulations, gives us

2 2
X —x =— 2vx,i(vx,f B Ux,i) TV x,f B 2vx,ivx,f TV x,1 — _ vf — vi
2g 2g

© 2015 Pearson Education, Inc. Slide 7-127




Section 7.9: Potential energy near Earth’s

surface

* Some algebraic manipulations of previous equation
g1ves
2 2
m, g(x, —x)+5m (V;—0;)=0
* The second term above 1s AK, and so from the
energy conservation law, the first term must be AUC.

* Therefore, the change in gravitational potential
energy 1s

AUS = mgAx (near Earth’s surface)

* Expanding the A notation in previous equation, we
get
AUY = Uf— UiG= mg(x, — X.) = mgx, — mgx.
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Section 7.9: Potential energy near Earth’s

surface

* We can conclude that the gravitational potential
energy of the Earth-object system near Earth’s
surface 1s

US(x) = mgx (near Earth’s surface)
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Checkpoint 7.15

@ 7.15 Suppose you raise this book (inertia m = 3.4 kg) from the
floor to your desk, 1.0 m above the floor.

(a) Does the gravitational potential energy of the Earth-book
system increase or decrease?

(b) By how much?

(c¢) Conservation of energy requires that this change in potential
energy be compensated for by a change in energy somewhere
in the universe. Where?
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Checkpoint 7.15

@ 7.15 Suppose you raise this book (inertia m = 3.4 kg) from the
floor to your desk, 1.0 m above the floor.

(a) Does the gravitational potential energy of the Earth-book
system increase or decrease? increases

b) By how much? AU® = mgh = 33]
(b) By g

(c¢) Conservation of energy requires that this change in potential
energy be compensated for by a change in energy somewhere
in the universe. Where? your arm muscles burn some
chemical energy
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Checkpoint 7.16

@ 7.16 Suppose that instead of choosing Earth and the ball as our
system in the discussion leading up to Eq. 7.21, we had chosen to
consider just the ball. Does it make sense to speak about the
gravitational potential energy of the ball (the way we speak of its

kinetic energy)?

US(x) = mgx (near Earth’s surface)
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Checkpoint 7.16

@ 7.16 Suppose that instead of choosing Earth and the ball as our
system in the discussion leading up to Eq. 7.21, we had chosen to
consider just the ball. Does it make sense to speak about the
gravitational potential energy of the ball (the way we speak of its

kinetic energy)?

US(x) = mgx (near Earth’s surface)
No — ball 1s not a closed system. It doesn’t fall by itself.

Though people say this, it 1s sloppy. Potential energy requires 2
interacting objects (at least)
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Section 7.9
Question 8

The gravitational potential energy of a particle at a
height z above Earth’s surface

1. depends on the height z.

2. depends on the path taken to bring the particle to z.
3. both I and 2

© 2015 Pearson Education, Inc. Slide 7-134



Section 7.9
Question 8

The gravitational potential energy of a particle at a
height z above Earth’s surface

¢/ 1. depends on the height .
2. depends on the path taken to bring the particle to z.
3. both I and 2
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Problem

A ball slides in a frictionless bowl, released from rest at the top.
When it reaches a height 2/3R from the top, what is its speed?

wWIN
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Change in KE = - change in U
let bottom of bowl be height 0

K- K. =Yamv? - 0 = Yamv/?

Us:— U =mg(2/3 R) —mg(R) = mgR/3

vamvE = mgR/3
v =2gR/3
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Speed at the bottom of the ramp?

h

Frictionless, released from rest.

© 2015 Pearson Education, Inc. Slide 7-138



Speed at the bottom of the ramp?

change K = - change in U
let floor be height 0

K- K. =Yamv? - 0 = Yamv/?

Us:— U =mgh—0=mgh

vamvE = mgh
v =2gh

the same dropping a ball from height h
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Section 7.10: Dissipative interactions

Section Goals

You will learn to

* Associate dissipative interactions with irreversible
processes.

* Quantify the change in mechanical energy caused
by a dissipative process.
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Section 7.10: Dissipative interactions

* An example of a dissipative interaction is shown below:
 Dissipative interactions are irreversible.

* There is a change in thermal energy in dissipative interactions.

(a) Forwar d (b) Reverse
This interaction is not reversible . . . ... because we could never observe a puck start to move
t: pont: ly ting incoherent thermal

energy to coherent kinetic energy.

bl =0
iy = i .
? (.
. X x <
X K X K Ey,
D] ¥
t2 iy “Q <
1 x X <
X, K X K
— )
e
=3 [
L % % X
x} K X.

@
i
|
& - T < T - T [T
o

2
xi\HHHH =
= § = JH =

ol
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Section 7.10: Dissipative interactions

* In the example shown previously, the friction acting on the
puck causes its kinetic energy to be converted to thermal
energy.

 Since there 1s no change in potential energy and there 1s no
source energy, energy conservation simplifies to

AK+AE, =0
which can be written as
AK =—-AEy,
* In this example only the kinetic energy of the puck changes,
and therefore AK = AK |

* This 1s an irreversible interaction because incoherent thermal
energy cannot spontaneously convert to coherent kinetic
energy.

uck*
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Section 7.10: Dissipative interactions

* The figure below shows an
explosive separation.

(a) Compressed spring pushes carts apart

 The interaction is reversible
because one form of
B, =

. = 0 61 @2
coherent energy (elastic f | b
potential energy) is [ B s TVYNONION

converted to another form

o

of coherent energy (kinetic T B ety
energy). 10 BB =R
* This type of nondissipative || | || | SHIEHE
. ) X — = = e " :‘A(; i R —
explosive separation is SN EE =SS
K U E E, K U E E,

described by AK + AU = 0.
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Section 7.10: Dissipative interactions

 The interaction shown 1s an
irreversible explosive

Sep aratlon (b) Exploding firecracker pushes carts apart
* During the separation, L
=, 3 ; -
stored chemical energy in o — %,
the firecracker is partly ':b QL _@

converted to (coherent)

. . Source energy converted dissipativel
klnetlc energy and partly to to kinetic ariog thermal ene'rgyp J
(incoherent) thermal ===V A FRE
energy. EREE MERRENER:H M

* For this interaction, we get 1 1 1 1 2] ) [
K U E E, K U E  E,

AK + AE

chem

+AE, =0
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Section 7.10: Dissipative interactions

Exercise 7.7 Skateboard

Standing a few meters from a skateboard, a boarder begins
running and then jumps onto the board. Make bar diagrams like
the ones 1n Figure 7.32 to illustrate the energy conversions (a)
while he accelerates and (b) while he jumps onto the board. Are
the interactions dissipative or nondissipative?

(a) Compressed spring pushes carts apart (b) Exploding firecracker pushes carts apart

B, =3,=0 i v 171=T)2=6 D) = v
1 2 2 Py 1 y 2
— - ‘ —
I i il NN ] i ‘ ] ‘ ! _if!;l

Elastic potential energy converted Source energy converted dissipatively
nondissipativ el) to l\metu energy to kinetic and thermal energy
g s =
i —] —]
— —
= = ax | -Jo0 =
K U E, E, K U E,
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Section 7.10: Dissipative interactions

Exercise 7.7 Skateboard (cont.)

SOLUTION (a) I choose a closed system consisting of the
boarder, the skateboard, and Earth. The boarder’s initial kinetic
energy 1s zero. As he accelerates during his run, he gains kinetic
energy while the kinetic energy of Earth and the board remain
Zero.

initial final

—— e —— —— — — — — — ——— — —— e ——— — — —————— —
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Section 7.10: Dissipative interactions

Exercise 7.7 Skateboard (cont.)

SOLUTION As he accelerates, he converts source energy
(chemical energy extracted from food) to kinetic energy (he
speeds up) and thermal energy (he gets warmer). This conversion
1s 1rreversible and therefore dissipative. There are no reversible
changes 1n potential energy, and therefore I draw the energy bars
shown 1n Figure 7.33.

initial final

———————————— — — — ————————————— ——
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Section 7.10: Dissipative interactions

Exercise 7.7 Skateboard (cont.)

SOLUTION (b) The jump onto the skateboard is a totally
inelastic collision. Initially the boarder moves while the
skateboard 1s at rest; after he lands on the board, both move at the
same velocity. During this “collision,” there 1s no conversion of
source energy and no change of potential energy.

initial final
CUTTYTTTTY TR
v =

| P I | Ps® |

| —> |

. . O {4 ©

| -\ v,=0 | | — |

| — ° ' | — |

\_ :'_—l"__l \_ e )
K U E, Ey K U E, Ey
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Section 7.10: Dissipative interactions

Exercise 7.7 Skateboard (cont.)

SOLUTION As in any other totally inelastic collision, however,
part of the initial kinetic energy 1s dissipated to thermal energy
between the boarder’s feet and the board and between the wheels
and the ground. My bar diagram 1s shown in Figure 7.34.

initial final

o ———— —— — — — — — — — — o —————— — — — —— — — —

i ——— o — — q— — o o— —_— i e — — — —— — — o— o—— — .
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Section 7.10

Question 9

In the following figure, a 10-kg weight is suspended from the
ceiling by a spring. The weight-spring system is at equilibrium
with the bottom of the weight about 1 m above the floor. The
spring 1s then stretched until the weight is just above the eggs.
When the spring 1s released, the weight 1s pulled up by the
contracting spring and then falls back down under the influence

of gravity.
On the way down, it
1. reverses its direction of travel well above
the eggs.
2. reverses its direction of travel precisely as it
reaches the eggs. 0%

3. makes a mess as it crashes into the eggs.
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Section 7.10

Clicker Question 9

In the following figure, a 10-kg weight is suspended from the
ceiling by a spring. The weight-spring system is at equilibrium
with the bottom of the weight about 1 m above the floor. The
spring 1s then stretched until the weight is just above the eggs.
When the spring 1s released, the weight 1s pulled up by the
contracting spring and then falls back down under the influence

of gravity.
On the way down, it
1. reverses its direction of travel well above
the eggs.
‘/ 2. reverses its direction of travel precisely as it
reaches the eggs. 0%

3. makes a mess as it crashes into the eggs.
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Section 7.9: Potential energy near Earth’s

surface

Example 7.5 Path independence of
gravitational potential energy

Ball A 1s released from rest at a height /4 above the
ground. Ball B 1s launched upward from the same
height at initial speed vy ;. The two balls have the same
inertia m. Consider this motion from the instant they are
released to the instant they hit the ground.
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Section 7.9: Potential energy near Earth’s

surface

Example 7.5 Path independence of
gravitational potential energy (cont.)

(a) Using kinematics, show that the change in kinetic
energy 1s the same for both balls.

(b) Show that this change 1n kinetic energy 1s equal to
the negative of the change in the gravitational
potential energy of the Earth-ball system between
positions x = +h and x = 0.
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Section 7.9: Potential energy near Earth’s

surface

Example 7.5 Path independence of
gravitational potential energy (cont.)

@ GETTING STARTED I x
begin by representing these h+d | -~
two motions graphically S
(Figure 7.29). Ball A drops Va;i =0 VB,il
straight down; ball B first - B B
rises a distance d above the i
launch position /# and then |
falls from a height 4 + d. |

I

\ 4
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Section 7.9: Potential energy near Earth’s

surface

Example 7.5 Path independence of
gravitational potential energy (cont.)

@ DEVISE PLAN I can obtain the initial kinetic energies
from the 1nitial speeds, which are given. So all I need to
do 1s calculate the final speeds using the kinematics
equations for motion at constant acceleration from
Chapter 3. From my sketch, I see that the x component of
the acceleration of the balls 1s given by a. = —g. For part b
I can use Eq. 7.20 to calculate the change in gravitational

potential energy.

AUY = UfG —UiG =mg(x, —x. )= mgx, — mgx.
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Section 7.9: Potential energy near Earth’s

surface

Example 7.5 Path independence of
gravitational potential energy (cont.)

® EXECUTE PLAN (a) The time interval ball A takes
to fall to the ground can be obtained from Eq. 3.7:

Ax=x.—x=0-h=v, At——g(At)

=—1g(At)’
Zh

(At)’ = (1)
g
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Section 7.9: Potential energy near Earth’s

surface

Example 7.5 Path independence of
gravitational potential energy (cont.)

® EXECUTE PLAN The x component of the ball’s final
velocity 1s, from Eq. 7.14, v, ;= v, ,; — gAt = —gAt, and

so, using Eq. 1, I calculate that the kinetic energy of ball

A just before it strikes the ground 1s

2h] mgh. (2)
g

Because the ball begins at rest, K, ; = 0, and so the change
in kinetic energy 18 AK, = K, ;— K, ; = mgh.

KA’f:%mv, =%m[ gAt] =1mg’ (
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Section 7.9: Potential energy near Earth’s

surface

Example 7.5 Path independence of
gravitational potential energy (cont.)

® EXECUTE PLAN Equation 2 holds for any value of 4. After
reaching its highest position, ball B falls a distance / + d to the
ground, and so, substituting /2 + d for h in Eq. 2, I obtain the final
kinetic energy of ball B: Ky ;= mg(h + d). To determine d, 1
examine ball B’s motion from its 1nitial position x; = 4 to the top
of its path, where x,= & + d, and again use Eq. 3.7:

Av=(h+d)-h=d=v, At -Lg(At ), (3)

but the time interval Az, required to reach the top of the

top
trajectory 1s not known.
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Section 7.9: Potential energy near Earth’s

surface
Example 7.5 Path independence of
gravitational potential energy (cont.)

@) EXECUTE PLAN I do know, however, that the
ball’s velocity at the top is zero, and so I can say, again

using Eq. 7.14, that vg , ,, = 0 = v, ; — gAt,,,, Or
At,,, =vg . /g- Equation 3 then becomes

v v. Y 2 V2 v’
d . Bx.1 1 Bx.,1 __ B 1 B,i 1 B.1
o UBx,i 2 8 o 2 ) .
g g g g g
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Section 7.9: Potential energy near Earth’s

surface

Example 7.5 Path independence of
gravitational potential energy (cont.)

® EXECUTE PLAN The final kinetic energy of ball B is
thus

2

2
v B.1 2
K, =mg(h+d)= mgh+mg(%?) =mgh+5mv,..

Because K. =7 mv 18 the 1nitial kinetic energy of ball
B, the gain in kmetlc energy for ball B 1s AKy = K ¢ — Ky ;
= mgh, which 1s indeed equal to that of ball A (Eq. 2).v/
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Section 7.9: Potential energy near Earth’s

surface

Example 7.5 Path independence of
gravitational potential energy (cont.)

® EXECUTE PLAN (b) According to Eq. 7.20, the
change 1n gravitational potential energy i1s

AU = mg(x,—x,) = mg(0 — h) —mgh. v/

This result 1s equal 1n magnitude to the gains in the
balls’ kinetic energies I found in part a.
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Section 7.9: Potential energy near Earth’s

surface

Example 7.5 Path independence of
gravitational potential energy (cont.)

@ EVALUATE RESULT Because I obtained the same
result in two ways, I can be quite confident of my
answer. My result further confirms that the change in
potential energy 1s independent of the path taken and

depends on only the endpoints of the path.
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Chapter 7: Summary

Concepts: The basics of interactions

* An interaction 1s an event that produces either a
physical change or a change in motion. A repulsive
interaction causes the interacting objects to accelerate
away from each other, and an attractive interaction
causes them to accelerate toward each other.

* The interaction range is the distance over which an
interaction 1s appreciable. A long-range interaction
has an infinite range; a short-range interaction has a
finite range.
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Chapter 7: Summary

Concepts: The basics of interactions

* A field 1s a model used to visualize interactions
between objects. According to this model, each object
that takes part in an interaction produces a field in the
space surrounding itself, and the fields mediate the
interaction between the objects.
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Chapter 7: Summary

Concepts: The basics of interactions

* A fundamental interaction is one that cannot be explained in terms
of other interactions. The four known fundamental interactions are

 the gravitational interaction (a long-range attractive interaction
between objects that have mass),

* the electromagnetic interaction (a long-range interaction
between objects that have electrical charge; this interaction can
be either attractive or repulsive),

* the weak interaction (a short-range repulsive interaction
between subatomic particles), and

* the strong interaction (a short-range interaction between
quarks, the building blocks of protons, neutrons, and certain
other subatomic particles; this interaction can be either attractive
or repulsive).
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Chapter 7: Summary

Quantitative Tools: The basics of interactions

* If two objects of nertias m, and m, interact, the ratio
of the x components of their accelerations 1s
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Chapter 7: Summary

Concepts: Potential energy

* Potential energy is a coherent form of internal
energy associated with reversible changes in the
configuration of an object or system. Potential energy
can be converted entirely to kinetic energy.

* Gravitational potential energy 1s the potential
energy associated with the relative position of objects
that are interacting gravitationally.
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Chapter 7: Summary

Concepts: Potential energy

 Elastic potential energy is the potential energy
associated with the reversible deformation of objects.

* Changes 1n potential energy are independent of path.
This means that the change 1n an object’s potential
energy as the object moves from a position x, to any
other position x, depends only on x, and x,, and not
on the path the object takes in moving from x, to x,.
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Chapter 7: Summary

Quantitative Tools: Potential energy

* The potential energy U of a system of two interacting
objects can always be written in the form

U= Ulx),

where U(x) 1s a unique function of a position variable
x that quantifies the configuration of the system.

* Near Earth’s surface, 1f the vertical coordinate of an
object of inertia m changes by Ax, the gravitational
potential energy UC of the Earth-object system

changes by
AU% = mgAx.
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Chapter 7: Summary

Concepts: Energy dissipation during
interactions

* All energy can be divided into two fundamental classes:
* Energy associated with motion (kinetic energy) and

* Energy associated with the configuration of interacting
objects (potential energy).

* Each class of energy comes in two forms: coherent and
incoherent:

* Energy is coherent if 1t involves ordered motion or
configuration; it 1s incoherent if it involves random motion
or configuration. For example, the kinetic energy of a
moving object 1s coherent because all of 1ts atoms move in
the same way, whereas the thermal energy of an object 1s
incoherent because the atoms move randomly.
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Chapter 7: Summary

Concepts: Energy dissipation during
interactions

* Source energy £ is incoherent energy (such as
chemical, nuclear, solar, and stored solar energy)
used to produce other forms of energy.

 Dissipative interactions are irreversible interactions
that involve changes 1n thermal energy.

* Nondissipative interactions are reversible
interactions that convert kinetic energy to potential
energy, and vice versa.
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Chapter 7: Summary

Quantitative Tools: Energy dissipation during
interactions

Emech =K+ U.

* During a dissipative interaction, the sum of the
changes 1n all forms of energy in a closed system 1s
Zero:

AK +AU+AE, + AE,, = 0.

* During a nondissipative interaction, the mechanical
energy of a closed system does not change:

AE . =AK+AU=0.

mech
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