Physics 111 - Class 9B
PE & Energy Conservation

November 2, 2022




® Logistics / Announcements
® Conservation of Energy
@ Clicker Questions

@® Worked Problems

® One more thing: Bullet Block Problem



Classes on Friday Nov 4 and Friday Nov. 18th
will be CANCELLED.

Bonus Test 3 (Nov 4) and Test 4 (Nov. 18)

will be done completely online, on your own, without invigilation,
and no password will be required to write the test.

The same Test rules as usual apply -
I’'m trusting you to do things honourably and with integrity!

There will be no one in COM 201, so don’t come to class
unless you have no other quiet place to write the test!



Logistics/Announcements

® Lab this week: Lab 6

® HWS8 due this week on Thursday at 6 PM

® Learning Log 8 due on Saturday at 6 PM

® HW and LL deadlines have a 48 hour grace period

® Test/Bonus Test: Bonus Test 3 is this Friday!



Physics 111

Q. Search this book...

Unsyllabus

ABOUT THIS COURSE

Course Syllabus (Official)
Course Schedule
Accommodations

How to do well in this course

GETTING STARTED
Before the Term starts
After the first class

In the first week

Week 1 - Introductions!

PART 1 - KINEMATICS

Week 2 - Chapter 2
Week 3 - Chapter 3

Week 4 - Chapter 4

PART ?2 -DYNAMICS

Videos

Below are the assigned videos for this week. The videos are collapsible so once you’re done with one, you can move to
the next one. In the sidebar on the right, you can use the checklists to keep track of what's done.

Required Videos

1. Introduction to Gravitational Potential Energy with Zero Line Examples
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e Notes
e Direct link to Mr. P's page

Required Videos
Optional Videos

Checklist of items

FjVvideo 1
FJVvideo 2
Video 3
Video 4
FiVideo 5
Video 6
Video 7
¥)Video 8
Video 9
Video 10



Friday’s Class




Review: Conservative
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https://www.youtube.com/watch?v=iba4gUeQN0w

Review: Conservative and Non-Conservative Forces
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https://www.youtube.com/watch?v=N7DAqKuSCsk

Normal forces are nonconservative

For simplicity, consider a frictionless horizontal
surface. Push a block, initially at rest at point
A, through point B twice so that the block passes

through B at two different speeds (figure 5). Only
the horizontal normal force N that you apply does

Figure S. You can make a block initially at rest pass
through point B with two different speeds and thus with
two different kinetic energies by pushing it with a
horizontal normal force. By the work—energy theorem,
different kinetic energy changes imply that the work
done by the normal force N between the two points is
path-dependent.

work upon the block. According to the work—
energy theorem, the total work upon the block
equals its kinetic energy change. Here, different
kinetic energy changes imply path-dependent
work.

A normal force exhibits an i1mportant
fundamental difference from a conservative force
such as a spring force. While the force a spring
exerts is determined just by the displacement of the
end of the spring from its equilibrium position, you
are free to apply the normal force of your choice
to the box while you push the box from A to B.
Thus, you are free to choose how much work your
normal force does upon the box between A and B.

Tensions are nonconservative

Repeat the above argument for normal forces,
except this time drag the block across the surface
with a horizontal string instead of pushing it
horizontally with your hand (figure 6).

Figure 6. Tension T can cause a block initially at rest
at point A to pass through point B with two different
kinetic energies.

Kinetic friction is a nonconservative force
Suppose that points A and B lie on the surface of a
horizontal table. First apply a horizontal force to
push the block directly from A to B. Then apply
a horizontal force to push the block from A to
B along a longer path (figure 2). Since kinetic
friction does more negative work in the second
case, the work of kinetic friction 1s path dependent.

I

Figure 2. The work done by kinetic friction is more
negative along the longer path from A to B.

Static friction is nonconservative

It may be surprising to students that static friction
1s capable of doing any work, but here’s a case

Figure 7. The static friction that a board exerts upon
a block can cause the block to undergo two different
kinetic energy changes between (wo points.

where it does. Just place a block on top of a board
and hold the board horizontally by its ends. Start
with the block at rest at point A. Then move the
board and the block horizontally twice through
point B so that the block passes through B with
different speeds (figure 7). Be careful that the
block doesn’t slide on the board! Static friction
from the board is the only horizontal force that
acts upon the block. Different kinetic energy
changes for the block along the two paths imply
that the static friction from the board does different
amounts of work upon the block along the two
paths.

Paper Reference: David Keeports, "The common forces: conservative or nonconservative?”

Spring forces are conservative

The work that a spring does upon an object
attached to its end is given by

B
W =f F(x)dx
[\

B
=—kf x dx
A

—'f<82 — A% (1)
=-2 ,

There are countless ways to move the end of the
spring from x = A to x = B. You can move
the end of the spring slowly or quickly from A to
B. You can move the end of the spring from A to

Figure 3. The value of the integral in equation (1) is
independent of the path of the spring’s end between
point A and point B.

a point beyond B and then return the end of the
spring to B (figure 3). Nothing about the integral
in equation (1) depends upon the path from A (0 B,
providing that Hooke’s law is obeyed throughout
the path.

Gravity is a conservative force

Since gravity’s direction is straight down, an
object’s horizontal motion contributes nothing to
the work upon an object as it moves from A to
B. Thus gravity’s net work (+mgh if A is higher
than B and —mgh if B is higher than A) depends
only upon the object’s net vertical displacement
and not upon its path from A to B (figure 1). (Work
becomes =GMm(1/rg — 1/ra) in a nonuniform
gravitational field.)



https://iopscience.iop.org/article/10.1088/0031-9120/41/3/001

Single Spring
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Source: Single Spring Simulation

Energy in
Springs
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https://www.myphysicslab.com/springs/single-spring-en.html?SHOW_ENERGY=true;DAMPING=0;SPRING_STIFFNESS=1;RUNNING=false;SIM_CANVAS.BACKGROUND=black;POSITION=-0.00666368493436003;VELOCITY=-1.99971832233086;TIME=145.800000000016;

Conse

CONSERVATION OF ENERGY

The mechanical energy E of a particle stays constant unless forces outside the system or non-
conservative forces do work on it, in which case, the change in the mechanical energy is equal to the work
done by the non-conservative forces:

Whic,aB = A(K + U)g,p = AE43.

1



Spring on an Incline

A small 5 kg block is accelerated from rest on a flat surface by a compressed spring (k = 658 N‘,-"m) along a
frictionless, horizontal surface. The block leaves the spring at the spring's equilibrium position (xz = 0) and

L

travels on an incline (f = 25°) with a coefficient of kinetic friction s1;, = 0.25. The block moves a horizontal
distance 2 = 8 m before coming to a stop.

Part 1

(a) What is the initial compression of the spring?

£ = number (rtol=0.02, atol=1e-08) m @

Part 2

(b) What is the maximum kinetic energy of the block?

Kmae =  number (rtol=0.05, atol=1e-08) J @




Key Equatio

Difference of potential energy AU sp=Ug—-U4 = —Wyp

Potential energy with respect to zero of
e T AU =U (¥) - U (%)
potential energy at ry

Gravitational potential energy near Earth’s surface U (y) = mgy + const.
Potential energy for an ideal spring U(x) = %kx2 + const.
_)
Work done by conservative force over a closed path W closed path = / Feons dr =
" : : : : dF, dF,
Condition for conservative force in two dimensions o ) =\ o
Conservative force is the negative derivative of potential energy F = - ‘fl—(lf

Conservation of energy with no

0=W, = A(K = AE 3.
non-conservative forces nc,AB (K +U)ap AB




How to do well in this course

® Tip

Full credit for the original version of this document below goes to Dr. Simon Bates from Physics 117 at UBC-Vancouver.

The material below has been used and adapted with his permission.

Introduction

Your success in this course depends to a large extent how you approach it, and how you engage with the activities, the materials and each other.
Here, we give you some ideas and advice on how to do well in the course that you might find useful as you embark on the course.
But before that, here are some key ideas about learning that we have used in designing this course activities and assessments:

Learning is a contact sport.

It's not like watching a good movie, where you can just let it wash over you.

You have to engage to really learn; you have to struggle to learn.

It's hard, it sometimes won't make sense and it takes time and persistence.

You might have found learning (and passing exams) pretty easy to this point; university might well be very different.

Memorizing is not learning.

We won't emphasize memorizing in this course. Every test you do, you can take in your own notes (we call these ‘open note' tests).
So more important than remembering every single equation we will use, is knowing when to use which ones, how to use them to solve problems and
evaluating if what you've calculated makes sense.

Understanding is learning and understanding should be your goal.

Can you explain an idea or a concept from this course to someone else in a way that they will understand it? And some time after you studied it?
This is the acid test for learning and it is one reason why we place such a lot of value on interaction and communication with your peers in this

COurse.

hat to do if
I're really lost...
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Consider this figure. Three blocks of mass m slide down different inclined

planes, each beginning at a height /. All of the planes are frictionless. Which
block has the most energy at the bottom of the inclined plane?

|
.

d) All have the same energy.



A boulder rolls from the top of a mountain, travels across a valley below, and rolls part way up the ridge on

the opposite side. Describe all the energy transformations taking place during these events and identify when
they happen.

a) As the boulder rolls down the mountainside, KE is converted to PE. As the boulder rolls up

the opposite slope, PE is converted to KE. The boulder rolls only partway up the ridge
because some of the PE has been converted to thermal energy due to friction.

As the boulder rolls down the mountainside, KE is converted to PE. As the boulder rolls up
the opposite slope, KE is converted to PE. The boulder rolls only partway up the ridge
pecause some of the PE has been converted to thermal energy due to friction.

As the boulder rolls down the mountainside, PE is converted to KE. As the boulder rolls up
the opposite slope, PE is converted to KE. The boulder rolls only partway up the ridge
because some of the PE has been converted to thermal energy due to friction.

As the boulder rolls down the mountainside, PE is converted to KE. As the boulder rolls up
the opposite slope, KE is converted to PE. The boulder rolls only partway up the ridge
because some of the PE has been converted to thermal energy due to friction.




A marble rolling across a flat, hard surface at 2 m/s rolls up a ramp. Assuming

that g = 10 m/s> and no energy is lost to friction, what will be the vertical

height of the marble when it comes to a stop before rolling back down?
Ignore effects due to the rotational kinetic energy.

a) 0.1m
b) 0.2m
c) 0.4m

d 2m



Activity:




A person standing at the edge of a building of height / tosses a ball straight up (from height /) with a velocity W P 9 2
Vo and lets it fall to the ground. Find ®

a) the maximum height the ball reaches and
b) the velocity of the ball just before it hits the ground. You may ignore air resistance.

Solve the problem in two ways: using Kinematics, and then Energy.
Yo

T

=
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This resource was significantly adapted from the Open Stax Instructor

Slides provided by Rice University. It is released under a CC-BY 4.0

license.

—— Original resource license ——

OpenStax ancillary resource is © Rice University under a CC-BY 4.0
International license; it may be reproduced or modified but must be

attributed to OpenStax, Rice University and any changes must be noted.
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https://openstax.org/details/books/university-physics-volume-1?Instructor%20resources
https://openstax.org/details/books/university-physics-volume-1?Instructor%20resources

