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® Logistics / Announcements
® Chapter 7 Intro
@ Clicker Questions

® Activity: Worked Problems



Logistics/Announceme

® Lab this week: Lab 5

® HW?7 due this week on Thursday at 6 PM

® Learning Log 7 due on Saturday at 6 PM

® HW and LL deadlines have a 48 hour grace period

@® Test/Bonus Test: Test 3 available this week (Chapters 5 & 6)

® Test Window: Friday 6 PM - Sunday 6 PM



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

DADT 92 . DVNAMICCS

Work, Energy, and Power

@ Work, Energy, and Power: Crash Course Physics #9
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Watch on (@ YouTube

Required Videos

1. Introduction to Work with Examples
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Video 3
Video 4
Video 5
Video 6
Video 7
Video 8
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Figure 7.1 A sprinter exerts her maximum power with the greatest force in the short time her foot is in contact with the ground. This adds to her kinetic
energy, preventing her from slowing down during the race. Pushing back hard on the track generates a reaction force that propels the sprinter forward
to win at the finish. (credit: modification of work by Marie-Lan Nguyen)

Chapter Outline

7.1 Work

7.2 Kinetic Energy

7.3 Work-Energy Theorem
7.4 Power

In this chapter, we discuss some basic physical concepts involved in every physical motion in the universe, going
beyond the concepts of force and change in motion, which we discussed in Motion in Two and Three Dimensions and
Newton’s Laws of Motion. These concepts are work, kinetic energy, and power. We explain how these quantities are
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® In the first part of the course, we talked about the motion of objects and

systems (Kinematics) and “tools of the trade” like trigonometry, derivatives,

integrals, and vector decomposition.

@® In the second part of the course, we talked about how Forces affect the motion

of objects and systems.

® In the last part of the course, we will talk about Energy; which is a very helpful

accounting tool to help us understand what happens when Forces are applied
to other objects.
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Week 8 - Most Confusing Concepts
N = 225 Students

A - Work
B - Kinetic Energy

C - Work-Energy Theorem
D - Power

E - None of the above (1)
E - None of the above (2)

0 60 80
Selections

Most confusing things:

Energy r of a Sprinter: Why
Corem ower ematics way work?



Deriving the Work-Energy Theorem

x=0 x=d
7, 9. e

/ i > 0 \

A package of mass m on a table is being pushed to the
right, starting at x=0 and ending up at x=d. Analyze the
situation and calculate the work done.

10



Deriving the Worl

WORK-ENERGY THEOREM

The net work done on a particle equals the change in the particle’s kinetic energy:

Whet = Kp — K4.




Then, we can define the instantaneous power (frequently referred to as just plain power).

POWER

Power is defined as the rate of doing work, or the limit of the average power for time intervals approaching
Zero,

dW
P=—.
dt

If the power is constant over a time interval, the average power for that interval equals the instantaneous power,
and the work done by the agent supplying the power is W = PAt. If the power during an interval varies with time,
then the work done is the time integral of the power,

w= [ ra




We express the relation between work done and the time interval involved in doing it, by introducing the concept of

power. Since work can vary as a function of time, we first define average power as the work done during a time
interval, divided by the interval,

AW
Fave = 70
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Power required to move
x=10 x=d

F, 9. i

//tk>()

A package of mass m on a table is being pushed to the
right, starting at x=0 and ending up at x=d. Analyze the
situation and calculate the work done.

14



Power req

A package of mass m on a table is being pushed to the
right, starting at x=0 and ending up at x=d. Analyze the
situation and calculate the work done.

The power involved in moving a body can also be expressed in terms of the forces acting on it. If a force F acts on
a body that is displaced dr in a time dt, the power expended by the force is

where V is the velocity of the body. The fact that the limits implied by the derivatives exist, for the motion of a real
body, justifies the rearrangement of the infinitesimals.

15



Power of a Sprinter

A 90kg sprinter accelerates uniformly from rest to reach their maximum speed of 11m / s in 2 seconds.

What is their power output when their speed is 8m / s?

P =  number (rtol=0.05, atol=1e-08)

3
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Work done by a force over an infinitesimal displacement

Work done by a force acting along a path from A to B

Work done by a constant force of kinetic friction

Work done going from A to B by Earth’s gravity, near its surface

Work done going from A to B by one-dimensional spring force

Kinetic energy of a non-relativistic particle

Work-energy theorem

Power as rate of doing work

Power as the dot product of force and velocity

_)
dW =F -dT = |F||dT|cos 0
Wap = /iT‘ dr
pathAB
Wi = —fk |l aB]

Worav,aB = —mg (YB— y4)

Wipring.4B = — (5k) (x5 — x3)
2
= Im? = L

17






A boy pushes his little sister on a sled. The sled accelerates from ( to 3.2 m/s.
If the combined mass of his sister and the sled is 40.0 kg and 18 W of power

were generated, how long did the boy push the sled?

a) 205 s
b) 128,s
c) 23S

d 11s



A boy pushes his little sister on a sled. The sled accelerates from ( to 3.2 m/s.
If the combined mass of his sister and the sled is 40.0 kg and 18 W of power

were generated, how long did the boy push the sled?

a) 205s
b) 128, s
c) 23S
v d) 11s
Detailed solution: m? _ my? 2
P—W— ) = 2 _mvz_(40-0)(3-2) —11s
t r 0 P 2P 2(18)




The swimmer shown in the figure exerts an average horizontal backward force of 80.0 N with his arm during each
1.80 m long stroke.

What is his work output in each stroke?

a) 144 J
b) 0.0J

c) 44.4

d) 81.8J




The swimmer shown in the figure exerts an average horizontal backward force of 80.0 N with his arm during each
1.80 m long stroke.
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The swimmer shown in the figure exerts an average horizontal backward force of 80.0 N with his arm during each
1.80 m long stroke.

Iy

What is his work output in each stroke?

Calculate the power output of his arms if he does 120 strokes per minute.

a) 288 W
b) 17,300 W
c) 2.40 W

d) 4.80 W
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Activity:




88 . Consider a particle on which a force acts that depends on the position of the particle. This force is given

_) A A
by F1 = (2y)i + (3x)j. Find the work done by this force when the particle moves from the origin to a point 5
meters to the right on the x-axis.

26
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88 . Consider a particle on which a force acts that depends on the position of the particle. This force is given
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88 . Consider a particle on which a force acts that depends on the position of the particle. This force is given
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