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PreClass Notes: Chapter 6

« From Essential University Physics 3 Edition
* by Richard Wolfson, Middlebury College
+ ©2016 by Pearson Education, Inc.

« Narration and extra little notes by Jason Harlow,
University of Toronto

» This video is meant for University of Toronto
students taking PHY131.

&= “Energy...is a fundamental

— aspect of the universe-a
‘substance’ akin to, and every bit
as real as, matter itself.” —
R.Wolfson

6.1 Energyﬂ Overview

6.2 Introduction to Work

6.3 Work as an integral

6.4 Kinetic Energy

6.5 Power




Law of Conservation of Energy:

“‘Energy cannot be created or destroyed; it
may be transformed from one form into
another, but the total amount of energy
never changes.”
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Examples:

« Sunlight evaporates water; water falls
as rain; rain flows into rivers and into
generator turbines; then back to the
sea to repeat the cycle.

» Wind power turns generator turbines.

[Image from http://www.wallbacks.com/walls/sunset-sun-mountains-clouds-other.jpg ]
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Sources of Energy

—

Example:

+ Photovoltaic cells on
rooftops catch the solar B
energy and convert it to
electricity.
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More energy from the Sun hits Earth in 1 hour
than all of the energy consumed by humans in
an entire year!

[Image from hitp://www.pennenergy.com/articles/pennenergy/2014/03/baywa-r-e-completes-forest-heath-solar-power-farm-in-england.html ]

* is force x distance.
* in equation form: W = F,Ax.

Two things occur whenever work
is done:

« application of force

* movement of something by
that force

S| Unit of work:

newton-meter (N-m)
or joule (J)
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» If you push twice as hard against a stationary wall,
the amount of work you do on the wall

A.

guadruples.

B. doubles.
C.
D
E

remains constant but non-zero.

. remains constant at zero.
. IS halved.

Doing Work

Force and displacement

are 1n the same direction,
so work W = FAx.
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Work when force and displacement are not
in the same direction

Force and displacement
are not in the same direction;
here W= F Ax.

Force and displacement
are perpendicular;
no work is done.
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Positive Work

A force acting with a component in the
same direction as the object’s motion does
positive work. W >0
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Negative Work

A force acting opposite the motion does

n 1 rk.
egative wo W <0
<L ! I




2015-07-21

» For which of the following situations is the net work
done on a soccer ball positive?

A. You carry the ball out to the field, walking at
constant speed.

B. You kick the stationary ball, starting it flying through
the air.

C. The ball rolls along the field, gradually coming to a
halt.

© 2012 Pearson Education, Inc. Slide 1-13

The Scalar Product

* Work is conveniently characterized using the scalar product,
a way of combining two vectors to produce a scalar that
depends on the vectors’ magnitudes and the angle between
them.

« The scalar product of two vectors A and B is defined as

A-B = ABcosd
where A and B are the magnitudes of the vectors and @is
the angle between them.

» Work is the scalar product of force with displacement:

W =F-AF

© 2012 Pearson Education, Inc. Slide 1-14
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Work Done by a Varying Force

The force F(x) varies with
position x. .
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Work Done by a Varying Force

The work done in moving this
distance Ax is approximately . . .
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Work Done by a Varying Force

Making the rectangles smaller makes the
approximation more accurate.
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Work Done by a Varying Force

The exact value for the work is the area
under the force-versus-position curve.
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Integration

« The definite integral is the result of the limiting process in
which the area is divided into ever smaller regions.

« Work as the integral of the force F over position x is
written

W:fﬂmm

* Integration is the opposite of differentiation, so integrals of
simple functions are readily evaluated. For a polynomial
function f (x) = x", the integral is

v+
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x“dx = | XC | - = '
N n+) n+) Nl
! X,
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Work Done in Stretching a Spring

AR - —

N .
* A spring exerts a force Fgpin, = —kX.

X
» The agent stretching a spring exerts a force F =+kx,
and the work the agent does is

W‘f%wx;fb&:kﬁdx

© 2012 Pearson Education, Inc. Slide 1-20
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Work Done in Stretching a Spring

* In this case the work is the area under the
triangular force-versus-distance curve:

.- Force increases with

i " stretch . ..
This is the force.,
75 RRLTFRRR | kx _______ N et
when the spring : ,
is fully stretched. <3 ! ... so the work is
I : : =+ half of (kx)(x), or
Q ' 3ad .
) R the area of the
i . )
= % 2 | triangle, + kx?.
1
|
0 x

Distance, x
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A Varying Force in Multiple Dimensions

 In the most general case, the integral for the work becomes a
line integral, the limit of the sum of scalar products of
infinitesimally small displacements with the force at each point.

B

M

A W:flf-dr
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Work Done Against Gravity

Since gravity is vertical,

.~ only the y-component
contributes to the work.
That contribution is
AW = mg Ay.

All the y-components
add up to the total
height 4, so the total
work is mgh.

© 2012 Peal Slide 1-23
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Work Done Against Gravity

» The work done by an agent lifting an object of mass m
against gravity depends only on the vertical distance h:

W =mgh
» The work is positive if the object is raised and negative if it's
lowered.
© 2012 Pearson Education, Inc. Slide 1-24
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Work and Net Work

« The work you do in moving an object involves only the
force you apply:
» But there may be other forces acting on the object as well.
» The net work is the work done by all the forces acting—that is,
the work done by the net force.

* Net work always changes the speed of an object.

© 2012 Pearson Education, Inc. Slide 1-25

The Work-Energy Theorem

» Applying Newton'’s second law to the net work done on an
object results in the work-energy theorem:

WM’l’ N J\FMJV dx - jvvm Ax J\MO(V‘ o x
\Wnet = j”‘%”(\f = \rmvﬂ(\r

 Evaluating the last integral between initial and final velocities
v; and v, gives

Wt = JW\\)'A\y-[”\'V'} * /W\U’L-/M’U‘

« So the quantity %ﬂzchanges only when net work is done on
an object, and the change in this quantity is equal to the net
work.

© 2012 Pearson Education, Inc. Slide 1-26
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Definition: Kinetic Energy

* Energy of motion
» Depends on the mass of the object and square of
its speed: 1
K = —mv?
2

* If object speed is doubled = kinetic energy is
quadrupled.

The Work-Energy Theorem

» The work-energy theorem states that the change in
an object’s kinetic energy is equal to the net work
done on the object:

12 L2
AK_va2 2mv1_W

net
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Power

* Measure of how fast work

is done
* In equation form:
Power = yvorlf done
time interval

Unit of power

* joule per second, called the
watt after James Watt,
developer of the steam
engine

* 1 joule/second = 1 watt
* 1 kilowatt = 1000 watts

[Image from http://www.spa

m/news/2015/04/14/liftoff-falcon-9-and-dragon-begin-crs-6-mission-resupply-international-space-station ]

Power

Examples:

» A worker uses more power running up the stairs than
climbing the same stairs slowly.

» Twice the power of an engine can do twice the work of one
engine in the same amount of time, or the same amount of
work of one engine in half the time.

[Image from http://shirabu-fiberglass.indonetwork.net/12

1 horsepower = 746 watts
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Power

« The work dW done by a force acting on an object
that undergoes an infinitesimal displacement dr

is R
dW =F -dr

 Dividing both sides by the associated time
interval dt gives the power:
daw . dr

dt dt

 In terms of velocity:
P =

Example 6.9

Riding your 9.0 kg bicycle at a steady 4.4 m/s, you experience an
8.2 N force from air resistance. If your mass is 66 kg, what

Y

T

?
power must you suppl)él./ conshant Dod of brke.
~ = 44 M/S
n F
E2N
M= 6],0 kj le

=0 = F=+82z2N
Fowor = F v = %'2( u.4)

P= 3Lr\)-x2.—, 36 %.,
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