103 PHYS - CH8 - Part1

CHAPTER 8

Potential Energy and Conservation of Energy

+ One form of energy can be converted into another form of energy.

+ Conservative and non-conservative forces
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Kinetic energy:  Energy associated with motion
Potential energy: Energy associated with position

Potential energy U:

» Can be thought of as stored energy that can either do work or be converted
to kinetic energy.

» When work gets done on an object, its potential and/or kinetic energy
increases.

=  There are different types of potential energy:
#% Gravitational energy
#% Elastic potential energy (energy in an stretched spring)

# Others (magnetic, electric, chemical, ...)
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Gravitational Potential Energy

Potential Energy (PE) = Energy associated with position or configuration of a mass.

Consider a problem in which the height of a mass above the Earth
changes from y, to y,:

4~

=‘)
Wora="

UP ®» W,=-mgs=-mg (y,7y,)

Down ® W= +mg s

W.=-mg (y,-y,)
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[mgy = U, = gravitational potential energy (PE)]

»U,- U=AU
.Wg= -mg (y,-yy) = Us- Up=- AUg

Changing the configuration of an interacting system requires work

example: lifting a book
The change in potential energy is equal to the negative of the work done
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Total Mechanical Energy

The change in potential energy is equal to the negative of the work done

But Work/Kinetic Energy Theorem says: W=AK

_ mmmmp AK+AU=0

Kz—K1+U2—U]=0

Ky +Ujy = Ky + Uy =constant = E = Total mechanical energy

NOTE that the ONLY forces is gravitational energy which doing the
work
The sum of K and U for any state of the system = the sum of K and U for
any other state of the system

In an isolated system acted upon only by conservative forces

Mechanical Energy is conserved
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Example 8.1

A bowler drops bowling ball of mass 7 kg on his toe. Choosing floor level as y=0,

estimate the total work done on the ball by the gravitational force as the ball falls.

[
Let’s assume the top of the toe is 0.03 m from the floor and i‘/}/\
the hand was 0.5 m above the floor. / {

=7

U, =mgy, =7x9.8x0.5=34.3J =

A7
U,=mgy, =7x9.8x0.03=2.06 J V¢ = -@—é;l\\q\\

W,=-AU=—(U,-U,)=32.24J =30J
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b) Perform the same calculation using the top of the bowler’s head as the origin.
Assuming the bowler’s height is 1.8 m

What has to change?

First we must re-compute the positions of ball at the hand and of the toe.

Assuming the bowler’s height is 1.8 m, the ball’s original position is =1.3 m,

and the toe is at —1.77 m.

U, =mgy, =7x9.8x(-1.3)=-89.2J

U, =mgy, =Tx9.8x(-1.77)=-121.4J

W, =—AU=-(U,-U

,=U,)=32.2J230J
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Elastic Potential Energy
1 <
Work done by Spring ﬁﬂ?WQMN\Fﬂ ) })//r
dW, =F, -d%
(2)
Wo=["F-d%=["(-kx)dx=-Lk(x}-x}) .
(b)
x=0
.
m I By
= W;=—AU;=—(U, -Uy)
(c)
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Conservative Forces

(a) A force is conservative if work done by that force acting on a
particle moving between points is independent of the path the
particle takes between the two points

1 b 1 i (b) The total work done by a
conservative force is zero when
the particle moves around any
closed path and returns to its

(a) (b) initial position
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Conservative Forces

To repeat the idea on the last slide: We have seen that the work done by a

conservative force does not depend on the path taken.
-
) W,=W, = /’
'\//
w;
Therefore the work done in a closed path is 0.

W%/\
=) Wyegr=W;-W, / /
=W,-W,=0 =~

.\/' w,

103 PHYS Dr. Abdallah M. Azzeer

Dr. Abdallah M. Azzeer



103 PHYS - CH8 - Part1

Work done by gravity

L:\103 Phys LECTURES SLIDES\103Phys_Slides T1Y3839\CH7Flash

*W,= EAr= mgArcos6=mg h
W,= mgh (Depends only on h!) INTA &= .

Wrer=W;+Wyt...+ W, E =0

=FeAr,# FeAr,+... +FeAr,
=Fe(Ar;+Ar,+. . .+Ar,)

= FeAr

=Fh

Depends only on h,

not on path taken!
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Non-conservative forces:

A force is non-conservative if it causes a change in mechanical energy; mechanical
energy is the sum of kinetic and potential energy.

Example: Frictional force.
# This energy cannot be converted back into other forms of energy (irreversible).

# Work does depend on path.

For straight line W=-fd ‘\{\:A(D .
IS z
= 1

For semi-circle path W=-f(xd/2) | X :,B > ‘

Work varies depending on the path. Energy is dissipated

The presence of a non-conservative force reduces the ability of a system to do

work (dissipative force)
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Energy dissipation: e.g. sliding friction

As the parts scrape by each other they start small-scale vibrations, which

transfer energy into atomic motion

The atoms’ vibrations go back and forth-
they have energy, but no average momentum.
The increased atomic vibrations appear to us
as arise in the temperature of the parts. The
temperature of an object is related to the
thermal energy it has. Friction transfers some

energy into thermal energy
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When there is NO work done by APPLIED FORCES , the total mechanical energy is
constant or CONSEVED
W0 =»

K,+U,=K+UA+W,

OR AK +AU=W,,

W, = work done by other forces than gravitational force spring forces

(e.g. any applied non-conservative force or frictional force)

103 PHYS Dr. Abdallah M. Azzeer

Three identical ; 5 -

balls are thrown s Total Energy

with the same i E=K +U,=4+mv+mgh
initial ~ speed

from the top of Aty =0

a building. E=imv’=Ltmv!+mgh

v =i+ 2gh

v,=v,c080i +v sinbj

i v =v,cos0

x

Jiv, =v,sinf - gt <

y=h+v,sin@ -t —Lgt’=0

. v,sin@ + /v 2 sin’0 + 2gh

8

v, =—\v;sin’0 +2gh

v=\pltv] = v2sin0 +2gh +v} cos’6

= «/v:+2gh
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« READ Quick Quiz 8.7 &
8.8

A ball connected to a massless spring
suspended vertically. What forms of
potential energy are associated with the
ball-spring—Earth system when the ball
is displaced downward?

0001 ThsenEros Gl
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« READ Example 8.2
A ball is dropped from a height /4 \ 3
above the ground. Initially, the total \:g;w .

energy of the ball-Earth system is ¥ W/

Y= h
U.= mgh

K,=0

potential energy, equal to mgh
relative to the ground. At the

sum of the kinetic and potential

Y=
- = FTm U= mgy
elevation y, the total energy is the h ‘ ; {kﬂ.._gmz.f
= y
energies. l
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Example 8.3
Nose crusher?

A bowling ball of mass m is suspended from

released from rest when the cord makes an
angle 0, with the vertical.

(a) Find the speed of the ball at the lowest point B.
(b) What is the tension Tz in the cord at point B?
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the ceiling by a cord of length L. The ball is (3\ i

(c) The ball swings back. Will it crush the operator’s nose?

Example 8.4
(a) An actor uses some clever stagingl‘.to
make his entrance. B

Mactor =65 kg, Mbag =130 kg, R=3m \\\

What is the max. value of © can have e
before sandbag lifts of the floor?

| Sandbag

(b) Free-body diagram for actor at the
bottom of the circular path. (c) Free-body
diagram for sandbag.

kK, +U, =K, +U,

1
EM v2+0=0+Mmargyi

actor” f

© 2004 ThomsoniBrooks Cole

Y, =R —R cosf@ =R(1-cos0)
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rvfz =2gR (1-cos0)

How we can obtain v 2222

2
%
ZFy =T _Mactorg =Mactor _R.%

\ > /
3 T=M actor g + Mactor %

For the sandbag not to move ® =0 ®» T=M,,.g =

0 =60°
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EXAMPLE;
S Jal Leieg 10 m/s byIdGe Ae yuy A Azl 2500 kg LS 5)luw pias
-Bskeud! (agal A~ SIS N1 593 dawgiie cuus ¢ 2 M1/S g yuw gl B Aad

AK +AU=W,,

-120,000 + 98,000 =F,.D

22,000
F.= = =440N
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Lgal) Blall ¢ 2.5 m plis)) N Cild Ligins g2l Ao 4 m gl e 200 g LgAUS 58 Cilaia —A

z 9“ 'al.hi_)yl gé Gﬂhg:ln
[T@2957 1 (b)490J (c)7.85J (d)12.70J

5 Ja) ) Jaaiy 30 m/s A8 gdipe Add (e Jhud ) A1 (B 1500 kg L35S Bl 125 -9
Gl G Aygludia gpaipal) B IS 1Y) ¢ 20 ms Asjen 4 Juaig AT 2die A P R (VO
B fSghed ISEaY) g Adauilgs ) gduall

(a) 200,000 J (b) 400,000 J (c) 450,000 | (d) 500,0007 |

Al A3l Jia K cul€ 13« Bylud) 46 p i ¢h)aTig §lis AL cilnaal A5 Lgalic Aiald — Y
toh Adalil Augual) d8lal) Gl Bl

(a) K (b) 6K [ (¢) 12K {(d) 24K
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