Goals for Chapter 7

* To use gravitational potential energy in vertical
motion

* To use elastic potential energy for a body
attached to a spring

* To solve problems involving conservative and
nonconservative forces

* To determine the properties of a conservative
force from the corresponding potential-energy
function
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Conservative and nonconservative forces

* A conservative force allows conversion between kinetic and
potential energy. Gravity and the spring force are
conservative.

» The work done between two points by any conservative force
a) is reversible.
b) is independent of the path between the two points.
¢) is zero if the starting and ending points are the same.

« A force (such as friction) that is not conservative is called a
nonconservative force, or a dissipative force.
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Gravitational potential energy

Work done by gravitational
force :

Wy=(mg)-[(y2 — y1)] cos 1800
= -mg(y2—y1)

The change of gravitational
potential energy:

AU, = -Wy =mg(yi—y)
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Gravitational Potential Energy

In general
Wog=(-mgj)-[(x; — xi)i + (yr — yi)i] = - mg(yi— i)
The change of gravitational potential energy:
AUq = -Wy so AUg = mg(ys — Vi),
if Ug=0fory,=0 then
Ug =mgy
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Gravitational Potential Energy, final

The quantity mgy is identified as the gravitational
potential energy, U,

Units are joules (J)

Is a scalar

Work done by gravitational force may change the
gravitational potential energy of the system
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Work and energy along a curved path

(@)
We can use the same
expression for gravitational
potential energy U, = mgy
whether the body’s path is
curved or straight. 0
(b)
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Example 1

A pendulum is made by letting a 2.0-kg object
swing at the end of a string that has a length of
1.5 m. The maximum angle the string makes
with the vertical as the pendulum swings is 300.
What is the maximum change of its potential
energy.
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Work done by a spring

* Figure below shows how a spring does work on a block as it is
stretched and compressed.
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Elastic Potential Energy

Elastic Potential Energy is associated with a spring

The force the spring exerts (on a block, for example) is F
=- kx

The work done by the spring force on a spring-block
system is

W, =-(%kx, — Yk
* AU; =-W;= (% k‘frz N2

ok on the block.  # i ¥ i ? ;
— fe—1, Sy ifU,=0forx;=0 then U;="% kx2
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Elastic potential energy Energy Review
* A body is elastic if it returns Kinetic Energy, K
to its original shape after . .
being deformed Uy * Associated with movement of members of a system
*  Elastic potential energy is Potential Energy, U
the gnergy stored in an *  Determined by the configuration of the system
elastic body, such as a
spring. *  Gravitational and Elastic
+ The elastic potential energy Mechanical Energy, E
stored in an ideal spring is Spring Spring | o Kineti | tential
- 2 g s i, S Inetic ener: us potential ener
Ua =12 k2. compressed: 2 stretched: gyplusp 9y

. . < 0. - ().
+ Figure atthe right showsa ° s

graph of the elastic potential
energy for an ideal spring.
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Internal Energy

* Related to the temperature of the system
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Types of Systems

Nonisolated systems

* Energy can cross the system boundary in a variety
of ways

* Total energy of the system changes
Isolated systems
* Energy does not cross the boundary of the system

* Total energy of the system is constant
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The conservation of mechanical energy

*  The total mechanical energy of a system is the sum of its kinetic energy
and potential energy.

A quantity that always has the same value is called a conserved quantity.

When only the force of gravity does work on a system, the total
mechanical energy of that system is conserved. This is an example of the
conservation of mechanical energy. Figure 7.3 below illustrates this
principle.

Moving up: Moving down:
* K decreases * K increases.
U Ingreases

cE=K+ Uy

y decreases.
o f K-+U,.,
stays the same

N

Copyright © 2012 Pearsce Fdcation e

Conservation of Mechanical Energy

For an isolated system were only conservative forces are
present:

Wiotal = Kf = Ki ,
-(Url) =Ki=Ki, Ui+ K = UK,

Wiotal =We Wit = =(UrU))

If Emech = K+ U then 8 Epech =0

This is conservation of energy for an isolated system with
no nonconservative forces acting

K; + U= K + U; oréE,,,,c,,=0

*  Remember, this applies only to a system in which conservative forces
act

If nonconservative forces are acting, some energy is transformed into
i | energy

Situations with both gravitational and elastic forces

*  When a situation involves both gravitational and elastic forces,
the total potential energy is the sum of the gravitational potential
energy and the elastic potential energy: U = Uy + Ua.

+ Figure 7.15 below illustrates such a situation.

Energy in projectile motion

Two identical balls leave from the ground with the same speed of
12 m/s but at 300 and 65 angles. Using conservation of energy
law, find the velocity of the balls at height h=1.4 m if air resistance
can be neglected.
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X
E=K+

Aty =0
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Example

A 2.0-kg object is suspended from the ceiling
at the end of a 2.0-m string. When pulled to
the side and released, it has a speed of 4.0
m/s at the lowest point of its path. What
maximum angle does the string make with
the vertical as the object swings up?
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Motion in a vertical circle with no friction

Bill skateboards from rest down a curved. frictionless ramp. He
moves through a quarter-circle with radius r=3m. The total mass of
Bill and skateboard is 85 kg. Find his speed at the bottom of the
ramp and normal force that acts on him at the bottom of the ramp.
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Nonconservative and Conservative Forces are Present

Wigtar = We + W,,c where W, — work done by conservative
forces, W, — work done by nonconservative forces

We =-(Ur=U)), Wio = Ki - K;
Ki = Ki=-(Us = U;) + Wy

Ki+ U + W, =K+ U
If only nonconservative force acting in a system is the friction
Ki +U; -fud = K¢+ Uy
+  Use this form when friction acts on an object

= If friction is zero, this equation becomes the same as for conservation
of mechanical energy
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Motion in a vertical circle with friction

Revisit the same ramp as in the previous example, but this time with
friction. Assume that now Bill’s speed at the bottom the track is 6
m/s. What work was done on him by the friction force?
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A system having two potential energies and friction

f= 17000N
In this example gravity. a spring. ) ;1
and friction all act on the clevator.
A 2000kg clevator is falling at 4 ’ b i

nes when it contacts a spring at the
bottom of the shaft. The spring
stops the elevator compressing 2m,
Durmng the motion a safety clamp
applies 17000 N frictional force to
the clevator. Find spring constant ol
the spring.

o)
4.00 mfn
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Moving a crate on an inclined plane with friction

Notice that mechanical energy was oSty e s i m A
firiction. e
A 12-Kg crate is given a speed of S mis
tomake it shiding up a long ramp inclinec
at 30" The crate slides 1.6m up the ramp
stops. and slide back down. Find friction
foree acting on the crate.
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Conservation of energy - Summary

» Nonconservative forces do not store potential
energy, but they do change the internal energy of a
system.

» The law of the conservation of energy means that
energy is never created or destroyed; it only changes
form.

+ This law can be expressed asd K +0 U + 0 Uy, = 0
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Force and potential energy in one dimension Force and potential energy in two dimensions

* Inone dimension, a S + In two dimension, the components of a conservative
conservative force can be et Y . . .
obtained from its potsatial \ V - I s force can be obtained from its potential energy
energy function using : 4 : function using

Fny = ~dtizyax T — ! F,=-0U/ox and F,=-QUy
+ Figure 7.22 at the right ‘

illustrates this point for spring « Follow Example 7.14 for a puck on a frictionless
and gravitational forces.

() Geivitationat porcmil cadegy aass fooce a4 fcictionk of ¥ table_
+ Follow Example 7.13 for an ¢ 7
electric force. vt w1, 0, e
e )
i 5
] mg ‘ T .MT - my
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Energy diagrams Force and a graph of its potential-energy function
* An energy diagram is a @ + Figure 7.24 below helps relate a force to a graph of its
graph Fhlat ShOWS'POlh the AW corresponding potential-energy function.
potential-energy function alu ; = PRI ——
~A s, ) Py )
U(x) and the total The Itnu;.:.nl mt» glider's |:..-,..“ it LTS
mechanical energy E. arcaty = Aandc= —A BT o s e i) ) \——  a— 7N
() AN
» Figure 7.23 illustrates the 2 - " Ll S e . G4
< n the graph, the limits of motion are the points VTR L 3 oE, feebSed .
energy dlagram for a where the U curve intersects the horizontal line ’ 5
. o representing total mechanical energy £ 4 . N
glider attached to a spring ) 3 = g
on an air track. *:-h' () The comesponding s-composest of furce £,00 = ity
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