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Learning Goals for Chapter 8

* Learn the following concepts: conservative forces,
potential energy, and conservation of mechanical energy.

e Learn when and how to apply conservation of
mechanical energy to solve physics problems.

* Examine situations when mechanical energy 1s not
conserved, that 1s, when there are non-conservative
forces such as kinetic friction and air resistance.

* Learn to relate the conservative force to the potential
energy curve.




Introduction/Summary

e Start with W-KJE theorem:
K,~K,=W=[Fedl

e There are two typie of forces:
Conservative forces (such as gravity and spring force)
Non-conservative forces (such as kinetic friction and air resistance)

d K f - K i Wconservative + Wnon—conservative

« If there are only conservative forces then “mechanical energy” is

conserved. Mechanical energy=kinetic energy (K) + potential energy (U)
Kf _Ki = Wconservative = Ui — Uf d (Kf + Uf) - (Kl + Ul) = O

« If there are also non-conservative forces then “mechanical energy” is

NOT conserved, but total energy is still conserved

= (K, +U,)-(K;+U) =W

non-conservative

non-conservative

) = other form of energy, e.g. "heat"




Work done by a conservative force - e.g. gravity

. Work done by gravity:

f Fdy = f (-mg)dy = mgy, - mgy,
Define gravitational potential energy:
Uly)=mgy
=>W=mgyi—mgyf =UI_—Uf
If only gravity is doing work, then by
combining with the W - KE Theorem
K,-K,=W=U,-U,
=K, +U, =K, +U,

=>"Conservation of mechanical energy"

Mechanical energy =K +U

(b) A body moves upward

g
F other
Motion
e S
AA .\‘2 = '\,"] P O?
so w does
3 5 negative work
w=m

Y2 — ¥1 and gravitational
potential energy
A D) increases:

AUy > 0.




Apply conservation of mechanical energy - Example 7.1

* Assume there is no air resistance. After the ball leave your hand,

the only force acting on the ball is gravity.
Energy at y,

« How high can the ball reach? [ ‘

v, =0 N 0!
2 . 72 H E=K+U

grav

0J9Z

After the ball leaves your ... 50 the mechanical energy
hand, the only force E = K + U stays constant.
acting on it is gravity ... <> :

. Energyaty,

E=K+U

grav

1 5 1 5
Emvl +mgy, = Emvz +mgy,

With the information given, find y.,.




Property of conservative force

(a)
* Work done by conservative

force depends only on the K

initial and final position,

independent of the path. 3

W =U,;-U, (independent of path) T
; .

e.g. W =mgy,—mgy,
(b)

\ The work done by the gravitational
‘\ force depends only on the vertical
\\ component of displacement Ay.

H ; \
In this case 'y
Ay is negative.




Consider projectile motion
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E=K+U,O
Aty =0

e Ifthe initial SPEED and initial height are the
same, then the SPEED at a given height will be
the same even though they have different path
and the velocity vectors point at different

directions.




Application: What' s the speed in a vertical circle?

Given: R=3 m, find the skater’ s speed at the bottom

(assume no friction or air-resistance)

(b)
Pomt@;n =0-- —— e
: |
At each point, the normal force W |
acts perpendicular to the direction ===+ R R |

. ey e
of Throcky’s displacement, so only ) n |
the force of gravity (w) does the work 1 :
on him. \ |
) n

What about the “normal” force, does it do any work on the skater?




Another conservative force - idealize spring

(a) |

b |
| & As the spring stretches, it does negative
| o Here the spring is work on the hl:wk. —> s
| X =0 L either stretched '}_\.I;Z X
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Example: Conservation of mechanical energy with spring

See figure below, find the speed at x,.

Given: Spring relaxed vy, =0

x=0 X 7 2

k=500 Njm ix;=0100m |/ /

‘ va / , 5
Point 1 | , - X - |
| . m=0.200kg E=K+Ud

. | I
Find v, atx,. | >'!X2:O.080 m %

: VZXI ; /

Point 2 WWV\ 7z 2 /] ;
0! X € =K+U

%mvf + %kxf = %mvg + %kxi; Subtitue values and find v, .




Visualize KE and PE in a potential energy graph

Suppose the glider is initially
stretched to position A.

As the glider slides back and forth,
potential energy is converted to
kinetic energy and back to
potential energy and so forth.

K+U=constant can be visualized in
the potential energy graph.

When does the glider speed up?
When does it slow down?

(a)
wmmmm

[

Al

I
~ A

[ I
—A ¥, (0]
The limits of the glider’s motion
areatx = Aand x = —A.

On the graph, the limits of motion are the points
where the U curve intersects the horizontal line
representing total mechanical energy E.

U 4
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/P E = K =+ U
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Combine gravity and spring

e Elevator s cable broke.

* @Given: v,=4 m/s; spring
1s compressed 2 m. Find -
. 2000 kg
the spring constant. v, =
4.00 m/s
Point@
o
2.00 m
]
Point@

02=0

1 1 1 1
_mV12 + mgy, + Ekylz = Emvg + mgy, + Ekyg

What are the appropriate values for y, and y, ?
Solve for k.




Non-conservative force - e.g. Kinetic friction

* Work done by the non-conservative force going
from point 1 to point 2 depends on the path, hence

w

non-—conservative

#M—Uf

Point 2 e«
o < o




Combine gravity, spring force and friction

e DO NOT neglect (Ve i
friction (f), find the

spring constant.

1 1 1 1
(Emvi + mgyZ +Elg/22) - (Emvlz + mgyl +Elg/12) - WFriction
Given:W_._ =-fs=-(17,000)(2)Joule

y,=0, y =-2m

Solve for k.




Conservative Force as the derivative of potential energy

» Refer to Figure 7.22 as it examines spring and
gravitational energies.

(a) Spring potential energy and force as functions of x (b) Gravitational potential energy and force as function of y
U= lk\-l U F.\’ U F_\-
2 o= _du = —kxJ) Forx >0, F, <0; : I
! dx Potential energy

‘orce pushes body : v i 3
force pushes body STt e For all y, F, < 0; force pushes
toward x = 0 adecreases as ) ¢ ,

¢ . body toward decreasing y.

decreases.
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What does negative force mean?

The limits of the glider’s motion
e RS LIS =~

Stable equilibrium position




The potential energy curve for motion of a particle

« Refer the potential energy function and its corresponding components of force.
(a) A hypothetical potential-energy function U(x)

If the total energy E > Ej, the particle can “escape™ to x > x> E,

If E = E,, the particle is trapped between x,.and x ;"3 E,

If E = E,, the particle is trapped between x, and x,.”" " E|

Minimum possible energy is E; the particle is at rest at x,."""

')EO L

U Unstable equilibrium points are maxima
in the potential-energy curve.
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: in the potential-energy curve.
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