University Physics 226N/231N
Old Dominion University

Energy Conservation, Potentials, Energy
Diagrams

Dr. Todd Satogata (ODU/Jefferson Lab)

satogata@jlab.org
http://www.toddsatogata.net/2016-ODU

Wednesday, October 5, 2016
Reminder: The Second Midterm will be Weds Oct 19 2016

Happy Birthday to Neil deGrasse Tyson, Sean Carroll,
Robert Goddard, Kate Winslet, Ray Kroc, and Vaclav Havel!
The 2016 Physics Nobel prize was awarded yesterday!!

Please set your cell phones to “vibrate” or “silent” mode. Thanks!
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Reminder: Loop the Loop
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Loop the Loop Demo (Hot Wheels!)
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Review: Solution to Homework 5.72

A 5.00-kg box sits on a ramp that is inclined at 35.9 ° above the horizontal. The coefficient of kinetic friction between the box and the ramp is 0.27.

Part A

What is required to move the box up the incline with a constant acceleration of 4.10 m/s? ?

I a = 4.10 m/s* i F.=Fcosf
F,=—Fsm0

Yy

F

= — myg Fr = psn '/ N F,, = —mgcos®
F Fo=mg™p  — _ngsing

Newton’s 2" law y:
n+F,,+F,=0 n=mgcost + Fsint
Newton’s 2" law x:
Fo+F,,+ Fy =ma
Fcosf) —mgsinf = pusn = ma
Fcosfl — mgsinf — ps(mgcosf + Fsinfl) = ma

F(cost — pssinf) — mgsinf — pgmg cost = ma

P ma + mgsin @ + pgmg cos 6

=91.98 N

>

cos B — pigsinf

., JSA
Jefferson Lab Prof. Satogata / Fall 2016 ODU University Physics 226N/231N 4 @ &



Example: Car Going Around a Banked Turn
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Example: Block and Tackle
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Review: Energy Conservation

= Assume a frictionless system
= |s the block’s speed at y, the same in both cases?

Block II

N

Y1

.

=)

= Now add a bit of friction...

= |s the block’s speed at y, the same in both cases this time?
= Why?

/ R EIA
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Conservative and NonConservative Forces
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Potential Energy Relationship to Forces
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Potential Function Relationship to Force: 1D
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Skate Park Demo
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Back to Potentials and Forces
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Back to Potentials and Forces
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Energy Diagrams

= Skate park example

When total mechanical energy is conserved:

The total potential energy U is the sum of the
gravitational and elastic potential energies:

U = Ugray + Ue. If no forces other than the gravi-
tational and elastic forces do work on a particle, the
sum of kinetic and potential energies is conserved.
This sum E = K + U is called the total mechani-
cal energy. (See Examples 7.1, 7.3, 7.4, and 7.7.)

K1+U1:K2+U2

(7.4),(7.12)

When total mechanical energy is not conserved:
When forces other than the gravitational and elastic
forces do work on a particle, the work Wy, done
by these other forces equals the change in total
mechanical energy (kinetic energy plus total
potential energy). (See Examples 7.2, 7.5, 7.6, 7.8,
and 7.9.)

Ky + Uy + Wother = Ko + Uy (7.14)
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E=K+U,

‘grav

N, ~
At point 2 i WSSl
E=K+U, Point 2

grav.

Conservative forces, nonconservative forces, and the
law of conservation of energy: All forces are either
conservative or nonconservative. A conservative
force is one for which the work—kinetic energy
relationship is completely reversible. The work of
a conservative force can always be represented

by a potential-energy function, but the work of a
nonconservative force cannot. The work done by
nonconservative forces manifests itself as changes
in the internal energy of bodies. The sum of
kinetic, potential, and internal energies is always
conserved. (See Examples 7.10-7.12.)

AK + AU + AU = 0

(7.15)

g
Usra

v=20

E=K+U,

‘grav
As friction slows block,
mechanical energy is converted
to internal energy of block and ramp.

.Jeffers%n Lab

Determining force from potential energy: For
motion along a straight line, a conservative force
F,(x) is the negative derivative of its associated
potential-energy function U. In three dimensions,
the components of a conservative force are nega-
tive partial derivatives of U. (See Examples 7.13
and 7.14.)

i
F =Y
N az
> aU.  aU.
F= —(—1+—]+—k
ax dy az
= -VU
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Another Homework Solution
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