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8. Potential Energy. Conservation of Energy

e Conservation of Mechanical Energy:

Conservative forces, isolated system

U

U + K = constant
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I-Clicker

A ball attached to an ideal spring fixed at the origin
is lounched on a frictionless horizontal surface with
initial velocity vy. The spring is initially relaxed. What
IS the maximum possible value of the elongation of
the spring during the resulting motion.

A) vo/m/k

! N B) vo/k/m
V,
K - 0 C) mg/k
/ D) Cannot be determined
-~ from the data.



Answer

A ball attached to an ideal spring fixed at the origin
is lounched on a frictionless horizontal surface with
initial velocity vy. The spring is initially relaxed. What
IS the maximum possible value of the elongation of
the spring during the resulting motion.

A) vo/m/k

! N B) vo/k/m
V,
K - 0 C) mg/k
/ D) Cannot be determined
-~ from the data.



Energy conservation:

[ ome Page_|
mvg — mo? 2 Al)max = vor/ m/k.
/2 /2 4+ Kk(AD*/2 = (Al \/m/k




e Reading a potential energy curve

In 1D motion along the xz-axis, conservative force:

L f
AU = -W = —/ Frdx = dU(x) = —F,(x)dz

dU

Fp(x) = s

()




-U(x) energy Uversus poéition X. A plot of U(a:), the
] potential energy of
a particle confined
to move along an X
i axis. There is no
i friction, so mechan-

ical energy is con-
X Xy Xy Xy x5 served.
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K(x) = Emec — U(x)




I-Clicker

Can the particle ever be at x < 1 7

U (), Epee () The difference between the total energy
and the potential energy is the
U(x) kinetic energy K. A) VY
es.

6 /Emcc=5'0 J ) IKEN
[T . B) No. ==a
4+
3 C) Cannot be S
2 determined.
1 EE==R
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Answer

Can the particle ever be at x < 1 7

U (1), E,e. (3) The difference between the total energy
and the potential energy is the
U(x) kinetic energy K.

6- B30 A) ves. I
T B) No. Croe o

4t /K
3 C) Cannot be S
?: determined. ]
X % X X %5 ¥ [ o |
[ oue |

K = Emec — U < 0 impossible! K = mv2/2 >0



T () Enec ()

— N 00 W

— At this position, Kis zero (a turning point).
The particle cannot go farther to the left.

— At this position, K'is greatest and
the particle is moving the fastest.

/E‘HICC = 5'0 J
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° Turning e |
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K(Cbl) =0
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forbidden =
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r < T




U (3), E,.. (1) Foreither of these three choices for g,
the particle is trapped (cannot escape

left or right). ¢ Frec <4J =
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e Equilibrium Points: extrema of U(x)
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Example:

e particle of mass m = 2kg pEEEEN

moving along the x-axis
L« [» ]

e conservative force de-
rived from attached U(x)
graph

e xr = 6.5m, vop, = —4m/s

® I :4.5m, V1 = ?




r=65m = U=0

Emec — K() — m’ug/Q — 16J
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K1 = Emec—Ui = 16J-7J = 9] o

2F
v, = 2 3m/s
m




I-Clicker

A particle is ini-

tially at = = d
U and moves in the
negative z-direction.
Where does the par-
ticle have the great-
est speed?

A)xz=a
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Answer

Emec = U 4+ K = constant p) 4 =g
Kmax < Unin

U A particle is ini- o ]
tially at o« = d [ rive page_|
and moves in the
negative z-direction. )
Where does the par- ]
ticle have the great-
est speed? [Pose 100r 1 |
Az =a EEET
B) =t NZE=N
C)z=c =

[ aque |



I-Clicker

A particle is initially
U at £ = d and moves
in the negative x-
direction. Where is
the particle slowing

down?

A)xz=a
B) x=1b
C)z=c

D) nowhere



Answer _ L
A particle is initially

U at £ = d and moves
in the negative x-
direction. Where is
the particle slowing

down?

A z=a
B) x=1b
C)zxz=c

. D) nowhere
a, >0 < F,>0 < dU/dx <0



e \Work done on a system by an external force
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Work IS energy
transferred to or
from a system by
means of an external
force acting on that
system.




Example:

Your lifting force
transfers energy to
kinetic energy and
potential energy.

/— Ball-Earth
————— — _ System

Applied external force
F=Fj
Newton’s 2nd law:
may, = I' — mg
Constant acceleration

model:

v? = v + 2a,Ay

FAy:mUQ—mvg
2 2
= AK + AU
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e Conservative forces inside the system

Wext — AK —|— AU — AEmeC

Wext : total work done on the system by external
forces



Example:

The applied force supplies energy.

The frictional force transfers some
of it to thermal energy.

d

7 . F

a.Vv

F — fi = may

mv

So, the work done by the applied
force goes into kinetic energy
and also thermal energy.

/ Block—floor

FAx =

/// - TN SyStem
/// \\
—=p, AE;. \
w l\ ~\ /'
\\\\ NAE[}! ///
v? = v3 + 2a,Ax
2
mu
0
— 2-+hA$

FAx = AK + fiAx




Example:

ma, = F' — f — mgsinf

v? = 'Ug + 2a,.Ax

mwv 4 mvg

FAx = R + mgAxsinb
= AK + AU + fiAx

WF = AK + AU + |Wfriction|



e Conservative and dissipative forces inside the
system:

Wext AU + AK + |Wd|SS|pat|ve|

Wext AEmec + |Wd|SS|pat|ve|

Note: work of friction or drag forces

U
heat

U

Increase in thermal energy

|Waissipative| = A FEtn



Law of Conservation of Energy

The total energy E of a system can change only by
amounts of energy that are transferred to or from the
system.

W = AFE = AEmec + AEth -+ AEint
o AFmec IS any change in the mechanical energy of
the system,

e AFi, is any change in the thermal energy of the
system,

e AFEi,t iS any change in any other type of internal
energy of the system.




The total energy E of an isolated system cannot
change.

AFmec + AEin + AFEj: =0 (isolated system)




e Power: the rate at which the energy is transferred
by a force from one type to another

Average power:
AFE

At

avg —

Instantaneous power:
dE
P=—
dt



Example: an object slides along a frictionless floor
with speed v;. It hits a relaxed spring placed on rough
surface such that the kinetic friction is fr. What is
the distance d when the object stops?
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Isolated system:
AEmec + AEth =0

[ tome page ]
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