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As the football falls toward Earth, the work done on the football is now positive, because the displacement and
the gravitational force both point vertically downward. The ball also speeds up, which indicates an increase in
kinetic energy. Therefore, energy is converted from gravitational potential energy back into kinetic energy.

3. At highest point,
kinetic energy is minimum,
potential energy is maximum
4. Ball descends,
kinetic energy increases,
potential energy decreases

2. Ball ascends,
kinetic energy decreases,
potential energy increases

1. Kicker does work 5. Receiver catches the ball, ®
‘¢ on the ball, giving it kinetic energy equals maximum, ‘%
o maximum kinetic energy; potential energy is minimum '
o potential energy is minimum &\,
. ‘ \

Figure 8.2 As a football starts its descent toward the wide receiver, gravitational potential energy is converted back into kinetic energy.

Based on this scenario, we can define the difference of potential energy from point A to point B as the negative
H
of the work done:
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Define potential energy function U(Fj

AU = UFE) - UG
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with reference point [, stozuorkukall - maettisorka - maettisorkutal

\€ no £riction or air resistance, (closed 5351‘&1“)

valid for a system of Difterent types of potential energy
particles Gravitational
Electrical
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THP".C_&I scales of enerqy of Phenomenas

Object/phenomenon Energy in joules Object/phenomencon Energy in joules
Big Bang 1068 Single electron in a TV tube beam 4.0 x 10715
Annual world energy use 4.0 x 1020 Energy to break one DNA strand 10-19
Large fusion bomb (9 megaton) 3.8 x 1016 Table 8.1 Energy of Various Objects and Phenomena

Hiroshima-size fission bomb (10 kiloton) | 4.2 x 1013

. g .
1 barrel crude oil 2.9 X 10 Power in \celand (2014)
1 metric ton TNT 42 x 10°

Hgdro(aower stations 41984 Mw
1 gallon of gasoline 1.2 x 10®

Geothermal 665 Mw
Daily adult food intake (recommended) 1.2 x 107 Tuel M7 MW
1000-kg car at 90 km/h 31 % 10°
Tennis ball at 100 km/h 22
Mosquito [l[}‘2 gat0.5 mfs) 1.3 x 107°
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Conservative and nonconservative forces - .qumn'tr oq é:qumn‘nr krattar

Conservative Force

The work done by a conservative force is independent of the path; in other words, the work done by a
conservative force is the same for any path connecting two points:

Wy B,path-1 = / Feons - dF = WAB,pam-Z = / Feons - dF. 3.8
AB path-1 AB,path-2
The work done by a non-conservative force depends on the path taken.

Equivalently, a force is conservative if the work it does around any closed path is zero:

—}
@lﬂﬂﬂd path = ?chons -dr = 0. 8.9

DPQ Natax

Globaly stated Localy stated (in 2 D) F.r = Fdx + K c:&y
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has to be exact dikkerencial
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Potential enerﬁfj can onlﬁ be found for conservative forces

we defined the increase in potential enerﬂa as the neﬂa‘r'we work done ‘ot)
the force
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For 2D we thus have [___ QQU @LL
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Hookes law
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Conservation of enerqy

51:‘\3!9, particle at the moment

Conservation of Energy

The mechanical energy E of a particle stays constant unless forces outside the system or non-conservative
forces do work on it, in which case, the change in the mechanical energy is equal to the work done by the

non-conservative forces:
_'_‘—\—\—____ —

8.12

Wic,ap = A(K+U) p = AE4p.

External conservative forces can add enerqy to, or extraxt energy from
3 system by the work done on it, positive or negative. In & closed system

with no external forces the energy is conserved.




Ex. 8%
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The system is the pendulum and the gravitational force

A&KJ&-U}ZQ

Tensiion T does no work, Always
Perpendlcular to the Paﬂw

T.dF = O
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one variable, 8, --> Equation of motion for the pendulum is
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For small B (in radians)
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1D motion

E - K4 UK
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Potential energy - 5+abll'd;j (4D)

]
E = K + U = constant
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Figure 8.10 The potential energy graph for an object in vertical free fall, with various quantities indicated.
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