page - 1

MECHANICAL ENERGY
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We know
K - Ki = Wigtal
work done by all the forces
acting on the mass m
- Wgravity-force + Wnormal—force
=-mg (z—zj) + O
That is,

K - Ki=-mg (z—z)

or
Kf + ngf :Ki +ngi

This result indicates that,
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Ug -Us = -W@->B

For a given conservative force F, a potential energy
U is defined and associated it.
The change in potential energy Ug - U, is

defined as the negative value of the work W done
by the conservative force

That such definition makes sense indeed for the case of
conservative forces is illustrated below.

In the case of the spring force, for example, we found

W@a>B=-(1/2) K[ (sg) - (Sa)°]

Accordingly, the expression Ug - Uy = - W (A > B)
implies
Us -Uy =+ (1/2)K[(sB)" - (Sa)°]

This quantity depends only on the initial
and final positions of the particle



Similarly, in the case of the gravitational force. Previously we

found, W(A>B)=-mg [ Zg - Za | ,a value independent of
the particular trajectory followed by the object

A

»
»

Accordingly, the expression Ug - U, = - W(A > B) implies

UB-UA = + mg[ZB - ZA]

This quantity depends only on the initial
and final positions of the particle

In the definition of the potential energy Ug - Uy = - W (A > B),

the negative sign in front of W is quite convenient. In effect, as we
know, from the work / kinetic-energy theorem

Wa->8)= Kg-K,
One obtains

Ug -Uxr =-W@>B) =- (Kg-Ky)
which leads to

Kg + Uz = K,+ Uj = const

[ Notice, had we chosen Vi - V4 = + W (A > B) we would have
ended up with something like Ky - Vg = Kx- V, |



K + U =E isdefined as the mechanical energy of the
particle

Since A and B are two arbitrary points along the trajectory of the
particle, the result in the previous page indicates that the
mechanical energy conserves thought the motion

Alternative definition of the Potential Energy

»
»

The graph above shows the force lines of a conservative force
F. Let’s assume that the particle of mass m moves from A to B
along the indicated trajectory. As we know, the particle will pick
up some kinetic energy, and some potential energy along the way.

Question: What does an external agent will have to do in order to
move the particle from A to B, along the same
trajectory, but at constant velocity (velocity ~0)?



That 1s

—> —>
Fext = - F

which implies Wy (A > B)=- W (A 2> B)

Then
Ug -Us = -W@->B
= Wea(A>B)
That is
U -Uy = We(a>B)
Work done by the external force
Ug -Us = -W@->B

Work done by the conservative force
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Assamivy we know U =U(T) pteving poitt (v, #),
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