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Energy Methods

Energy Methods: Motivation

For the gravitational potential shown, the position of the
disc is determined by x. The potential energy S~ f, =0 unstable balance V\{%‘k\%
I1(x) = mgy(z) where y(x) is the height function. i

y local max energy Il = mgh,
@ Forces are in balance when ‘f,i = 0. That is, it

corresponds to an extremum (minimum or 5
maximum) or the energy function. =

0= mah,

@ The Balance is stable when the extremum is a local

4.2 3 dir _ d411 local min energy
m;"'m”m‘ Thatis, 57 =0and ‘35 > 0 (If stable balance
d<17

Sz = 0 we need higher order derivatives). [ =049 >0

@ Energy methods seek states for which the energy of the system is minimum. These states
are the solutions to the problem.

@ Not all problems possess an energy function and balance law has more generality. For

example while we cannot define a potential energy corresponding to friction, balance of
linear momentum still works for frictional systems.
@ In most practical applications, we only consider the extremum condition % =0, as the

- . A - 2
solutions we obtain are typically a local minimum %7’27— > 0.
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Any possible solution

L=Y /

Qﬁ“é’ % Ty &>O <<‘>V/ \” &g(Dao
jW@U\af @Q Rrer
77(&\ &, Ll*&ziv .0

g w§> ]T

y2 is not a valid trial function because it does not satisfy ALL ESSENTIAL BCs.



A trial function, is a function that satisfies all essential BCs
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Trial function satisfies the essential BC
Increment of trial function satisfies the homogeneous (that is zero value) essential BC
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Example of increment calculation for functionals
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