
 

57.3 D Alembert's Principle

Definition 1 The force of inertia
consider the fundamental law of motion
of Newton

m E F E F mi o ex

We now define a nectar I by
I ma force of inertia

equation ex becomes F I 0

have reduced dynamics to statics
That is by adding the force of inertia
to a system we can treat it as a
static system and find its equilibrium

by applying the principal of virtual work

Adding the force of inertia we define the

effective force FE FE F Ir
D Alembert's principle
The total virtual work of the effective
forces is zero for all reversible variations
which satisfy the given kinematical
conditions
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Using Em n DRI Emit Radt

k.EE dt dT

we see that xx is equivalent to

dV dT d Utt O Ttv const E

conservation of energy
7.4 The Lagrangian equations

of motion

Hamilton's principle
Let us multiply Ste by It and
integrate between the limits Et and Etz

Istedt I Fi mio SRidt
t



The first part can be written as

F SRidt Isvdt SIV dt

In the second term an integration

by parts can be performed

Ida mit Spidt
t to

It mi E SRT dt t Emit E dt

Imit Ski
For the second term we write

mi E spidt fmit.SE dt
ta ta

I misfit.it dt 1zSfmit2dt

Summing over all particles we finally get

Istedt 8 It Emitdt Sfvdt Emeril



Making use of the kinetic energy T Imit
and setting L T V finally gives

Tz

Istedt s Ldt Emit Sri

We now require that
SRT shall vanish at

the two limits t and I
SR ti 0 SR ta O

I sweat S flat Ss
t t

where S Ldf
t

d Alembert's principle can be

reformulated as 85 0 Hamilton's
principle

Taking L to be a function of n

generalized coordinates q q and
n velocities g ga iq we see that

the solution of 85 0 can be expressed

as a curve in the Ctl dim



configuration space of q and time t
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From the Euler Lagrange ego we know tha

the
necessary and sufficient conditions for ss o

are

at 3 34
0 it in

this problem in idependent from the
choice of coordinates qi t

Let us assume that the original set

of coordinates is changed to a new set

of coordinates g space

is

f g
spare



Carve C is transformed to E in

G t space
at

gig
curves E and E
are different from
the original C and CI

E
but the values of

1 I L remain the
I

0 i

g

t same along them
and the form of the
Euler Lagrange egs
is in variant

Example 3

Consider our familiar pendulum
KK
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Y l l cos 0 e l Cosa

V mgy ing e 1 Cosa

L T V Ime 02 mgl i cosa

the only generalized coordinate
is 9 O

It me 2

and da ft me É

Together with

Eo mgl sine
we get

at It me'Etnglsine
0

Etfs in 0 0

The energy theorem

Let the virtual displacements sq at
each instant coincide with the actual

displacement dg which takes place during












