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integral Invariant of Ngghologgmie
Conservative Systems and its Applications
Li'uJCheggqun Xu M:‘m‘aor | o

(First Department of Mechsnical Enginceriog Chongqing Usirer

-Abstract

Looking back on the history of the developmeat of dynamics of noakelemomic
systems to its present state, one vun havdly fail te noiice that in most cases the
study of nonholsacmic systems is based on the variational principle of D’Alemb—
ert-Lagrainge in conuection with the introdaction of Lagrange. multipliess, '
attention has been devoted to the integral invariamt of noiiolosemic systents,

This paper is aimed at the integral invarian! of nenholomodtic ‘systems of
Chetaev’s type, With this as a background, the so-called -generdlized edmonical
transformation for nomholonomic systems is studied , This. transformatics opens

new possibililies for producing motion integrals by the indirect appromel, As a
result of applications, the generalized Hamilton-Jacobi method for. the monkolonomic
systems is introduced, Finally, the gemeralized Jacobi theorem is é%scucs‘e{g”

Let the position of a mechanical system be determimed by the n ga%efahzed
coordinates q;' (i=1,--, n) and ils motion be subject to s néﬁheionomié mﬁtra:nts
of Chetaev’s type , R
' Fil@es Gis D=0 (i=1,-, 8y I=1,, sy 3<n)
the main results in this paper are as follows; ' '

1. The 'integ’ral invariant, namely,

§ (Pl+7\, Bq{ 5q — H dt = const

in which Y is the any simple curve encircling the tube of phase trajectories, A,
are Lagrange multipliers,
2 . The gencralized canonical transformation and its criteria, The transforma-
tion )
Qi=Qilgy, ps 1)y Pi=Py(g, p, 1) (i=1,y W
a(Ql sPl
l a(QuPr) l 0
in which ¢ is regarded an independent parameter, is called the generalized canonical
transformation from the old variables(g,, p,)and the associated Hamitonian H(g,,
Pis 1) to the new variables (Qy, P;) and the Hamitonian K (Q;, P;, 1), if under
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this transformation the generalized canonical equations

é:=—%—, By=— ‘;f‘ iy 35‘ G=1,, m)
araéﬁs& triﬂfo!méd into *’thé samlg ferms »
=__.a_£_ P, = —— aK . af’ = oee
O( aP[ ’ Pl aQ A aQ" (' 1’ ] n). '

By using the integral invariant, the.necessary. and sufficienl criteria for the

transformation is given by

(Pt + A )60; -—Kbi—-p.r(p; + 't,—e—v—)Bg'x —H§t]= - (élr.g._l?n D

With this as o backjround, a particuler uransformatxon is studied, And fol-

low\np, ‘important relatioas

aS = af §==1 _vee |
37, u[p,+)\, 54, ] (G=1,

as _ _ « Of% N
30, [Pi‘i'):rw . (l‘ Lo B

K= uH+ as

are obtamed where S(g;,Qq,1)is the generatmg function for this transforntatrén
. If we confine ourselve to the more particular transformatmn, weé can

obtam the basic equations of the generalized Hamilton-Jacobi method,. They are

aS af
——=p A . : .
0g¢ b od; T

gf +H[qn Pl( gjj ; q,,t); 1]=0
S=S(q;,,l ars 1)

29S 95 ‘ S
30, ‘=Bu, Pi=Pl( aq, =y Qjs t) o S

4, The generalized Jacobi theorem is discussed,
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