51 7 2002 7 Vol.51 No.7 July 2002

1000-3290/2002/51 07 /1416-08 ACTA PHYSICA SINICA (©2002 Chin. Phys. Soc.
*
410003
2001 11 20
YeraeB Chetaev Routh
Poincaré-Cartan Poincaré
Yeraen

PACC 0316 0320

1.
2.
YeraeB
1848—1858 Ocrporpanckuit  Jacobi
50
n
g, s=1 n g !
=1 1894 Hertz
20
. i
21—31 100 fp L q, q, g, =0 o =1 g
1
-1
Yeraen u
"y of, _
> 84?8 7. =0 2
Yeraes Chetaev =t 94
Routh 3 =0 8g =0 5z, = =0¢q =0 dg 20
3
Poincaré-Cartan 1
Yeraes 2 3
Yeraen

n 1
fy < me
ff;qul:O m=1 | 4
s:lm:laqé

m—1

ot =0 8(]3750 m =1 L. 5

" 934060800 93002



7 1417
5 3 0g.=007,20 4
5 ¢ =0 '
Lagrange
. !
L = L t qs qs qs 6 3.1.
4 At
J Ldt
lo
m—1 ml m—1
A qs = 4 I+ At - 4 14
m-1 m-1 *
8 q; Iy = 0 8 q; ‘[l = 0 m = 1 l Apx/m = Pym I+ At = Psim 4
7 s =1 nm=1 [ . 12
Lagrange A o=1 At '(}?I i+ At Pum t+ AL
g m=1 l 4 5 Lagrange
Al =8+ g
; ROUth APs/m = 8ps/m + -ps/mAt
2_1m+ldm(aﬁ)_aL:A s =1 nm=1 I . 13
m=1 dtm a s aqs ’ m-1 m-1
, ; 11 A q;s + q; Aps/m + Psim
g m-1 m-1
Ax = ‘AT = ) ‘AZL % s = 1 n At+ l qs Psim 14 A qs
m=1 e=1 m=1 a B Aps/m At
° R
* i . _aH+il OH A
8 apS/”l k=1 r=1 aps/ma rq_Al ‘
n 1 2 2
O H o H
25 8 + R NERY!
A,,, m m-1 { AZ] Z13 a])s/m apk/r pk/ aps/mat
; q q : _ _
Ha]nﬂton 3 Psim + Al)s/m = Psim Az
L-m o oH 5 < aH
Dum = 2 _ 17 di/ aj{‘m 9 = - 3 m-1 2 3 3 AN
izo de 6] q, q; r= Qx qi
o n 1 _ "1 11 82 p azH Al
H qs  Psnm 14 = - ;Ps/m q; — L 10 k=1 r=1 o) mq:l apk/r M G) qul ot
8 n l g
~ oA
" OH OH ~ + A+ Z PN (Ik
q; = ap/ Psim a mq—l + As k=1 r=1 o 4
: n l g g
oA oA
s = 1 n 11 AR s o4 1
+ P apk/rApk/r + at Al 5
~ m-1
A s qs Psim l 11 14 15
£ l m-— m m- a};—:
= 2 A: qsl qs qsl ps/m 4 4 ( m ) n 1 2
p=1m=1 a qs m-1 . Al Al a H r—1
Ag, = b g
A A A q’" k=1 r=1 apslma qx
m_l S N S S n l aZH
q; Psim i N 11 + ZZ 7Apk/r

k=1 r=1 OPy/m OPiir

oH oH .
* aps/malAt * aps/m At




1418

51

n 1 2

. a H r-1

Apgym  =- o TA g
i=17=1 O ¢, O q,

2
- E 2 LAP]CH

Alrlaq‘ap”r

' H "y A,
—%At+22ﬁﬁ m

o ¢q, ot k=1 7-1 O g,
n 1 g g
oA oA .
+ P 12 apk/rApk/r Y At
T BN Y
9 q.
s =1 n . 17
3.2.
Whittaker
)
33
D "211] Pym L = const. 18
[ :J( Zn: [1 a@ m-1
s=1 m=1 q3
n 1
od od
+ 2 2 T That 19
11 16 17
U _[Hv]Sy 2
dt - s=1 m=1 k=1 r=1 a mq_s‘la rq_kl
n 1 2 aH -
+ > 1m81CD(_ ,1+Ak)
k=1 r=1 O OPwy 9 q
P ’ "\ P OH
a m ad g 1t 321) MZ] =1 2 ap.s/ma rq/ll apk/r
’1 Fo ( oH A) Fo
r-1 + s |+
k=1 r=1 apx/mapk/r a q ataps/m
! 2
o H -
X Apu + 22[ DO YICE BN
=l m=1" k=1 r=1 apg/ma qy
“\r OH OH

Al Al
+ 9 Ap, 4 =2 A
kZ:{ r%ll aps/m apk/r pk/ apg/m at

03]

i

= { ml[@H"'

2 2
- Z ma—l H Ap/f//‘ ?1—{{ At
k=1 r=1 O q, apk/, 5] q, ot
n 1 g n 1
oA |, m-1 oA
+ —A q, + *Apy,
k=1 7=1 O qkl o izl ; OPur Pu
A -
+ AY; aﬁl At + A, At ]
ot 2.
n 1
az@ OH
qp
2 ¢ 3t OPum

n l
v TP (
%l Z{ aps/mat o T A »

az—]A %‘fm

B k=1 r=1 OPur
m-1 a
87] A q * s/m[ @
29, )2
kZ — Pk/ + at Ap.s/m + at[ @ H
n 1
T oD ~ 87@] [
+A 2 apA,A“at At +| @ H
od .
kzz Z apk/r al] = 20
_ii(a@ oH 2 aH)
= ) r‘i: OPur  OPur 3 gkl
Poisson
o 20
n 1
oD 8@
O H + > > A, +S5 0. 21
% ,Z:f OPur g al
21 20 19
1
mqsl Psim t = const.
n 1
m 1 a@ a@
p Apyn + = At
azl] mzl a qsl s=1 ; aps/m p/ at
19



1419

m-1

D q, pym b =const.
At =

8])x/m = A])s/m

n

l
ml, 2

m 1 m-1
0o A g

s

k=1 r=1 (o) s/ma ‘Ik
n 1
+ T
k=1 2 a s/mapk/r pk/
=1 22
n 1
8p5 m ) = ‘ m 61
’ k=%atﬁa% '
- 2 0P,
=1 7= 0 ‘15 aPA/y
n 1 g
oA . _
+ 0 q,
=1 721 O g
n 1 A
oA
+ =Opu,
k=1 r=1 a])k/r pl»/
s =1 n 23
2
e mq_sl Dym L = const.
!
m-— @
[S 3 (%0 i« o
s=1 m=1 sim
4. Poincaré-
Cartan
Poincaré-Cartan Poincaré
934
Arnold § Hamilton
. Djukic

35 36

Poincaré-Cartan

Poincaré

4.1.

a
to = tO a q? = q? a
hh=1 a ¢ = ¢ a m =1 !
Hamilton
MW=L g g g
0
TRy
J ( s At + AL|dt
n 1
Sy P
Iy s=1 m=1 ‘s t()
45 ¢, = ad q, 24
m-1 tl t]
-y LPMS o | e LA
s=1 m= tO tO
SISy
ly s=1 m= dt
aL] 8 m-— l 25
At
A =0 v g
s =1 nom=1 l 26
26 10 25
n 1 ¢
AW = ( Ep.s‘/m A"lll_)l - HAt) :
s=1 m=1 tO
' n l
P[0
0 s=1 m=1
4 n ! 1 d aL
+J _1 At ( ﬁ)
l()s];[; de’ 9 ¢,
—%—As]a 0. di. 27
q;
a 8
- : m-1 tl
AW :( Zpa/m A q, — HAt) ;
s=1 m=1 0
1 n ! .
+J (D>, 8% )dr. 28
) s=1 m=1
m-1
9qs Psim 4

m-1 m m—1

Poim 1 :J(P qs q; qs

~ m-1

foa



1420

51
gm bt =0 C dI SRS ot
Py 0 E:SEC(_ a8 ) 31
'"O "’0 0 0 s=1 m=1
49 = ¢, a Psim = Psm @
O<sa<y s=1 nm=1 l

a=0a=y C(,

Cy
Co
(’InA = (I]ns I a ps/m:p.s/m I «a
O<a<y s=1 nm=1 [

qst():(’]nx l}’ ps/mtO:ps/mty

—_— —_— 1 —_—
4 = 4, @ Psim = Psm @ = tl a

nm=1 l .

t

l
=.r( NI W - HAD)

n 1
_ SE ( Zp‘/mA ’&31 - HAL‘)
' n 1
j 5E~( N ) de. 29

qA =4 « Psim = DPsim @ Il =1 a

nm=1 [ .

29 At =1, -t

(x Epdm A% - HA

s=1 m=

SE( ZZA 5% . 30

s=1 m=

4.2. Poincaré-Cartan

11

grange

§ (Z Zps/m A "&vl - HAt) 32

s=1 m=

Poincaré-Cartan

v A.?l:aafﬁ m=1
qS

A, =0 C

Poincaré-

SE( S pun DG - HAt) = const. 33
C

s=1 m=1

c
At =0

%’;:356(_2 A8 ) 34

[1 - i; Z Zps/mB"(L]_sl 35

s=1 m=

Poincaré
v ar=2U o1
9 ¢,
=0 C Poincaré

ﬁ; Z 2 Psim 8 "(llg = const. 36

s=1 m=

Yeraen
A, =0 8
Lagrange
. l
As = Qk l q; 45 qs 37

11 La-



1421
3 [-1 ) mq_sl Psim I = const.
Yeraen 4 5
Yeraen 2 3 8 11 "o od m-1 oD
J m-1 8 q‘v + TSP‘V/M
ROthh s=1m=1 a qs ps/m
2%
0t =0 8¢, #0
Yeraen 4 5 7 C
Yeraen 8 11
Routh %
m-1
5.2. ( 2 Zps/m A q; — HAt)
s=1 m=
ASZO §( ZZQSmI). 40
1 4 s=1 m=
1 C
m-1 Poincaré-Cartan 33
® g, py. L =const. 19 )
C
2 . n 1 .
® "¢ p,, t =const. quZpWqu :#(_ 2053%)
s s/m s=1 m= Je s=1 m=1
41
!
S 2 :
S=1m=1 Psim Poincaré 36
5.4.
3 C 2 3 -1 9
10
Poincaré-Cartan oL n . £ f,o
Psim = ail H = pré\(]s -L A 2/1 a
3g ( Z/ LP;/m Ag - HAt) = const. 38 4 o=t p=1 q.
s=1 m= 42
4 1 4
¢ 9
Poincaré ) lq-‘l Pyt = const
§ 2 Zps/m Aqu = const. 39 )
s=1 m= g n
J Z aijl Aqs + Z ° Opai + a_@At
5.3 =1 O g, ~ 9 ot
A
37 1 4 10
5 o] lcijl pgi t = const.
@ "2]31 ps/m I = const. 19

+ o )
aps/l ps/l

- od
J ( 118(13
1\ ¢,



1422 51
Cc Poincaré
11 c - I-1
3€ Z Py 0 q, = const. 48
C -1
dI SE : -1 6.
- = - A, 8 g, 43
dt C( ; s qs )
4 5 8 11
- I-1 1—4. 5—=8 9—12
I:i;(zps/lAqs _HAt) 44
[ 1 2
Poincaré-Cartan 15 3 4 38
-1 olU -]
U g, ASZF A =0 m=1=1
e 37 2 33
c Poincaré-Cartan 7 8 36
n Z l
ﬁ; ( prA q, - HAL‘) = const. 45
¢ d’ Alembert
12 .
Nielsen Euler
Cc .
Nielsen
¢ Routh Whittaker Hamil-
di, " L .
=1 _ _ AS 46 ton-Jacobi
=g S i) |
‘ Noether Lie
n 1 1
o= S pud 4
s=1
Poincaré
-1 oU
U s As - -1 Ax = 0
9 4,
1 Maria R C 1961 An. Soc. Cient Argent 171 50 12 Ding G T 1987 Chin. Sci. Bull. 32 908 in Chinese
2 Maria R C 1963 An. Soc. Cient Argent 176 62 1987 32 908
4 Anderson D 1973 J. Math. Phys. 14 934 1981 341759
) ) ) ) 14 Qiao Y F 1993 Chin. Sci. Bull. 38 314 in Chinese
5 Leon M D and Rodrigues P R 1985 Generalized Classical Mechanics
1993 38 314
and Field Theory Amsterdam ESPBV
15  Tuwo S K 1995 Huanghuai J. 11 25 in Chinese 1995
6 Julio MT Luiz J N and Luiner C D 1989 J. Math . Phys. 30 2062 1125
7 Podolsky B 1942 Phys. Rev. 65 228 16 Mei F X 1999 Appliations of Lie Groups and Lie Algebras to Con-
8 Amold V 11979 Mathematical Methods of Classical Mechanics New strained Mechanical Systems ~Beijing Science Press p33 in Chi-
York Springer-Verlag nese 1999
9 Li Z P 1993 Classical and Qnantal Dynamics of Constrained System 33
and Their Symmetrical Properties Beijing Beijing Polytechrcic Uni- 17 Qiao Y F Li R J and Zhao S H 2001 Acta Phys. Sin. 50 811 in
versity Press  in Chinese 1993 Chinese 2001 50 811
18 Zhang Y 2001 Acta Phys. Sin. 50 2059 in Chinese 2001
10 Mei F X 1990 Appl. Math . Mech . 11 569 50 2059
11 Qiao Y F 1990 Acta Mech. Sin. 2299 in Chinese 1990 19 Zhang Y Shang M amd Mei F X 2000 Chin. Phys. 9 401

22 99



7 1423

20  Hertz H R 1894 Die Prinzipien der Mechanik leibzing Gesammelte 1994
Werke p37 1
21 Chetaev N G 1962 Stability of Motion Paper on Analytical Mechan- 28  Mei F X 2000 ASME Appl. Mech . Rev. 53 283
ics Moscow Science Academy Press p323 29 Luo S K 1990 Proceedings of the International Conference on Dynam-
22 Neimark U I and Fufaev N A 1967 Dynamics of Nonholonomic Sys- ics Vibration and Control Beijing Peking University Press p645
tems Moscow Nauka in Russian 30 LwoSK GuoY X and Chen X W 2001 Acta Phys. Sin. 50 2053
23 Niu Q P 1964 Acta Mech . Sin. 7 139 in Chinese 1964 in Chinese 2001 50 2053
7 139 31 Guo Y X 2001 Chin. Phys. 10 181
24 Mei F X 1985 Foundations of Mechanics of Nonholonomic Systems 32 Whittaker E T 1952 A Treatise on the Analytical Mechanics of Poarti-
Beijing Beijing Institute of Technology Press in Chinese cles and Rigid Bldies 4th ed Cambridge Cambridge University
1985 Press p269
25 Mei F X 1987 Research on Nonholonomic Dynamics Beijing Beijing 33 Mei F X 1991 Chin. Sci. Bull. 36 2038
Institute of Technology Press in Chinese 1987 34 Liu C Q and Luo S X 1985 Appl. Math. Mech. 16 869
35 Djukic D S 1975 Acta Mech . 23 291
26 MeiF X Liu D and Luo Y 1991 Advanced Analytical Mechanics 36 LiuD LuoY and Xing S'Y 1991 Acta Mech . Sin. 23 617 in Chi-
Beijing Beijing Institute of Technology Press in Chinese nese 1991 23 617
1991 37 Zhang J F 1992 Chin. Sci. Bull. 37 661 in Chinese
1992 37 661
27 Luwo S K and Mei F X 1994 Thirty Years for Nonholonomic Mechanics 38  Zhang J F 1993 J. Capital Normal Univ. 14 2 44

in China Kaifeng Henan University Press pl in Chinese

A unified theory of generalized classical mechanics and
nonholonomic mechanics *

Luo Shao-Kai
Institute of Mathematical Mechanics and Mathematical Physics ~ Changsha University ~ Changsha 410003 China
Received 20 November 2001

Abstract

A unified theory of generalized classical mechanics and nonholonomic mechanics or the theory of generalized nonholonomic
mechanics and its basic theoretical frame are constructed. Firstly the generalized UeraeB Chetaev condition Routh equations
and canonical equations of the generalized nonholonomic mechanical system are given. Secondly the equations of nonsimultaneous
variation of the generalized nonholonomic mechanical system are established by using the relation between the simultaneous varia-
tion and the nonsimultaneous variation. And it is proved that using a first integral we can costruct an integral invariant of the sys-
tem. Thirdly the nonsimultaneous variation of Hamilton action of the generalized nonholonomic mechanical system is studied and
the integral variants and integral invariants with Poincaré-Cartan type and Poincaré type are obtained. Finally some deductions are
given. The results show that the relevant conslusions of the generalized classical mechanics and the first-order or higher-order non-

holonomic mechanics are the deductions of the theory of generalized nonholonomic mechanics.
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