57 32008 3

Vol.57 No.3 March 2008

1000-3290/2008/57 03 /1301-06 ACTA PHYSICA SINICA

(©2008 Chin. Phys. Soc.

2
2007 5 18 2007
Frobenius
Frobenius
Frobenius d-6
PACC 0320
1.
Frobenius
1
2
Chetaev
8 vakonomic variational axiomatic kind
9—20
Chetaev D’
Alembert-Lagange Chetaev
Routh Chaplygin Hamilton
* 10472040
2004527 72005-1-21006

T E-mail guoyongxin@ Inu. edu. cn

d-o ’

110036
110016
6 21
vakonomic
d-o
Chetaev
Frobenius d-o

d-8

S r =

=01 npuyvowrk=12

1 mafB=m+1 m+2

3040005
05L155

21

22

d-6

12 nijk
m<npA=0

n.



Suslov

1302 57
5 '~ By’ =0 8¢ - Bd¢ =0 6a
2. d-0 5q° — Yog - Bfogr - 4 g
9 — ;%7 — Pul®® gy °1
n “2B, 4 0 6b
Q ¢ v 5y —
q’ Q d o
0 d¢" =0 6b
— M s s a i a a Y ¥
G Cy 9 92 g - dlSq = 2B, , q dq". 7
s 2
q _t‘a G.C &8
¢ t0 =gt ¢tl =q 1 qgiha Suslov 0 d
=q1 ¢ bha = q.
B, , =0. 8
d¢ = 9,4 ¢ dt = v’ d¢ 1: .
=g e ' ‘ 84° = Log" = 0 6b
0¢ =90,4 t a do = wdea. 1b t
W g t € Rx T,
Bq" — AL 8" = 28" o 9
BqS\[”:O wé\t”:O. 2
n—m SCU = glmg.sr E,i Era v ]O
st o op=12 m el =6/ s T oa=
=B ¢ g 3 m+1 m+2 n &, = B, g, Riemann
/l
no—m. S Q g""  Riemann-Cartan
8. « d8 « Ba 8 P d 8 " g/tv = e/z 81» = gsre/zsgvr 11
T =017 T el gy 4 Riemann-Cartan
g o d .. ‘s Chetaev vakonomic
-0.q" - Bg" + 3 99" - B.oq ;
_2B,, " o 4
a 1 a a o aB‘: 3’ d_a
Bo.=5 BL.-B. B,=350
0 n
Q g s=12 n
d¢" - d%éq“ - B 8q" - % 8¢ | =0 5a V=g M
R x Q tq .
54 - By =0 5h - LM Rx TQ. M
d¢" - B,0¢" = 0. 5c dq' 1
Sa 5b 2.
Sc¢ n—m
Chetaev 2 . 'qa — BZ L q/x qﬂ '(]a n Bg ; q# q,@
Frobenius =B* J ¢ q° 12
4
d

ta a a 7 d 7
0¢" -4, 04" - B.|0q" - 4, o4

d¢



d-5 1303
d , . . QB o B™?
+ el 8 a _ BZS ,A _ 8 a _ B& p Bm +a g _ m +a 19
dt q ! q q pq + a qm +a [ a qm +a
= 2B,, - BB., ¢"3¢" + B: ;q°d¢". 13 18
c., =2(B,, + BB ;) =
. . a @ 3 a
5q° _% 5¢ - B8 _% ¢ | = 0 D;, =2(B",, + BB, ;) =0 20
Ma ¢y = D e 12
0 Qa - B;‘.ﬂ =0 14b " A a
a o "o
d¢" - B,0q¢" = 0. 14c W =dg ~ B 1 ¢ df - B ¢ ¢ & di
Susl ‘
uslov qua _ B: q/\ qﬂ dqp 21
e a’ o _ @ a Mo
5 ¢" - By - 0 8¢ - B.d¢" =0. 15 do = T, d¢" A d¢’ + BS ydg A o . 22
1 12 Frobenius
fLa d a o ton (
dq - U dq —B#[Sq‘ - U o¢ z
. dwa /\ Q — Tu d /\ d 0 /\ wm+l /\ wm+2 /\ /\ (1)"
= - 2( Ba/l 14 + Bﬁ!’BZ r‘?)qpaqﬂ . 16 T;«)dqf; dq{o d m+1 B m+]d A
d, "~ dak = 0 =Tdd AT A g™ = B
£ /\ /\ dqn _ Bandqﬁ
. d , . — T;z‘pdq/z /\ dqp /\ dqm+| /\ dqm+2
dq° — 1 d0¢ = -2 B,, + BB, 5 ¢°3q". A A d'
17 - T, Bdg" A\ dg” A dg
17 d 8 /\ dqm+2 /\ /\ dqn
/ - TIWB'f”dq" A dg’
Bnu o + BﬂpBi B = O‘ 18 m+1 v n
: s ’ A dg¢" A dg” A A dg
- T, B dg¢" N\ d¢°
m+1 n-1 v
18 Frobenius A dg A A dg™ A dg
oy + -1 "’”IT“WBT” B} d¢"
A d¢” A dg” A A dg’
= 23
Frobenius w = B, + BﬂpBZ g = 0. 24
18 8 Suslov
Frobenius .
8
d-o
4
m +f3 m +f3
Cio_ — (a BJI _ a B/AD' ) S'qzz diSqa — 0
o ¢ 9q t
aBm +8 aBm +8 9
+ (B/";*a dm+n - B;’l e /:n+a) "
9 q 9q S, =0
. o B" ooy gt Riemman-Cartan
DOg = Y - ) qa 11



1304 57
d-o 7 17
5. d-o 2.
6.
Q M TQ R x
TQ. 1
o Xy
n-m ¢ $
" =1t q g 25 ¥ = Rcos¢ é y = Rsing $
) R
d 8(]'? S B _Qﬁ[i l]# Bq’]
t dgrtdi 4 Q
1 2 3 4
iy o _ngqﬁ_g@?Sq, b gxy  qg=%Fqg=¢ ¢=xq=y
t aqﬂ
, p Bl = R B, =0 B} = Rsi B; = 0.
_ gD’g 5q - %Sqa % 1 cos¢ > 1 sing )
q
o d[o¢ : 1,
gfg #zg;% dt('&q’) B, =- B, , =—3Rsm(/1
B, =- B, = %Rcoa/}
dq¢'-¢ =0 27a 0
o¢’
3¢ - “E5¢ = 0 27h g d sy sy dos,
dq" o 3¢—dt 3¢ =0 8¢—dt o =0
d 55 p_od[d o, o] 7
dt 0q 0q" - a'(]# dz 0¢" —0q"] = d )
e Sk—a dx =— R sing $3¢ + R sing ¢ 3¢
27b Chetaev . 26 - _ R Sint/) ¢8(/) _ S[} 895
Suslov d . )
3'}/—& 8y =R cos¢ $8) — R cos¢p ¢ 59
dq¢"-¢ =0 Sqﬁ—%@;&]’_o 28 =R cos¢ ¢8¢—¢8¢-
q . d
45 Q 0 Ox — 1 ox =0
d s o _o¢'[d _ o _d _
4 00 04" - a-qﬂ[dt q 8‘1/] T3¢ 0y-q, 0y =0
y o d .o d
29 _ 4 - _ 4 _
59 T 3 =0 8¢ T 0 =0
f « L = l 562 + -2 +L I ¢2
P g 0¥ 3F 30 =2 yo+a 4
I " aqa aq# ,
+ 1L ¢
di 8¢ -8¢" =0 o, 0 0 0
! 0 0
&5 . - D0 I, 0 OD
d (s g BO 0 1 OH
p
E 8q —8q = Tqu . 31 DO 0 1|:|



d-0 1305

11
2 D% 0 O
R +1, 0 . OR” + I, O
b :( 0 12) ¢ = f 1 g
o0 70
10
{2:—Sé120 %2:— %1:0
Sil:SéZ:O 5?1255220
9
Suslov
d-o 7 Frobenius
d-o 9
2 5 Q
0 ¢ ¢ x y .

%= sinf O— Rgsing ¢
+ Rcos$ ¢+ x — Rpcos$ + cosl

y= cosf 0+ Rpcosp $+ Rsing
+ ¥ — R¢gsing — sind

R .
¢ = 0% ¢ ¢ = xy
B} = sin0 B; = — R¢sing B; = Rcos$
By = x — Rgcos$ + cosd
B) = cosl B> = Rycos$ B, = Rsin$

By = y — Rgsing — sinf.
B, =0 B (=0 a =45 p v

3

I}
—_

B, + B,B, , + B,B} 5 =
B, + B4B, , + B,B} 5 =
B, + B4,B, , + B,B; § =
B, + BL,B, , + B,B; 5 =
B, + B4B, , + BB, 5 =

S o o o O

3523 +B43B§4+BS3B§5 =
B401 +B41334+351335:
B402 +B4ng4+Bsngs =
B403 +B4ng4+BS3Bgs =
3501 +B41334+351385=
BSoz +B4ng4+Bsngs =
3503 +B43B(5)4+BS3B(5)5 =

S O O o o o o

Frobenius

d
dt

. d
8(/)—& Sgb =0

d

ds
3 Appell-Hamel

¢ =% =y ¢ =z

S0-S 80 =0 o4-

SES

pi- Lo =0 ay-Lay -0

e

30
poob A ) by Ao
= g dt bc2+'y2 _aéc2+'y23/2
po_bdf Y ) b wy -y
27 q dt 562+'y2 - axz_l_-yzs/z‘
d-o 31
i o 3 7"
4 92 - d:=T.dq
by xy-xy
= 2 0%
a x° +y
bx xy - x
+ 22 OY-
a x° +y
d-0 .
y—xy =0T,
T3 = 0.

Johns O 2005 Analytical Mechanics for Relativity and Quantum
Mechanics  Oxford Oxford University Press

Guo Y X Lwo S K Mei F X 2004 Adv. Mech. 34 477 in
Chinese 2004 34 477

Guo Y X Luo S K Shang M Mei F X 2001 Rep. Math . Phys.
47 313
Guo Y X Jiang LY Yu Y 2001 Chin. Phys. 10 181



1306

57

10

11

Mei F X Liu D Luo Y 1991 Advanced Analytical Mechanics
Beijing Press of Beijing Institute of Technology pl in Chinese
1991

1
Neimark J Fufaev N 1972 Dynamics of Nonholonomic Systems
Transactions of Mathematical Monographs Vol 33 Providence
Rl American Mathematical Society
Bloch A M Krishnaprasad P S Marsden ] E  Murray R 1996
Arch . Rational Mech . Anal . 136 21
Papastavridis J G 2002 Analytical Mechanics A Comprehensive
Treatise on the Dynamics of Constrained Systems  for Engineers
Physicists Oxford Oxford University Press
Bloch A M Baillieul J Crouch P Marsden J 2003 Nonholonomic
Mechanics and Control

Amold VI Kozlov V'V Neishtadt A I 1998 Mathematical aspects

and Mathematicians

London  Springer

of classical and celestial mechanics — Encyclopaedia of mathematical

science vol 11l Berlin  Springer-Verlag

Guo YX WangY Chee GY MeiF X 2005 J. Math. Phys. 46

062902

13

14

15

17

18

19

20

21

22

Guo Y X ZhaoZ LiuSX WangY Zhu N Han X J 2006 Acta

Phys . Sin. 553838 in Chinese O
2006 55 3838
Liang L F 2000 Adv. Mech. 30 358 in Chinese 2000

30 358

Lewis A D Murray R M 1995 Int. J. Non-Linear Mech . 30 793
Cardin F' Favretti M 1996 J. Geom. Phys. 18 295
Leon M de Marrero ] C Diego M D de 2002 J. Geom. Phys. 35
126
Favretti M 1998 J. Dynam. Differential Equations 10 511
Chen L Q 1994 J. Anshan Institut. I. and S. Tech. 17 2 29

in Chinese 1994 17 2 29
Chen L Q 1990 Chin. Sci. Bull. 35 1836 in Chinese
1990 35 1836
Guo Y X LiuSX LuC Lu SK Wang Y 2007 J. Math.
Phys . 48 082901
Chen B 1991 Acta Mech . Sinica 23 379
1991 23 379
Guo Y X Mei F X 1998 Acta Mech . Sinica 14 85

in Chinese

On d-8 commutation relation of constrained differential systems”™

Guo Yong-Xin' ¥

Zhao Zhe?

1 College of Physics & Center for the Application of Mathematics

2 Foundation institute

Received 18 May 2007

Liu Shi-Xing"  Liu Chang'
Liaoning University ~ Shenyang 110036  China
Shenyang 110016  China

Shenyang Pharmaceutical University

Abstract

An important problem of calculus of variations used in constrained differential systems 1i.e.

revised manuscript received 21 June 2007

the commutation relation of

differential operator and variational oprerator is investigated by means of Frobenius theorem of integrability. Based on analyzing

the d-0 commutation relation for the linear stationay differential constrained systems and affine differential constrained systems

the relationship between noncommutator of differentiation and variation and nonholonomicity of the differential constraints is

briefly proved by means of Frobenius integrability theory. The commutation relation for non-linear differential constrained systems

is also discussed in the paper. Finally three examples are given to verify the results.
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