56 6 2007 6 Vol.56 No.6 June 2007
1000-3290/2007/56 06 /3054-06 ACTA PHYSICA SINICA (©2007 Chin. Phys. Soc.

Lie

*
¥
215011
2006 8 23 2006 10 14
Lie
Lie Hojman
PACC 0320
x, a=1 n+1 T
1. . X, =X, T ¢
da’ ,
= = =1 1 2
1960  Synge ' dz Y “ n
2 dx ’
3—27 Yo = dt ~ 7 3
Lagrange L=L1
28—34 28—30 p )
q4q =0 tq4q
Noether Lie Mei Lagrange
Noether X’ X
) A x, x, = x] L(xa =2 ﬂ) 4
Lie Noether . 1 x X
31—3 2
Noether . H x5 X!
| Lo Qi Plyo= @
Hojman . Y 1
Lie 5
Hojman
d 9A 2A ,
draxg_axa_P; a =1 n+l. 6
2. Lie 6 ntl
6 n x/s,Jrl #
xlx/+] - hs+| Xg x; x/; s = 1 n 7
n q, s=1 n n + T X,
1 30
q, s=1 n t i =t x 0 =x T
X, = 13 Xsp1 = G5 s = 1 n 1 x:+1 Z'% = X1 T+ 8E(‘:+l X xz;
* 04KJA130135

T E-mail weidiezh @ pub. sz. jsinfo. net



3055

Lie
s =1 n 8 6
€ £ d oA 24
dr ox, 9w, ~ P+ vR
a =1 n+1 17
O 9
ox,, 17 n+ 1
17 n
d ) YAV
XOI = XOO dT (3)*1 ax§+1 10 x/s/+1 = s¢1 T U %MRAH
s k=1 n 18
2yl d d [S)
XO = X() + dz dz°° o4 11 A= det(a :Haka) :+1 kel A
A
d o2 ,2 ,0 Lo SLISTCL
dr = or T % x, + ox + 8x3+] bR, xp x
12
7 8 $s+]
Lie 52+1
d d 0 1 2 @2
% %ESH — XOI hx+l . 13 SH] = Swl + UgH] + v Ss+1 + 19
8
8 &, . P
T =T %, T =x T
13 Po = Mo X, X, . . ,
h x,v+1 T = xs+1 T + EE.H-] Xo Xg
oh,
o j Iy = 0 14 s=1 20
Lie
. 34 0 a
Hojman X~ =&, FY 1 21
1 o 0
Iy =— 06541 J
o Oy X' =x° 4 dd £, aa o)
1 a X1
+ E ox’, (/10 _SHI) = const. 15 P i ig 5 ”
15 - * dr Ao axm
Lie
d_o, .2 .,
dr “o¢ T " ox, Y1 o f
3. Lie Hojman Ay )
] + (h‘s+1 + v . lAk 1Rk+l) axw—l 24
24 12
1 I, x, x, v i d AN S]
v 2 de = de TV A Ry ox’,, 2
r piHl L. 18 20
» ) Lie
W, =W, t q i i _ oyl 1 (As+| kel )
_q dl' dT‘SH-l - X h‘s+1 + UX TR]f+1
URI = UW/'xH1 26
, , 25 22 19
uR.,, =vx, Ws(xa Lo e 16 "
1 X1



56

|

|

|

|

|

3056
T d. 3 A aS";;J) I s (AM o, 08T
dr drg“' * dr( A Ry ox),, e oxl,, A Ry o),
Al+l r+l a (i_ mfl) AZ+1 r+l 82 (Aj+1 k+1 ag’:-:ll
A R g ase A B o\ A Begy
Al+l r+1 a (Aj+l k+1 aé’;l;lz) i_ 1 Al+l r+l a 1
+ A R..| oxl. A R, ox., + dz'X'" Inpe + v A R, .| o X, Ing ] .
= X/ri hs+1 + XIIII—I(MRIC l) 27 32
A b v,
- a ’ a¢ ” a¢
1 _em a i m a di =X, a 1 a ’
Xm = Ek+] axk+l + dszn ax;ﬂl T « X
A agm—l a + (h + UAsH k+1R ) a¢ 33
I+1 r+1 k+1 s+1 A k+1 ax:+
* A Rr+l ax;ﬂ ax;€+l 28 1
E;less_flzo‘ ~ ¢ ¢ 5
1 i ) A 1 (ai i i
uR, X (dz_¢ =X ox dx,,, dr !
17 &', 27
’ s+1 k+1 1 a¢
Lie + (hwl + v A R/m) X (a%;rl
1 VR, x5 x
) oo +x’;X‘(,§¢, +aa?5 [Xl b
Ss+l 27 X Xgi1
p=p x, x, +UX1(A”A“1R;H1)] 34
ahs+1 i—
ox, + dl_ln/u =0 29
[S) As+l k+1 A-wl k+1 S) i 1 — i a¢
ax;”( A R+ R oxl,, Inge = 0. it P ox,.,
30 d o¢
. + SHI -
Hojman dz 9x,,,
Ll o
a1 9o m 1 o ( d ) dr dz>**! oxl,,
L =v § OXy #E + © oxL,, M dz’g“l - -
m—1 i i a¢ 35
+ i a ( Aj+| k+1R ag.w—l )] + dT s+1 dT ax:+1
# ax:ﬂ # A ! ax;‘Jrl
m =01 z . 31 _ p ~ _ y
d © d d ©o
L. 2 ‘ Son dz 9x.,, T dc>* de o/,
q, qdee d o d.. o8 o4
de =V Ldr dx,y, ¥ de Bal, d! sax (S0 ) n (96
@ a Aj+1 k+1 ag’:;ll) i 1 ( As+l k+1 )Xl ( a¢ ) 36
+ dr ax;H( A Ry, ax;n + dTXm Ing. + | by + U A Ry ox’,,
— " i Gl VAV el 825::1 34 — 36 Eoan
- dr ox,,, A T 9« On,,, Lie 26
d 9 d.. | ( d ) d
*de onl,, Ao X Esﬁ - EX # 37
Al+1 r+lR 82 J m 25 22 37 Um
! a961,4-189654-1 dT ! 28

A



6 Lie 3057

i 1 As+l k+1 a 1
dz_Xm ¢ + A Rh+l a §+1Xm 1 4.
_ 1 i ) 1 (A.s'+l k+1 a¢ )
=X, (dz‘¢ + X, A R, o, 38 8
. 2l L))
T2\ A x) 3
8 a a AH. + y 4 ’ 4 ’
ax E_E_&”—Xl hs+1 —UX (%Rkn)] Iyl =O Pz = — X3 3 = X 43
s+1
B ~ _ Lie Hojman
_i agsﬂ i a dé _ Xl (ahwl) 7
“dr ow,,, ' dr oxl,, dr>*! ox!,, ,
” ’ o7 2
A Xy = — x)x5 + X
— X! 83 ( AZAHRMI)] -0 39 2 1%3 X 1
s+1 4
X
25 2 39 V" Vi=— ) e alad + 44
1
13
T8, d o d S, _
qa L d d xy d , d
dr ox,,, = dr oxl,, dr>*! de @S‘z’ _x_j 1 Y - —TS(;
A1+1 r+l az 7:I+1l T T // T
+ R, d d
A : 8lerla%erl E Esg = xl dr ég 62 45
i a (A1+1 r+1R ag:t;ll)
+ dT ax:+l A r+l ax;+l SU 1 50 0 46
2 = 3 =
A1+1 r+l 82 (i m—l) 14
toa Regr o Ve -
X
D, @ (AM g, 25 2 g = 0 4
A ! ax:+lax;+] A kel a }/+1 47
ahs+l) ( As+l k+1 )] 4
- Xn (axH1 “ Xl gy T A Rea)] =0 1 = ¥ z(i—j - xl). 48
40 1 46 48
40 32 29 30 Lie Hojman
38 x/3 -1
1 A 5 1 I, = - 971 - X, + X, = const. 49
Elz =v A ——R,,, ol vX, Inp
a m I —
- X, Ing + ox.. Ve, - &) ) )
s+ , x7/2 Lg
8 (U i_sm _ i_gm—l) URI = vn (xll) N (x’l) ]
" ox " ! ! vR, = - vx} VR, = vx} 50
A/+1 k+l a m—1 m-2 ] 18
axs+l[ R/Hl a /+l USSJr] B EjJrl } x/
” ’ 2 n ’ o
A a : Xy = — X1X3 + X —UX| X,
— ! I-Zr+|Rr+l < 1[ X Ing + ai +11 X
o ” 7 2 /3 // ’ o7
_ = - + + & + U 51
. 3 (isz . Aj+1 k+1R 3 5171 ] X3 X 961962 % X X1 X3
axzu d‘[ s+1 A k+1 axj{+l s+1 m = 1 27
“ CIE PONE N
1 1 dr de™ Tde\ T T2 oy T oy
- vt 1 I

dz™” a( S) a(ngo)
z . . ‘xlxza dz>2 x38 dz>?



3058 56
ﬁil /i—l ” ,882 ’ 2 ,afg 1 1 x'z 2
:x/ldz xld”i lzax/z"' 1 2 4, 52=Of;:(x,l+x3) 53
U SNENS- IV 2 -
X% ox’ dz A
T 25 s Sy = 0 54
d d, d( , , 08 ,,asé’) % de
de 425+ ge| - M o+ A o .
- B —xlea—x,zln;z +x1xga—x,31n;z =0 55
- w22 Lat) v v 2 a)
oxy \dz™ P oxs \de™ 54 55
o d g A d /2,85(2) #:xl_z 26
B TR P Y 53 56 2
R SN el |
ox) ox’ ox} x !
) I, = (xf,]—x2+x1) +2U(7/|+x3) 57
+ d%ég 52
52
1 Synge L J 1960 Classical Dynamics Berlin Springer 21 Zhang Y 2002 Acta Phys. Sin. 51 1666 in Chinese
2 Mei F X Liu D Luo Y 1991 Advanced Analytical Mechanics 2002 51 1666
Beijing Beijing Institute of Technology Press in Chinese 22 Zhang Y Mei F X 2003 Acta Phys. Sin. 522368 in Chinese
1991 2003 52 2368
23 Qiao YF LiRJ Sun D N 2005 Chin. Phys. 14 1919
3 Noether A E 1918 Nachr. Akad. wiss. Géttingen Math . Phys. KI [l 24 Two SK JiaLQ CaiJL2005 Commun. Theor. Phys. Beijing
235 43 193
4 Djukic Dj S Vujanovic B 1975 Acta Mech . 23 17 25 FangJH Liao Y P Zhang J 2004 Acta Phys. Sin. 53 4037 in
5 Lutzky M 1979 J. Phys. A Math. Gen. 12 973 Chinese 2004 53 4037
6 Prince GE Elizer CJ 1981 J. Phys. A Math. Gen. 14 587 26  ZhangHB ChenLQ LiuRW GuSL2005 Acta Phys. Sin. 54
7 Vujanovic B 1986 Acta Mech . 65 63 2489 in Chinese 2005
8 Hojman S A 1992 J. Phys. A Math. Gen. 251291 54 2489
9 Mei F X 1993 Science in China Series A 36 709 27  WuHB Mei F X2006 Acta Phys. Sin. 553825 in Chinese
10 Li Z P 1993 Classical and Quantal Dynamics of Constrained Systems 2006 55 3825
and Their Symmetrical Properties  Beijing  Beijing Polytechnic 28 Mei F X 1999 Applications of Lie Groups and Lie Algebras to
University Press  in Chinese 1993 Constrained Mechanical Systems  Beijing ~ Science Press in
Chinese 1999
11 Zhao Y'Y Mei F X 1999 Symmetries and Invariants of Mechanical
Systems  Beijing Science Press  in Chinese 29  Mei F X 2003 J. Jiangxi Normal University 27 1 in Chinese
1999 2003 27 1
12 Mei F X 2000 J. Beijing Inst. Technol. 9 120 30  Mei F X 2004 Symmetries and Conserved Quantities of Constrained
13 WangSY MeiF X 2001 Chin. Phys. 10 373 Mechanical Systems Beijing Beijing Institute of Technology Press
14 TLuo S K2002 Chin. Phys. Lett. 19 449 in Chinese 2004
15 Mei F X 2003 J. Beijing Inst. Technol. 23 1 in Chinese
2003 231 31 LiYC LangJH Zhang Y Mei F X 2000 J. Beijing Inst.
16  FuJ L Chen L Q2003 Phys. Lett. A 317 255 Technol . 20 21 in Chinese
17 Mei F X Xu X J 2005 Chin. Phys. 14 449 2000 20 21
18 Chen X W Zhang R C Mei F X 2000 Acta Mech . Sin. 16 282 32 LiY C Zhang Y Liang J H 2000 Appl. Math . Mech . 21 543
19 Chen X W Shang M Mei F X 2001 Chin. Phys. 10 997 33 LiYC Zhang Y Liang J H2001 Acta Mech . Sol. Sin. 2275 in
20 Chen X W Li Y M2005 Chin. Phys. 14 663 Chinese 2001 2275



6 Lie 3059

34 XuXJ Mei F X Qin M C 2005 Acta Phys. Sin. 54 1009 in Chinese 2005 54 1009

Lie symmetries and adiabatic invariants for holonomic
systems in event space ”

Zhang Yi'
Department of Civil Engineering  University of Science and Technology of Suzhou  Suzhou 215011 = China
Received 23 August 2006 revised manuscript received 14 October 2006

Abstract
The perturbations of Lie symmetries and adiabatic invariants for holonomic mechanical systems in event space are studied.
Based on the definition of high-order adiabatic invariants of a mechanical system the perturbation of Lie symmetries for the
system under the action of small disturbance is investigated and a type of Hojman high-order adiabatic invariants of the system
are obtained. The conditions for the existence of the adiabatic invariants and the form of the adiabatic invariants are given. An

example is presented to illustrate the results.
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