59 % 21 201042 A
1000-3290,/2010/59(02) /0724-05

S/

ACTA PHYSICA SINICA

¥ ik Vol. 59 ,No. 2, February ,2010

(©2010 Chin. Phys. Soc.

P~ 295 % 1% R G Hojman SFiEE

FxXLVT FEeY

Fra!

D) (Y2 Be S i 724 2 D7 261061)
2) (PEAAMREN R RE 257061)
(2009 4 4 7 18 H ;2009 455 A 19 H 3 & i)

WRFE) LR AMEAR S8 8 Ty 27 R GE MY Lie X Bt BOHY Hojman < 7 &, 75 W [A] N 48 (45 9K Lie XTARAZ T, 45
FRGLHY Lie X R0 52 J7 B2 2 o B 1 55 A2 A B BR 0 7 B2 L 45 B A A 58 85 R SE A Hojman Sy4E 5 LUK S SCZ AR
SEEE A1 5 R G 55 Hojman 7 AR A AR Hojman Sp R 2, 28— 0451 150 I 45 SR 10 7 1 -

KEEWR: )RS 1 E RS, Lie XPFRME, Hojman <f{H &

PACC. 0320, 1110, 0220

L5 =

J1% B G ST I R AL R A B0
T L BT 5 R 220 £ B i A B W R R g
SRS TR S L E AR R SR %S
Gi<pAE R ), T 3547 Noethe % FRVE | Lie X Bkt
R 20 25 1, pl 3 = 28k Bk b 9 B0 A 8 1 B 50
s TP L EE AR

1992 4E , Hojman"'"* 1| 1] 32 2y 8 43 J5 & 75 i (]
AAF I T R /NS He T I AR A BB S T — 20
HIAY A A ——Hojman < 18 &, ¥7 4F 3 , X ' J Lie
R B4 TR B 2 R e AT AR B 7 37 B 2
AR KT WA EF] T Lagrange 24" Homilton
Z4: ") Birkhoff & 4! B AEE R S % &
G BEEARG TR NG m RGN A
SCH X — T BT Uk e s R G
I ) RS () B Bk Lie 3 AR S H R, 4t R 5610 Lie
o B 1 7 R 240 TR R R B R
153K 7 52 % 2 %5 (9 Hojman S 5 5 DL 1~ X 41k
A 52 # J1 %% R G0 59 Hojman < 8 & 1 3% Hojman
S AL A7 1 S R 3, 2 — B 0910 58 1 45 2R 19
o7 .

= YL 27 58 1 AR B ik B (it 9fiE 5 2008203 ) B¢ Wy (Y IR AT

+ E-mail; dongwenshan@ 126. com

2. REWES o

WEFE A D n 1)) LR AR 52 B 122 R 4L
R RGER BT th 0 A7 SCAFR ¢, (s =1, ,n)
5B ZA g Ak Br &R AR S B AR

fﬁ(t"]”q.”"',(‘;s)) =0
(B=1,2,"-,g). (1)
TE]" X EZ 5B, ZGER BB R X
A58 % J1 % 1Y) Yeraes & X"

n k
>3 el <.
99,

s=1 m=1

(m-1)

5t =0,8g #0 (m =1, k). (2)
HSCHR[19], RS Routh J5 2

i(_1>,,,+1 d’"( oL )_ﬂ
P " 9 ((;\,) aq)

af;

B
(m)>
q,

DIPWY 3)

B=1 m=1 0

S . (k) \ | S W
A L=L (t,q_‘,qx,'“,q‘ )j‘]TLX Lagrange PR %0,
Ay KT Lagrange 7§ % & 1, 78 (3) s 4> Z i,

AT (1) A(3) ek Rl e T AL M), g
() BR B, T (3) 3T 32 4 O 5 2 2R 5 9 T b



28 HOCUIAE )7 LR S5 1 R SR Hojman <Y 4H 1 725

’
mer d” oL m =1, k;s =1, n). 13
S (-1 (w)——:A\., A ) (13)
m=1 (")q$ HX
k k ~
w3 A =-q o 14
A=y ;;Z) : =L (14)
(s =1,,n). (4) 0, ai)H (w = (2m =2)n +s;
Bl X sh & Al Hamiltonian > o
k-m j aL Fp, = m = 1,"',k;S = 1,"',”), (15)
<_1)/ T (m) ? (5) 0 = 2m -1 n+s;
e’ 5 Y% B

m = ]‘".'Qk;s = ]‘9.-.’n>9

H(EWRMJ)_E:sziMJ¢ (6)  IEMITFHE(8) A ik— 4 Fow hy W As R 507 7

= m=1
oR, oR)\ ., oH
W) 25 25 02 3 )7 72 71 5 E W = (T - )i - 20 = F,
da"  da da
(m) oH . oH ~
q, = oP ) Pym =~ 8(,,1_1) + Ax (,LL,V = 1,---,2kn), (16)
s/m .
7. DA R 3if 2 AR 5
(S = 17”.’n;m = 17”'7k)7 (7) aH
c d“—s“”F:O (u,v =1, 2kn), (17)
~ m m- m a
A (( \.”,pu,l,t) = /\’"((q\.”,(q)
v ﬁzlzl A X
~ mYo v wy
- of s = " + T, (18)
X ( q, ,ps/m,t),t) ik (8) Hh
aq, B
v iR, aRH
~ . . m W = -,
Hod, A, W XA aER A A B H dga"  da
m - ., - pvy -1
U0 ) BRI RIS BIA 20k A (@,) =), (19)
A
A a2 [21,22)
0] B M,
KA ERCT RN () = :
= 1. eee ks = 1. -
a# _ m 9 S i5S ’ ’n), (9) L MI.- 2k X2nk
Pon  (u=(2m-1)n +s;
m:l,...,k;szl’...’n>, Mi:_—[ (1,:1’--,11;)’ (20)
ps/m (M = (2m —2)77, +S; -0 -
=1.-- . =1.--
R}L — m ’ ,k,S > ’n)’ (10) Hl
0 (uw=@@2m-=-1)n+s;
m =1, k;s =1, n), (") = 0
ML), (2) F(4) g A, 7 u
fi(a) =0 (w=(2m-2)n
+s;m = 1,"',k;8 = 19”"n>9 (11) - Hk_anxan
2nk *
a —
> fﬁz,,aa“ =0,80 =0, Qi
p=1 Ba“ '-(22/
H - m
da* #0 (u = (2m =2)n + s; ‘
m = l’ ’k,g = 1’ .’n)’ (12) L Q
s/m
gk o .
~. w Of g (i=m=1,2,-kys =1,2,-,n).(21)
A = Z ZAB P w+ln

K0, R, n R S . % R
(p = (2m =2)n +s; i RAE AT S0, h AR (16) AT a0



726 ) Bii|

¥ 59 %

@ =a;(t,a) (u=1,-2nk). (22)

3. R My mh E R A B Lie 3T AR M

SBURST ) AN 72 19 Rk T BR /)N B 2 B0 H
t" =t,0a" =d" +¢&f, (1,a)
(w =1,---,2nk), (23)
Kb e BT /NSE, BA /e, &, IR/
SRR A e, 51 3 TC BR /N A e ) i K —
Y e
X ¢ d

I ’
da”

9
ga’
HEAE 3 53 J7 BEAE JC BR/NAZ R RS MY Lie BIE,
J7 S EAEAR SR Ty 2 RGN AR YA 25 Dy T B
TR

XU =X g, (24)

XV (@ -a.(t,a)) =0
(w,v = 1, 2nk), (25)
JeIt(25) 0,15

s

J
= (v =1,-.2nk), (26)

a
da”

d
55# =§,
X
d_2 va 2
dit Jt " oa”
IR AR AR (1) AR (23 ) N AR
LA EESDSE I Kl =
XOUf,y (1,a")] =0, (27)
I~ X AE 58 % 1 %% B Yeraes & X (2) X X6F & v £
8'"q." it LRI IR 45 g T B R ) R
az{ P8¢, = 0. (28)

EX 1 QR TR/NA OT &, W 2 i E 7 72
(25) , WFRAR R X BRE S 5T L AEARE 58 % J1 %
RG(1), (3) MR AY) LE 8 J) % KRG8 (4) BRIk
Lie X} FRPE.

EX 2 WRITCBR/NERTT €, W21 E T &
(25) DA B BRI 7 #2 (27 ), VIR AH I i % kv R 1
AMEAE B 2R G (1), (3) R HK 5 Lie Xt
FRIE.

EX 3 WRITCBR/NERTT €, W21 E T &
(25) BRI 5 2 (27 ) F0 B I BR ] 7 #2 (28 ), WK AH
N R FRME R T LR R 1 R 5 (1) ,(3) 1

FEGR O Lie X FRPE. .
4. % % #y Hojman 5F [ &

J7XEREAR e S R GERIRR IR Lie X AR 1E
1% 53 2 Hojman <48 5 A9 77 1% i F 38 2 B 45 1.

a1 T AR R (1),
(3) METCRR /NS (23) 8, W 2R AR Lie XF AR 19|
RS Lie XFARAYBUAFIRGR Lie X FRAY 42 MOT £, W

SEHIE AR (25), HEAERE R G =6 (t,a)
g

da, d, =,
—InG" =0 2
" + dtn , (29)

WU SCEk 1 R 52 3 1 2% Z 58 43 A A6 A L 1 T
S 1% 2 48 Hojman SPH &, UL K ) LM AE 52
I 25095 Hojman 5F 6 & 5 5% Hojman 5F {H

e

T T e
G* da
EB R X 13 R (23) B O
(29) 17 (30) .

F I A 1, 57 BPAS 3] — A Z AR

Rl 2 TETCMR/NARHR (23) T, G SR AFGK Lie
XF AR RRR S Lie XFFR 0 BURF R 5R Lie X AR A9 25 BY
G €, WA E TR (25) , Bl 2
% _y, (31)

da”

W) SCERAE AR 58 8 J7 2% FR G853 M A TE A 1 T X
SEHE )% R G5 Hojman ~FAE &, DL R UM HE 58
1% R Y1059 Hojman 57 {H B 83 Hojman 5f {H

i e

I, =—, = WA (32)

da”
5. %5 B

W R G X Lagrangian 24
1.

1 .
L = 7(] +?q s (33)
Z LR AEAR e R 2
f=q-1t=0, (34)

AT IE RGN Lie M ARYES Hojman <7 {8 i
B, L ARG IRt (5) M(6) 1



28 HOCUIAE )7 LR S5 1 R SR Hojman <Y 4H 1 727

ol Al .
171 94 dr 94 =49q q,
oL .
Pl/z :8721.:(]’ (35)
H=P, i+P i-Lti-La (36
=049 129 2‘] ZQ-
B (7) 45
P
aPl/l’
p == i (37)
aq dq
A
aPI/Z,
p,o= M g 2 ()
dq aq d

Hrp f =g -tP,, =0.
B4 (35)—(38) 5, >R 15

1, .
Ai :P1/27AT :T(q_Pl/l +P,). (39)

é\
a' =q,a® =P,
a’ =‘j’a4 =P,,,
R, =d’,R, =0,
R, =a*,R, =0, (40)
A
H=dd - () +2(a*)’, (41
2 2 ’
Fl :_a49F2 :09
F, =—%(a3—a2+a4),F4 = 0. (42)
P (18)—(21) 3K, 1545
0 1 0 0
a4
-1 =% o 0
s = ¢ . (43)
0 0 0 1
3 2 4
0 O _] _(l —(14 + a
al
5 R (17) 45t R G 38 3 7
' =d',d’ = -d',
3 2 4
@t =a*,adt = (e —a)(t=-1) —a (44)

t
FOW B SERRBR Lie XPARME 00 80 1 75 B2 I SR M. o
JrRE(27) 45

& =&, (45a)
fz - _§4’ (45b)
& =¢&,, (45¢)
. 1 é
fo=(6-e)(1-)-5 (s
T RE(45) A 4 i
& =1,¢ =& =&, =0, (46)
& =16, =& =1,¢, = 0. (47)
P 2 o BIR ) 7 & (27 ) 0B fim B i O /2 (28 ) 45
& — 18, =0, (48)
fl - zfz =0. (49)

A5 WL, AR RO (46 ) F1(4T) 73 53 s A2 29 HBR
il 7 % (48 ) F1BR fn BR Al 7 2 (49 ), {HAE BT (47)
AN 2 SR BRI 7 AR (48), Bk, AR RO (46) A
(47) 957 SCERAE AR 58 B 127 22 GO R N Y 58 B &%
FEHYHFIR Lie XFARYE, A2 0T (46 ) O™ LR AR
TR F RGN FF RS Lie X AR,

AR RGP E R h 260 (29) 15

1 d, ~.
—7+Eln6 —0, (50)
AT
G =t, (51)
G =t(d +d). (52)

X (46) A1 (51) 2, (46) F1 (52) L K (47) Fil
(51) 2, 1 (30) AP FLAY <1 4

I, =1, =1 =0. (53)
X (47) A1 (52) 20, (30) 2GR FLAY <7 4H &

I, =ad = Wi (54)
6. &

M XA BN RREAR T LA
BT A A — B A v Y e R AR SE R ) o, DR AR SOy
FHELR(31) A (32) X AA 5 X T AZY
W I RG] AR R TIN A =0, A3
GRS AT A X TR 2 AR5
R ARAYARDRST J1 7 R GE, HHE LA, T LARH

AL = (g, ) A ST S
R S 5 4 2 R AR AR ST o R 5

Hojman 57 {H & it 45 2.



728 wooom % R 59 %
[1] Mei F X 1999 Applications of Lie Groups and Lie Algebras to [13] Mei F X 2003 Acta Phys. Sin. 52 1046 (in Chinese) [ X ¥}
Constrained Mechanical Systems ( Beijing: Science Press) (in 2003 P4 52 1046 ]
Chinese ) [ XU 1999 2= B F1 25 18 50 6] 20 58 1 %% 2 45 19 1 [14] Zhang Y 2002 Acta Phys. Sin. 51 461 (in Chinese) [ 3K %t
FH(dest Bk aE st ) ] 2002 Py HLAE 4R 51 461 ]
[2] Fang J H, Zhang P Y 2004 Acta Phys. Sin. 53 4041 (in [15] Luo S K 2004 Acta Phys. Sin. 53 666 (in Chinese) [ % Z33l
Chinese) [ J7 a4 ikME & 2004 Yy P44z 53 4041 ] 2004 PyHi~# 4 53 666 ]
[3] LuoSK,Jin L Q,CaiJ L2005 Commun. Theor. Phys. 43 193 [16] Xu Z X 2002 Acta Phys. Sin. 51 2423 (in Chinese) [ {F &5
[4]  Mei F X,Xu X J 2005 Chin. Phys. 14 449 2002 HF2E4R 51 2423 ]
[5]  XuXJ,Qin M C,Mei F X 2005 Chin. Phys. 14 1287 [17] FangJ H,Liao Y P,Zhang J 2004 Acta Phys. Sin. 53 4037 (in
[6] Hu H B 2005 Chin. Phys. 14 452 Chinese) [ a4 Bk 3K 7 2004 Y Fi2: 4R 53 4037]
[7]  Zhang Y 2008 Acta Phys. Sin. 57 2643 (in Chinese) [k 3% [18] Zhang Y 2003 Acta Phys. Sin. 52 1832 (in Chinese) [ 3k %
2008 L 2E 4 57 2643 ] 2003 Py3isE 4 52 1832 ]
[8] Lin P,Fang J H,Pang T 2008 Chin. Phys. 17 4361 [19] Luo S K 2002 Acta Phys. Sin. 51 1416 (in Chinese) [ % 24351
[9] Ge W K 2008 Acta Phys. Sin. 57 6714 (in Chinese) [ & {f % 2002 Py3sE4f 51 1416 ]
2008 #H2L 4R 57 6714 [20] Judith G K,Joseph A S 1965 Amer. J. Phys. 33 140
[10] Hojman S A 1992 J. Phys. A:Math. Gen. 25 1291 [21] Zhang Y,Shang M,Mei F X 2000 Chin. Phys. 9 401
[11] Lutzky M 1995 J. Phys. A:Math. Gen. 28 1637 [22] Zhang Y 2001 Acta Phys. Sin. 50 2059 (in Chinese) [k %t
[12] Mei F X 2002 Chin. Sci. Bull. 47 1544 2001 HF2E4H 50 2059 ]

Hojman conserved quantities of generalized linear
nonholonomic mechanical systems”

Dong Wen-Shan'’’

Fang Jian—HuiZ)

Huang Bao-Xin"’

1) ( Department of Physics and Electronic Science , Weifang University , Weifang 261061, China)

2) ( Department of Applied Physics , University of Petroleum ,Dongying 257061 ,China)
(Received 18 April 2009 ; revised manuscript received 19 May 2009 )

Abstract

We study the Lie symmetries and Hojman conserved quantities of generalized linear nonholonomic mechanical

systems. Under special infinitesimal transformations in which the time is invariable, the determining equations, the

constrained restriction equations and the additional restriction equations of the nonholonomic mechanical systems are

obtained. The Hojman conserved quantity of the corresponding holonomic systems,the weakly Hojman conserved quantity

and the strongly Hojman conserved quantity of the linear nonholonomic systems are obtained. An example to illustrate the

application of the result is given.
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