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YEREHTERSKAEMNHREZRAXRRDP, Noether EHAYRE , W FIERAEMAR
VHENABRATRRENER. & 30 43k, 303,14 ~ 16,26,33,39 ~ 52118 Noether it
MR — BB, 5B L ER K. X TF Noether BB, £ A E T Hamilton {E
REAEXRNERTHAEER. 1993 F LUK, R Plaff /E A & 5 Pfaff-Birkhoff-
D’Alembert JEER7E T IR /NE T B R T # 37 Noether B i#32+15191 JFRE T Noether 3 5 ¥ BF
RHOFRE.

Z& BT AXT IS Birkhof RAE LR /PMER T WL AR LM, IRAGEHTHEHE. BHUT
X6 Birkhoff REEAYE AL XA Plaff-Birkhoff-D’Alembert JUER, %4 t{ T JC MR/ BEAE # T A %t
# Birkhoff ¥ B AR E XA, B FHXI L Plaff-Birkhoff-D’Alembent JRE 7 X IR />
BT R, B3 T XS Birkhoff R ZERY Noether 3. ARIE XA LS Noether
Xt ER 2 B B X R, 8 BT S Birkhoff RERFIER.

1  ABXFiE Pfaff-Birkhoff-D’Alembert JiR ¥

B N MR TFHRBRN RS, % ¢+ 38 i MRTREER # RBEEN o 2HEEHN m,,
AR RE R
m; = myf\1-#7¢  (i=1,,N). (1)
Myt A % 8 B BE 0 Birkhoff ¥ B* 1 Birkhoff %M R} (v = 1,--,2n) ,BP
B* = B*(m(¢,8"),t,a"), R} = R, (m(t,a"),t,a")
(vop = 1,+,2n). ()
IR 4 B AT = B AR 16 Plaff-Birkhoff-D’Alembert R 3 4
8{R; (m;(t,a*),t,a*)a” - B (mi(¢,a"),t,a")} =0

HPEEAERARM.

(v = 1,,2n). (3)
BEHEG)EMMN S IEMS RS EPEHE - F RO TS RE.
4
B* = B*(t,a") = B*(m(t,a"),t,d"),
{,\, — (4)
R: = R:(t,a") = R:(mi(t;aﬂ)’t’aﬂ)’
A
(9B* 3B* 3m; _aB*
dg* ~ 9m; da* da*’
J2R, R, Om IR, ’ (5)
d a* adm; da" Ja*
aR; 3R} am; 3R}
(3t = 9m, 9t * a3t ’
IF 4 #8XF 8 Phaff-Birkhoff-D’Alembert JRHE W] LAE 24
{(3 R, _ a_Rp_)"zu _ 2 B* _ a_RF_}Sa# =0, 8t = 0, dda* = dda*
da* da’ da* at
(V;# = 1,"',2"«), (6)
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MFRBEQG),FEIRSXE (] HEBE, TUBIAELXE X WXL Phf-
Birkhoff JR #
SA* =0, A* = j”(i?dv_ B*)d:,
h (7)
ot = 0, dda* = Bda", da” l'n = da” |,2 = 0,
Ha 4™ BRIHEXMIEREN Plaf fEFE.
¥ FEEGG), FRBESIKE [1,1,] HEEH,TLIB RN & Plaff-Birkhoff JF 3 i) 3
EFE XK.

~

{aA* =f'{( R, __5,,_)0,_33 ——R“L}Sa"dt=0,

3 da* da’ da* at

(8)
8t = 0, dda* = 8da*, 8a* |, = 8a* |, =0 (v, = 1,",2n).

2 FEXTiE Birkhoff REM B R AZE1E

SFHBEENKA BHNERE, EREO) P da* (e = 1,+,2n) REMWMT K, A
AL L

aR* R:\. E* R}
(3(1:‘ -3‘;‘5‘)"”‘% =% =0 Ghp=120), )
FREO)RAEXIERLEH Birkhoff 7 BRI L Birkhoff 2. H—MRIFRAT . BRELES

5, Bl

IR IR,
~ % ~ % — ¥
det(@,,) %0, &, = (—aa" - —Laa." ) (10)

WRRIMB HMABFHE ¢, WRLE) REWHWR R, ABEEE: MAK(NREY
H8Y.
SIATR/PES

t* =t + ebp(t,a"), a*" = o* + e, (1,a"), (11)
Hep e B—1MTRDIBE, &8, BITRPMERT. EXRNERODTF A
B* =B*(+t",a*") = B*(t,a") + E(%Eo + %&,.)+ 0(e?),
-, -, (12)
R} =R} (t",a"") = R (t,a") + e(a—al%—fo + a3%75,()+ 0(e?).
BY EXLR/DEHROADT, MEHI I RLEL Bikhoff FREFERXARAE, B
dR; AR;\., aB* IR
o F e s IR TS e ) )

AR A X FHARAEHEFR AT IS Birkhoff REME R ALK,

ER1 MREE-NEREM—DEEC = 6o(1,0*) BEERIBRNERT & &, WA
W &4

dB*, 3B* —. 3G\ 9R; IR -, 96,
71 £o + aa,‘f,, = k(B —a—t), 7 &y + 3a"$“ = k(RF —'37), (14)

R4 FE%T 8 Birkhoff R (TR /MEHR (D TFTRAERRFRTH.
BXEEFRBOUORAFTRL), MEKE « HHARKNT, T8
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E* = B* +€k(B* —aa_(io), R; = ~; +ek(ii
BERFARAFTEU3),H

(BR, -aR )"ly_aB* —aRi

3 a* da’ da* at
3R’ 9R*\.. 3B* O9R:
| (s ).
(1 + ek) Pyl e 7

Bl , A% Birkhoff R4E(9)ZEXMR/MES(11) FAAH AR,
3  FAX}iE Birkhoff 4L K Noether X FRHE

R, BMNET PRAERABEEXERIEHRTHOAE R T 83T Birkhoff & 4 &)
Noether Hi33], FTHEE T A% Pfaff-Birkhoff-D’Alembert XM /N T B THEEE KX,
BT AH %8 Birkhoff 7R 4t £ Noether X{ FR 1 5<F{HRE.

HE S da SRFMEL Ad” ZEIKE

Ag* = 8a* + a*At, (15)
EXRPMEHROADT A
8a* = Ad* - a*At = e(&, - a*&). (16)
BER(16)RARHE(6), B
aR; AR;\., aB* IR, »
[( 3o aa»)“ T 2e T ](ﬂz- a*§o) = 0. a7
EE3
((3R; 3R}\.,.
( da* a—a’:—)aa" =0
a~-l-‘ _ _ . D *
1ot = B e - B8 - g, (18)
ak*'y ak* d =, _—
(5o e, = 2kze - BRI,
WAFROANTLUET R
aR;., aB* aR:. 9B* =
e[( 34 " g )E,, * (7:_“# PP )E°+ Rt -
B*& - S(Rie, - B 6] = 0. (19)
BIAMMES ¢ = 6(t,a"), HER19) FAAM AR ¢ ,BBRE(O) R EURMFHER
aR; ., a3B* =v. . (9R;., 3B*
E[( aa*" 757)5" * Rl (_af_"" " ot )E“
B*éﬁc‘:_%(it;e,,_ﬁ*eﬁ ¢)] = o. (20)

2 (20) R HIXT 4 Plaff-Birkhoff-D 'Alembert 28 (6) 7E T BR/NEH (11) T HAREE K.
By 75 4 4542 (20) 7. BP 48 B AR 38 Birkhoff 2 45 # Noether <€ #.
B2 X FAN S Birkhoff B4 (9), MR ER/NERTT &6, MALRBCHE

aR; ., 3B* aR; ., 3B* Bes _Bre L ¢
(Sorer - S e+ (e - G Jan+ RiEu - B G0 6= 0, 20

Wa, REFEMTTER
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® = Rj§ - B" & + G = const. (22)

24 (21) FR AN S Birkhoff 72 45(9) 89 Noether ¥3X. X T B A4 B4 RS, Noether %

KRQUBAMEER, -2 HREH. X FHEM B* MR, TH (1) RRITR/NER
MHERRTT &6, MAREY ¢ , AFEH(22)XBIARENTHER.

4 FEX}iE Birkhoff REE ML AZEH: 5 Noether XI #RHE

EE 3 X TR Birkhoff REL(9), MBRAERIT &6, WR KM (14), T B 7 LK B
RAER(21) MANKERE G B4, REO)BBASREM R Noether X F1H4, HHF L 11 (22)
RFIEE; BN, RE(9) WIBAAR AR T Noether X FR.

EIE 4 X TS Bickhoff RE(9), R4 KT Eo\fy*ﬂﬂ?ﬁ:&ﬁ G W B Noether %=,
(21), M H &-.&, MABRIBMGCEC = Gy = Go(1,a*) IRHFTHREFM(14), BARK(9H
Noether Xf R ¥ %f B T X AR ; B, REE(9) 8 Noether X FR¥EAR X B T XA 4.

Bl EHAEMEREMEBIHHTER

F 2,312
°(1 - %) ,ms — (23)
m ¢ /l_q2/c2

Hea Foumo F c HHEH AT RRENTERNAREH S Noether WIRFIHEBZEHPEE.
4 a! = q,d% = ¢ ,ABE

_, mg (a?)?\ -2 .
B = Foc2(l - (,‘2 ) -a,
=« . mo( 1 (a?)*\ ! (24)
0B - o) )
HIE(14) B
m (a2)?) -2 -, 3G
oo ) e 528
3G
0=k ,
4 ( dal ) (25)
(a2)2 -1 2m C
(- ) e 2 - ) (- ) e -
k(R; -23Gy/3a?),
RHTRARWNT#
k=09$0=1’$1=52=09 (26)
k=0,6=-1,¢ =& = 0. (27)
3K (26) F1 X (27) X B FAH X3 i€ Birkhoff B TL KA.
B (26) R (27) 2 BIHLA Noether 3K (21) , T LA 78 BIHL 7 R &K
G=0. (28)
Bt , A8 B BTG A 2B T B Noether ST ERHE. B3R (26).(27) F(28) AR (22), T B F1E R
&, = a' - %cz = const, (29)
D, = Ze? _ g! = const. (30)

Fy
A (26)F1(27) BREHEARREY , B L (29) M (30) L R MR KA.
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R (24) 8 A Noether £K,(21),48

§o=1,6=6=0,6=0, (31)
€o=—1,51=€2=0,c=0, (32)
F 2)2
Eo =0, El = a2, 62= —’;0(1—((162) ), G:O, (33)
F 2y2
50=0,51=—02,€2=—;o(1‘(—q:2)—)vG=0' (34)

FRGLM2)FLEXM BLF Noether W FRIERILRARTH:. FEGB)MGL) A EREKH(14),
ARSI T Noether Xt #RYE BT R A28 1.

5 i 7
5.1 #x+# Hamilton &4

WE R, RBERE: ,4

“ {qF (/‘ = 1,'“vn)9
a =
Du—n (/‘ =n+1,-,2n),

— 1 . (35)
R: ={p/l ([.t_l, 9n)!
0 (g =n+1,~,2n),
B* = H".
WA XY 8 RS AY Birkhoff 78 & 4 )
(‘*)—[ 0 +1"""] (36)
w”v - _lnxn 0 )
AR 42 SC R 45 B A X 12 D’Alembert-Lagrange [F 3
d aL* aL* S eeae
(a—t%?_ aq,)Bq =0 (S=1, vn)9 (37)
F A5 X%F £ Hamilton [
3""2L*dt =0, 8 =0, d3¢' = &d¢°, 8q* l,l = 8¢’ |,2 = 0. (38)
5L R (9) 4 th HIXY 1 Hamilton R4 80 N 77
) JH* . oH"
q = QI;’ y Py = — alfl’ (s =1, ,n), (39)
K
H*(t,q,p,) = pa’ - L", p, = aa_Lé’_'

L*(t,¢",q¢') = T" -V, (40)

T* = Emoicz(l—‘\/l—f;/cz) (S=1,"',n).
El&:ﬂtiﬁﬂ%tﬁ}axﬁe Hamilton R4 XA A ¥ 35  Noether EHUREARAAEHF
Noether Xf #RPE Z B X R .
5.2 # 8 Birkhoff R4t
EF<cHEREMT,
m= ——— m, (i=1,+,N), (41)

TS
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%t 38 Birkhoff REME AR LS Noether SFIER

B* = B (my(t,a*),t,a*) ~ B(s,a"),
{ (42)

_——

RS

H

Ef(mi(t,a“),t,a") ~ R(t,a*).

23 B H 45 1H 2 80 )7 % ) Pfaff- Birkhoff-D’Alembert J52 B8 1 Pfaff-Birkhoff JFH , M H 5 #(9) BA
2 S % RGE M Birkhoff 7 8. H L, & X E A H 4 M Birkhoff RETY XA M/ IR .
Noether E3 LA BIE RAEM S5 Noether M REZEI KR,
5.3 #£# Hamilton R4

MEAXHEBREMERRMNKEESERGS) MR (41, AR CHEL T HF 28 Hamilton
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Form Invariance and Noether Symmetrical Conserved
Quantity of Relativistic Birkhoffian Systems

LUO Shao-kai''2-
(1. Institute of Mathematical Mechanics and Mathematical Physics ,
Changsha University , Changsha 410003, P. R. China ;
2. Department of Applied Physics , Hunan University , Changsha 410082, P. R. China;
3. Science College, Southern Yangtze University , Wuxi , Jiangsu 214063, P. R. China)

Abstract: A form invariance of the relativistic Birkhoffian system is studied, and the conserved quan-
tities of the system are obtained.Under the infinitesimal transformation of groups, the definition and
criteria of the form invariance of the system were given.In view of the invariance of relativistic Pfaff-
Birkhoff-D’ Alembert principle under the infinitesimal transformation of groups, the theory of Noether
symmetries of the relativistic Birkhoffian system were constructed. The relation between the form in-
variance and the Noether symmetry is studied, and the results show that the form invariance can also

lead to the Noether symmetrical conserved quantity of the relativistic Birkhoffian system under certain
conditions.

Key words: relativity; Birkhoffian system; Pfaff-Birkhoff-D’ Alembert principle; form invariance;
Noether symmetry; conserved quantity



