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Abstract .  We establish the  solution of the ninth  order  - in masses  - canonical J - S  equations of motion 
by H o n - L i e  technique - i .e. ,  by expressing the initial Poincar6 canonical variables as functions of the 
new variables through the H o n - L i e  canonical t ransformation.  Terms  of order higher  than  9 in the  
masses  are neglected. 

According to Lie theorem (Lie, 1888; and Hori, 1966), we have the change of 
variables equality 

f(L1, L2, Ha, H2, Pa, Pz, A1, a2, K1,/£2, Q1, Q2) 

------ ~=o ~ ~r. Dvsf(Li' " " " ' Q~) ' (1) 

where Lu, Au, Hu, Ku, P , ,  Q,;  u = 1, 2 are the Poincar6 canonical variables. 
We can write 

f=-- Lu; f =-- Hu; f =-- P,;  (u = 1, 2) (2) 
f------ a , ;  f =- Ku; f =-- Qu 

We shall consider in particular the substitution f = Hu; u = 1, 2. Then we shall 
have 

Hu = ~ 1D'sH'u ,  (3) 
v=o V! 

where D vs is the Lie operator. From its definition, we have 

D°sH" = H" ; 

D~sH" = (H ' ,  S) . . . . .  D~sH" = ( (H ' ,  S ) , . . . ,  S).  
v t i m e s  

(4) 

Expanding Equation (3), we obtain 
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co 

- ' 7 1 - - 1 D ~ _ I D I H ,  = H .  - H u +  = vl s s u 

= H" + ~] 1 D~_ 1 (H' ,  S) = 
v=l v! 

_ , E !  - H .  + (H ' ,  S) + D~s-ZD~s(H', S ) .  
~=2 v! 

(5) 

and so on. 
Neglecting terms of order higher than the ninth, we get 

1 p 
H .  = H" + (H' ,  S) + g((Hu, S), S) + 

1 ¢ i r + g(((Hu, S), S), S) + ~((( (Hu,  S), S), S), S) + 

+ ~( ( ( ( (H ' ,  s), s), s), s), s) + 

+ ~(( ( ( ( (H ' ,  s), s), s), s), s), s) + 

+ 5@4o(((((((H~,, S), S), S), S), S), S), S) + 

+ ~ ( ( ( ( ( ( ( ( H ' ,  S), S), S), S), S), S), S), S) + 

+ ~ ( ( ( ( ( ( ( ( ( H ' ,  S), S), S), S), S), S), S), S), S) .  (6) 

We have S = ~ = 1  Sk, SO in our case 

S = $1 + $2 + • • • + $9. (7) 

From the definition of a Poisson bracket, we have 

(H:,Sk) = aSk. ( k=  1,2 . . . . .  ~ ) .  
OK" u = 1, 2 

(8) 

Therefore, we can write the formula for Hu as 

OS I 082 083 084 085 086 037 088 089 
Hu = H" + + + + + + + + + 

OK" OK" OK" OK" OK" OK" OK" OK" OK'u 
+ 

2 \ O K "  2 \ O K "  2 \ O K "  2(k-~u'S4)[-2~kOgu ' 

s6)+l O , s7)+l  Sl s8)+1/ ,2  cos2,2)+ 
+ - 2 \oK'~' 2 \ O K "  2 \ O K "  2 \ O K "  ~ ( - ~ , o l ]  + 

s3)+1c  2,4)÷1( s2 s5)+1/o,2 , l OS2 ..[- - -  _ _  - -  _ _  

2kOK" 2 \ O K "  2kOK" 2 ( , 0 - ~ . ' $ 6 ) + 2 \ 0 K  ;'  
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~C ~'~, ) 
+ -  - -  $ 1  + 2 \OK" 

q..!( OS3 $4)-it_![ OS3 $5)--1- 
2 \OK" 2 \OK" 

+!(OS3 S6) + 1(0S4 S1) + I[OS4 "~ l(OS4 S3) + 1(054 S4) + 
2 \OK" 2 kOK" 2~-~. 's2) + 2 kOK" 2 \ - ~  

1{0S4 $5)+1(0S5,s1) 1lOS5 "~ 1lOS5 o~+I(OS__L, S4) + 
+ 2 \0K" 2\-~u +2~-d-~.'$2)+2~--~.'°3} 2\OK" 

l(OS6 s1)+!{OS 6 $2)+1 lOS 6 ~ 1loS7 ~+!(0S7 S2)+ 

..{-!( 088 511-t-!(( OS1 Sl),S1)-+-l(( Osl Sl),S2)+ 
2 \OK" 6 \\OK" 6 \\OK" 

X((OS1 51),53) + 1((0S1 S1),54) + I[[OS1 "x 55) + + ; ~ '  6~oic' ;~ ,S l ) ,  

1((0S1s1),$6)+ 1 OS1 +-6 kk0K~,-- ;((-~u'S1)'S7) + I[[OS1;~-~u'S2) ' ~ S1) + 

1(( OS1 S2), $2) + 1 0S1 + -6\\OK" 6 ((0-~.' $2)' $3) + 6~_~,$2) , 1 / /OSi  \ $4)+ 

+ ! ( (  0sl S2),S5) + 1 I/[~S1 Nt S6)+!((0S1 S3),S1) + 
6 \\0K" ~ - ~ , $ 2 ) ,  6\\OK" 

6 \ \ -~ .  
$2)+ 1/{OSi \ $3)+!(( OS1 $3), $4) + 

6~-~. 'S3)  ' 6\\OK" 

OSi +1((~,s0,6 6 ~ - ~ ' $ 4 )  ' 6\\OK" 

OSi +!((~:s4) 83) + 1(( OS1 $4),$4) + 1((0S1,$5),SI) + 
' ~ ' , ~ - ~ '  ;,,,,-0-~ 

i OS~ 
+-  ((0-~'6 Ss), 6 ',',,OK" 6 \\aK~,' 

0S1 + l-((~u,S~),6 
6 \\OK" 

+ ~ ~ ~ ,  .O~  , sO + l , ~ ,  s~), s~) + l ~ C ~s~ sl), S~) ' ' ~  
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+ -6',,",-'~-~I ((OS2"s1)'S4) + I ((&S:~'S*)'S~) + I ((OSz's")'S6) a\',,aK~ 

+1-((°S-.-----kZ,s:~),,.9.~)+I((c3Sz,s2),Ss)+I((OSz,ss),S~)+ 

6 \aK: g \\OK:' -6 \\OK:' 

1--({ 0S2 S4),S1)-i- 1{{ dS2 ] ((  ~$2 $4),$3)-.1- - 

+ 6 ~\oK'.' 6 \ \oK.  

+,[[aS, Ss) ,S1)+  I((OS:z,Ss),Sz) 
6\\oKa' g VVT~ 

gvvaKa 

6 \\OK~, 6 \\OK~ 

+l{[OSs S2),S:~)+I((OS3,sz),Ss) 

6 \ \ ~  6 \\0K'~ 

+I[[OS~ S4),S1)..1_!((0S_...~3 S4);$2) 
6 \\--~f 6 \\OK'~ 

1-([c3S~4 $1),S1)+1((0S4 S,),S~.) 
+ 6 \\OK;,' 6 \\OK" 

6 \\aK'~' 6 \\OK'f 

6 \ \3Ka 6 \\OK a 

+ 6 \ \oK~'  6 \ \OK"  

+6 7~"'$2 '& + 

+ 6 77-7~,,$3 ,$3 + \\~K. 

+ 6 ',',~K: 

+ 6 ',',eK: 

+ 6\\0K..S1 .32 t 
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1 0S5 6((-~,$1),$3)+1{{0S5 Sz),S1)+I((OSs,sz),Sz)+ 
+ -  6 ',,,-O-Zuu' 6 ,,,,-O-~u 

l/lOSs "~ $1)+1((0S6,$1),$1)+1((0S_.~6,$1),$2)+ 
+6~-~.'$3) ' 6 \\~-~. 6 \\0K" 

+6~ ,~ ' s~ )  ' 6 , , , ,~  

q-L(((OSI,s1),S1),S1) -1- 1 (((OS1 $1),$1),$2) 
24 \ \ \ - ~ .  2-4 \ \ \ - ~ . '  

+ 

1 1 OS1 -~---(((0S1's1)'$1) '$3 \\\0--~. + --24 (((0K'~'~" S1 ) S1) 'S4 ) '  + 

1 oS~ 1 ({(OS1S1)'S1) '$5) 24(((Ogu ) S 1 ) , $ 6 )  + - -  + - -  7~,, S~ , 
24 \\\OK" 

+ 

1 OS 1 L(((OSI's1)'S2) 'S1) 24(((OKu )S2),Sz) + + - -  7~,, S~ , 
24 \\\OK" 

+ 

1 aS~ 
+124 \\\OK"{{{aS1 $1), $2), $3)+ ~--~ (((~--~, $1), $2), $4) + 

1 OS 1 
+124 \\\OK"{{{aS1 $1),$2), $5)+ ~(((~£, $1), $3), $1) + 

1 OS 1 1 0S  1 

1 OS, '}-~(((~uu, S1),S3),S4) -[-1(((0S1 S1),S4),S1)-[- 

1 aS~ +--24 (((aKu~vt'Sl S4)'S2) -t- l (((OSl'sl)'S4)'S3) \\\~uu 
1 OS~ 

+ - -  24 (((0K" -S-~,, $I )Ss),SQ+I(((OS1,sI),Ss),Se)+, 24 \ \ \0K" 

+ - -  T~,, S~ , 

+ 1  + 1 
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+ - -  
24 \ \ \ 0 - ~  

+ - -  $2 
24 \ \ \ 0 K "  ' 

+ - -  S2 
24 \ \ \ 0 K "  ' 

"{" - -  -'~r~, ' $2 
24 \\\OK" ]' 

1 ( ( ( 0 S 1 )  
+ - -  $2 

24 \ \ \ O K "  ' 

24 \ \ \ 0 - ~ .  

1 ({{ OS~ ) 
+ - -  S3 

2 4 \ \ \ 0 K "  ]' 

+±(((os~ s~), 
24 \ \ \OK"  

24 \ \ \~ -~ .  

+±(((os~ s~), 
24 \\\oK" 

+±(({OSx s~), 
24 \ \ \OK"  

1 0SI 

1 ( ( ( ~ S  1 5 4 ~  + 
~ ~k~'  ) 

1 0S1 
+ - - ( ( ( ' - ~ 7 r ~ ¢ , 8 4 ~ ,  

24 \\\OKu ] 

1 OS 1 

OSMAN M. 

4 s4) 

'0 Sl/ 

'/s0 

s /4  
,31 s~) 

KAMEL AND ADEL S. SOLIMAN 

+ ~ - ~  

+±(((os~ s~), 
24 \ \ \OK"  

24 \ \ \ 0 K "  

1 OS 1 

S v, ,,-~ 
1 0S1 

+ - -  -~LT.~,, $3 , 

+±(((o~ ~) 
24 \ \ \ 0 K "  ' 

1 aS1 
+ - -  -7)7~,, $3 , 

1 OSa 
+ - -  ~.~,,S3 , 

1 0S1 

1 0S1 +~(((~,,4), 
t 0S1 +~(((~,,4), 
1 0S1 

1 OSa 

sl),ss)+ 
s+s2)+ 

s+~)+ 
~),sl)+ 
ss),sl)+ 
~0, ~/+ 

4~1/+ 

Sl/,S~/+ 

~/,s0+ 
Sl/,~)+ 
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24 \\\OK~,' + ~1(((0&'$6)'$1) '$1 ) \ \ \ O K "  + 

1 { { ( 0 S 2 ) ) )  +-- $1 , S1 $1 
24 \\\OK'.' 

+ -~I(((OS--L'St)'S1) 's2 ) , , , O K "  + 

+_~ ~os~ 4.q.s~ ) 
24 \ \ \ o K L '  

1 0S2 ~4(((o~. ) 4 , q  + - -  U;L-.~,, St , 

+!,~os~ s0.s0.s,) 
24 \ \ \aK~, '  

1 OSz 
24 ( ( ( 3 K , . , ) $ 2 ) ' S 0  + - -  ~)5-~, ' $1 , 

+ 

+ ~-cc(o,~,4,4,,~) 
24 \ \ '.,0-K--£ 

1 3S2 + 

1 OS2 1 OS~ + ~ (((~,,0, 4, s4)-,- ~ (((~, ~0, s+ 4 + 

+ ~ (((~, 44,,~) + ~,,,,,,o/,:, 
1 OS: 

1 (({~$2 S1),Ss),S1)+ "1 (((03282),S1),31) + dr. __ ¢ ~ 
24 \ \k ,~ -~  2-4 \ \ \ O K "  

+ 1 (((aSz S2),S,),Sz)+ 1{((0S2 $2),S~),$3)+ 
~ ,, ,, ,, -[-~f -~ \ \ \ o K " 

+ - -  
24 \\\OK'.' -~ kk\OK" 

+!,~ccos~,4,,+,~ ) 
24 \\\OK'. +~,,,,,,~ + 

1 (((OSz $z ) , $3 ) ,S1 )  + - -  
24 \\\OK'~' + ~ ~-7X~,, \ \ \ O K .  

+ 

- } - Z ( ( ( O S 2 , s 2 ) , S 4 ) , S - j .  ) 
24 \ \ \ ~  

0S2 
\\\OK~ / 

+ 

24 \\\OK~,' 
aS2 

24 \ \ \ 0 K .  / 
+ 
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+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

÷ 

+ 

24 \ \ \ - ~ .  2-4\\\0K" 

L(((oS3,s1),S1),S4)Arl(((oS3,sI),S2),Sj_)-I- 

L(((°$3,31),82),32) -.1- 1 (((°33,3j_),32),$3)-t - 

L(((°g3,gl),g4)gl)-Jrt(((°g3,g2),gi),gl)JC 
24 kkkOK'. ' 244 \ \ \ 0 - ~  

1 ( ( ( 0 , ~ . , 2 ) . , @ , z ) + 1  ({{OS~ Sz).&). '3)+ 
24 \ \ \ ~ .  24 ~,\\OK" 

24 \ \ \~-~  2-4 \ \ \0-~  

24 \kk3K'. 

2--44 kkkOK" ' ~ \\\OK--'~ " 

24 \kkOK" 24 \\\OK" 



24 \\\oK',, 24 \ t  ,aK. 

24 \,,\o,~';,' 24 k ~ \g-~. 

I OS~ i 0S5 

1 ~ $ 6  ' ÷ _, ~ o,~ .~ .~0,-~)~ ~ (((~., ', 1, '0, s,) + 24 \\ \ OK;" ~7' 

1 2 0  \ \ \ \ O K "  . 1 2 0 \ \  \\OK" 

a ] (~(0'1 .SI).SI)oSI'),k~3) | A((((0~],S1),~.~2 ) S[),,,)+ 
' ~ \ \ \ \ 0 K ; ,  " . I 2 0 \ \ \ k 0 K .  " ' 

1 OS~ " ~d ( ( ( (~ '  '1)' '1)' 'l')' '~5) -{- ! (((( 0 " - ' ~ 1 ,  ].,l~l \\\\ 01~ ~ ~1), '1), ~2), '1) "]" 

1 " aS1 1 ' OS~ - ( ( ( ( ~ , , , t  " + ,,).,,J.,,) + , ~ ( ( ( c , ~ . , 0 . ' , ) . . 4 . 4 -  1 2 0  \\ \ .OK,, / 

1 OS~ 
+ 120\\\\OK~''I'{((('aS~ ,',SO.S~)Sz)./. , + --120 ((((OK'--' St )$..),S~),S~), - 

as, ~ ( ( ( [os ,  s ] " + 1201- ((((~ '  '~)''1) ',')' St)"+ 1-~ k~[',OK;, t~: St). $4). ~',) ¢ 

~;0',\ttaK;' U" ~t S~),S, + ~ 
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* 55~s~ 

+ ~ , , ~  

+ ~ , , , , , , ~  

1 (( ({OS, ,  

+ - -  
120 \ \ \ \ 0 - - ~  

1 {{{'{ &~, 

1 ( ( ( (  aS1 " 
120 \ \kkOK',  

120 \ \ \ \ 0 K ' ~  

+ - -  777,, 120 OK,, 

+ 120 \\\,\OKL 

+ - -  77L-.., ' 120 OK,, 

+ *20 ~\  ~7£~ 

+ 12o \ ' ,V ,  OK~ 

O S l g ~ q  M.  K A M E L  A N D  A D L L  S, SOLIMAN 

N~vvv~'  

sO.4,0,,O+ , (((co,, 
4 4 4~,)+ I c(c~o,~. 

,0.44s0+ , (((~s, 

4 4 4 ' 0 "  ~c(l°". 
1 ,O.sO.sO.4+~((((~. 

4 4 4 , ~ ) + ~ , , , <  

((((m 

1 ~,),4sO,,O+~(((I~, 
444'0+~,,,< 

, ( ( t ( <  

s,),s2),~),s~)+ 

s,),~),s3),~)+ 

sl),s3),sl),sl)+ 

s~),$4),$2),~)+ 
~2),s,),s,),s1)+ 

4 4 4 ~ 0  • 
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+ 
12o vvvv o-~ ~ t t t  tTk? 

>,,cr~,~,~ s 0 , 4 4 s 0  + 1 ,,,~,,,~s, ~ ,, 4 4 , 0 +  
+ 120 \ \ ' - , , \OKa ~ttttTk]" ~) 

1 O S  1 

+ 77o \ \ \ \ o < '  =) 

+ - -  O& 1 ((((~rTp.~S2"~r, S4~.~Sl)~,Sl)...~ - ~ ((((OSl ~,53), S1),S1), S1) 
120 \ \ \ \ O K a  / / 120 \ \ \ \ 0 - ~  

+ 

+ - -  
120 

+ 

+ ' ( ( ( (~,4s~) ,4 ,0  
120 

1 OS~ -~~((((~u, S3),SI),S1) ,$3) + 

1 ,9S~ 1 ~(~S1s ~$1),$3),S1)..~_~((((~u,$3),S3),$1),51)..]_ 
+ -~  t t t t -~ ;  ") 

1 f ~ S 1  I ( ( ( ( f ~ S 1 s 3 ) , S 2 ) , S I ) , S 2 ) _ I t  - 
+ 1~0((((~, 4 4 4 ~ ) " -  ~ , , , , <  

,-.I- - -  
120 \ \ \ ' , , a K "  " 120 \ \ \ ' , , 0 K "  

+ 

1((((~$1,Sd.),$1),S1),$2)-~ 1(~((°$1,$4),$1),$2),$1) 
12o ,,',,,,,,,7~ /~6VvVVoK a 

+ 

1 
JU " " 

120 \ \ \ ~ .  
+ 

+ - -  
120 \ \ 2 " , 0  K~, 

+ 

1 ~S 2 ] ( ( ( (OS2s1) ,S1) ,S1) ,S4)q_  

1 ,9S:2 ,2o(((i~,44'~),s0 + ~-"c'~'~,'0,4'0,s0 + + 120 \ \ \ \ ~ - ~  
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i20 ,,,, v,,Tk-~ 

0S2 

120 \ \ \ \ O K "  

I 0S2 

1 aS2 , ~2o((((~,4s4,0,,0 

120 \LkLOK" 

120 \ \ \ \  OK" 

+~ (,~,,(~,~ 4,,+s,),4 
120 \ \ \ \ ~ , ' ,  

1 ,~S~. -,--~((((~,s+~,),sO,,O 
1 OS~. 

1 OS~ +~((((~,s+,+4~O 
1 0S2 +~((((~,,O,,O, sO, sO 

+ 

+ m 

+ - -  

1 8S~ 

1 0S2 

1 ON2 

1' 0S2 

1 OSz 
+~((((~,4 

1 0S2 

1 aS2 -'-~((((~,4 
1 aS2 

1 OS~ 

120 \ \ \ \ ~ K "  

1 [(([0S2 S ~, 

0S2 1-((((o,. ) 4  120 - ~ , ,  Ss , 120 kk\',, c3K[, 

1 0S2 + 1 ( ( ( ( 0 S 2 , s 0 ,  

OS2 ~ ((((o,,.) ,0.,0.,,) +-' c(,~(°'~.,,). 120 - ~ , ,  $4 , 120 \ \ \ \ 3 K~ ,  

,,),,4), 4÷ 
,2),Sl),~)+ 
4 4  $1)+ 
4 4  ~0 + 

4, 4 ~0 + 

44~0+ 

4 4  ~)+ 

44',)-'- 
,1),~),~,)+ 

'2), 4,2)+ 
4 4  sl)+ 

'O,4s,)+ 
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+ 
1 0S3 1~o((((~,44,,),s0-,- 1 

120 

+ - -  

120 \ \ \  \OK-;~ 

+ - -  ( ( ( ( ~ ) )  ) ) ~ 1 0S3 $1 ,$1 $2 ,$2 + - ~  
120 ' ' 

+ - -  

+ 

120 \ \ \  \ ~ ; ~  ~ (cclo,,,s0,4s,),s0+ \ \ \ b K "  

+ - -  ((((;,~,4 4 4 s~)+ 
+ - -  

120 V', ", ",~K~ 

+1 cc,~co,, 4 , 4 4 , 0  + 

1 

120 ((((~, 4 ~,), 4 ~,) 
+ ~ (((((~,Sl), ~l),s~),Sl), sl) + 

720 

+ - -  

720 

+ 7~o (((((~, s~), ~), s,), s,), s~) + 

+172o (((((~, sl), Sl), Sl), ~,), ~) + 
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l(((((os, + ~ ~  

(((((os, 
+ 7 ~ - ~  

1 (((((~s, 

1 (((((~, 

1(((((~,  

1 ~$I, +-(((((~72o 
1 aSa, 

+-(((((~72o 
+ - -  -U~.~,, 

72O OK~, 

~ (((((~',, 
+ 720 OK" 

1 (((((~, + 
720 

1 (((((~, + - -  
720 

~ (/((( ~s, , + 
720 

1 0S1 
+~2o(((((~, 

1 0S1 + '(((((~u 
720 ' 

1 aS1, + (((((~ 
720 

4 4 4 4 ~)+ 

4 4 4 s~), s2)+ 
s,),s,),~),~),s3)+ 

sl),sl),s,),~),s,)+ 

sl),sl),s,),s3),~)+ 

4 , s 0 , 4 4 4 +  
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• -b 1 ( ( ( ( (OS1 31~,31),34)~,81),31).  + 
720 \ k k k \ ~ '  // 

-F 1 (((((031 31),32),$1),31),31) 

+ 1 [((((OSI,s@sz),&),S@S2 ) 

+ 

+./~o(((((~,sO, s+sO,4sO+ 
+ 1720 (((((~O@~'S~)'S2)'Sa)'S2) 'Sz ) 

720 \ \ \ \ \ ~ .  ] '  

1 aSj_ S 

720 \\\\ko--~. 

+ 1 ~:o(((((~,,~),,+ 4 s~),,~) + 
+ 1 (((((0S1,$1~,$3),$1),$2),$1)+ 

720 k\kkk~-~ / 

1 0S1 S + 

+172o (((((~,,1),,+ s~), ~1), ~3) + 

+ 

+ 

+ 

+ 
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1 0S1, 
+-(((((~~,o 

1 0S1 

+ ~,o (((((~ 
±(((((~, 

+ 720 \ \ \ \ \ 8 K ;  

+±(((((~, 
720 \ \ \ \ \ 8 K ~  

1 3S~ 

+ ± ( ( ( ( ( ;  ~. , 
720 \ \ \ \ \ O K ;  

1 ~St +~(((((;~, 
,(((((o,,, + 

720 

1 OS~ 

1 OS~ 

1 0S1 

l aS1 

1 8S1 

1 0S1 

1 OS1 

O S M A N  M .  K g M E I ,  A N D  A D E L  S .  S O L I M A N  

, + 4 , + , 0 , 0 +  

,2),~),1)$1)~)+ 

~2)s~),t)s~),3)+ 
,2)s~)sl)~),l)÷ 

s2),2),1)~),1)+ 
s~),2)s2)~1),1)+ 
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+ ~ (((((o°~, 4 4 4 , 0 , , ~ )  + ,~o 
+ 

' ~ $ 1  ' 

"4-' ~' (((((0.~.~ ) SI) '~I ) ' ' I )  "$2) 720 ~757~,' S ,  , + 

,=o ~(((((°'~ ) ) ) ) ) < .T . . , ,S3 , S ,  , S t  ,S,~ , S ,  + 

t ' ' O S  1 , + 

q- ~@0 ( ( ( ( (~2 '  SI), Xl), 81), $1), SJ.) q- 

+ 1 ' O S ~ ,  
+ 

I 0S2 

1 " 0 S 2  ' + ~ ( ( ( ( ( ~ , 4 , + , 4 , + , 0 +  

+ - -  $1 , S1 
72O ~ ' 

s~),,3),,1)+ 
4si),'~)+ 

+~((( ( (~ 0, ÷ 
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~ ~-(((((~s,),~2),~,)~),~)72o + 

720 -S~7~,, S~ , + 

~$2 

0S2 +-1 (((((o~) ,,),,,),,~),,1) 
720 Z-iZ,~,, $2 , + 

0S2 

aS~ 

1 aS2 

1 8S2 

1 8S2 
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+ - -  7;o ((((/~,,~),,1), ~1), ~1),,2) + 
-I-- - -  l (((((~,sl),sl),sl),s2),sl)+ 

7 2 0  

+~ ccc,~co,~ ,+,~),~0,,1),,0 + 
+1 ,~cc,~,~o,~ ~0, 4, sO, ~0,,0 + 

1 0S3 + ~ (((((~, 4,~), ,0,  ~0,,0 + 

+ m 
1 

5 0 4 0  
((((((~, ~1),,1), sl), ~1), ~1), sl)+ 

+ q 
1 

5 0 4 0  
((((((~, sO, s 0, sl), ~1), sl), s2)+ 

+ - -  
1 

5 0 4 0  
((((((~ ,,1), ,~), sl), ~1), ~1), ,3)+ 

+ - -  
1 

5 0 4 0  
((((((~, s,), ,1), ~1), sl), ~2), ,1)+ 

+ - -  
1 

5 0 4 0  
((((((~, sl), ~1), ~1), sl), s2),,2)-,- 

+ m 
1 

5 0 4 0  
((((((~, Sl), ~1), sl), sl), ~3), sl) + 

+ - -  
1 

5 0 4 0  
((((((~, Sl), sl),,1), ~2), ~1), sl) + 

+ - -  
1 

5 0 4 0  
((((((~,sl),s1),sl),s2),~l),~2)+ 

-I- m 
1 

5 0 4 0  
((((((~, ~1), ~1),,1),,2),,2), Sl) + 
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+ - -  1 

5040 
((<(((~,44,~0,~0,4s0 + 

+ - -  1 

5040 
((((((~,444,s0,4,~,) ÷ 

+ - -  1 

5040 
((((((~O~SK~'~ SI)~'SI) ' 82),S1) , S]) ,$2)-~ 

+ - -  1 

5040 
((((((Z, 4, 4, q ~0, 4, ~O + 

go(( ( ( ( (~ ,4 ,4 ,444,~0 + 
1 3S1, 

1 1 9 S 1  
"~ 5 ~  ( ( ( ( ( ( ~  S1)'S2)'S1)'S1)'SI)'S1) -~- 

+ ,  ~ ~s, 4 4 , 4 , 4  + 

1 ~S~, 

+ - -  1 

5040 

' OS~ 

(((¢(~, ~0, ,0 ,4  4 ,0 ,  ,,)+ 
4- 

1 

5040 

' OS1 " 

(((/((o,,~ =, '~ ) '+  4 ,  ', ), '0, ,4 + , 
1 ~ OS! 

, ,~o((((((o~, ~0,,0, 4, , ,) ,  sO,,~) + 
' aS1 

+ - '  ((((((~. ,0. ,0. 4. ,0. 4. ,0 + .4o 
1 

5040 

' ~ 0SI 

(((¢(~, 4, ,.),4 ,.), ,0. ,.)÷ 
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+ - -  ' ( ( ( ( ( (~ , ,+  s~),s+,+ ~0 ,4  + 
5040 

+ - -  1 OS1 S ,o4o((((((~, O,'~),'+'+~O,s~) + 

-I- - -  
1 OS~ 

+ - -  OS 1 
l ((((((~--K£,S3),S1)r~31),31),Sl),S1)4- 

5040 

+ - -  0S2 1 ((((((~ ) ,+,0,,+,1),s1) + 5040 .S~/,' S1 , 

0S2 + ± ((((((~, '0 ,  4,'~), 4s0 , s~)  + ~o4o 
OS2 

+ - -  OS2 ~ ((((((~, '0 s~) , '~ ) ,44 '0  + 
5040 

+ - -  1 OS2 
~o,o ((((((~, ,~ ), ,~ ), ,+ ,+ ,0, ,0 + 

+ 0S2 
5040 

+ - -  aS2 1 ((((((~, ) ,~),,~),~+4,0 + 
5040 .--757~,, Sz , 

4- - -  0S~ 
5040 TTZ-~,' $1 , 

1 O S 1 ,  + 
+40320 ( ( ( ( ( ( ( ~ .  S~), $1), $l) ,  St),  $1), $1), St) 

1 OSl, 

1 + - 
40320 

(((((((~,~),~1), sl),sl),sl),s2),sl) + 
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+ 40;0 (((((((~,'? s? '? 'O, '? '? ' , )  + 
1 OS~ + 4D320(((((((-~u, g1),Sl),gl),g2),~Sl)r, Sl),31) ''t- 
1 031, "t" 403'20 (((((((~u 81)' 81), 32), 31), S1), 31), 31)+ 

1 c331, 

1 031, "~ 40--~(((((((~u 32)" 31)~' 81)' 31):' 31)' "1) ' S1) "~- 

+ ~ ( ( ( ( ( ( ( ~ , 4 , , ?  4 , 0 , s ? , ? , 0  ÷ 

1 OSt 

To get the formula for L. ,  Pu, we replace in formula (9) Hu, /4 '  by L~, L~,, 
P~, P'. and K~, by h' ,  Q/, respectively. The formula for K~ is given by 

031 032 OSq 1/031 \ 1[031 \ 
K,, = K'. . . . . . . . . . . . . . . . . . . . . . . . .  

1 031, 36~ ((((((((~ s?,~)s?,~),~),1),~),~) 
(10) 

(Kamel, 1989). 
To acquire the expressions for ,ku, Qu we just replace K., K" by hu, h'; Q., 

Q" and H" by L'~, P~,. 
Referring to (Kamel, 1989), we can find that the new Poincar6 canonical vari- 

ables L ' ,  H" . . . .  , Q/,; u = 1, 2 could be inversely expressed as functions of the 
initial Poincar6 canonical variables Lu, / 4 . , . . . ,  Q.; u = 1, 2 by just replacing S 
by - S  and permuting L. ,  H . ,  P .  and L ' ,  H ' ,  P ' ;  A~, K~, Q. and .~', K' ,  Q'.  

For a J -S  theory the above formulas are applicable on condition that terms of 
degree 3 and higher in H, K, P, Q are taken into account. No critical terms of 
degree 0, 1, 2 in H, K, P, Q are detected in the expansion of the J -S  Hamiltonian 
function, up to the fifth order in the masses. 
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This  migh t  b e  g e n e r a l i z e d  to  be  t rue  for  any  o r d e r  in the  masses ,  when  cor re -  

s p o n d i n g  ca lcu la t ions  a re  i m p l e m e n t e d .  

In  this  case ,  t h e r e  is no  inf luence  o f  the  cr i t ical  t e r m s  and  we have  

L ,  -= L ' ,  Au ~ ,V 

H ~ ,  = H ' ,  Ku ~ K" u = 1, 2 (11)  

p ,  =-- e - ,  Q ,  ~ Q -  

i . e . ,  the  new Po inca r6  canon ica l  va r i ab le s  a re  equ iva l en t  to  the  ini t ia l  ones .  
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