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I, Introduotion 

In the struotural ~lysis of physioal systems geometrization 
and mappings are concepts of basio importanoe. Тhе struotures of оЪ
sеrтаЫеs and the properties of states of the oonsidered system are 
mapped on (expressed Ъу) the elements of some geometrioal spaoe and 
permit us then а olassifioation of physioal objeots aooording to 
their transformation and inтarianoe properties or to the specifio 
time evolution. А lot ot intormation about the struoture ot physioal 
objeots resuits ~ trom the 1nterpretat1on of detinite varieties ot map
pings (e.g.,symmetry groups) or Ъу comparison of expeotation values 
of the observaЫes 1n different reference fremes. Тhе study of the 
interplay Ъetween geometrioal struotures and transformation properti
es for the elements of any physioal systems is а powerful tool for 
the analysis of consisting theories and for the deve1opment of new 
theories. 

Тhе proЫem 1s that for the fem111ar physioal theories the set 
of allowed continuous transformation is in genera1 an 1nf1nite-dimen
s1ona1 one. Тhis ooncerns for instanoe olassioal meohanios, the 
quantum meohanioв and the re1at1v1stio f1e1d theory. It is therefore 
desiraЫe to determine воmе fin1te-dimenвiona1 subgroups in the set 
of al1 аdm1вв1Ые tranвformations with definite tranвformation pro
perties of the phyвical objeotв in вuoh а way, that the reвu1t of any 

oontinuouв tranвformation of theвe objeotв may Ъе derived from the 
tranвformation behaviour under the вubgroups only. Consider for ехаар-
1е the theory of general relatiтity. Тhе group of oontinucus ooordi
nate transformationв has the form 

х,... х:. "' r,... ( х .. )1 

(I.l) 

fl""(x) is воmе continuouв-d1fferent1aЪle funotion. 
It is well-known 111 , that any tranвformation (I,1) may Ъе deri

тed Ьу repeated use of mappings reвulting from eleaents of two of 
their f1n1te-dimenв1onal subgroups, namely of the epecial 11near 
group 81 (4, R) and of the conforma1 group с15 • Тhе algebra of 
generators for the transformationв (I. 1) аау Ъе giтen Ъу 

" 1 "· "~ "' "$ - . vn• )("· х"~ х "' А (I. 2) Ly - - t · "о · ~ · t · ~ · Vy 
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Тhе Ogievetsky-theorem for this a1gebra of generators for the group 
of genera1 oovariant ooordinate transforшations (1. 1) reads: Any 

generator (1.2 ) oan Ье expressed as 11near combination of repeated 
oommutators of generators of the speo1a1 11near (the affine) group 
and of those of the oonforшa1 group. Тhе algebra of generators (1. 2) 
is the o1osure of these two f1n1te-d1mens1ona1 Lie-a1gebras 11 • 2/ • 
Тhе use of this theorem permits us to define statements for the 
oonstruotion of re1at1v1st1o 1nvar1ant theories /J/ • 

We oonsider in this paper the Вam11ton~an forшu1at1on of o1ass1-
oa1 meohanios based on the 2 n oanonioal var1aЫes (qi, pi), 
1 • 1, ••• n. Тhе observaЫes of this phys1oa1 system are а11 func
tions f( q1,p1)• Тhеу form with the four operat1ons-add1t1on, mu1t1-
p11oat1on with real numbers (oonвidering rea1 observaЪles), - assooia
tive oommutative mu1t1p11oat1on of funotions and Poisson Ъracket 
operation between functions, the Reisenberg a1gebra GLwof observaЫe 
quantities of this mechanical system having А degrees of freedom141• 
Тhе diffeomorphismв of this 'algebra [ 11 р1ауз а basic ro1e in the 
qua11tative theory of Нam11tonian systemsas they oharaoterize possib-
1e time evo1utions, symmetry transformations, invariance conditions 
and во on for this c1osed physica1 system. Тhе structure of this 
diffeo_morphism group (and of the a1gebra of its generators) and the 
determination of subgroups is important in many proЫems of c1assical 
mechanics. Тhе group of inner continuous automorphism is ca11ed the 
canon1ca1 transformation group of the Reisenberg a1gebra ~н • Тhе 
e1ements of [ 11 gener ate Ьу means of algebraic operat ions the one
parameter maps cal1ed canon1ca1 transforшations. Тhе a1gebra of ob
servaЫes and the a1gebra of the canon1ca1 group together constitu-
te the Нam11ton a1gebra 151 as struotura1 Ъasis of the o1ass1oa1 
mechanics for the considered system. 

~у one-parameter canonioa1 transformation gro up of а, м may 
Ье generated Ьу а vector fie1d Lf' which is 1-1 determined Ьу an 
e1ement f ~ ILн using the Poisson bracket operation as fo11owes 
/6/ " 

Lf = r· 1 f} =ь (*·*-*.*''. (1.J) 

Тhе kerne1 of this homomorphism ~: а.~ - ( Lr} oonsists of the con-
stants R f а. н • 1n contrares to the vector fie1ds (1. 2) the Lf 
(1.J) consist in the general case of 2 n termв in ana1ogy to the 
expressions (1.2). 

We prove in this paper, that any generator (1.J) of canonica1 
transformations in the Нam11ton algebra may Ъе given as 11near oom
Ыnation of repeated Poisson Ъraoket operations of generators from 
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two Lie-subalgebras of ( L;} - the Lie-algebra of the linear oanoni
oal transformation group Sp (2n, R) and а Lie algebra of some "con
formal canonical graup • ot dimension nCn+2). тье algeьra { L r J 
of generatore (1 .J) is the c1osure of these two Lie-a1gebras. Тhis 
result has in its structure some s imilarity to the Ogievets~-theorem, 
but the physioal systems, the geometrioal structures oorrelated with 
t hem and transformation groups are quite different in there physioal 
and mathematioal oontent. 

Тhе struoture of the Lie-al gebra of Sp (Зl, R) is well known 
from literature 1?1, the algebra of the •oonformal oanonical group" 
(we write the notation o.o.g.) has some common properties with the 
Lie-algebra of the group SU(n, 1) discussed as speotrum generating 
algebra for the n-dimensional harmonio oвcillator. 

Тhе paper is organized as followв: 1n chapter 11 we briefly r e
peat some conoepts of the classical Нamilton algebra to fix our nota
tion. We characterize 1n chapter 111 the two Lie-algebras of the 
groups Sp (2n, R) and c.c.g. as subalgebras of the algebra flr} 
of canonioal transformations generated Ьу the veotor fields (1.J). 
Тhе properties of the group Sp (2n, R) and its Lie-algebra are 
collected from the literature and are written in а вuitaЫe form 
for our further considerations. 1t seems that the group o.c.g. and 
its Lie-algebra hате not Ъееn used so taras а transformation group 
in the phase зраое. We point at some common properties of this Lie
algebra with those of the group SU (n, 1) iB/ • 

1n chapter 1V we рrоте our theorem and give some conclusions. 
Some usual relationв in phase spaoe are giтen in Лppendix л, and 
Poisson braQketexpressions of generators ot the two fin1te-dimensio
nal Lie-algeЪraв in Appendix в. 1f not mentioned otherwise, we denote 
in the formulas the summation Ьу repeated indioes. Lie-groups are 
denoted Ъу oapital SJШbols; the Lie-algebras,Цr the corresponding 
small letters. 

11. Тhе Нamilton algebra of the classioal meohanics 
--------~----------

We consider the olassioal mechanics of а olosed physioal system 
of pointlike massiтe partioles moving acoording to the Newtonian law. 
1n the standard Нamiltonian formulation 141 the 2n dynamioal variaЫes 
(""' ("' ,.,,. "') q, PJ • q1 , • •• qn, р1 , ••• Pn with Poisson bracket 

fq;1 ?1 J :О } [piJPi1·U 1 fqi;P~J=-{p1JЧi}=J:з (II.l) 
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form а generat1ng syзtem for all оЪsеrтаЫез of th1з зузtеm. Аnт оЪ
зе~аЪlе of the Heisenberg algebra (1, 11 мат Ъе generated from th1з Ъа
s1з оЬзеrтаЪlез (II.l) аз reзult of operat1ons: add1t1on, mult1p}1-
cat1on w1th reals -r•R and an asзoc1at1ve, commutat1ve product 15 • 

Тhе complete algebra1c зtructure of the dтnam1cal оЬзеrтаЫез 
1з g1ven Ъу the following зеt of operat1onз Ъetween аnт two elementз 

r, ~ t а,~, (.rtR) 
,/\ ,/\ ,/\ л ... 

f .. qJ -г·f 1 f·З 1 fC§1=-fg 1FJ. сп. 2) 
Тhе skew-syшmetr1c Ъ111near Ро1ззоn Ъracket operat1on ~ · 1 • J 
заt1зf1ез the requ1rements for а Lie product 1nclud1ng the JасоЫ 
cond1tion imply1ng that Ctw has the algebra1c зtructure of а Lie 
r1ng. 

Тhе evolution l aw of the Ъаs1с oЪservaЫes (II.l) and for аnт 
other observaЪleз f f dн · 1з g1ven 1n the canon1cal form аз 

pk=fpк . 1 H} J Чk=[qk,H}J (II.J) 

t:: ft~ R J 1 
л 

Н Е ~~~ 11 зоmе оЪзеrvаЪlе characterizing the speoial dтnamical 
зystem. In fact, the Роiззоn Ъracket operat1on [ ·1·} 1n (II.2) 1з 
the algebraical form of the evolut1on l'w (II.J) for thiз cloзed 
physical зystem of claззical particleз 41 • 

Any continuous transformat1on of the oanonical var1aЪles (II.l) 

л л 

(l = ~(~,p,t) 
л л 

Р= P(q
1
p,r) (II.4) 

( r - real parameter) 1з called canonical 1ff it рrезеrтез the form 
of the evolution equationз (II.J). Тh1з means that from (II.J) and 
(II.4) resultз 

Л ,...лл"' 

Q= [Q)H(&1P)} 
л л л л л 

P~f Р1 H(Q1P11. (II.5) 

Тhе transformations (II.4) 1nduce а tranзformat1on on the whole al
gebra Q. 11 , for any element f Е Q, 11 

reзUltз t -----.1 uзing FtЧ 
1 
р) : F (~1 Р), 
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Тhе f1n1te transformat1ons (II.4) may Ъе expanded for an 1nf1n1tes1-
mal parameter & аз /9/ 

л "" "' ..... (II.бa) Q::~~E· t~ 1 F} P=p~E · {p)FJ } ) 
.... л 

Q. 11 follows for аnт element f ~ ., of 

"'""'~" л л f ( Q, 1 р) :: F ( q 1 р) + Е. [ f ( q 1 р) 1 F (q 1 р) 1. (II.бЪ) 

л 

ТЬе funot1on F i s oalled generat1ng element of t he t ransformat1on 
(I I. 4) . Тhе evolution l aw (I I .J) 1 з clear ly а spec1al оазе of (II.б) . 

From (II . б) follows, that t he r;_l ation ф : a_ 11~(L f} Ъetwe en 
the generators ~ and the el ements F 

"" л F L л ={· F J F } J LF(f)=[f)F}J (II.7) 

iз а l1near шар of the elements of t he algebra а... 1nto the algebra 
of generators of itз cont1nuouз transformat1onз. From the JасоЫ 1den
tity for the Poisson Ъracketз 1n OL 11 followз for (II.7) 
~ f 1 З J---7>[ L f 1 l ~] , 1. е., the map (II. 7) 1з an homeomorph1sm of 
the related two algebraз. Тhе kernel of(II.7) соnз1зt з of the ele-
mentз (the real numberз) of й.к • 

For the algebra ( L;} of l1near operatorз reзUl ts from the pro
pert1es of the Poisson Ъracket operat1on 1n (II.2)· 

Тhе Poisson Ъracket operation of (II.2) Ъetween any two obзer
vaЪles def1neз on the рhазе зрасе а зymplect1c Ъinary product as 

11 

(f,эJ ~~~(-ft·~-t;·it); (II.lO) 

eзpecially the canon1cal evolut1on equationз (II.J) Ъесоmе the well

-knownexpression plt::.-* and чk" * ,where н 1scalled 
the Нam1lton function of t~e considered dтnamical system. 

Equations (II.7), (II.lO) define analytical expressions for the 
generating vector f1elds of canon1cal tranзformat1ons as follows 

Lf=[ (*'·~-*'·~) 
1 :..f 

(II.ll) 
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ТЪезе ana1ytica1 expressions С11.10) ·and С11.11) are теrу uзeful 
for practical calcu1ations of the Poisson Ъracket operation between 
the e1ements of (L 11 

А baвis set in the a1gebra 
using the expanвion 

a.lt are the monomia1в 1n Cq,p), 

f ( q 1 р) := r a.:;~:: :.j;n 
(i.) 1 ( k,..) 

i .. i" 1( .. k'" · q,. .. · qn · Р1 ... Pn ) CII.l2) 

froш this expression fo11owв the corresponding Ьавiв for the gene-
rators of oanonica1 transformations ав 

Lm ш (f) ::lj ..... ;_ (f)~[f .-...... i •. t~ .. . t.1 сп. 1э) 
Q.·P 1с .. . .. 1с 11 ,q ... ~,.р .. р,., . 

!'inite oanonica1 tranвfo,rmations CII.4) generated from monomia1з 
C11.1J) hате а зimp1e exp1~cit expression 191 • ТЪе set of а11 po1~
nomialв of degree 1 С 1 • [ i .... kv ) oonstitute а тeotor space /r

11 
of dimenвion (~ n +t-A} !Ai~~...t)!. l! in lt 11 • !'ina11y we note, that 
the a1gebra С and the set of generators С11.11) too) iв -2 
graded. lor f1

' Е Q.t: J f'tf Q.~' follows 

~ t t .. , f it 1 Е [ t,.-lt-Z 

н . 
сп. н) 

lor further use we note the fo11owing transforшation in the Ьasio 
variaЬles (11.9), (11.1) of рhаве spaoe oorresponding to the ca1cu1us 
of creation and annihilation operators in quantum шechanics/7, 101 

Z; "fг · ( q;-+ i· р;) 
1 

1( ,.f ( • ) t.j =ur · q,.-t·p,. . 
(II.15) 

С11.15) шаре the real 2n-dimensiona1 phase space 
comp1ex spaoe Cn. ТЪе funotions ftч,rt ~ [ 11 
function spaoe aЬout Cn with rea11ty oondition 

into а n dimensiona1 
are mapped onto the 

t(1
1
i.) "' ( t(l 1 1"))~~ fl(c~", 2) 

CII.lб) 

Тhе algebraioa1 operations С11,1), С11.10) Ьесоше the expresвions 

t "lj 1 t; 1 = -i. [~ 1 
" fF , 9 J~ -i· [ (*Jt:-~· ff-). 
l(•;f 

CII.17) 
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ТЪе transformation С11 . 15) is an isomorphisпt Ъetween two realizationз 
of the phase space and the a1gebraica1 structure of the Eami1tonian 
system for the partic1e c1aвsioa1 mechanics. Some more deta11s 
concerning isoшorphic rea11zations of the phase space are given in 
Appendix А. 

We characterize in the next chapter the canonical transforma
tions of the Lie-groupв SpC2n,R) and c.c.g. in lL 11 and charaoterize 
the Lie-algebras of their generators in the set С11.11) uзing the 
transformationз С11.15), С11.17). 

1II. 1'!2....!1!!1te"'"!!1m_!!Ш:!&nal Li~ a1gebras 
of ca,noцical_1~§i2!m~i!9.!Ш 

Using CII.15)-CII.17), we express those observaЪles f (q, р) 
аз t(l, 1~) , which are at moвt quadratic in the variaЪles. Тhеу 
have the form 

CII1.1) 

f 14) r 11.) /4) (Z) rt1) 

( 1:1 1") = f ;'1 i + i '1; .. f1 k ' l (2 1/ r1 ". t (l; т f 3 1{ • t; ·z: ) 
м 111) 

С f i , f -3 1с - rea1 constantз). 
ТЪеу form а Lie-зubalgebra. ТЪiз reзu1t fo11ows immediately from 
СП. Н). 

f
м 

Ноwетеr the funotions with . = U generate the real symp1ec-

tio group s, C2n,R) of diшenвion ~·(2n+1) 111. 
Let a s oonsider the sympleotio group. ТЪis nonoompaot simp1e 

Lie-group is generated Ьу the monoшia1 basis 171 

E i ~ : -l; ·li 

Е i i 1·" · z~ 
1 ~ 

Е·~ " l· · 1.·· 1 1 i 

dimension cn;1) 

dimension cn;1) 

dilllension n2 

C1II. 2а) 

C1II. 2Ь) 

(1II. 2о) 

ть~. mono~.ials <1.п. 2) s~tisf;r tье :;rmшet!_:r re1ations Е; 1 ::: Е 1; 1 
Е''·Е 1 ' 1 tE ;1 ) ... (E;')t

1 
(Е;~) .. -е·~. 

lrom (11.17) fo11ows, that the generators С111.2а) and С111.2Ь) 
forш separately two Abe11an subalgebras, the generators С111,2с) sa
tisfy the ooшшutation relations 

t Е i 11 Е k ~ } ~ i · ( ~ G. Е/ - f. ~.. t. !( ~) . CII1.J ) 

Тhе set of generatorв С111.2о) is isoшorphio to the Lie-algebra 
u(n), the;r oonstitute the шaxiaal оошраоt subalgebra in the Lie-al-
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gebra spC2n,R) of generators CIII.2) for the symplectio group. Note, 
that !~ • i; ·l( generates the uCl) subalgebra of u Cn), the remai
ning generators CIII.2c) form the Cn2-1) dimensicnal Lie-algebra 
luCn). Е~ is in the basis CII.15) the expression of the Бamiltonian 
for the classical harmonic oscillator. Тhе remaining commutators of 
generators CIII.2) and some suitaЫe details about the resulting 
sympleotic group transformations are given in the Appendix в. 

An essential property of the symplectio grcup SpC2n,R) of ca
nonioal transformations in the Нeisenberg algebra а 11 is the fact' 
that these group elements act as matrix transformations 1n any vec
tor space [~ с [~ С i.e.,the set cf functions defined on phase 
space with fixed degree 1 in Cq,p)). Тhе translations T~in phase 
space С and in lt 11 ) are generated Ъу the 2n variaЫes С11,11х ). 
Тhе Lie-algebra CIII.l) is therefore the semidirect sum spC2n,R) :J ! 2n. 
Тhе elements CIII.l) fcrm the Lie algebra cf the inhomogenecus symplec-
tic group of oanonical trans;rcrmations in [ 11 • 

А finite-dimensional conformal oanonioal group (o.c.g.) of trans
formations in [~ may Ье oonstructed, if we start with the general 
oonformal transformaticns in Cn. Тhese maps are given Ъу anal;rtioal 
funotions as 1; = ~ tl1) • Consider the broken linear transformations 

l ~ = a;r.·lc + l; CIII.4) 
• Се. · 'lt -t rL J ' 

this is the group of projective transformations cf с~ • Тhе Cn+1) 2 

complex ooeffioients in CIII.4) may Ье arranged аз matrix Ai~ using 

the notations А i 11-t<\ • li ' А 0\+.о\ t = ct ' d•An+l n+l g1Ving 

(А) .. = ( _ а.; i 
1 3 

Aj n-tot =- ~i 

А 11+1 " .... = rL )· CIII.5) 

Тhе transformations CIII.4) are nonlinear in the тariaЫes and have 
some structural similarities with the group of conformal ooordinate 
transforшations in M1nkowski spaoe. Тhе anal;rtioal funotions 

f(z) defined on Cn forш а oo11111utatiтe subalgebra Q. 0 of Q, ~ 
Cthis follows direotly using CII.17) ). Тhе transformation CIII.4) 
III&PS the algebra а. onto itself. Тhе generating тeotor fields of 
(III.4) aa;r Ъе oaloulated using standard teohniques. We get 
(n2

-t2n) independent Ъasio generators as follows 

8 

-i·-k-1.· 1 

- i-&k·(2;' *) 
-i·l(~ 

n translation generators 

n generat·ors of special 
oonformal transformations 

n2 generators · 

CIII.бa) 

CIII.бb) 

CIII.бc) 

Тhе connection CII.17), CAppendix А) of generating monomials and 
vector fields gives poss1Ыl1ty of expressing the generators (III.б) 
defined on f! 0 Ъу generating monomials. Using L1• "-i · j) 1 
we obtain for the generators CIII.бa-c) 

IC ~ 

1~ 
11с. ( 1.- l ~) = llt' · Е: 

... 
tj 't1 . 

CIII. 7а) 

CIII. 7Ъ) 

CIII. 7о) 

Тhе monomials CIII.7) fcrm together with t he Poisson bracket opera
tion CII.l7) а Lie-algebra, which is also i somor phio t o а Lie- algebra 
of the vector fields CIII.б) with the usual commutator operation 
CAppendix В). 

Using CA.ll) СА.lб) the monomials CIII.7) generate vector fields 
defined on all elements tCz , &х ) of а.., • Espeoially, for the ele
ments of ~. we get expressions CIII. б) . 

Using for monomials CIII . 7) the notations 

1( А 1. Jt А .. Е • А "ч Е. А .1-+ ... 

l;'t1=; ,'lj= ri+<~ J t i ' .= i J .= ri-+-'IJ 

CIII.B) 

one obtains the commutation relation аз follows CAppendix В) 

lA; 1/A" '"'J=i-(з/·A,..., J.· 10\. А" 1)) CIII.9) 

~~ k, l, t\\ = А, Z, · ·· 1 ., .. ,{ i t. 
gк J: t { l1k • J, ·- i n) 

1 
gм:"'"' =-~. 

Тhе generating monomials CIII.7) form а Lie algebra (III.9), whioh 
is looally isomorphic to the algebra of the Lie group SUCn,l). Vec
tor fields defined Ьу the Lie algebra CIII.7) generate finite oano
nioal transformations on all observaЫes tCq,p) or f Cz,zx ), respec
tively. 

Comparing the Lie algebra (III.7), CIII.B) with the well-known 
realizations of the Lie algebra suCn, 1) as а spectrum generating 
algebra of the harmonic oscillator, one finds an essential differenoe, 
originating from that the generators (III.7a) and CIII.7Ъ) are not 
Нermitean-conjugated (cf.Appendix В). 

С) 



Аз а conзequenoe, the generated group of canon1ca1 tranзforma
t1onз mарз the suЪa1geЪra /l 0 of /l11 conз1зt1ng of the ana1;rt1cal 
funct1ons f(s) 1nto 1t.se1f. Note that the зuЪalgeЪra of ant1anal;rt1-
oal funct1ons f(sr;x ) does not have th1s propert;r. 

Тhе L1e-algeЪra (III.7) 1з a . f1n!te-dimenз1onal зuЪalgeЪra of 
that 1nf1n1te-dimenз1ona1 a1geЪra of canon1ca1 tranзformat1onз on 
~ч1 which ma;r Ъе conзtructed from the conforma1 transformat1onз of 
Cn (зее for зоmе deta11з Append1x в). We са11 therefore the L1e
-group of oanon1oal tranзformat1ons, wh1ch 1s generated Ъ;r the mono
mia1s (III.7), the conforma1 oanon1ca1 group (o.c.g) of the He1sen-
Ъerg a1geЪra /l 11 • 

IV. Proof of.JLi!:!~!~.J!....Q.qВJU!±:_ning_!Iш~Ц~2!:u~-l!J..Jй 

We proof 1n this chapter the fo11ow1ng theorem: Тhе generat1ng 
funct1on f(s,sx) (or f(q,p) respeot1vely) for any generator of the 
a1geЪra k(2n, R) may Ъe . expressed аз 11near comЪ1nat1on of repeated 
oommutatorз of generatorз (IV.1a), (IV.IЪ) of the two зuЪgroupз 
Sp(2n, R) and c.o.g •• Тhe algeЪra k(2n, R) 1з the cloзure of these 
two Lie-algeЪras of canon1ca1 tranзformat1onз 1n t 11 

Conзider the 1nf1n1te-dimensiona1 algeЪra of canonicnl tranз
format1onз k(2n, R) of the Eam11ton1an з;rзtem ~~. Тhе generatorз 
of k(2n, R) ma;r Ъе ехрrеззеd Ъ;r veotor f1e1dз or Ъ;r the generat1ng 
e1ementз f' а." (ohapter II). Тhе "L1e produot" Ъetween an;r two 
e1ements of k(2n, R) 1з real1zed аз oommutatorз of Poisзon Ъracketз, 
reзpect1ve1;r. Uз1ng the homeomorphiam Ъetween theзe two rea11zat1ons 
of k(2n, R), we conз1der Ъе1оw the monom1alз 1n (sr;, вх) аз exp11c1t 
expresз1onз for the Ъas1s generatorз 1n k(2n, R). Тh1з notation а11оwз 
uз to зimp11f;r the proof of our 

Cons1der the generators of 
tranзformat1on groups SP(2n, R) 
and (III.7), respect1ve1;r 

.. )о .. 

tj. 'l1 J- ~ .. ·'l3J l i. ~1 
,. Ео Ео 

lj·'l~J rj/1:;' OJ О 

theorem. 
L1e-a1geЪras for the two canon1oa1 
and o.o.g., e.g.,the monom1a1з (III.2) 

(n2 + 2n) generators (IV.1a) 

(n + 1 ) 2generators. (IV.1Ъ) 

Inзtead of (IV.1 Ъ) the generators (s1 . sr; / 1 s11 s /. E0 m1 Е~ ) ma;r Ъе 
used what ~oes not ohange the content of our theorem (зее also Appen
d1x в). 

We proof the theorem Ъ;r 1nduot1on to the degree 1 of the genera
t1ng monoaia1з (II.1J). Тhе proof ~rooeedз зim11ar to the Ogievetsk;r 
-theorem of generators (II.i) /1, 2 • Cal11ng the o1osure of the 
two L1e-algeЪraз (IV.l) as g we show, that g oont&ins an;r mon~1al 

Hl 

,. 

:1 
~) 

1n s, sx of th1rd degree. Assume, that g conta1nз the monom1als of 
зоmе f1xed degree 1 (1 f1xed 1nteger, 1 > J ) - then 1t followз 
that g contains all monom1alз of degree (1+1) , too. Conзequent1;r,S 
oonta1nз an;r monom1al (II.1J), 1.е., g oontainз the same e1ementз 
аз k (2n,R) .. {L,}. 

F1rst1;r, g oontains the e1ements 

2· i- ( -rj · r. 1 · l" ) = [ z t ·Е:, l; · -r) 
- i· ( [lc. li· Е:+ ci:~c. l; Е:т z.l; · lз~. rJ=f l~·E~Il:·lJ} 

_,· . ~ . "" [ 1:~ 1: .. l . 1 
11 L-1 1 ) 1 'З • 

(IV.2a) 

(IV. 2Ъ) 

(IV.2o) 

Тhе algeЪra g oonta1ns the 1nhomogeneous symp1eot1o algeЪra (III.2) 
аз reзu1t of (IV.2o). Tak1ng 1n (IV.2a) al1 comЫnationз of 1nd1oes 
1, j, k we oono1ude, that g conta1ns al1 monomia1з 1n the var1aЪleз 
s of th1rd degree. 

Тhе algeЪra g conta1nз а11 oommutators· 

Tak1ng а11 1ndex comЫnat1onз 1n (1)1 1t fo11ows that g 
( )1+1 a1so all monom1alз of the t;rpe 1 • 

Using (IV.B) and (IV.1a) we зее, that the generator 

( t •А " Z l 2 · ( 1 1) l " l1i , l:i J :.- · t · 1,+1 · 7:1 ·7:1 

1s an e1ement of g. Tak1ng uзе of the repeated oommutators 

conta1ns 

(IV.9) 

{ct · l; l · · 'l~c•J 1t followз, that all monom1alз of the t;rpe (z)1 • 
1 1 1 1 

•(zX) are e1ements g. ТЬе a1geЪra g oontains also а11 oommutators 
of the form 

f ( t ( t-;", z~". z: J с ( l) t-.f • ( l") t 
1 

(IV.10) 

and oonsequent1;r а11 monom1a1s of the t;rpe (1)1-1 ·(1х) 2 of degree 
(1+1). App1y1ng the generators 1.i" • l~ on the 111onom1a1s of the t;rpe 
(1)11+1 •(1х)1 2 one gets the resu1t, that а11 mono1111a1s 111·(1 )1 2+l 
are oonta1ned 1n g, too. 

Тhis prooedure ends w1th the oono1us1on, that the monom1a1s of 
the t;rpe (IX)1+1 are oontained 1n g, e.g.,the a1geЪra g agrees 
w1th k(2n,R). Тh1s proves our theorem. We suшшar1ze our results and 
g1те some co~ents. 

We have shown, that any generator (11.11), (II.1J) oan Ъе expres
sed as 11near oomЫnat1on of repeated oo~utators of generators 
(IV.1) of the SJМp1eot1o group Sp(2n,R) and those of the oonforaal 
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canonical group c.c.g,,Тhe algebra k(2n,R) is the closure о! the two 
Lie-algebras о! these canonical trans!ormation groups in the Нeisen
berg algebra d11, Тhе structural relations between the !our algebras 
о! the canonical transformation groups discussed аЬоте may Ье written 
in the !ollowing form 

k(2n 1R} -=sp(2n,R) v с.с.З.. crv.н) 
U.(nJ = sp(2n 1 R) n c.c.g. 

Тhе generators (III.7b) of special conformal transformations act 
as "raising operators" (IV,2a), (IV,2b), (IV,8) on the observaЫes 
f(z,zx ) or f(q.p), respectively, 

Any continuous conformal transformation z~ = f(zj ) may Ье 
extended to canonical transformations on the Heisenberg algebra /l 11 
(see (III,4)-(III,7), Appendix Б), Тhis conformal group l eaves the 
subalgebra Q. 0 с. (1 11 invariant.Тhis result is similar to that obtained 
for the light- oone invariance with respect to conformal transforma
tions in the theory of general relativity. Тhе action of the f1nite
-d1mensional conformal oanonical group c,c,g, in phase space may Ье 
compared with the transformations of the special conformal gro up 

с15 in relativistio spaoe-time. 
Тhе symmetry group u(n) of the harmonic os cillator is а common 

subgroup in both considered Lie-groups (IV,ll). Тhе remaining gene
rators form in Sp(2n1 R) and in c.c,g. two Abelian subgroups . Тhе 
Ogievetsky-theorem describes the structure of the algebra for the ge
neral relativistic covariance group, while our theorem concerns the 
algebra о! canonical transformations in the Нamiltonian system of 
classical mechanics, Бoth theorems deal with mappings but in quite 
different geometrical structures, Нowever there exist some interes
ting similarities concerning the two considered subgroups in both 
geometries, e.g.,the actions of these subgroups as transformation 
groups in the Minkowski space or in the phase space, respectively. 
Бoth subgroups have therefore соттоn feat ures, 

Acknowledgements, 
Тhе author would like to thank Professor V,I,Ogievetsky 

for comments and Dr.Н.Schulz for а critical reading of the manus-
cript, 

!JШ~QЦ__!_ 

Тhе usual basic ob servaЫes of the algebra й.., are in the 
classical Нamiltonian mechanics the canonical observaЫes (q, р) 
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satisfying the relations (II,l). Тhе measuring process for this 
physical system is а one to one mapping of the obвervaЫes onto 
the real functions defined in the (2n) dimensional phase spaoe 
(q, р) (see (11.9) ), Тhе function algebra is а true representation 
of ~11 ,1,e.,the algebraioal operation struoture (II.2) is iso
morphioally mapped on operationв which are defined within the !uno
tion algebra. 1or instanoe the Poisson braoket operation on [ 11 
iв mapped onto the analytioal operation (II,lO) which 1в defined bet
ween any elements of the funotion algebra. 

1or physioal 1nterpretat1ons the following notation for phase 
spaoe variaЫes (q, р) is very uвe!ul, this is Ьеоаuве it makes 
the geometry о! рhаве and the struoture of transformationв very 
tranвparent. In doing во oolleots the 2n variaЫes (q, р) into а com
Ыned set of variaЫes (х) • (~ ••• x2n) Ьу the rule 

Хн; :::. р; 1 
;~1,2,· ·· · 1 n. 

(A.l) 
Xi "' q; 1 

In terms of х8 the Poiзson braoket rules (II,l) become 

(xi,x11=J;1 =(]) 1 
(А,2) 

where (J) denotes is the antisymmetric (2n) х (2n) matrix 

J = (-
0
r ~ ) (A.J) 

for with I being the n diиensional unit matrix. 
Тhе Poisson bracket operation (II,lO) is givenin tеrшв of х8 

Ьу the expression 

- 2" ) f fo:J, ЗР:)} -[ ({€-J·]kt ·(Ц) 1 lr,t а ;f 

(А.4) 

1.e.,it is а skew-зymmetrio operation between two veotors. Тhе ooeff1-
o1ents of the~e vectors are gradients of funotion f(x) and g(x), 
respectively. Eq~ (А,4) is oalled •the sympleotio produot"ot these тeo
tors. Note,that (~~) • determines а funotion for ацт two veotors. 

Тhis is an essential differenoe oompared to the usual soalar 
product in а Riemannian geometry. 

А transformation (х)~Х) (зее in oomparison with (II.~) -
(II,б))is canonioal iff 

~X,.,Xd1=[ (*.-)·'7"t·(#.1) =[xjlx11. 
k t JJ t 
' 

(А., ) 
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In order to get th1s equat1on 1n а more compact form we denote the 
Jacob1an matr1x of the transformat1on (х)~(Х) Ъу the (2n)x(2n) 
matr1x М, 1.е., 

М·кfх} = i1X'; , rxk (А. б) 

Cond1t1on (А.5) 1eads together with (А.б) to the Ыосk form 

M·j·MT=JJ (А.7) 

1.e.,any oanon1cal transformat1on 1eaves the symp1ect1o tenвor J 
1~ar1ant. After app1y1ng the ru1e (А.1), we may def1ne for any 

oЪservaЫe f(x) Е ~~~ a(2n)-dimens1onal vector w1th components 
fk • ~ f(~) • Us1ng (А.б) the transformat1on 1aw for observab1e 
1s now wr1tten ав 

{ "l; ·l1· 1 .. 1 z: · 2: J ~- i · ( сС · zi'r~ · z~ + J; .. ; li · 1~с · -z: + 

+~--· tj"t{ z~ т ~t. · "lj ·1,/i'"" +J:(·&,. ·1(1: т d;""·zтr/(· 2; ). (IV.J) 

Tak1ng the 1nd1ces 1n (IV.J) as 121, j#K, j~ there fo11ows, that 
conta1ns the monom1a1s j! 1 • 1 k • z::., ( ~ f k f. rn ) • l"rom 121, 
j•k~1 follows that g conta1nв f; ·1';.. • 

g 

S1nce the commutator ( ~ } 1 .. ... r . 1 .. 
1· 1:.· =-ь ·t·r ·· 2 · 

1 1 1 1 l=' (IV.4) 

1s an e1ement of g 1t fo11ows that g oonta1ns a1so а11 monom1als 
of seoond degree 1n s and 11near 1n ах. Furthermore the commutators 

[ 1i' z3 · z: , t-; · z ... J ... (IV.5) 

·(r .... г .. ,.. г " ... r ~ ") 
=-1· Oit' li· Zk·l"" +d1t. ·1(lac · Z". -tdiм · c~·11t·1t •d1 ... ·1i ·-ck·t.t 
are also e1ements of g. 

Repeat1ng w1th (IV.5) the steps 1ead1ng from (IV.J) to (IV.4) 
we conc1ude, that g conta1ns а11 monom1als of second degree 1n 
the var1ab1es ~х Ъut 11near 1n s. 

Т.Ье L1e algebra g conta1ns the commutators (any oomЪ1nat1on 
1, j' 1 ) 

r ... - ~ } 
t1k·t-j ·Zj, 1:k· z( (IV.б) 

J 
а11 monom1a1s of third degree 1n the var1ab1es их are e1ements of g. 
Summar1z1ng (IV.2)-(IV.б) we conc1ude, that the a1gebra g oontains 
а11 e1ements of third degree 1n с~, .х). 
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Assume then, that g conta1ns а11 monam1a1s of degree 1 1n the 
var1ab1es (s,zx), e.g.,a11 e1ements of the form 

(7 )(~ . ( t~)tt 
J 

(IV. 7) 

t.. .. !2. " t i .(.4 " ~ 1 ~ 1 •. . 1 l. 
Taking 11 

2 0,1, ••• 1 there fo11ows (1+1) d1fferent types of monam1a1s 
(IV.7) for each degree 1. For the further proof we use the faot, that 
the algebra Ct 11 1s -2 graded (II.14) and that the oommutat1on 
re1at1ons of the two suba1gebras (IV.1) act on the monom1a1s (IV.7). 
Т.Ьerefore,L1e-a1gebra goontainз together w1th e1ements (II.7) of the 
type (z)1 аlво the commutatorз 

[ (l)t, r-3· E:J=-i · z1 {~ r'"'·-k;-(ZJt)c(ZJt:~ (IV.B) 

L h ( 1"4 . f + 1"1.. § ) .. 1"А. Lh ( F) + ft. Lh ( ~) J 
(II.B) 

L h ( t · 9 ) = t · Lh l3) + L 'h ( t ) · g1 

Lh ( ~f~~}): tlt(t),gJ+ [ F/Lh(g)}J 
the generatorз (II.7) act аз der1vat1onз 1n the algebra1oal зtructure 
of [ 11 • Т.Ье oanon1ca1 tranзformat1onз (II.4), (II.5) are therefore 
the oont1nuouз (1nner) automorphiзmз of the Нe1sen)erg-e.lgebra (1,11 • 

Bquat1onз (II.7), (II.e) are the algebra1oa1 formulat1on of the 
dua11t;r pr1nc1p1e, va11d 1n the Ввш11tоn algebra of the с1авв1саl 
mechan1ca1 part1c1e зузtеm: Тhе algebra1ca1 зtruotures on оЪзеrтаЪ1еs 
of 0. 11 and on generators of canon1cal tranвformat1onв on Q.ll 

are real1zed Ъу а зkew-вimmetr1o Ъ111near operat1on on the ваше real 
"'("' ") veotor враое вtruoture of e1ements f q, р , whioh are funct1ons of 

the oanon1ca1 оЪзеrтаЪlез (II.1). 
А conвequence of the ах1оmв for the o1asз1oal meohan1ca1 part1o1e 

s;rвtem 1з the тer;r зрео1f1о вtruoture of the measuring prooesз. At an 
arЪ1trar;r 1nзtant of time any oanon1ca1 var1able hав exaot one expec
tat1on тalue. Тhе set of 2n таr1аЪ1ев (q, р) 1в one-one марреd Ъ;r the 
шeasur1ng рrосезз on the зеt of the 2n real numberв (q, р) 

( ~) р )= ( q,l) ч1./ ... 1 чll J Рч PtГI pJ~ (ч") ... / qn) P-t/- p,J=-l~,p}. (II. 9) 

Тhе шар (II.9) holdв for any 1nвtant of tiшe, the reвult1ng веt (q, р) 
defines the 2n dimenз1onal real рhаве spaoe of the в;rвtes. Тhе Не1веn-
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berg algebra а. 11 of dyna~~~1oal оЬsеrтаЫев 1в mapped Ь;т (II.9) 1nto 
the real valued funot1ons def1ned on the phase зраое. this set of 
funct1ons has oЬviously а linear veotor врасе structure, Ьеоаuзе it 1s 
olosed under the operations of addit1on and soalar multiplication. Тhе 

produot•(l1,2) of observaЫes is mapped onto the commutative and 
assooiative product of related !unotions of expeotation values. ТЬе 

olassioal meohanioal measuring prooess (11.9) may Ье viewed as diffeo
morphism between the algebra Q. 11 of dyna~~~ioal observaЫes f (q, р) 
and the algebra of real valued funotions f(q,p). Beoause Ъoth algebras 
are isomorph we shall use the same s;тmbol [н for them in this paper 
if the conorete context is not misleading. 

f" сх) ~ Mik (х) · Гj (Х). (A.s) 

Тhе geometrical properties of the Poisson Ъracket (А.4) Ъetween any 

two fUnctions and the transformation relations (А.7), (A.S) define 
the struoture of this classioal Нamiltonian syзtem as that of а 
symplectic geometry. Note that the transformation matr1ces (А.а) 
depended in general case on the argument (х). 

Canonioal transformations of some finite dimensional groups as 
U(n), Sp (2n,R) and the c.c.g, get а transparent mathematioal 
structure after using а complex phase зрасе Ъasis. Taking as а Ъasis 
the linear comЫnations 

1:. i :: ~ . ( q i ~ i. р .. ) " А { . J l; :-w· q;-t·p,. 1 
(А, 9) 

it follows that the struoture of phase space is very similar to the 

calculus of anni~lation and creation operators well known in quan
tum mechanics /? • 

Тhе transformation (А.9) maps the (2n) dimensional real phase 
space of variaЪles (A.l) into the complex space Cn. Any real func -
~on f(x) is mapped on а function defined on Cn. Тhе observaЪles 
of а.., fulfil the reality cond iti on as 

f (1, 'l)r) = ( F, z, 1:~) Г= r;l!~~ I). (А.IФ) 

Тhе algebraical operations (11,2) Ъetween any ele~ents of ан 
are mapped onto similar operations in the function space defined отеr 
Cn, Тhе Poisson Ъracket operations (II.l), (11.12) are, for ins
tanoe, given аз followв 

)6 

r 1 · 7:."· J = - .; . [. 
l 1 1 ~ " 1 ~ ' 

ffз}=-i·f (Jt.Ja .. -~t ... ~) СА.н) , L Гz~~ !t~ Ji":. Jz. • 
k:-f t 

Writ1~ the (2n) variaЪles (A.l, (А.9) as column vectorв (~J 
and l; ) , we oan write (А.9) 1n а compact matrix fom as 

l,·' 

( t i ) _ __1_ ( I Н ) ( q;) 
1:/( - 1У . I -i·I . Pi J (A.l2) 

1 is t he n dimensional unit matr1x. Let us define for anj function 
(A.lO) the oolumn veotor f

1
, :о {iti ..М~Jт, then the real geometry 

(А.2)-(А.8) iв mapped onto s1milar complex s;тmpleotical expressions. 
Тhе matr1x (А. J) takes now the oomplex form ']'

1 

1 с = ( ? -~ ·r} 
1·t о . 

(A.lJ) 

Тhе equation (A,ll) may Ъе written similar to (А.4) as matrix 
equation 1n the form 

= r 
i, ~ = .f Fl: J.i Зri f f 1 з1 (A.l4) 

For аn;т function f(z,zx ) satisfying (A.lO) the inf1nitesimal canon1-
oal transformations (11,6) for real variaЫes oan Ъе wr1tten in the 
bas1s (А.9) as 

* =-t-*. 
Uвing equat1on (A.ll) the funotionв 
f1elds 

-#: i · ~ (A.l5) 

f (&, ~х ) define complex vector 

Lf(зJ:: fэ~FJ/ (А.lб) 

~hich are similar to those 1ntroduoed Ьу equations (11.7) and (11,11). 
Uзing eq. (А.lб), we obtain for the generating monomials (111.1), 
(111.2) of the Lie-algebra of the sympleotic group Sp(2n, R) the 
expressions 
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L -t j • t 1 = - i- ( tj . -kк т l j ' ~ } J 

L ·( "k ~~'!) " " :0 - • • + .. z i . 'l 1 t 'l: i l~ 'l: 1 l i 1 

(A.l7) 

L z i ·rj ,. - i-{ t:i · -fi1 - 1 j · ~). 

Тhе generators (A.l7) act as matrioes (with numЪers аз entires) in 

eaoh subspace а.~ of Q, 11 • For completenesз we introduce the 
vector fieldз L1 w '='-1· ]_ and L."_ =i·~ .. 

" 11.. 'k пk · 
Тhе generating monomialз of зpecial conformal tranзformations 

(I11,6Ъ) give rise to vector fieldз with higher order coefficient 
functionз. For inзtance the vector fieldз Lz~·E ~ have the form 

L . Е о :: - i . L 1 ·1: . ;) + i . [ ( [ . Е о+ t . t >t 'J' J .. (A.lS) 
1.. о t. 1( Jzle tk о t 1( dllc . 

k k 

!lU!!Ш~ 

Uзing eq. (11,17) the commutation relationз between the genera
torз of the two Lie-algebras (111,2) and (III.б) may evaluated 
directly. ТЪе result 1з 

Using 

t 1-: J ]:t• Е: J ~ {- ( ~~ · Ео
0 

+ C:t• t;) 
r "Е11~ ·. r ." L 1.t 1 1 t Oit 'tj 
r ~ го 1 · " 
L 1:t 1 Се J-:::. t·7:t 

[1: к. Е: J t; ~} : -i. oi 1( • Cj . Е: 
( t~e·E:, Е:1 =-i·r~e·E:. 

the notation 

1j·t-~=A;~ 
1· • Е о= Д.н~ 

1 о 1 l 

" А 1 lj = 11+-1 

Е о А n•~ 
о = II+A 1 

the equations (Б.l) may Ье written in а oompact form as followв 
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(Б.l ) 

(Б. 2) 

(Aj ~ 1 Atm1 = i ·( gt(A•rn- зjrvj·At 3 )
1 

(Б,J) 

1 r ~ 1\+~ 1 
wi th Э е = cJ t J g 11 н = - 1. 

Тhе generating monomials(1I1.6) of the group c.c.g. are close to а 
Lie-algeЪra, which is locally 1зomorph1c to the Lie-algebra of the 
group SU(n, 1) (Б,J). 

Тhе equaЦ.onз (Б,l), (Б.2) are not the. usual realization of the 
Lie-algeЪra SU(n,l), known in the context of dynamical algeЪraз for 

the harmonic oвcillator/a/. !he generators of tranзlationв and of 

вpecial conformal tranвformations are not repreзented Ъу Нermitean
-conjugated operators. In the well-known approaches /S/ these 
operatorз tak:e the form Zi·{E;)\ and 1~· (EoJ\ , 
reзpeotively,and are of зecond degree in their argumentв /В/ , Тhе 
generatorз (III.7) correвpond to special conf ormal transformations 
(1II.4) in Cn, Following (II1,6), (III,7) any generator of continu

ous oonformal tranвformations 1~ "' f"" ( 1v) may Ъе extended 
to canonical transformationз defined on [ 11 • Тhis вuЪalgeЪra of 
k(2n,R) iв inf1n1te-d1mens1onal. Тhе generating elements have the 

form h(z), Е:· ft'l) 1 'l;· ~(Z.) 1 where ftc) 1 gcl)
1 

h!l) 
are functions defined on Cn. 

"1 f .. Тhе ant1analyt 1c tranзformations 1. /"' = _... ( 1. ) may Ъе 
extended to canonical tranзformations, which are generated Ъу expreз

sions htr•) 1 Е;. F<I") 1 2,..· gcz"J similar to those аъо;е· 
Let uз add two remarks. Тhе generating funotion Е. in oorrela

ted to а vectorfield , which 1з the generator of dilatation trans
formations in the phase space, Тhе commutatorз of !,.·Е: and l;. · е:: 
contain elements of !ourth degree, therefore they are not elements 
of tne same !'ini te-dimenзional Lie-algeЪra. Тhе generating monomials 
(1I.2) fulfill the commutation relations of the Lie-algeЪra for 
the group Sp(2n,R). Additional to ~II,J) we get the Foisзon bracket 
relationз 171 

t Е kt 1 t м n 1 = t' ( dn k. Е m t + dn ~Е.., "~[мl' Enkт[~f:J(B. 4) 
fE:} Ekt1=-2·i·Eke 1 (E:,EicJ=2·i·Eke

1 
ftj~, Е:1=~1 
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fE 1 E~<tJ . ( г~с r1t гt Е11() 
i .1 ::: -t. () .· .. с + о; . . 1 

~ Ei 1
1 Ен1 =- i· ( ft 1 ·E~< + ch 3·E;J. 

Consider the transformation behaviou·r of the generators (В,1), (В,4) 
for both Lie-a1gebras according to the action of the oommon sub
group U(n), Both sets of generators decompose obvious1y into а di
rect sum oonsisting of three parts, name1y the a1gebra ~(n) 
itse1f and two AЪe1ian suba1gebras. The AЪe1ian suba1gebras are 
different for the generators (В,1) or (В.4), r espeotive1y. 
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Кирwбаум д. 

Алгебра классической гамильтоновой механики 
как замwкание двух конечнонернwх алгебр 

EZ-84-739 

Расенотрена структура канонической алгебрw классической механической 

с исте~ со стеnенями свободw. Элементw этой бесконечномерной алгебрw яв

ляются генераторами неnрерwвнwх автоморфизмов в алгебре Гейзенберга этой 

системw. Базис канонической алгебрw вwра•ается с nомощью скобки Пуассона 

через nроизводящие нономиалw. Расснотренw эленентw двух конечномернwх 

подалгебр Ли и указанw их действия как генераторов канонических преобра

зований, Показано, что возмо•но nредставить ка.дwй генератор бесконечно

мерной канонической алгебрw в виде линейной комбинации вторичнwХ генера
торов из этих двух конечномернwх подалгебр. В частности вwяснена связь 

ме.ду точечнwми кано~ческими преобразованиями и коНформнwми преобразова

ниями комплексного nространства и указанw некоторwе подобия теореме Огие

вецкого по структуре алгебр общековариантной гpynnw nреобразований коор

динат . 

Работа вwnолнена в Лаборатории теоретической физики ОИЯИ. 

Сообшеиие Объеливеиного мистиоута ядерных исследований . Дубна 1984 

K iгschbaum D. 
The Algebгa of the Cla ss ical Ham i ltonian Mechan ics 
as the Closuгe of Two Fi ni te- Di mens ional Algeb ras 

EZ-84-739 

The canonical al gebгa of phase space tгansfoгmations fог а classical 
mechanica l system i s an infinite-di~ensional one. lt is shown , that any 
geneгatoг of this algebгa can Ье expгessed as lineaг combination of гepeated 
commutatoгs of geneгatoгs Gf t~ю finite-di mensional subgгoups - the 1 ineaг 
symplectic gгoup and those of some confoгmal (point) tгansfoгmation gгoup. 
The result is гelated to the Ogievetsky-theoгem conceгning the stгuctuгe 
of the algebгa fог the geneгa\ cooгd i nate tгansfoгmation gгoup in the 
theoгy of гelativity. 

The investigation has been peгfoгmed at the LаЬогаtогу of Theoгetical 
Physics, JINR. . 
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