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813. Spatially Homoegeneous Spacetine Models

A sm’n’q\lg homogeneous space_time model (N\,g) IS a

dimensional manifold M with a Lorentz mefric ¢ anda  3-dimensional

Lie group G acting simply Transthvely on q junm\\j of space_like hspersurfaces

@C M as an isometry group. We dssume Ther;\'cgns\'ruchon of the previous
section with M= RxG and the subgroup Go acting on the left as Ahe

isometry group. For € in an gpen inferval obout zero the SH hypersurface

Gy is assumed 1o be space like and therefore a homogeneous -+ 3-geometry.

! The space time metnc L is ossumed tobe a solution of'Hrﬁe Ewastein |
equations with some SH energy-momertum tensor T acking as a sourte
of\‘he field (T=0 being the vacuum case) Expressing these equations
ina SH frame leads 1o asetaf ordinary differential equations for the
component funcﬁcns Jog which depend only on the coordinate €
land describe the dyramics of a SH space_tme or “cosmologxcal madel
Many approaches are availoble 1o deal with these equations (Sorexample,
see the work of Ellis and coworkers) but the Pr‘oﬂem is ideally suited fo.
the ADM\ formulation which is concisely reviewed in chapter 21 of MTW.
| Familiarity with this chapter ond s naation will be assumed 1 what

'5ollows
' - Jhe jam\\y of SH hgpersurfuces 1S q d\shngu\shed 5\\cm9 of
|the space_fime since ifs elements are orbits o\f an isomefry group. AS
discussed in the previous section , a choice of a basis {€a of s Lie
cx\9ebmg, leads to a SH comov'\hg ADM frame 1€a¢ jorfhis family ,
for which fhe vector §ield @o= d/0L (s an  ADM generutor in the
sense that the slicing arises by dragging Go along its flow 5 the
reduced  frame {€a% is also drogged qh)ng.

- The components of the space_; “Hme metnc 1 This \frume mog be
m‘rerpre‘red in ferms af o lapse funchon N, a shift vecror field N=
Noea and the induced metmc 8 Qa buf‘*@wb* ( here an asterisk
denotes restriction of a form or co\zqnqrﬂ ‘fenso(ﬁdd to the SH
hgpchurfuceS> which are esserﬂ‘lq\\\:, /\ Jependerﬂ‘ leﬁ invanant
| Sieldson O
(38D g-= 9dsm°‘®w3 SNE WPRUIC + Gab (W NG (W NPWS)

eo.= Ne,+ N
The last relahon connects the lapse, sh\ﬁ- and ADM genemior erf\
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the Sield €, of umt normals to fhe SH hgpersur\fuces'_. A normal
comaving ADM frame j:orT‘he slicing s one n which e, Wsel§ istaken
‘wo be the ADM generator €o sothat the corryespondu'ﬁg lapse 1S un'ﬁg -
and the shiff zerv, Letus assume this choice intally. The transfermation
to o germeral SH comoving ADM frame for the SH slicing  defermined by 4
g general SH ADM generator  €o= Ne&o+ NYCa is preasely thetopie
A cff\’\e PF&V_\OQS sechon R Thefund‘amen\"a\ equation being Oz2.1). -
| Relahive 1o the onginal (normal) “product s’rrudure of M\, thenew
reduced frome 1 €a3} may be mferpre%ed as o _/\ dePchdcrﬂ" basis of

related +o the fixed basis {€at by the /\ dependen’r adjoint: matny

. The /\ {‘dependent metnic g’f induced on G by the  product

7 s’rmd'ure associated with €6 s relared o 8" by this transformahon,
\nterms Ofﬂwe mainces of_ _VC'CQmPOneW\’S o their respechve fmmes swehaves

The formula for ::W‘S;ﬂ%c‘)cmponeﬂ’fs of the extrinsic curva‘rure of Q
the SH nhypersurfuces (  tensor Sield en the hyper‘sur:faccs> ik
‘e Ve may be evaluated using fhe results of §8 , in particular
(8 26) ond (8.18). A dot dendctes d\ﬁemrﬂ'\ohon byt:

(13.3) Kab= —(4/2N) (Gab— Ncarwy) = —(A/N) ( Gab + &NCKCQ\9>

. Mith our mafm notaion conventtion this may be werlten with ¥ immediate
_lconsequence : '

B Nk = - 9'8 —2KeNe o
| NTFK = —(logg¥)" 1= 2deN° )
IWhen we specialize o a normal frame these are very simple:
(13.5) K==9"9 TrK~—(\099‘/A)

The exmnsic curvature mamx K inq general frame | given by he barred

version of (13.4) ) is related 1o the mainx (3.5) by the adjornt mnsformahon.

3.0 K='KR. K=RKg"

Jnserting the second ectuaﬁon of (3.2) into. Jrhejrsi'oj: (3.5) and computing

s denvative using (12:10) and the r_e\ahor? $ o= J§/at = N"‘dE/O\E_)_ione G
may read off fmm@?.@) the barred version of (34) 1N which the dot refers . o
ﬁ'dl&e\"ehﬁr‘lﬁ()ﬂ by T _
CK=- £973= (R R RT(G+IRR '+ BTRG IR

= CENOHR(GaGAE + RFKD R
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This s typical of the way results obtuined easilyin a nomal frome may be
tronsformed 1o a generul frame using the ideas of 312, showing how the
reparamehﬁ'zahdn Sreedom and achon of the adjoint group (nétroduc_esé
general \apse and shtﬁ- Similardy one may trunsform to a ~ comoving
ADM\ jrume characken'aed)\hg\j (2. C)) the relevant gup oW
being +he automorphism group lequng+o+ﬁe introduction of the OQ\'On‘)orphiSM
velockhes rather than the lapse components fhrough (12.13)
| Wernow restncet ourselves 1o a normal frame for the wnsiderable
simplification achigved | resocting o the above fhicks o tansform fo other
in‘(ereshhg :ﬁ'ames. All Latin indices are lowered and raised with Qab,
",g“" while the zero index ( weoccasionally use the symbol L to emphas\'ze
nomal componcn\-s> \s  {owered ohd raised witha minus sign: |
Qoo=-1= 9°° Joa=0= G°°,

The normal 5mme is c,orwenienf inthe respect fhat the Lahin indexed
Components of spacev‘h'me ﬁdd_s are simply related to the cwmponents
1 the reduced frame of Correspond\‘mg 3~ dimensional {ields onthe
SH bypersurfuces | without the lapse and shift mwing things up. Toe
| laffer components of vanocus geometnc fields were evaluated in 88 where
an astenx signaled  their  2%-dimensional nature. and a slash
|dencted covariant Idiffer entiation. The space_fime SN Components may
be evaluated using the standard formulas of the appendix, the structure
wostants CYex of the frume givern by (12.3) and the fact thatsudn
'compon_eﬂ’rs depend only onthe coord(na"ré £t which i fhe horma\

P(Udu§ﬁ‘ s the proper Time a\omg the integrul curves oj’ N=es:

ex T, = T = & T%%.

N\ab(ng use of (A.13) one finds the only nonvanishing connection

Coeﬁ\'c(erﬁs to be :

(2D MCab=—~Kab  P%b= —KIy= o
Mab = M ab = = 3 C%b+KCab .
These may be summarzed by - .
(38) Ve, € =0 Ve,€0 = —K €y = Ve, €a
Ve, €0 = — Kab €0 + Mabec |

These stute that the acceleration of the fie\d of umit nomals vanishes
(so s m\'q;ra curves are Qeodesms% ‘Hﬁcﬂ‘ K s the eximnnsic curvature




Forexample, equations (249) bewme:
INK = ~ 973 -2 ade (RD¥=
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.oj‘\'\ne homogeneous hﬁpersur&uces ( MTW conuen’ﬁonS) and ot MCab
arethe wmponents of the infrinsic cnnechon induced onthe hy persurfaces.

| From . (1377) ,03.3) and the qppendxx useful expressions may be

{derved ;ﬁ)rﬂ’wc space tme divergences of S| vector frelds anrd s,ymmc\—nc

Ke=K) 1 o

(3.9) nge g~ (92 X°) - 2acX*
Ta%e= 9 S2(gAT%) + e KT =205 T«
Fo85g= —g~2 (g2 Fo0) - % € oty :F?f‘f*,Cfi,..; |
Fo8g = =20 F°°

(DMPO"E’ Uuﬁ'\“l (8 25)
,(13 10) Roo =Tr K -1 \<a'  Roa=~Tr RQK + 20¢ Kf N

Rab = — Kq\; + TrK Kab —2KagiSb + R¥an .
Raising the \ndex and rearranging the denvative using (13.5) qives:
9 9'ng 9 )

(3. R=-K+KTK+R* = -9"(@=K)+R",
| The scalar curvature is ‘Pﬂercﬁ;re'.
(13.2) = ~ReotTF R = ~AF K+ TF K +TrK? +R",

.} Again. mqh\ﬁg use o& (12.5) fhe scalar curvature density may be wr-lh-en
(3w g?R= AGATFEY + g"* (Tr KI-TRK +RY) |
__Similarly the Einsrein fensor and Emstein field equations
| M¥e= 9"2( & e-RT") =0
_Lmay be evaluated >\edd(09 1o the well Roown result
F‘B,,m 97 G =TT +9"&" = R T
9V2 Q% = g"* (Tr RaK~20¢K %) = —Tr RaTl + 24577, = \29 /*T"

&9‘/2 G% = 0’{’ 9\/:1;2)“ ”&RQVQTO

T= B 1 ed = & awea TTOPTIC

T*” = —gf %4 Kea,

Junction “T both involving the Dewitt mefmc.  Tag arethe wmponents
Of'a SH energy-momentum tensor assumed 1o drive the geometry,
Tt depends on certain variables descrbing the source whidh may or

may nat” be SH and which satisfy field equations not yet conceming

N Cxcepf Jor. T 38, ,The terms o’ﬁ'ver ‘H"»ah A denvq‘ﬂ\/es are 3-div§r9mcesj__

v EVo\ucﬁ‘mg the Rice fensor components. occ0r—dm3 to (A, \6) g\e\ds L

—

and antisymmetnc second rank tensors respechve\g (converiently defmmg o

We have introduced the {ield momentum T and the Rinehc energy 3 A




l’b‘g

ys but suchthat the eneryy- momentum fensor is divergenceless. The fensor
with components 9“";’ M¥3 is then divergenceless by the contracted Blanchi
identites regardiess of the Einstein 5’eld equations  which rectuif‘c-:"ﬁ"ro '
vanish. Using the dergence ;fokmu\o (12.9), ¥his wndtion takes the form:
(13.15) Moo= ~Tr KM +2agM%
Moo= ~Tr KaM +205 Mg
'The, ckucm\—\hes M°4 are therefoce flv‘s‘r m\-egm\s of the dynamical
e(tua’ﬂons M=0. This s true also o§ MPo except in the class B medels
when 1n addihion the " mementum wnstraints ' M®a=0 must be
sqhgf\ed The quahom MPo=0 s called the energy cO.ns\*ra{rﬁ‘
These ordinary differential equotions together wih the source:.

equations defihe o classical mechanical system. The gravitational
configurathon space is the memmc manifold 7L on whicdh gab are
coordinates, The solution to the Sull equations with given inifial condifions
will involve a curve  cé) on this manifeld  specified in the compoherﬁ‘
coordinate sysfem by funchions  Jdab(t)= GabeClt), t plays the role of
the classical mechanical time.  Thetangent Cét) is called the yeloc'uf55

s comporents 10 the memc cordinate frame are the func;hoﬁs‘ Jab (4.
T is a homagenecus quadratic form Rinehic emergy which is yust a fourth
jof the squared tength of the veloctty 1n the DeWith geometry , gver by
(W53) and (I5U) =
(316) “T9.4)= 5§ &®d g,

By irﬁerp‘reﬁng 9ab as coordinate  funchongs ‘on T this becomes a
func;hcin on the tangent bundle or velocdy phase space. jﬂ‘vsewes asa
| Lagrangian  Jor the geodesics qf the DeWitt metnc . Apart from the extra

| Soctor of © 7 in the Rinehc energy which 15 1nserted fo enform fo convention
TY“b_ are the covanant components of the velocthy in the Oewitt geometry
and the components of the mechanical momentum determined by the
Rinehc cnergy « . .
(201) TP = IWodab = 3 B "G,
| l,' ¥ avcd quﬂcd
‘Bg identifying {0, T} with the coordinates induced on T* by the
mefnc oordinate system  we dotain a Rinehic energy funchon on the

@hangent bundle or momenfum phase space  uhich serves as a




Hamiltenian jor’rhe geodesics on m.
The other parhal denvatives of the kinefic eneryy funchion on T may
be evaluated bB C\PP\B‘DQ (. 5) . Fothe explitit expression (1N.16) 16 gqbcd

(3.8)  TT/O%ab = - 3TI™+ AMK)

[The dynamical .ecLuuﬁons gWve us an expression for T_[ 8‘3-“5‘”3 fhe identity:
(309 . (Wg') = TQ" rMKG', D o
an. expression . foc TT9° is obfined .  Companing with (13.18) ,."Hm's exp}ESS\'on
. .imay be recognized as tmplying. the reSuH

320 — N¥P= T -T2 = (FV29as) - Eﬂ’/aga\o =- ST/SQab )
W~ gh (6" -eT).

_ tThe dgnanmca equations ‘ﬁ'}ere@re éﬂ(‘uat@. the nc—:gahve ofﬂ\e ngronge
| derivahive q,)‘:ﬂve kRinehi eneyy o a jvrte withy components -
dfh«_?he_c‘?'fﬁﬁwcpordhafe Jrame. A force ficld _or  4-form M* =
M¥9 dgah is therefore defined an M\ involving the source variables
as time-dependernt pammeters  which deflects the solubton curves from

geodesics of the DeWidr metric. The gravitational part-of this forte has
already been discussed N §ll where it was seen fo consist of a

conservahive part ossc>qu+ed with T‘ne Scalar curvature Po‘rer‘rha\ U ¥ = N

179" R* and g noncenservahve part
). ~9"e¥ = ~dUT r @,

This al\ows us fo wnJre the dynamical eayations in Hnejorm of dnven
-Lagrange. equations '

16222) . —3le/8Gap = Q*°b+ RSI/Q—\-ub

Lo =T U¥ = 9 (T KT +R*),
The gruv'd-o«‘ﬂ'orwq\ Lagrangian L&, by comparison wrth (\3 \3)
seen T be the SH Space_time sco\\qr curvature density aport \j‘rom

e\/aluo&\‘ed ona spahally homogeneous field ina SH frame.  Nohce that
ever jor vacuum j‘elo\s the dynamical equahons are nct the lagrunge

} ﬁfce Q" vanishes (chss A moc'&e\s).‘ We explore this n great detail inthe
rextsection. ‘
The gravidahonal emergy of the dlassical mechanical system is_just

twice the nomal -normal component of the Einslein fensor dens'c'h,; :

m)‘ab

a Tdu\ donvcm\/e Tt is just the ADM gravitahional ngroqg\or\_ density

-qu/uqhbn's 50\\owt'n9 fromthe SH ADM ,La\grang\'ary unless the nonconser\/qﬁ'vc',
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(13.25) Ee=TT+U¥ = g"(TrK*-Tr2K-R¥) = 2g”> G*L |
By expressing T n +ermsv'o§ the momentum as in (13 ﬂ) we olstarn bgour
usual \der\hf-\comon the grawtuhonal Hamilborian \ﬁmd’lon on T*m
(1329 He =8 apea T + U¥
| e Ramiliorian formof the dy narmcal equahons . . s as onewould
| expect . except for the addihon of the nonconservahive force fo the
Momenium equation ; .
(325)  gub= OHe/OT*
Treb = —dHe/0Gay + Q*% +Eg AT

Unfoﬁunde\y Lagrangian and Hamitonion dynamies with nonconsenvative
Sorces hove been largely ighored 1n physics  buf ‘Hﬂe modificaticns
irroduced by such jorces are rather straight forward even f unfami\\‘ar.

The full configuration space of our dynamical system is q
product manifold MXF where B describes the source qssac&od'ed
wih the energy-momentum tensor. This decompasihon s net umque
since diﬁerehfcho(ces of l‘ndcpenderﬂ’ Source vanables rnqg be
related by the sPace;,ﬁﬁwe metmic  ( sudh as covanant or contravanant
componentts 0§ thofjé\ds desgnb\ng the sourcek>. For an appropriate
choice of source variables the quantity Us= -2kR9"*T*. | a funchon
- Jon MxB | may serve as a potenhal or parfia) potental  for the source
| ortribution o the force ~ M¥ an 7L (considering the source variables
1in M* and Us as extemal paramehers) . |
(3,26 R@¥T® = —3Us/dGab + Qs™
The Slopover defines a source componert o\f the total nonconservative
force Q= Q*+Qs ; Sor Familiar sources this ismet required, The
dynamica) quua’Y‘lO.ns_ may then be writfen in '%ejurm:
- J(a21) —8L/8Gab = Q% | L=le-Us.
We assume nonderivahive c.oup\\éug to exclude veloatydependent parentals,
The mechanical and canonical momentum  therefore coincide..

Dej\'n'ung U= Ux+ Us) the total enerqy furchon is jusf:
(320) E-= TAU = amsy,
The eneryy constraint requires 't 4o vanish.  Consider the vacuum case.
When the scolar curvature of’rhe' SH hypersurfuces of the spacetime
is posthve, zer0 or negative , the energy mnstraint  causesthe velocity




. C,hanse o‘f @ﬁf‘—coord\hai-es on M generated by Nonzero s‘m-fh

\3\%

o be space_like , null or hme_like respechvely inthe DeW:tr Seome}rr_\)'. g]

padwi,u\qr the soluhon curves Sor vacuum fype T models are null geod'esl‘CS

as described 10 appendix B.
- The Homiltonian H cOrrespondm9 'i'OThe Lagrung\an L (s HetUs and

[the driven qu\l’ron\arv equations are

(329 Qoo = HAT® = {Qav, n}

ok = —dH/0Gap + Q% = {eb, HY + Q°F

'll

~TrRaTl \L2(15ﬂf = Rg2T"a

) For‘ G\GSS A models J(’ﬂese eq“uah-: ‘H‘le addom’i‘ genembrs to ‘H‘ie ComPomcn‘\"S of

the {fluv of sourte  energy-momentum relahve to the SH hypesurfaces,

3 qu vacuum These gencrutors must vanish aleng solution curves, When

on M.  The geodesics of M have been solved for explicify by DeWilty

35 (13W) dhe momertum constawmts are:

l\onﬁen intenms of the veloaity asin (3, \(4) 4he vacuum dass A constrainds _—

(require. the velocdy 1o be oH%OQOma\ to the veckor fields g(ka) generaling
| e adJom\—ac,hon on m, Tn class B models the m\~erpre’rahon is hot cLuﬁ‘e

so neaf,
~ We have exp\ored the dynamical system induced on ng b,_B Jr{ﬁe

|the metric _coordinate system on T, By choesing a new ADM gererator

the evolution of Hhe new components. Gab and exphicitly nvelving fhe

,Spec@f\ed qus,e and »S").lf\_- components, _/\H‘erna\'t'\/elyj we may 're\h\'erprei' -

) Tﬂ’mz__or\‘g'mq\. system. 1N Tems of o reparamemzahion of the classical

mechanical Time due 1o nonfrivial SH \apse and a fime - depemo\enz‘a 8
Choosing t=TK) as a new fime for the classical mechanical
system | with d/dt = N d/dt .meqns Hhat we mpqrqmemzé the solubion

curves: o o | |

330)  C(B)= @ TEY= Ne'@),

e lapse ‘f\mchén relates the new and otd V¢\§c7\h&5 ; ofher Hme
denvahves and’ forces (siace they are equated to acceleruhions ) '\’rqnsf‘orm

similarly, Repqmme\"nzahor_\ of the ackion infegral shows thota
E'qumng\an P{chs up the lopse as o mulbiplier oo, so NL is the

Einstein  equations expressed in a normal comoving ADM frame | using

€ for the SH slcing we may induce a new system on TxE descnbing .
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lLagmng\an oppropriate JrD'Hne new Hime and NQ the corTeSponang jorce

f\e\d on M,
' Fq/ vahons (13,2) may be inferpreted as a trunsformation 4o hrﬁe'—dependa\‘\‘
nen . D — ' : . '
npe cordinates  Gab on VTL) exacty as one may consder ¢ rotahing

corfesian coordimate system on B3, In MREeXPITssINg the Lagrangian 1n

Hhe rew wordinates, i is useful o nofe that s value ara fixed poink

s the componen‘\' of a weight one scolar density on G.  Substiuhion of
l(\&?) o the Lagrangian is %‘ergfore,eqyivq\én’\' 1o 't—(c‘ns‘fbnn\hg fhe
conresponding  scalar density  which has a component L inthe new
frame Fhe gravitational por\*of which s given by the barred version
of (1322) - |

(13.39) L=det® L.

-mg:\aPSe components appear“ Thr,oush the time-denvatives of R Qidcﬂg
as 10 The discussion §oll ouwing (13.¢) and play the role of the components

Ofﬂ’)e a u(ar \/elocd-y ) rohahr‘)s carteswan coordinates, The components
(omponen‘l' '

1A the 4 -~ coordinate system oj the nonconsernvahve force & , a

L-form on T, correspond o "Hne components of a weght-one tensor
o\ensﬁy on G “and Jmmsform similarly , picking up a foclor of det &, ,
The combined eﬂ;ed- of the time repaamenzation and the

.A coordinate mﬂsformaﬁon leads o a Hime- dependent Lasmhgléﬁ

NL der® and a conconsenahve force wrth components N@“det®
inthe time~ ~dependent” metnc coc)rdmcr\'e system.  The corresponding

Lo.gmﬁge ecLuqhons are .

(»aD . —38/88« (NL det R) = NG der®

~8/3Q0ub = d/dt ( 9/ (AGab/dt)) —~ A/ 20ab |
However, W s NL which correspomds tothe ADM ngrung\c‘m expressed

110 the new frame on space fime asin the barred jBrms of (13.22) and

(3 N (See MTW 21 3@3 e dynamical equations may be writien. "

| l‘ferms of ‘s Loagrunge denvative by using the expression (12.10) for the

logarithmic denvative of det & :
333  -5/5Fdb (NL) = N@™-2qM° T

Tab= 3 (NTD (dgab/dt) =~ abed I 4 7
A new force' proporhonq\ 4o the momentum 'Th%&goppeqrs when e)CP(‘ESSH:')\g
the dynam\éa\ equahons N a geném\ SH comoving ADM frame This
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g&ortc mustalse enter the Hamitonian form of these e%uahOHS frmhﬁs

NU as the Lusron_gian , S\nce thefrue Hamtonian .(sden'u&\fmm
NLdet®R  The Frue momentum componerﬁzs inthe time-

the Lagrangian
dcpcndcrﬁ‘ ik tmm\na¥es also dtﬂ:er- Srom T bg a factorof det®
jorﬂ‘\esqmc reason. '

The rew veloaty may be expresseo\ in terms of the ‘momentum"

by mverhns the sec_ond of eq/ua\'\ons (13.33) supp\emerﬁ‘ed ‘09 the barred

Y

wersion of (1304 -
(13.34)

dgab/d‘t = Né}j’obchCd - QKcabN
The Hamiltomian conrespondmg o the Lagranglqn NL is ‘r\r\creﬁ)re

H= T®dgabrdt ~NL= NH + N(-aKT)

K =Fwd TPTY +U = a2 (Grr-kT L) am‘

ar)djﬁ_c Ham'aHDm'or). equations are :
(339) dJabsdt = OHAT™

dT4/d = - 0T /0Gubs + NG - 20T

The momentum dependent force  enters since His  the true Hamillonan H

i . . am ent .
f expres&:d nthe new . W}L coord (nafes |

i ‘ . 'H lS ihe SH Super— Ha(‘f\\H‘Oﬂ\C\ﬁ bu‘k’ ﬂje C&\%C\Cﬂ'\'s ()f ‘f‘he Ch‘j«'-
mmponenfs,\an? not the components of the SH geometncal super mom@ﬂum

(see (8129)) :

(13.37). éH;a = ~2TTa lp = _ler RQT It L\QbTT a = 9‘/Q GL

.| However asthe canenical, generators of the adjoirtachon ‘H’\eg Perform Jrke_

| namely  causing the solution curves  Gob(X) 1o evolve with the addiional

\nverse uc\Jom’r MHSSDmahom (13.2) relative to the nomal sdution curves
| Gablt),

For the logical <eparation of the full configurahion space o the
cross product MxB it will fum out that the source component™ of the
supecgmomentum will be independent of the ‘metnc wmpoanents , atleast

?r fanri\liar sourees, . Weassume this is so, The fim ADM " Hamillorman"

Haom is:
(3.38) Haom = NF + N ¥a
qu‘-‘ 29”-(64 BT *a) = IM g

l__[f we nog'replqce the canontcal c\d_,oinﬁ-‘generubrsl in H by the components

same role as the geometncal superzmomentum components 1 the full theory









