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introduction
‘e question of uniquenaess of an asymptotically flat blaclk no.e
e ullinrium stats,in the absence of external sources received scue

-

~ention recently.ihe formation of a bluck hole is an =sszenti:

S

cabilizin, efiect.in object collapsing from a geaneral initi BT =
Jaurmtion will settie down into cne of possiole black hole silatios
oooegul libriwu states,the oni; muitipole ronents whael Would remai.n
w8 independent uegrees of rreedua cuaracteriziig the blach ncle equi-
tioriwn stule,wonild be tnose whicii do uot couple to corresponding
eg, rees of freedom in the usymptotic radiation field.'he remaining
witipoles wiill be radiated away.
t v conjectured therefore,that stationary isolatea h'..c no.les
e ve Larscterised comypletely by three parameters [,Jd,d 'hic. pep=-

reger v aayaptoticully conserved total muas,aunpgular moementum ana eleo-

Lric caarge,regpeciively.his conjecture ras been proved onsy anibe

‘aere 82ist nue-Kerr-—.ewman black hole eyuilibrian states 2
L mngwexr Lo tﬁls q.estion is ol great importance for relativietus

Ly audedl Liery exist,they wouid hLuave tue ancmalous prop ‘:‘t:;
Dl tue qaasl-gilutionary c.uuesicad 8 in-down and discuar e yrocve
868 Cuannat ue carrled out com,

Lye It would seem reuzci.able t:
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fernaps on2 of tne most inmortant results oa stationary black ..ole

properties is the lawiing strong rigidity tuneorew.according: to tuis
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ter communicatiocas of an usymptotically fluax,
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Stationary vlack nole stivuld be eitner gcn-rotatirys or axisanairic

provided tLuat tue vacuum Zinstein or Zinsteip=vaxwall equations are

satisgfied.The first result in the non-rotatiay static cuase wus

) . ] _ . _ . ; ‘
tained oy Isruel / wio Lus suown taat tue static black hols is tus
r

b

Jchivarzscaild cue or its slectrovacuum generwlization - a result

£

rata=r surnrising wt the time when it wus presented.

Une can suaow tuat in tue axisymmetric case the domain of oute:

compuiications must have circular symmetry li.e.the isometry srouwp

r

nas to act orthogonally truansitively ou it.CUnder tae lasi cownditi

tiie gource-free Linstein-uaxwell equations - can be expressed as a4 o

linear,elliptic system of parsial differential equatiocas Tor Tl Jon-
e . ] "":// ' e L I . . ol o g 1

plex Srn3t’ 3 poteatials ' ; Yﬁ ekil® arnsf @wpproach o tiae Tleld

equatioans wllows for an extrensly simple formulation of t.z2 gloou:l

olack ..31le boundary cocditicas.
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Jue ouestiona of unijueness ror the black hole bouaddary groulea
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in this cuse tne question of unigqueness is solvea Ly peans of Lhoe

Green identity.let ({7’ C%; pe two solutions to tue boundary value
J J < )

oroblen of _uplace’s equation.iluen for the iield tf = 89§«- %L

e

we have ths Green identity

N

Vi) Wpve)- ¢ Ve Ve Ry . g

Mne first term on the r.h.s. vanisunes,tae second one is nonnegative,
.

Ihe divergence term on the l.n.s. ,when integrated over the wuole

domain,gives the surface integral wnleh vanishes bGCaQse of boundurs;

conditions.One sees then,from the nonnegativity of the roih.s. ,thu.

tue two solutions must be identical.

I3 toere a deeper reason for tue existence ol Green’'s idenvity v
rine structure of tunis identily suggests,that it is not the specilal
form of tne ficld equation,bgt its more general properties wuich
are important.

The Laplace equution 19 the simplest exanvle of wnat is lnowan as
a haroailce wmap w'equation.Tne narmonic map between two dlenaruiiun

: o

/ . A
munifolds (w;gmy>aﬁd (L', h B) withi cocrdinates x/ on W and dD
/ _ 4D I

N

on .  exstremizes the action functional
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Lilld 10 4 symaetry ol tne urecen identit: too.lue L.ll.%. ©F P & &

ientity is the Laplacean o1 the sSuclidean invariant () = %BL ,fqué
ere 5(9%,%2 ; tae vi-scu_ar of the plobal distence betueen tuo
!O.ul:u Ol L o
Let us now turn to the case of the Sinstein~.axwell eguations,

Guided by the anﬁlogy witn tue wewtonian theory of gravitation,

ve shall vresent the argument tuat an identity analogous to the
sreen’s one snould exist for Jinstein’s theory.

D.ueiobinson gave an elegant and siple oroof of uniqueness of tic
serr black nole solution.His proof was bused on the avplicution of

a nonlinear identity,whicu fortw xvc’y turns out to exist for Dinstewn
vacuuu eyuations.

It is well known /“;lt Linstein and cinstein-ulaxwell equations
for stutionary fields possess lLildden global symmetries, ui(ﬁ,lj and
§U(%,:) for the vucuum and electrovacuum cases,respectively.

Cne can easily <but lJbuuriDusly) check that the nonlinear

Robinson identity is invariant under the nonlinear,howmograpnic repre-

i Ja

sentation of the symmetry group Jb(;,1) silowever,even il tuls Iis

key obuervatlon,one cannot guess simply how to construct tie anu.o. oL

electrovacuum identity.The nain obstacle is the essentially nonligcar

%,
3 . \ N NTY % IS -y~ ¥ __ 2 'S o . * J, X o~
way 10 wnicn the ol G,d} group acts on field variubles.
. _
let me put things somewhat differently.li we were wbuie
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operator with respect to a fixeu mewric ou a 2-space V orthogonal
to tie isometry group orbits. (ﬂ,:\ g (m,B) dare gravitationul
v / /

and electromagnetic potentials,respectively.

&

Lie can suow thatl the .l,.a;y;r:x.lt';;,a::(r}) defines a harmonic aap
: \ |

between a Z-space V dnd the hahler syametric space

?}{; JU(1,2) i 5{U(ifxd(2p 6. & noulinesr (- mouel on ﬁ%_i”ﬂ),

since we want the action of lne Lu:(z,z) ATouy on J{ Lo ve ilne: o,
= I

we would like to find a conveulent parametirization QB of it.

-+
‘here exisls a falrly natural parametrization of u dienannian

"f k

i

WP o s s L NS
gymaetric spoce d{:rkqii in terms of a4 U~vulued metrix field

L
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dhie field equaticns,in tids approwca are give:n Ly Y/}‘ J == { N
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WHLETe &%'_- H . a4 lobal gymmetry group o gcts  on
Q') 0 1T i' . X . . ‘ 2 . e b =25+ N 3 . . ~
= /1l from tue left in & lineay way .rne field eguatious
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ure covariuut Swtnder tie linear reoresentubion of the innes

N\
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(he , eneralized,electrovacuw: identity,as well as the vacuu

aubinson 8 one,upbenrs naturally in this wpproachi.tet us cousidy
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(2 [ . I" . B ak = . - - . - 1 | T " 3 o
Lile TellaB8a 0OF ;"‘) i3 nonneg.ative whenever the Hiemannian

SYHieLilc Shuce - s/ = Q(j/e nas a nonpositive sectibnal curvabure

or,what iz the same when tne global synmetry group G is a [0~
compact one.luis is the cuse for tue winstein tueory of gravitati:

$x
N R T
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‘e r.h.s. ol (,,-' ejuuais zero waen J o = J " l.e.when Qx = ¢coast

}
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1n crder 1o succuesfully apply the global black hole boundary

conditions we need only the form of ‘r @ in terms ot physical

field wvuriablces (T{_,;Y,,J,,ii.) s i=1,2 .Since there exists a siaple
S T e A | .}

relation between (f’ -parametrization and tihe Srast one,we have
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