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Classification of two Involutions on Co act

isi 1 i ou s an oot st s
ommunica ed y indi in
1
Le eareduci e Liegrou ih oinoluion and (

id) Le and e u grou of uch ha

() and ()

Here () for an au omor hi m of and  deno e he
connec ed com onen of con aining heiden iy for a Lie grou nd e
ga e fundamen al heorem on he ruc ure of he dou le co e decom o i ion

n hi a er econider hecae ha i com ac eal oa ume ha
i connec ed and emi im le for he a e of im liciy
Le e an elemen of and an au omor hi m of Then he dou le
co e decom o i ion and () () are ideni ed y he ma
() ecau e

) () (0) ()

for and (4 emar 2)
y hi remar e can de ne an e ui alence of air of in olu ion on a
Lie alge ra a follo
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11 Le and e in olu ion on Then e rie

c ) )

if and only if here e i an au omor hi m and an inner au omor hi m  of

uch ha
and ha

The r aimof hi a eri ocla ify air of in olu ion on y hi
e ui alence rela ion reciereul are ri enin ecion 2 Ty ical re re en a
ie illalo e gien for cla ical cae areul ecan gi e he follo ing
in ere ing remar

12 (i) hen i ofece ional y e hen ecan a ere reena

ie () uch ha

(i) n heo her hand hen i cla ical here are hree y e ofe ui
alence cla e wuch ha e canno a e commuing air of in oluion a re
reenaie ( ( odd ) and in ecion2 eealo
emar lin 4 )

(iii) hen i no im le here are many e am le a in ecion 2 uch
ha ecanno a ecommu ing air ofin oluion a re reenai e

Le e he decom o iion of he Lie alge ra of
ino he 1and 1 eigen ace for and re eciely Le e ama imal
a elian u ace of and u e e ne u grou
()
() for all
of and u Then he follo ing heoremi ro0 edin 4

(Theorem 1 in 4) (i)
(i)

or a linear form ( ih alue in wure imaginary num er ) e
de ne he roo ace

( ) () forall

C ) o ) 0

Then e ha e he roo ace decom o 1 ion

ince e al o ha e he follo ing eigen ace decom o i ion

() C )

here  ( ) () e ro ed he follo ingin 4



(ro oiionlin 4)

Le ( ) e ano her air of in oluion on  uch ha and
ha ih omeau omor hi m and inner au omor him  of
(C ) «( ) y emniionl) ince i an inner au omor hi m of
ecan rie d( ) ih ome and y Theorem

i) f e u d() hen ehae
and dac ) d( )
here d() d() Hence ( )i u ()conugae o( ) Le
e an elemen of  ( ) Then e ha e
d() (11)
if e n he o her hand he ma
() )
gi e anaural i omor hi m of ono he grou for he air ( ) o
e ha e only ocom ue ( ) and for omere reenaie of he
e ui alencecla e of ()
The econd aimof hi a eri ocom ue dim ( )and ( hen
i im ly connec ed) forre reenaie ( ) gi enin ecion 2
n ec ion e ho ha he grou i de ermined y

C ) o ) 0

hen i im ly connec ed ( ro oiion 1)

n ecion4 egieli of dimenion of ( ) and he grou
hen i connec ed and im ly connec ed ( hen he dimen ion of
( ) are gi enin Ta le Vof )

ecion i ana endi for ecion and ecion4 o ro e he follo ing

(of ro oiion 2and ro oiion )

e
4
— C )
()
1 Le () There or e ne in olu ion
and of y
and
for re eci ely here and
0
0
Then ecan a eama imala elian u ace of of he form
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here

0
( )
0
e ne y
( )
Theni i ell no n ha dimenion of ( ) area follo
2
dim () ( ) 1
Here and
1 )
2 ( )
4 )
ince () e ha e 1 ince ( ) ( ) and
() | ) () ecaneailycom uedim ( ) a
follo
2
1 ( ) 1
1 0 ( ) 0
Le e an elemen of gien y
(5 B 0 0) (There are - and 0 )
u
0 0 0
0 0 0
¢ 0 0 0 )
0 0 0
Then ehae
d()
here
0
0
ince
1 )
L )
ecange y(11) heli of dim ( ) for he air () of in olu ion a

follo



1 0 0 ( )| ( )| 0
1 n hi e am le echooe o ha or uch
air of in olu ion dimen ion of ( ) ( 1) are com uedin Ta le
V n he ame ay e canre roduce all he da a on dim ( ) gi en in

from hereul in ecion4

The au hori gra eful o T hima ecau e hecla i caionfore ce ional
cae a o ained yhi ugge ion

2
Le eacom ac emiim leLie alge ra Le u () e hegrou
of au omor hi m of  Then n ()i he ugrou of coni ing of
inner au omor hi m of la i caionof conugacycla e ofin olu ion on

i ell no n incei corre ond o hecla i caionof ymme ric air ()
in ecionl e de ne ane ui alence of air of in olu ion on a follo

11 Le and ein oluion on  Then e rie
) C )
if and only if heree i a and uch ha
and ha
i a airofin oluion ( ) on eha eonly o udy hee ui alence
in he e
( ) for ome

ince e ery e ui alence cla in con ain an elemen of

( ) for ome
eha eonly o udy hee ui alence of elemen in f( ) ( ) hen
and
for ome and ri e iha Then
C ) )
Theree i  ana uralideni ca ion e een and y he ma

( )
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y hi ideni ca ion ( ) corre ond o Hence hee ui alence cla
in con aining 1 ideni ed ih he u e
of Le e he ro ecion

Then e ery e ui alence cla in corre ond o adou lecoe

() C)yC)

in () ih ome Hence e ha e only o con ider he dou le co e
decom o i ion
) ) )

u oe ha i im le Theni i ell no n ha

if () ) @) ) or
() if (8) (21)

oher ie

oreo er he grou ()1 com ued in 1 6 for e ery ymme ric air
() areul ehae ( ) () unle

() (@) (2) ih () () )

() (® 6 ) () ih 12 (() C) )
u oe ha i cla ical Theni i no n ha e eryin olu ion of
i con uga e o one of he follo ingin olu ion
y e ()
() N ()
2 ) N ()
() cC)y ) )
() () ()
2 ) ()
C )7 ) ) ()
() C )y )
Here
0 0 0 1
0 here 10

0

and he eld of wuar ernion i de ned a

here 1 and



21 ()
) )
()
T ()
() ()
) OO
() () »n )
cC)y ) (0)
() )
C) ()
B ()
) (O ) O
C ) ) ()
C) () )
o) 0,0
o) - (OO0
@) - &)
“) 5]
() ()
( 1o ¥ ( () (O O
0
0
(8) (
)
The a er ion i clear from he receding argumen e ce hen

(8 u oe ha (8) Then and are conugae o d( ) and
d( ) re eciely ih ome 12 4 f 4 or 4 hen ( )
or ( )ewual ( )and herefore ehae ( ) (d( ) d( )) (

y e) 0 e may a ume ha 12 oe ha ehaea e of
re reenaie () ( i an ouer au omor hi m of of order ) of he
dou le co e decom o i ion

) ) )
ince () and () () f 2 or 2 hen () or

()i ewuialen o y e or y e ecaue d( )and d( ) are
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con uga e y an ou er au omor hi m of of order f 1 or hen ()
i e ul alen o y eor y e [
e u oe ha i ece ional ince ( ) () foreery ()

e ha eonly ocon iderall hecom inaion of o conugacycla e ofin olu
ion nTaleVof (cf Taleau of 1) commuing air ofin olu ion are
cla. ied u ecan ee ha herea ear all hecom inaion ofin olu ion
in ha ale Thu ecan aerereenaie ( ) of air ofin oluion o
ha fore ce ionalcae ( ee he a lein ecion4d )

inally u oe ha i no im le and ha i irreduci le under he
ac ion of he air () hich mean ha herei no non ri ial ideal of

uch ha ri e

ih im le Lie alge ra 1 y he () irreduci ili y of
or e ual ih ome 1 changing he role of and if nece ary
and ran o ing ih if 2 emay a ume ha

f 2 hen or f hen e ha e

ih ome y he () irreduci ili yof Tran o ing ih if

e may a ume ha

e ea ing hi argumen e maya ume ha

if 21
and ha
if 2
u oe ha i e en Then mu e ual or f hen e
ha e clearly n heo her hand if i odd hen ehae and
Thu e ha eo ained he follo ingcla i ca ion of ( ) hen

i no im le

22



2 u oe ha ( Yi yel()
(i) Le e an inner au omor hi mof and u

( id id ) n ()
Then eha e
( ) ( ) )

o e may re lace u () yany elemen of n( ) ince( )
( ) y hede niion of e ui alence
(ii) The ace i ri ena
here ( ) Hence a ma imal a elian u ace of

i of he form

here i ama imala elian u alge ra of

(iii) Le e a connec ed Lie grou ih Liealge ra and  he direc
roduc of co ie of u oe ha lif o an au omor hi m of Then
and 1lif o au omor hi m of u oe ha and Le

( ) eanelemen of  Then ehae

( ) ) )

o~~~ o~

( )

Hence i i clear ha he dou le co e decom o i ion can e ideni ed
ih he e



of i ed con ugacy cla e in y he ma

( )

y Theorem 1 of 4 eha e

here e Hence e ha e

()

here e Le e a Lie grou uch ha ( ) and ha

() ( )

ih ome Then e ha e

()

(cf ha  Theorem) Thu e can ay ha Theorem 1 of 4 include
ha Theorem

2 u oe ha ( )i y e( )or( ) Then he ace
1 11 ena

here
( ) if i een
( ) if i odd
Hence a ma imal a elian u ace of i of he form

here i ama imala elian u ace of

Le e a connec ed Lie grou 1h Lie alge ra and he direc
roduc of co ie of u oe ha and lif oauomor him of
Then and lif o y he ame argumen a in emar 2 (iii) ehae

y he ma
if i een

if 1 odd



n hi ecion ea ume ha i im ly connec ed Theni i no n
ha
i connec ed
for any au omor hi m of (2 4 Theorem) in ec ion ealohae

e

here i hela icein generaed y he e

4
— ()
()
in 4 emar he grou i ideni ed ih he u grou of
() ( emidirec roduc of ( )and )gien y
( ) () d( ) and for ome () and
here () () () fora u grou of
Le e he grou of a ne ran formaion on de ned y
( ) d( ) and e for ome () and
here ( ) for Then i i clear ha

y he e onen ial ma

Le ( ) ( ) e an elemen of
c ) ) @ ) 0
Le e a non ero elemen of  ( ) uch ha ~ (Lemma
20of 4) and an elemen of uch ha () u e and
d( ) d() d() Then ehae

(")

Hence
e )
de ne he re ec ion d( ) for ome u and
Then
e ( ) e (() ) e
here 2 () i hecoroo of Hence ehae
( )
ince

( ) ()

for ( ) i he re ecion in ihre ec o he hy er lane



(i) Le i a elian e he e of regular
elemen in de nedin 4 Theni i clear ha

for any and Hence e ha e
for any () if e u
forall ()
on ider
e forall ()
Then e ha e
(1)
for any
Le e an elemen of and a connec ed com onen of Then
y( 1) i a connec ed com onen of Le deno e he u grou of
genera ed y
( ) )
ince ( )i here ecion ihre ec o hehy er lane ()

and ince

()

i1 clear ha hereei a uch ha



u ( ) Then e haeonly o ho ha id Le ea
011 ein eger uch ha id ince
( ) (d )
ih ome and ince 1 ounded ehae 0 and herefore id
Le e an elemen of and u
1
—( () ()
Then () and ecaue 1 cone u
Le () eanelemen of uch ha d() and ha

e Then ehae
Hence

y 2 4 Theorem i connec ed ince i regular e ha e

()
Hence e ha e ( ) and herefore
d( ) id
hich im lie 1 and id
The a er ion (ii) and (iii) are clear from (i) n
() dim ( )
ecan gi e a follo heli of ( ) dim ) and  for all
( )gienin ro oiion21
y e () :
dim
() ( )
(42)




2 ()2 1 |4 (1)
2 ) 2 () 1 44) (0
0 2 0
@) — ( 2 2 )|
- 2
2 ) - 2
4 4 1
4 ) 0 4 0
11
(8) (( 1(Or) )) (41) 10 4 )

Here heno aion anda um ion for and area in ecion2 u e

choo e an ou er au omor hi m of (8) oforder o ha d( ) d( )
and ha d( ) d( ) here (cf 106 1 ) The
roo y em for y el
if
41
oher ie 1
a rice for dim ( ) im ly he follo ingforeach y eof Here e rie
() dim ( ) and a ea andard or hogonal a i of
if i or y e
( noC 1 (21
or ( ) no2
( ) ) (2 )
(D
for all
(1
hor roo
Cn long roo
C ) ) -
(1 ) 2
ince i im ly connec ed e can com u e he grou y ro o1iion
1if e no ( ) (1) dim ( ) 0 e ha e
()
e ce for y e ) The grou (or )i a follo heni i no of

he form ih 2 or 4




The grou for y el gien y

Y
1
e J—
4
(42)
here i he cen er of () ( oe ha 2)
The grou for y e ( )i gien y
(4 )
here () () (i yve
and
- 2
© g
The grou for y e ( 0)i gien y
1
- 2 44
e (44
The grou for y e ( )i genera ed y
1
e - hor roo 4 )
6
( oe ha )
or each y e of ( ) ecom ue choo e a ma imal a elian
u ace of and hen e nd  and dim ( ) a follo
(The grou i de ermined y dim ( )a in ecion ince i1 im ly
connec ed ) f () hen e may con ider () ecaue hecen er ha
noe ec on he ro lem for Lie alge ra
1 (i) f( )i no of y e ( odd) or
hen ehaechoen and in ro oiionl o ha
Hence e hae ( ) id and herefore 1 for wuch cae 1 hough
dimen ion of ( )aregi enin Ta le Vof in heecae e illgi ean
e lici com u a ion for he a e of con enience
(ii) i remar ed in ecion 1 e can eaily ge all he da a on roo
mul i lici ie gi en in Ta le V of from our o 1li  for cla ical ca e and
e ce ional ca e
(iii) Ty e ( ) in corre ond o he cae hen and  are

con uga e



and y e or heecae dimenion of ( )
are already com uedin am le 1 e can com u e y ro oiion 1 if
eno e ha A
(0 4 0)

C )

here 4 i in he h com onen

and y e u
( ) ( n o y e
( 2) ( y )
e ha e () () and () ecaue i u ()
con uga e o
0 0
d 0 d 0
0 0 0
d 0 d 0 d 0
0 0
d 0 d 0
0 0
d 0 d 0
( oe ha i de ned yanau omor hi m of hich ma 0 ) ecan

a e of heform

( ) 0

Le e an elemen of de ned y

( )

Theni i clear ha

dim ) 2 dim ) 2 ( ) dim ( 2 ) 2 1
and ha () 0 foro her 0 n heo her hand ehae
dim ( 1) dim ( 1) | )and dim (2 1)

ince c )y ) )

and y e u



ir u oe ha i e en Then ( ) ( ) (

2 2) and ( ) ecau e i (2 )conugae o
ecan a eama imala elian u ace in of he form
0 ( )
( ) 0
( ) 0

(4 6) here

01 0

10 and )

0

for ma rice Le e an elemen of de ned y

( )

Ta ean a elian u ace

0 ( )
( ) 0
( ) 0
of  con aining here  ( ) ( ) ( ) e ne
y
( )
Then eha e
for 1 o ehae
dim ( ) dim ( ) dim ( )
dim ( ) dim ( )
4
dim ( ) dim ( ) dim ( )
2( )
dim ( 2) dim (2 ) dim (2 )
dim (- ( )
2( 1)
2
n he o her hand ehae
dim ( 1) 2 dim ( 1) | )and dim (2 1) 2

ince ( ) ( ) ( )



e u oe ha i odd Then e hae

2 2) (2)
ecaue () () ( ) ( ) and
0 0
( )
0 0
here 2 oreo er e ha e

and

ince and ince (2 ) ((1 ) (1
e can choo e of he ame forma (46) o ecancom ue dim

dim ( 1) for all y hereul hen i een ecially

dm () 2(@ 2
dim  ( ) 22 4) 22 2 2

and dim () dim ( )if Hence ehae
2 if
dim ( ) 1 .
0 oherie
y e ince () and ince i (2 )conugae o
0
0
eha e () () n heoherhand ehae

() ecan aeama imala elian u ace
of he form

( ) )

Le e an elemen of de ned y

( )

Ta ean a elian u ace

( ) )

of con aining and de ne y



Then e ha e

for 1 o ehae
dim ( ) dim ) dim )
dim ( ) dim )
4
and () 0 for o her 0 n he o her hand e hae
dim 1) 2 ince () ) C ) ()
y e ehae (4 2) (2)and (2 1)
(1) ecan aeama imala elian u ace in con i ing of he
elemen
0 ( ) 0
( ) ( ) 0 0
0 0 0
here Le e an elemen of de ned vy
( )
ince he ymme ric air ( ) i y e ehaedim ( 1)
dim ( 1) 4anddim ( 2 1) 1 ealohaeeaily ha
4 if
dim  ( 1) B
0O oher ie
( emay aeana elian u ace of a in and y e)
y e emar ha if and only if ih ome
n () conugae and of and re eciely
ir e con ider he ca e 1 and ho ha u
d( ) and d( ) Then eha eonly o ho ha
y he a o e remar e ha e
and herefore i y e ince and genera e a u grou of
u ( ) i omor hic o ii no n ha
Hence eha e and herefore
0
hich im lie
e e conider hecae () ( 1) and ho ha u

d( ) Then ehaeonly o ho ha
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a in heca e of 1 ince e ha e
ac ) daC ) d( ) dC )
and () ecaue d( ) d( ) Hence
and herefore
0
inally con ider he ca e e ha e
¢ ) d( )
dc ) dC ) dC ) d( )
¢ ) d( )
ince d( ) d( ) Hence i y e and
(2) (2) ince ( )i anonri ial ymme ric air o e can choo e
a o dimen ional ma imal a elian u ace of i clear ha
dimen ion of  ( ) are a in heli
hen i e ce ional ecangiea follo heli of dim ( ) and
forre reenaie of all he ri le ( ) uch ha and  are no
conuga e e may a ume ha and ha ( ) are a follo

(cf Ta le Vin

)

(

imen ion of

) are gi en in Ta le V in

can ea ily com ue hem y he ame argumen

a in he cla ical cae )

(e

y

ro oiion 1 he grou i de ermined y
ye dim  ( )
(4) 11
6 (2 () @ 10
VoV (8) 2 1
2 @ © 20 | W)
v (16) (2) 41
(2) (12) (4 40
vV Vv (8) (12)  (2) 40 1
6 (2 100 | @9
6 (2 (10) 441
(10) () 2 4 0
(44)
vV oV | 12 (2 6 8 1
(10) 2 80
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(4) (4) 4 0
(10) (2) (2) 4 1
v (4) © (2 4
) 4
vi o6 © (4) 8
) @ 8
Vv (10) 8
() 8 1
O o 0 O 4
() () @ 4 4
Here he ma rice for dim ( ) are he ame a in hecla ical ca e if
i or ye f i y e or y ¢ hen hemari im lie
dim ( 1)  dim ( 1)
dim ( 1) dim ( 1)
for hor roo and long roo f i y e hen i genera ed y
1
e - hor roo 4 )
4
( oe ha )
Ty e Le ( ) ea in ro oiion 22 () and a e a ma imal a elian
u ace of a in emar 2 (ii) Then he ace ( ) con i
of he elemen
( )
ih () yand () ( ) Hee 2 ()
() for and () ( ) () ) for
C ) (1)
Le and ea in emar 2 (iii) Le ( ) eanelemen
of ri e ( ) and ( ) here
ince ecan rie
( ) ( )
ih ome Hence e hae
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y he de niion of and Thu e can iden ify he grou i h he grou

(dt) ) () ()

y he ma

(oe ha iidenied ih y )
e ne u grou

() () for all
of and u Then y he ame argumen a in 4 emar e
can iden ify i h he grou
(d() ) () ()
om aring  and e can ee ha he ma induce a
1ec ion
ummari ing he a o e argumen e ha e he follo ing na ural commu

ing diagram of i ec ion

i ed con

Here he erical arro are gi en y he inclu ion and he hori on al one are
gi en y hema

( )

oe ha here ricionof hi ma o i

f i an inner au omor hi m hen e may a ume ha id vy
emar 2 (i) f i im lyconneced heni i no n ha ()
Hence

()

fcour e hi follo alofrom ro oiion 1
n he o her hand if i an ou er au omor hi m hen e may a ume
ha ( )i oneof hefollo ing e ye y emar 2 (i)and (21)



() ) |dim( ) ( )| (or ) hem 2
e) | () e (44)
@ | 1 ()
@) | e 1 C 1 (42)
- “)
®) o ()
Here he ma rice for dim( ) ( )area in he im lecae f 2
hen ecan ee ha e ery () (1) ( ) 0 i eual
oone of hecla icalcae o he grou i he ame y ro oiion 1

Ty e( )and () Le ( ) ea in roo0iion22( )and( ) Taea
ma imal a elian u ace of a in emar 24 f 2 1 een
hen he ace ( ) coni of he elemen

ih () ( ) Here () ( )for and () ( )
( () ) for () (1)  imilarly if 2 1

i odd hen he ace ( )coni of he elemen

( )
ih () ( )

Le and ea in emar 24 Le e he grou for
( ) Then ya imilarargumen a in y e cae ehae hefollo ing
na ural commu ing diagram of i ec ion

Here he erical arro are gi en y he inclu ion and he hori on al one are
gi en y hema

if 1 een
if 1 odd

oe ha here ricionof hi ma o i
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Le e an au omor hi m of Ta e a ma imal a elian u alge ra of
and le  deno e he cen rali er of in  Then he follo ing lemma eem o
e no n or he a eofcom le ene e illgi ea roof y he ameargumen

a in he roofof 2 4 Theorem

1
Le e hecenerof and he emiim le ar of Then
u oe ha 0 Then e ill ge a con radic ion
ince i ale i alo ale y ha ecion 2 e hae
0 and herefore con ain a non ri ial a elian u alge ra Thu e
ge an a elian u alge ra of u hi conradic o hea um ion
ha i ma imal a elian in |
Le ( or ) denoe hela ice in generaed y he e
4
— () (D
()
Le e he connec ed im ly connec ed Lie grou i h Lie alge ra  Then i
i no n ha
e
o he follo ing ro oiionim lie ha
e
2
ince i emiim le 1 ri ena adirec um
of im le Lie alge ra on idering each irreduci le com onen of he
ac ion on e may a ume ha and ha
( ) () )
ih omeau omor hi m  of Le ( ) e an elemen of

Then e ha e

(C) ) )

and herefore () Hence eha e ho n ha



Thu he ace 1 of he form

( )

here i ama imal a elian u alge ra of o e ha eonly ocon ider he
cae ha i im lein he follo ing
Le () () e he grou of a ne ran forma ion on he
ace or genera ed yre ecion
2

() ()

ihre ec o hehy er lane () 2 for () and
ecande ne he e ( )of eylcham er in con i ing of connec ed
com onen of he e

() 2 forall () and

Theni i no n ha ()ac imly raniielyon () oe ha eery
()can e ri ena

ihauni ue () ecau e herei no roo () uch ha 0y
Lemma 1
u () () () Then e ha eonly o ho ha

() () (2
ecau e he u grou coni ingof arallel ran laion in () and () are
( ) and

re eci ely
e il roe( 2) ya lying he ell no n argumen due o aae

(6 endi ) f hen hea erioni clear o e may a ume ha

i an ou er au omor hi m of ir e ill ho ha () () e
ha e only o ho ha () fore ery () and ycae ycae
chec ing Le earoo in () uch ha oe ha ( () O
if () ecau e () () yLemma 1 Le e helea oiie

in eger uch ha

n ()

Then 2or ince i im le (cf (21)) end 0 ama imal a elian
u alge ra  of Then i ma imal a elian in ince i1 an inner
au omor hi m Hence Thu ehae roed ha
id
ir u oe ha 2 Then eha e 1 2or2
f 1 hen ()

2 hen () ince ( () O
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f 2 hen () () and herefore
()
e con ider he cae ha f () hen
() n he o her hand if () hen () 2 2 or ince
( () o
f () hen () ince id ehae ()
a con radic ion
f () 2 hen e ha e
2

Hence eha e

hich im lie (1 ) () () 0 a con radic ion
o ehae () () () () 2 Theni i clear
ha
()
onerely e ill ho ha () () Le e an elemen of
() () () and an elemen of () (
()) Then () and hereei a () uch ha
ince () () e can choo e () uch ha
Then e hae and herefore Thi
im lie Hence

() u

Le and ea in ecionl Le eama imal a elian u alge ra
of con aining  Then i alode ned y ( 1) for

in he roofof ro oiion 2 e can al ode ne

() )

and ( )in he ame ay oe ha fore ery () ecan rie
ih ome ()
u () () () Then e ha eonly o ho ha

() ()

a in he roofof ro oiion 2
The follo ing lemma 1ill e ro ed la er



() () )

0
Le () and le earoo in () uch ha Then y
Lemma 4 ehae 1 2or2 Hence ecan roe () ()
y he ame argumen a in he roof of ( 2)
e e il ho ha () () Le e an elemen of ()
() () Le e an elemen of () and an elemen of
() uch ha -
Then ehae ~ and hereei a () uch ha
ince () () ecanchooe () wuch ha Le
e an elemen of Then eha e
()
ince i acomlee e ofre reenaie of ()ori on Hence ehae

id and herefore

() m

Le earoo in () uch ha () and
anon ero elemen of ( ) uch ha

ih ome (1) u oe ha ( () 0 Then
i anon eroelemen of ( ) here () 0 ehae
and

Hence eha e

() )

n he o her hand e ha e 0 ince 0 Thu e haea
con radic ion o hea um ion ha i ma imal a elian in ]
a corollary of ro oiion 2and ro oiion e ha e
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