a. Eimodules wlibh inwolabion

The notion of bhimcdule-with-involation, or *-bimoccdule,
is impartant in applications to Jorvdan algebras, since Jordan
mabzlix algebras coordinatized by alternative alygabras heve
Jordan bimedules covrdinatized by alternatlive *-bimodules.

The regular end Cavlev-DCickson bilimodulses [or & composibion

algabra carry natural iavalutione induced from the enveloping

Cavley-Dickson vrocess algabra. In sharachteriskic #F 2 a
genaval *-himodule for a composilion alygehbra 15 a direct sun

of *-simple imsges of these himodualse with the standard
involution or its negabliwve. This *-zemisimplicity faila in
cnaractaristiac 2; instead, in this case #*-himodules are buil:

images ol regular vr Cayley-Dickson exchange bhimodules.

s bimedole with Inveletion ar #- bimedule for a r-zlgenra
# 1z a kimnodule M toge bher with an sndoncrphism J on M oI

meriod 2 such khat
g B m F a* @ J(m)

di

Fh

ines an inwvalublizsn on the split null extensicon B = & 8 M,
turning iw into a *-slgebra. When the pearticular map J is nzl

important we will dznote 1t and the extenszion to bhe =2plit null

sxtenzsion hoth By our generic symbkel * for an involutlion and write

" f:
{atm) = a* + m%,



Because (xy)l* = y*x* alrzady holds for 2, vy £ A (as A is
2 i
a *~aladabra) or for x,v & M (as M = 0}, the condition that

—

J indugce an involutior on B oamounts o (am)* = m*a¥* and [(ma)*

a*m*, ar
Jiam) = Jixia*, Jina) = a*Jiw), J = -T,.

This makss it clcar that Lhse negalbive of an inwvoluticon on M
is again an invaluzian. adlee, the regular binodule M = A
witit Lhie mabturel inwvolution beoomes a *-bhlimodule.

We have anvious notions of #-sub=himadyle. ¥-3imple
(k-irreducible ), E-semisimple f_#-canpiﬁ-c.ly reducible |,
#-hnmoﬁwwpmsm ctc. Ong: convenicont fact about *-hoazomorphistg:

F
LE H—p K is left A-linear (Fi{am) = aF{m)) and wreserves Ilnvolublan

(Elm*) = Fim ™, it is negsssarily right 2-lincaxyr: Fima)
= Tlflarm*) %) = Fla*m*|*% = (a*F(m*))1* = Fim*)*a = F(m)a.

For oo conposiblon aloesbra A& we Lhus okblialn ths

r*Eﬁuiam *-bimedules

T,

g {(R] anda Teg_[ﬁ}

okbktained from the regular himodule M = A by tTakinyg the usual

invalution or its negative., Ths Cn.gl'&hl-ﬂt'c.kian w—b;meodules

cay () and cay (4]

-

are obtainad Fram the Cayvlay-Dickson nimodule M = AF by raking
Lhe usual dnwvoelulion {oamely -1} or 1Ls negative (namely +I),
induced from the inwveliution an C(R) = 2 & R

A an 2xXanples, we conslider bthe possible dovolullisos on the

regular and Cayley-Rickson bimodul=ss for the oomposition algshras.



W*

wlerse

scructure

g5 linear space i1s just a cepy of M, wizh

A-bimodule

alm T a *) = am @ {na*=)*
fm & n*¥la = ma o [a*n)®
and Exuhmnﬁe nvelution
{rm & n*}l* = 2 @ m»r.
Thiz 15 indeed an inwvalution of the madule structurs since itk
ig cleazly of pericd ¥ and “alm® n*)t* = {am & (na®)*}*
= na* @& {(am)* = (n & m¥lar = {m @ n*) 5%, To see 2x{M) is
indeed an aloiernative A-Dimodule, noblee that MO asx(M) cazries
ite giwven himodule ctructure while the bircpresentation on M*
| e Tyny Fow = * o= P " - = t - i
is giwven by LH r v Th La* in tarms o £ v oon M.
i ; i S E .
Bow wo know we can give M Lhe strucbors 20 an A —bimodnle
o
O p R ; i . ) ] 3 i .
¥ hy.pj = v , v_ =i (the =s0lir null extension is then Just
(5 8 L =8
i vl o . o .. . . . . . .
AT 3 M B2 TAH M) P, wilich i alternatlive 1L A& @& M L=). Cunoos g
. e . on ; : £
this with the isaomnarphism M -+ A Ev¥ & * a®, weo got & bircprosconta-
; O ou .
Tion £¥: g + a* = f E = 1" and 1r*: & <+~ ar¥ Yoo = & . TAUs
a* ok a® a’
as bimodale ex (M Ls Juslt the dicest sum ol Lhe bwo bimoedules M

ana M*

Moo

The

universal

Lael Lhis cvonstruction 1s adaél blwve

=L O

exi(d M.) = &,
1 1 1

=]

ase fulness of Lhe sxchange bimoduls resides Lo

property.

iLs



Proposition. If A i5 an ordinary composition algesbra of
aimengion Ly 4, G over a Lleld ¥ then the only involutions on
rey (&) are + th2 standard invelution; 412 & has dimsnsion 2
Ehe involutions are of the forn Ji{z) = :da* wherse nle ) = 1,
and in this cases A is *-isomorphic to reg (2). If & = fs.

F Ae_, 1s split of dimension 2 there are no involutions on the
madule Ae .

IZ A s a divieion algebra ol Giwsnsion 1, 2, 4 +hen the

]
b

shly involutions on cayl{i) are + Fkhe s+tandard inwvalruti

{i.z2. F I); *F A = =0 + g & is sulitc of dimensian 2 ar 4, the
only invelullion on cay {2 3) are — the roctriclbions of the

standard invalutionsg (if.e. + I79.

Brog £, Aogording to the Oritevien 4.14.4in the recular

£

bimocule veg(a) of dimensicn 1, 4, 8 tha ocnly comru-ers are the
Ll [

clements of $#1, sc an involubion J must hawve J(1) = al: sincs

T(1) = 1 we gce 0" = L, su o = +1 and by (B.1) T(2) = J{a*1l)
= Jllia* = +a*, Thus 7 i8 + the standard involulion. in
dimetsion 2, 1f JI{L) = ¢ then Jla) = Jia*l) = J{lla® = =a?*

and 1 = JF{J({1)) = JTl=ce* = nlec). The map « + c*a 1= &

I_|_J

r=iscmoezrphism AJ oA e it i a linsar bhijection with Fla+l)

i
= n¥a = ac*h = a¥®(b) and Fi{bh'a) = v*ba = Fi{bla and F{JI({a))
= Fleoa®] = g¥*oa® = at. In thne =22lit casz, gince J{e.) = Jie g
i B

== e pee = @i e e Em.e. = 0, thara ars no involuktinns oo De. -

i i a J 1 j |

ey (A = Af is not an alternative kimodule 17 A has diman-
sian EB. Let A e & division dalygeabra of dimesnsion 1, 2, ar 4.

LL J48 = of tnen J(af) = Jtflae = {(ofla = [cald, where



s
wt

f=ad(d) = Jlelf) =¢™d, Bul ¢ = 1 in a division algebra impliss ¢ = L]

(as (e=1) (e41) = 0), =0 Jial} = tal. In this case the only invclulions are

J = LI. If A is splitc of dimension Z or 4, A = A @ & A, |fen cay A 1s oot
b 1 2

; 5 2 N
ladll For o = 1o Thiwesrer;

irredociblo and has lots of dnvoluticns Jiac)

cay Lo l) 2s tevoduesnlo. T J g an bobdlubig 40 ()L Tt (o, 0

ol Tor =sores o = ch.i o eiﬂ: and Jfle.ald) = d {n{ci.lf}'} = J {eilr"l aFr = (ol )aw
1

I

{calf. In particular of = 4 [ei.r"] = Ji [eir-i}.{’] = fee i, 50 o= ap, and

o= e o belongs to the Peiroe spaoe sfe. = de.: o = ya, . From
s A R A= i 1 |

J(J{e. b)) = -:i.F. wWe Soe o = I 1; %= Ll, o= Fe:a  Thusd{ {-;—.*.ia}.ﬂjl

- *+{o.all, and 4 is ~1. B

Strange things happen with invelutions in characteristic 2 (zines +

zad — ars the sanre) . soowe Tiesk congsider e characioriscic #7 4 case,

*—pimodule Theorem. (First Version] Lvery *-bimxlale for an oxdinary
composition alosebrs L swer a Mield ¢ of characteristic # 2 i *-ssmisimple
foompletsly f—realunible), with *-simole (Felrreducinle) sub-oimslulas
isomorchic to the *—sub-bimodules of the regular and Cayley-Dickson *-bhimodules.

We thus oblLain Lhe following list of *-simple bimodules:

H

= q]l: relj.l.. :E--I . r'f“‘f_!_':ﬂ:}
Tia, = ﬂ:{'lz,a,-l} diwision algebra: red, [l:]: Yo cay, Ch, cay W)

Tih.

= @Civ,1) split: rvog (C), cay (b= ), cay_ (e, cay

1 = ke

m:p,-,llu ) diviaion algebras veg WC),; reg (L) way, (L) cay (@)

(e,
1 r’-_,.:.r ’:a__[{

IIIa,.

T

Ti#,1,1) split: red, i), e ( ﬂ:} . ca}=+f i:—'el({:} £}, cay [ (o](_[ L)

A A 6P A B
]

il

ERTE ﬂ:l:f]Z-I-JJ_,]JE,HH:J 2 r[:'.L_:{+{£: 2 r.'Eg_{Q:] 2



Proof., Once more Lhe essential parl of Lhe proof is that every
*-pimcdule is a =um of images of regular and Cayley-Dickson *-himxdules.

To £i11 M up wikth regular or Cayley-Dickson *-bincdules we naed only Fill

LU WLEY COTmTT IO ane G Qoomaror. o Epmeare, - In androcorcs

7 4 1t 15 casy o till M up wilh such elements: every cormuber ¢r *-cormater
iz the sum m = m, +m of its symetric and skow paris, which are agairn
conmuakbEss o 1I.'—(_3’_'-1[1?1'_11:'—_"J‘_"‘.:'-.

I orore detail, in charactesi=stic £ 2 overy element n iz the =on of

il =

its symelric and skew parls m,o= m+ m®) ar o = %‘ im—m~). Since
o+ x®* is an anti-avntomorphism on E = A & M, 1f m is a conmaksr or ¥—conmmator
Sois its bmmge % oam®* = (ma*)* = (@*ml* = ota or an* = (ma*l* = (an) ¥ = nFa*,
Therefore e avarages m, arl m arce also conmilers or *-commulbars, and
every comuter (resp. f—coomuter) iz a sum of a svmmetric and & skew
commuter (rosp. *—conmuber) . Since the cordinary commubcors oand =commators
generats My the Bimodule Theorsm 7.0, so do the symmetric and skew onos.

A synmeiric (resp. skew) comuler m ogeneraies a —himxlulse ‘m} which
iz an image of reg (A} (resp. reg (A)) since the module homomorphism
a +am of 7.1 is anbomatically a *—nomomorphism: a* + a*m = + a*m* = (ma)*
= {ami® [resp. a* » —{am}*), Similarly a skow (resp, svimekric | *—commber
generales a *bimwiole {m)} wiich is an image of vy (a) {resp. cayia))
gince al + am a3 in /.4 is a *_nomomorphism @ (A€)Y = -al » - am = - mat

= a¥a* = lamd¥ {resp. (280% + — lamd*h.



Thuze M i=s generated by dimagses ol Lauliaj and uav}{ﬂ}. T S

ragular bimodules are f=somisimple wilh *=zimple :'il.l.ll'.['.l.;ﬂf.:..‘:i lven
Lv tha above ligt. The diffcrence hbetween the present list

and Lhat in the Bimoduls Theorem is dus to the facsts (I again
we aon't nesd the CTayley-Dichson Lhimodulss in dimension | since

u¢yiiéj = rﬁg:(@j as *—hinpadules, (II) we don't nmeed Lotk

regular inwvslutions in dimensian 2 sinze vag (L) = veg (L)
¢ + -

; \ ) 2 . -

urder ths map 2 + ia faor q:: 1 o+ Fi 04 B Ly W st omgm

Fla*+) = ig% = -—i#g* = —(ig)* = Fla)*-, and moreover reg (L)

18 simple 22 3 *-pimoduls svopn in Lhe splil cace as ll:'rzlf Fe

“=

alone don't form *-bimodulas by 8.2:; (IT1) again we don't

need both pisces of Lthe Cavley-Dickson bimodules n split
dimension £, =since SAY (fﬂﬁmrifj - cay C{31E:J£) a3

Fmmrmodules, ﬂ
We noew czvelop an alternate appreoach which works in all
characteristics: instead of bLrecking things into symmetvic

d4nd shew placaes Teg*{A} and :3v+iﬁ}, wie kecp thse Lbwo glued

togethery, filling a bimodule M up with homomorphic images of
twa bimodules redgl(anl) and cawl{d) with exchange Zavolubiocn.

Supposes M o1ls any Dimodule [(notb necessari ly with inwvelution)

tor a *-algebys A. ThHen weoe can imbad M in the F'_xr_l-.g,mig G- bhimeedole

ex(My = M & M*



d.d
g.5
B.6

(Uniwversal Property of Exchange Bimodule) Any A-bimadule

E
homomorphism M 5 N of a bhimodule M into a *-bimodule K extends

o

uniguely te a *-homomornhicsm ex(M) = W,

| e |
w N

ax M)
Proaol. Ll we defzne Flm & n*] = T{m! + Flal* w2 have a
*—howmomoerphism because Filialm &8 %)) = Fliam & {(na*)*) = Fl{am)
- -
< Flua*]!* = abtin) + arfin]l* = arim @ n*} and F{im & n*)*}
~ . -
= |iin & w*] = Fin} + Fim)l* = 1F{n)* + Fi{wm)r*% = E{lm & n*) .

Tty extension is unigue Airnce it 12 utnigue ly deternined on
the t=-gorncrating sel Mool exinl. [

Luampls. 1L l]:= 'Elf-ai M Ye, is split of aimension 2 then

- a .
l.':.'xf-’lr.:tl} = EA{LPE_/__J = re;]lt{f,l

sines the imbedding %e, » reg () extends Lo « *-imbedding

gxll=,} =+ rﬂ:_a_ﬁ: which ieg eazily scen to be an Zsomorphism. n

.i
- MSS i, R = k] _ e P 1
Dxampla. Just A5 we can representc l:ayt{ﬁ.l : C]:-., as L with
wppralions £ = KR, ¥. = R , thne ftormulias af{nd & (ot +}
a a & &%

albll % {icfra*l* = (ba)d % {(eca)btx, {bd & (cf)x)a

= (kLla & {a*(cll}l* = (ba*} & & {{(za*)£}* show we can veprasent
eH[C-ﬁ:‘ 3= {I:"Fﬁ: with aclion &{l & ¢*) = ba & (ca)®, (B® c*)a
= ka* @ (ca*)*®, i.e. £ =3 &R , r = FE # B, . Thus

£l a El a a® o*

Eﬁl:ﬁﬁ}":{]::l] = cay () & c;ayiq::l as bimodule. !



Thus wa have A universal

cut of ordi

an involution, i1.e. an endomovrphism J of

Jiam! = J{m)a* and J{ma) = a*T(m}?

[with K = M

Fe—pimodule.,

involutions

nary bimodulas.

F o= T)] &x[M maist

g

ITn obkhay worde,

Joon M.

ex M)

contalin

By thsa

conbains

Teriod

unlwarsal orone

a copy

(=4

atf

M T A

possible



Tndasd, we can explicitly exhibil Lhe copy of H_ iasids

QUM 10 oongacee of Al

toim) = m@E S{m)¥*
5 )

of elements m & M. Thse map m + - (m) is & *-isowmorphi=m of

Md anto t (M ¢ exi{M): eslearlw it is a linear kijecvtion, and
[

it is a howomotrohism of *-himodules =inee itL 13 leftbt A=lincar
Tiam] = am @ Jdian)* = am & 1Jimla*l* = a{m & Jim)*} = aTFim} and
preserves dnvolaticns E{(I{m)) — Jim) & gl {mi)* = Jém) & m™*

= {me Tim)*l= = Fim) * by definiticn of operalions in exiH).
Thus 1L M Ls a *-blmoduls LL is #F=-izmbedded in ex({M]. What
Aoges the renmzining nard of ax%(M) Inok like? Wa vlaim il louoks

like ™M, but relallive Lo Lhe inveoelution -J:

ufo)!tJ{M] T

|

indzead, by the Universal Property 8.4 the issmorphism E-=% I

=
™ - : ;
induces an epimoryophism ex(M)=# M _ by Fim® n=}) = Fimwl + (=J)(Fin))
= mnm - J{n), with kernel {m % n* m = Jin)l = {n & n*/T{m} = n}
= {m s JTim)*} = =_t1m). Thus T indunes *-lscmurphilsm exfﬂilefM}

=3 M -
=
In characteristic # 2 the exchange bimeocdule decompuosss ol thac

dirsct sum

CHL ) ex(M) = t_{¥) & ¢ {ry = M8 M teliaracteristic #
T =T J -y

of one copy ol M upnder Lbs yglwven Lavolution, and onc capy wibkn

the negative of this involution. fine way to see it splics 15 to



A=T12

J in %

observe that the bimodule isamorphism M = M + ex{(M] + ex(H]
F
] = '|'{ = 1 H TEmy 1 ands L * - = e toa ey =+ F""C{H]
fi.e. Mn) = 08 J{m)*} eaxlands to a automorpnism ed| M 23 ,
el

of period 2 (i.e. EF{m & n*) = J(n) & J(m}¥*) by universality,

50 ex(M) 15 the direct sum of the -1 sigenspaces of F, namcly

the *-submodules [lm & o*|din) & J(w® = +om & n*: = {m @ n*|J{m
= Ln} = {a@ 3 Jlmi*) = {th{n]} = tIJIH].
In zhAaracteristic 2, + 1 codiacidses with - 1 so tT{H}

t_]EM] arnd ex[(M) coss not break up into EBhelr direcol suan.

ALL we coen sav Ls

¥ o B gy .
tJ[Hh ﬂd cxa..;tJEHf

Hext we ianvestigate to what sxtent ex(M] presarvas

irreducinility.

Froposition. Tet M he an irveducibklse A-bimcdule. Then €ie only

proper *-submedulzss and proper *—homonsrphic Lmages of cxlM] are

the submodules tJiHJ = M_ for all possible inwveoluticns J on

'S

M {if any) .

Praoct. Wa begin by recalling the basioe fdet [from lineax

ta

algebra Lhat the only proner submodules of Ly ® M., when the M,

dre frreduoilbile are

H M E (M. = m & Flm, }
lJ’ )l’ F\ -_i {1 " I }
F [ = ]
for all possible iscomorphisms Hl * M- In our vase, by definiticn
b "
of Lhe bpimeodule struckbure on M* an iscmorphism M + M* i3
T
i
determined by a map M - M which satisfies J{am) = Jimla*, JTima)

= a*JI{m}. IE we 4desnand proper *=-sub-bimodulces, M and X% are




FProof. From the ardinary Bimodule Theorem 7.0 we
know M is a (direct) sum of homomorphic images Ms zf regular
or Cavyley-Dickson bimodules {I'I or (I',.E. By the Universsl
Property d.4 of the sxchance bimodule, the homowmorzohisns

in
{1-.:-5 + M * M extend to *_homomorphisms ax{ £ s) + M. Thus M is
=

a sum ar *-nowomorphic imaces of ex{{) and ex{ (L L.

1L remalins to List Lhe dlwages. The rogular bimadale s
simpls when ﬂ:. ig simpls, i.e. inm a2ll cases but IIk; when € 1ls
simple we know by 5.8 bEhe only nongesro images of ex{ L) are e i(l )
and r:_--':r._{(]:,] freoall by 2.2 the only inve laBEiaons on (I are +
the Eta;dard involution in dimensions 1, 4, 8, and in dimension 2
arg all eguivalent to Lhe standard invelutrion! . Tn TTo w= hava
L = 'bEl Eﬂ@eg and ex{L) = e:-:{"{)%]_'l @ Ex{@eg] for Ex{@:—:__}
> re-;_;__((]:J by Exanple 2.3, which by 8.8 2rc simple since thaye

aFe nNg involuticne J on fI:ci gaccording to B.2. Baecall for I that

reg_ (L)

= ey _(m] in dimensiconr 2 {this being trivial in characTterTistic

e

ca'f+{{]_-_} in dimension 1,focr II that 1':r_r+{{£‘.l

21, and for ITT Lthat {elﬂ:} £ X {ezi}f. in dimensiocn 4. This
classifi=ss the regular Lmaygss.

Tuzrning to the Cavley-Dickson imager; wa kEnow oay (E, = ':J:E L3
simple whan ﬂ:_ has no right ideals, L.e. I, IIa, IIIa. When EIJ'

is simwle, Ly B.8 Lhe only nonsere * imagss arve ax({ ) ane

anly ‘nvoluticnsg on (I:.E aie ¥ Elye

i

(e, = cay (L) (py B2y th
standard inwvuelulion in Lhess cases). In the #plit cases TTh and I11lb

?

we have TP - {uz]{r].l';' & (= L HE for {ﬂlﬂ'__:r‘, = (e (L& simple,

so exiC£) = ex(ie. T8 ® ex{{e?{I:]f.]. The * inages of axi L £)

are thus sums of *-images of r:-xtte?ﬂ:}.i’}, which by 8.8 and 8.2

4

Are AgAln BLILIeT E::-:{::-!!ﬂ: TEY or le C[:]E_I_ = ey {l,-_lt.'f.: y E



.3

ruled out, and t_{(M}) 15 a *=—himadule enly for those T oI
period 2: tT{m]* = Jim}) @& m* & £ _(M) implies J{(J(m]) = m.
[® ol

Thus Lhe only proper *-submodules are tha —_J{H:I fior tha
involultions J on M.

fince & propey *~homomorphic image of exiM) 15 isomorphic ta
awi(l) /K for soms propetr *—-submaduale #, for K = tJI,"-‘} , wWe get
t _{#®}, whers -J ranges owvar all possible invelutions as J
does. B

For all charackterlistics, we ocasn st leaast CL11 wo o glwen

femhimocule M

exi@T) = de T*, =2x(@TH

*—Bimodule Theorem (2nd Varsion)

oy a composition algebza

@

AVery

T with fgages of
£ @ (@ 2+,
*—himodule toxr an

orfdionary coumposition alyebras '[E.c-ve: a fiwla € 15 o sum of

*=homomnorphic images of the

ard eax| € £

exl @),
Ciaon
Cigon

Eimodules ex{ﬂ:h

Bl : rag

i@

diviesicn:

& 6
| il

e R

and

lis

ex({
Hx{{[&.'}

exite. Li1d), extie,Cri,

ITTa. {4 =

diwision:

CE{ i, b Lip_}

=

ex i {

E}‘:'['d:] r

IIIk { tjf_fil:,ul.pz.‘s split:
ﬂa}'*'ie.ﬂ:}.
i R (ffu,ul.Lz,uj):
Tha nx{[] and ex{{ £) are never ¥

Fogamisimples only i characteristic

= .
= &

-

Cayley-Dickson cxchange

t of images 1is

I, r.—:-g+{{EJ,- exil ), m*.-‘_li'TJ

Y

= E."{.[iI:HEJ

cay+I91EEI, cay+{eqﬂzl

:ug+{CE]:

(L) rﬁg_'_[{_ri; sxl{ L), cay I

Vo xreag, () cxttzlﬂllf}.

-gimple and Aara
Ll



Bk

o
|

VIT.8 Dxerciscs

Verily directly that T is an involucion on cay({_); whenever LT is an
¥ i

i

involution on M, show ex(¥) = b 8 ¥ as ordinary bimocule.
s
Tel L{m) = m + m in any F=bimcdunle. T7 m iz a4 S—comnoler, show tilml})
Lo oa -subpodule, while 10 w Ls g cowmaler and A L5 g compesilicn algelza

with nontrivial invelution then t({ml]) gencraces |m,mhi.

Verify divectly that 42 m is a commuter then o & 0% * am 1 o#m¥ is a

“—homomarphiem ey + {m,w%}, and i7 m is a ®*-cowmiler Chen a 8 b% = an +

is a *-homowsrpeiilsn ux((ﬁfj o, m# ],

In Proposition 8.2 construct infinitely many involutrions on the 2-dimensional

modv e ver (T ) when @ = ﬁ{. Similarly conslrucel infinitely many involutions

o cay{&l} when i split of dimsnsion 2 or A,

Varify Flma) = Fim)=s directly in 8.4% in ﬂm(MJHLJ{H} =H ]5iu L (M) = HI

rove that the exchanpe himodules ex(@) and ex(CF) are delinitely not

Fegemisimple in charscieriscle 2.

Prove thal Lhe images 1isted In 8.8 are non-isoncrphic; rvegpeac for thosc in

3.9 {where of coursce reg, = Teg , eay . = cay in characterisric 2).



