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ABSTRACT ALGEBRA

UNIT 1

(Sroups: Definitions and Examples of Groups — Elementary Properties of Groups.

Finite Groups, Subgroups: Terminology and Notation — Subgroup Tests — Examples of
Subgroups. Cyelic Groups: Properties of Cyclic Groups — Classification of Subgroups of
Cyclic Groups. L

Part 2: Sections 2, 3, 4.

UNIT 2:

Permutation Groups: Definition and Notation — Cycle Notation.

[somorphisms: Definition and Examples — Cayley’s Theorem — Properties of Isomorphisms —
Automorphisms.

Cosets and Lagrange’s Theorem: Properties of Cosets — Lagrange’s
Consequences (upto Theorem 2:3)e

Part 2: Section 5 (Page 99 —104), Section 6 (Page 127 —138) , Section 7 (Page 144 —151).

Theorem and

UNIT 2:

Normal Subgroups and Factor Groups: Normal Subgroups — Factor Groups — Applications of
Factor Groups — Internal Direct Products.

Group Homomorphisms: Definition and Example
First Isomorphism Theorem.

Part 2: Sections 9, 10.

s — Properties of Homomorphisms — The

UNIT 4:
Introduction to Rings: Definition — Examples of Rings — Properties of Rings —

Integral Domains: Definition and Examples — Fields — Characteristic of 2 Ring.

Ideals and Factor Rings: Ideals - Factor Rings.
Part 3: Sections 12, 13, 14(Page 267 —271%

Subrings.

UNIT 5:
Ring Homomorphism: Definition and Examp

Field of Quotients.
Part 3: Section 15.

les — Properties of Ring — Homomorphism — The

Text Book ' -
Joseph A.Gallian, Contemporary Abstract Algebra, Cengage Learning, 8" Edition, 2013.

Books for Reference

[1] LN Herstein. Topics in Algebra.

uestion Pattern (1 3
Section A: 10x2= 90 Marks, 2 Questions from each Unit.
SectionB: 5Xx5= 25 Marks, EITHER OR (a prh).:p
Section C : 3x10= 30 Marks, 3 out of 5, One Ques
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Ajforent -
| peshaps  the most  Ompevtant  aspett o  (agled<
Thuorem G fhat 1 ghbws thex the Present f:iad
Let oﬁ asioms we havo od opred '65'" hALOup
Theovem b-2

Juppese  that CI) &2 an iaﬁﬂmw?wim ’r[)ram 4
e dentiyy of & o e Vdewity of T |

To  PAove thot @¢le)=2 L& s eywuak H ]

Prove that T A =T =a Her al T e

bet T e H 80 $ =G>T & a Dyjecton |Kow
exat aety Suth dhat (o) =73 i

E&(EJ = t’pLﬂJdem =¢(-¢12J ’=¢{ﬂt) = &

Ml dlerE = &
| dle) = &
| Propexty 2

For Eﬁﬁhﬂ fﬁ%ﬁﬁ&n n ond ’Em ered oy

Clement A th  O7,

brany = [dtar] " \
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¢ taty = ¢ (ara)
=& (o) ¢l
= Thptar]
Asswme @ tohy = [dtar]
Then ¢ ta™) = ¢ (a”.a)
= & (a") ¢ (o)
= [ @] ¢} to)
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- Propesty <=
For any element a and b & 6, a and b
Commute U dlay and by tommute
proshk 4 ab =ba
<= ¢tab) = bibad
| = L) dLb) = Bk g (a)

| |
Propety 4
| 1 & Abeliorn ¢ G & Abelan |
< up pote (n b Abeliou -
ler X, § & &

Then X =) , §= 6 y)

i P St i 1 it M

A9 = Eb(?l'} CI:»LB) (= cin(‘itg)—; @Lﬂxj

<= Pty b ca)
(= U«
G b Abelian .

e ey el

Ty T T e e

Propaty 5
lal =19ty Aor all a ¢

U&nmwpmgm Preseswve  ordent)

Lot o be the 1dentity of &

l
|
I
i
I
|
|
|
|

> ey &4 th idenfty 6 G (proputy U :

.

Let He ordm of a be dimire and et ubeh}
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S oad - P
G ta™) = ¢ le) ( Propesty o)
Jhon]" - ¢ e
ovder &b |day) =n

T4 ta ovder & |a\ be Wfinlte- Then ordael ﬁ(|
ld ta)] can not be f:ﬁ;n}m. |

becouwe of ovder of 1§ sl =m -

1

S |

=) ECﬁ[D‘t‘}j ::dj(ﬁj ,!

5 (:btﬂ.mj B fbfﬂ'} {d(ﬂh) = EEP(Q’}J“ %m’ EUE}'a {

= a™ = o tentradicst on m*%& h}i

o T orda o 1d)) 0 ufinik 1

| . }

| Hone lal = [Hay] for all a i 6. |

|

| property o

Gt b e g b B Ly
Lot G ke gylic and & be It geonarader .
Itene G = (a) '

|

LH' NEN > al = 9 I
¥ hra®y = 0

g4 FdayI” = bt |
Vi Eq:{mﬂ“ geno oo all elementt

|
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W o i uydic

For & Axad Lh!rp_%eg\ e and a ’rf;fm& gt oup
Clemenmt b un G, the  pguatien xK=p has e

qame numbor o) Slne I 1 as dops

equabion Ak - h by I G
Soly !
let a bo a golv of AF. G G B ol =p .

= dlaky=dthy (& ene 1 on)
= 18 tr3* = & (b I
dlar bW sobn of Y- (b)) » [ )
H Lineg »ﬁm eveiy 36 aety of the 15t equ, ]
we g 4 Bn b)) €F of i gewend equafton]
Quppetl Y ¢ & 0 & Lo xk- ¢ (b “*
Sihee 4 3 ento, Thewe B ah % e &, Ludh That i
{0y =Yy ﬁ
S (b))t =yk 3 gy - dpr) =¥ p
Sihe @& I8 sne fo m,aﬁm‘%% CEE)LMHE.G;
6 te Send oquation, we Ft Ye O of the diy |
equoatton  betawse b3 e 1o oo wR have.

EAEPM 1;3 §
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:jgei;wmw L o Wihgue el Buth That o) =y

G~ 0 an somerpusm <me T b O,

dne b o to ene and ente , 4or evesy

Thon Subshhd fing %{n a and b - :
&' (k) = & o Gy - |
= ¢ {dLeyf .

= Y
= ¢ty B (D

. ‘-Al'*t ! 131FI-—%> ( B on 15 Gy P &m

as many o as Y end fu numbor o $olne
o7 iy v 2qRARONE “ahe 2gual.

Proparty 9
@ g is a SubForf of G then

pLr) = LRI /X cxd B o4 Subgioup of Ot |
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e — I N

Proed) .

(’\:!-:u{ﬂ g ¢ thltk), Lo “Ih et

¢ tk) i not empty

lot K.iks €K 8o ki, ek [k & a Subgoup r:r()&}

By the definitton of ¢ LK) d k), (k) € (k)

s gl e bl [k u o cubgioup o G
Qo AUy dl) = b bk ') € bk
[ &G Wemppém and k 2 4

Lubgroup oh G

s called o automorphicm aﬁ G

Example
Ler (1= QL (2R) bR 4 3"’“{) esf a2axe2 Tea)

motrices  witp  detot mimamn | T we define a

m"“PFﬁ“ﬁ 'ﬁrm 6 o 61 Haely by AR ES rm,nm"""

'b*ﬁ_‘” ol Aecetr o Hou M ts any ox 92 Yeal motri

wih  det 1| cperu Am B an awlemorphism .
The B omerphlam 6f example 8 an

outo morpiam  ef 8L (2R

Scanned with CamScanner

f ee— kK d’ s e E&uMmPW&n;S

kf&ﬂ_

|
]




EWMP‘Q it | b
| ) 'EU.hLHEm d} %T‘U‘“‘- /o C afug{q ld
d tathby =a-bi 4 an automprphirem  af the

gtoup oy Lomplen M Pets under additien - The

‘Teéﬁw..’rﬂ:rﬂ % cb b c®oL aleo  aun M'WPWCM

o4 T giowp of e AOD o
‘Under  multtplication.

Lomplen  nwm bers

Eaample 1o

| lot R2=)tab>| aib ¢rf Then @laib) = (ba)
ke auwtoysrpWiem  Of the  Gtowp R* Lindex l
Lomponentwite  addifen fopmetvieally (¢ veflects ]

eath pont th fh plane atyess Hu Une Y =% Mo
genwrally , any  reflechon atrest a lUne  pardng |
through the Ongin O any rotatien 64) b plone mbmd,
the ovigin B an  automorphim  of p*
The omorpham i Example T & 2 partuda, |
hitante of on oo MorPhiin fhat  asisas  dten
eneugh o warrant 9 name and notodien o i
eLon .
"Béfiﬂi'ﬁﬂh Thnex Automorphism Tnoluted bdj q .
jot 6 be @ @iovp, ard et o e The funttien
da 1 defired by dat>= axa” dorall x v G U Called
the C(hmer  automorphism  of & thduted by o .
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el

=

xample ||

The attion of da thnes automorp M o

Dy thducad by Rqe ©  given peolow -

% -Ef Rqo * Rq;

Rob ~—> Rap Ro Rgy = Ro
Ras  — Rao Rqs Rew = Rap
Rigo — Rao Rigo Rq: = Rige
Pstp ~> Rap H Eq;' = Roqo
H > Rap How Ry =V
v —> Rg VRg  =H

D —> Ras J)Pq: - b
T Ras D' Rao =D

'_H’Lﬂbre,rn .

Aur (60 and Tnn (61) am  gioups “The Se

oh awtormorpitm  of o gioup and T sexr of
Lnhgs memp'm;m o 4 qroup s pboth @Groups
under the eperation o funchion CompotiRon -

Prnnip :

dines  Lompodiftons  ®f lggmoyphich AN

ko merpWisms - Thus  Aut (&) ¥ ¢ loted under
Composiiion -

|
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We Know ‘%un:ﬁ_nwﬂ tﬂm_{)ﬁgmm ©

Agenciative  and that the Vdeanhify  ap B e
,? ldentity  aute morplitm -

I suppwee & Awt (61

4 & cleasly -1 shd ©oNntO

Now 37 coeu) = g0 47y (F 18 1=1)
B ooy = 357 o0) 5w

B - e

: TFLuA £ 1 opaaaiom presenying

CAut (G oA geup
Bg, 8y € Ton (0 £ Aure ()

ound

New et

Eor oll X &0 o
ﬁ&h (x) = §Llhah 3 3§
=gh « g
- (gh) R tgh)
. 58" o)
o g, = 9%, € Dw (), and T (61 1 Cloced

wnden Lompesit on

A"S'ﬁ :g‘;* - :%J Lgi rte

- * = : (% H:}
53 ffa (1> "?rﬂ, a%a
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—@Ae

= §p 1O
8o, fj*ﬂ*l = § (‘fgj :103 =

| Ton (b U Cloted

Jga"'l ;

wna e Compodt i tn)

J

Tht Tan (61) ¢ Aut ()
Thn (1) ove  Ghoupe

' T find  Ton L Zn)

ginwe Zpp = §0,112 .0 e

Frn Y= £ 20,80 dse o £, But M Zetond
[.bm may  howe  olupli cator

For sl n¢ Zp and for al xe z)

Fn ) =niw + (=N
=N+ (-N)+A

= O
= O04%A+0
z i) , the 'fcienﬁJia ﬂuhmmp\fu:m
The Tan (Z12) = {46} -
[ 8ine fa may be equal to b even through

atb Thw the ©wy work Wvelved w de.kexm‘m‘lnﬂ
s o (&) olﬂtjdfvﬁ whath ~ duitingt  elements ﬂ-‘!w_ the
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Aut (Zp) & Um - For every poaitive  thiege
. 5 - h]
no AW Lza) & Gemophic o UL
provy :
7%5 putomorphudm & u detexmined by the
volur of aty and olt) & L

Now tongide T (osrros pondentt "f)ff'trrﬂ Aut (2

40 Un) given by T:a~ all)

| Luth thot Tla) = all) .

The fatt that alkd = kal implies  thet T s 4 5.
one to eme  MAPPINg

Lalk)) = a (1t F ftmes)

for U a and b belong to Auw [(zn) and

Tla) = Tlh) « Then atty=bl).
Then & alk) = kalr)
= k btt)

=bk)  gor all K & 7,
aha ThﬂAF/BDfE az=hb .
To Pyove that T u Ond fet v & QN awnd
Londdey  the ™Mapping a4t Zp—=> Zn  dohined by
als) = 9y (mod n) H,454::51*&11 2 Wy Zy,
| —

Ee e e = L _
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]' Fivtt  we prove g & Uh a,ul—ommphﬁih ef

| In-
SUPPOse & 4 () = aly)
Then LY =YYy mepd N
But v eaitkk modute "

e "’l )

= o] = Y. moad n

= A=Y modn, Jo a & |-
Suppose % & zn, Co¢ £ EZn and
| a ) =38y

=% , S0 X W Gnlo
Now &Suppeote oy & 7,

atetry) = lory)y mod n

= (274 Yyv) mod n

=%y medn ~ Yy mod n

=alays aly)
Qo o & Aut (Zn)

Then , Sinte Tla) =ald =%, 7 & ontp LN
Finolly we establith #he dJact fhat T U4 opeiation
Prasewi vg
ot arb e Aur (Zn) 1 W hen hawe

Teab) =@hy ) =albud]
= A (|xl2 4+ 1), b)) +2ums
e Al aty t-caty  bUY tenws -

R = Al bL1)
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= T (a) T(b)
Thas  Awt (za) B Gomorpluc to DLW

!Eu.hs,iat @,{) 6t For any aet e jget Enhib&-l—lj X
| dm‘_@ﬂ ba hﬂxH* Ahﬁtﬂﬂfmf‘j“g Hﬂ:[hﬂ!héHj and

l ﬁHa._""".:,Ea}watheH}. W}UU'\ H 3 A cgl-kbﬂilml.p Er{,é;!

iﬂw sot aH & called Mi@—twietaﬁu‘m 'I
wheras Ha 18 eolled He mgt epsol

L eentaining 4
I k cate , the element

gG%Hihtn Lot AURIng a . Tn this
;:@‘ n saled T Coset Yepraehranve o aH or Ha-
wo we {adl to donote  Me numbe 6,  olements
| dengte Hu  rumbon ot

iﬁh He 4ot ail, and 1Hal 4o

olements G Ba -

Examplz )
Jot & =3
o H W (1 and

ond H =5 2] - Then the 1;%*

| Cosels
! () B ="H
(125 H = Seipypr 2yl s

b= tt)} = H

cuzy W =fus) ) -
y W =8(22).02 LY, ={(15)1{1q.3.‘}? = (122)
9 3

% = fL12y, s = (13D
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Gtvou,
|€omorphism

(ﬂrh | samior phism d) ’JT‘EITI"‘I o C}Am.tfj .o & ﬁ"'ﬁ‘{”'
G & a eve s e mm','?P'tﬂg (oY ‘%uh{_ﬁr;m) ~'f)rﬂm. (s emto

G thet  presexves the gsoup Gpenahion . Thad: '
@ (ah) = ¢{ﬁ) ®(b) %m* all a b m G .

:E'xnmplﬂ < .

VUoY$ Ul2) « Tha o a bit frickies to paove - Pirsy
note that x?= —6cnr all 2w UU2) “Now, Buppose 'dhat
p 1 an Bomorphism from L) Ohte. OU2)" Then

dla) = pla-3) = () ¢t3) =\

an

d F
b = dU-p=¢meo =1 i
Thus dia) = ¢ . but 47 L wWhith  tentradick 4l

asswmption  thot ¢ u ohe ol one
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I

;pwpmﬂm ofF (egeok

f Jot H be a Subgioup of &, and
} b beleng 4o &1 Then

| - & g ay .

‘ 9. ot =H Y and enly ¢+ o€ H

|

|

M.{:{dﬂd

3. (ab)H = atbh) ond H lab) = tHa) b
4 an=hH i and only ¥ dacbH-
c. aH=bH or aH NbH=O -
| boaH=bH Yand enly 4 a'bew -
; T -lab ) =lbh)
‘ £:al=Ha U and euly ¢ H=aHd
- aH UG a Subgueup of & Y and euly v aeH .

Procs

1) a= ae €&a -

9) To vex\dy Propesty & , we |t  Iuppose that
aW =H - Then a=ae € aH =H  Noxt we ardwna that
aH ¢ and H<LaH:

The »{)‘trﬂ th clusien fﬁg’im djr@{-_HH .,ﬁm Hie
Closwn of M- T Show dhat H e ad fet hed . Then
Sine aeH and héH, we Know thax 4'h e H . Thug
h=oh = (aaHh = ala'h) € aH

3) This -follows diref—*%y drom lab)h = & (bh) and
h Lab) f:[j'lﬂ]b '
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4y 59 aM =hH, thon a=ae € abl - bt - Cenvensely

W atbH we have a=bh Wherxe bheH ound lhme,f?ma

AM = (b M = b (hH) =bH

c) Propetty £ ’f)ﬂ[[ﬁwi -elive ctly "BTW propesty 4
'ﬁm‘ 4 thoe uw an olement ¢ Uth AH NbH ,tben
e =aH eand eH=bH -
: Ly obserne that aH =bH th and euly U dealby
| Ghe vesur  how followt  qrom  property 2.

i 4) To prove that Japl = I1bH) sufficez +o define

& ene fo ong Mapping fom an enre bti « Obviewsly ,
I’Hf!i m&Pwdeﬂm ah > bh maps aH enio bH . Thot

E,{_} 4 e Yo one %ol[mui directy Arom e
;c,ahmwm property - h | y

¢) Note fhat at =Ha U and oy 4 tata =
(Ha)a ' = Htaa) =H - that U § and owly ¢
aHa = H

a) T4 aH v a Subgroup rthei™ at  containt The
| idenitiy o Twu aHneh # ¢ and by propety S,
we  Ahave oM =eH =i . Tuu from propaty o ; we
fhavo GeH . Converlly & ae ), thon aﬁm by
prepasty 2 , aH=H:
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. Lﬂﬂ“““’*&t'g Theovemn @ IMI dividee 1611 -

| T & B a Alnite Goup and H U1
aubgioup of &, then [ divides 161 ¢« Morzyes
e numbo b daknd dept (vight) teters & H U

S EREAVAR S

Protf
| et a,H; GoH. - AyH dencte te dlhnd last  (oget

od H (b G- Then 4or each a th 01, Wwe heve ah = ajfl

| dor semo ¢ . Alto by Ppropesty | of the lemma,

s ead T each momba of G beleng o one & the

a

tesels ayH +Lh Qymbele

=aH U~-- UanjH
Now propocty 2 ch e lemma &hews thea “ths Wires
o o ome
tnl = larHl+laa it = +la, H I,

Finadly Sint [ajH) =14 ’ﬁf-‘n’ each |, we have 1061 = ¥IH)
We pause +o emphasize that Lagrange’e thevrem W q
¢ andidate Crivevion © thew L, it providas o Ut 4
Candidates =HoT Hu ordew of e Subgieups o) o Fioup -
Thas a gloup o Ovdax 12 may have  Subgieup o erole

tey by 2,2, hut no othas .

A 8Spedal name and notatien hove been adopied
"sd‘r the nwmbar  left or right ) toter of a Sub gt eup
b a goup .The tndex of a Subgeup H v ¢ B bhe
number &) (ot (otete s H Uy Ot - Thi nwmba w
dencted by it Al - When 6w {inte, Lagrange's theosom

Jolls w that 160H) =T1al/iH] -
|
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(.Df‘rnucma E 3

T4 i a Jintte goup ard H U o dubgreup
fﬁ{\ G, then 1wl = L& /1y
I; L!’J‘rﬁ”ﬂ% = N
Ih a %mm group , the obrdes 6f Octth olewment
sf Mo group divide Tl order of th goup
rcmﬂaﬂﬂ E,
{froups of Prime ovder ane tythe -
A Heup of prime orden tg cyelie

Proof -
cuppote  that G ha priva order + et e G

Ia,nd a < e . Then , 1{a> divides |Gl amd 1¢cayl=1 -
Thus 1¢ad)=l16] and the Corvllasy 4o llows -

Feamat !¢ Litte Theorem :

———

For cumy tblager a and evey Prime P,
aPmod p = a mod P -
proog

Ry e divigion &[ﬂmﬁ'rhm a=pm+y , Whae OLYLP
Thuzs a mod p =7 and i Suffices 4o prove that
vFmog pew < LY w=0 ¢ e yesuld & trvial S0 we .
Moy asgume that € LLP) - ['__F:_ucn,\! that LLPYI=172° F‘f‘lj
\Hplicatten  module P - Then by the Precedivg
P od p =t and Thoeferd yPmed posv

!_ undey vy

If &mllmﬁ
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i Fomalle it thesrom has been used
‘Iﬂmﬁutﬁmﬂ with tomputets 46 o8t t.Ets‘T pﬁmam-ﬂ tsf
:caﬁm hwumbart - One  (ase tomearngd e number
%P'::zﬁﬂ-—ll‘l% P s prme , fhar e Fnow Arew
ime&"f’E Little  Thaovem that 1bof asd med P zmmg-
and tharefore (0™ 'ymod p = 166 mod P

| Uif;'l'\ﬁ mw APk preation and @ Simple feop,
& omput®s was able to coleulate M 'mod p =

| 1
Holﬂ med p U a Jow Aecendt - The vosult was

ot 100 [ and Seo p i not 'prlmu

" Theorem 7.2
Cor +wo «{)‘*n«:ﬁq dubgioups H and k of a Group .
Cdefing the 4ot HE ={hklhen, ek} . Then

IHnk)

procg
Although  the §et Hk hav [HI[K) Produck  not all
of thote Ppaoduct noed ropresent  difng  Goup
\
olemenkt . That b, wa may hewe he = h'E wWhoex h4h
and kK. o detewine 1HED ywe mus Hind the

oxtord to hith &  happen: For evay t v HAK 9
the product B hk = (ht)lE7'R), Se @axch queup
element i Hk B fvyepregsented by atleast HaK
 Preducks th k- But he = k' omplioy ¢4 K —te ke

|
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i'l;.fht1l'ﬁitk'£1-‘€ Hak , Qo that h'=ht anda k=t k.

Thue eath element th Wi U ryepresemod by

l
exattly | MHar) pProducge 20, |Hie] & ST

[HAK)

abilizen o) a pont
Lot Gt be a group B4 pexmutatons of o get S -
Cfor cath | » &, lot glab, (i) < [detidtr=1]"
éwz Cal E’rﬁbb‘ﬁ‘,ﬁ e grabilizex of 1 O G

- Orbit 9% a powt
Lot & be o Goup of Pexmutations f a set S .
For each 8 in 8, Jet orb 19y ={ b1 bea] - The

'391- mb&fsu a3 o Aubset of & calld e orbyt né_s'
undes G« We e Iﬁrbﬁtab\ to donote ke number &f

glamenk th  Orbg 8) -
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%f | _ Woit-3
Norroal Subgrvnps ormd  fneder Jro-Pa
Def ' Novmal &MZWP &

A 4»\—557”/? H d o JWVLP Gt 14 celled a

ol = Ha Ao all ainG

Wormo) zs,wbgmp of G if
Mua[lj 4-&)‘\9#4 'bd H=0G.

o H2Or - AnbgTmp
%\ H <36 N'f?’”’j““f’

Normaol Q%J«MP Ded t
M & G 14 nowmal 0 G 4

-

P

Scanned with CamScanner



ey
Hot = o> U & Y -

We have %”',Hu € H becnuse the

-
ExoamPle ) |
In  om  abelian  Jrf LVveTy AubgTos

W ig hwrml beconse o all heu omd aeGr.

we have ah = ha

ender o & gvnp I« a novmal |

o all hexcn) md e

e s, U 32)}
Follo ”’3 left

.......
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HO = o, (12D, CB;J')}

He) =3 o, (8, (23
W (3) = § 037 (23), (¢
el 92) - = { (23, (127 ("r_g)}
h (123) :{6,23),[,33) ()}
H (132D ZC’—%-?)’C)’(]”)}

We ARee that WL have
W = 8 €), (12K = RO (12K = H (13D,
- H(122) (132DH TH(132),

V)

L LADW = 1 (23D, (12301

Facdoy Grvowps @ \OA) (4 wotient 8"""’?’)
| Let Gr be QZW"“P ond H <G, then
iqf Al (oSeds @f H n G bbae'fhw with The binmae
ComPoaition defined b&
Wa kb = Hab, Whoe
omd 15 (nlled B doctw gonp o O byl .

the Set G’f/H

hacG/n, H6&G/Y 15

& gronp,

]
Teorem G4 (Halder ,1889) ot JTPS _

tet Gt be Q Goouf d H a  novmal wagw |
f G The Set Gil/H = fat|aect i5 & fooP o e
dhe opermtiom  (RHD(BH) = abh.

iven lift  Coset will hawve multiple .
anse We Krow dhat ak Gng AN
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Con  be  adentin] oy a:f:a’. W-eﬁ’hﬁwf% We. Frvat
Need By be  Awm ok olr  OPesadien 14 well defined,
meaning Aot Y we chose alH=ad md Bl bl
rmd we do (a'H) (b'H) = a't' H
‘? (an) LbHD = GbH -
In  Other word We must Vm? Pk
&b": a'b'H- = GJH = aH pnd Stz aléq"H

we have ! zah ed Lia bhy ¥ hhreH:

ginta. (aH) (bHeH D= () (ben)
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TheSe - 'Tow Cesels dorrm a JWP with Sedf
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