Leckures 11-13: qroups ond Sub%mu\:s-

Wednesday, November 05, 2014
11:59 PM

Here & the Swmmar\a o ‘H\ef‘\DY\'cs cl(;smsseJ " ‘H\ese. [ec[:ums

Lemma In o group the t‘Je.n{'H:a element is umi:‘ue,.

PE. Su.ﬂ;ose, V%ec-:r, 3*e=e*3=3 @
and gxe/=exg=9. ©

“Then e = e*e/=e/

Foood

because. because
o @ o+ @ m

Lewma  [n o group , any element has o um’ﬂuefrtnve,rse\? .

Pt . For 8e(a-, Suppase %*%/=3/*3=e’ €
Iry=gxg= @

and
Then  9’=9' x e
= 9'%(g%9")  Checowse o @)
= ({x9)x ¢
e x9q ( because. o @)

= C‘,- m
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= cz’ . m
Det: Vgeo, 3! 4G st gxg=g'rg=c-

9/ is colled the mverse of 3,a«& s sually
dlenoted by %'i.

Renark /Worning . (ohen the qroup opeasbion s dencted by
+, the. identity elemet of the goup s denoted
by 0, and the inverse o g is dented by -9

-1 4

-1
Lemna . \V‘ﬁ‘,gzeG—, @iﬂa) =dy 4.
Pt To show H\fs, 1 is ekuak 1o check

6:9.) (5,9, = e
wd (59 (5-9,)= &
(39 G7-9)= 3 @9 g
= g 6.3-\'
= 99,

= .
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The. other one is Similar. m

-1 -1 4 -1
9{:. C%‘. .- %“\ = %n . 8n—| . %' arrl

Qn)- = (ﬂ-i)n ‘?Uf‘ o\na h€Z+

4N times—

PP ‘Bc\:h?o«r‘l:s meloe,?mch ‘oa fv‘tluc:‘:tbn on n . i)'

&)arnl’r_uj . (When the. %mu.‘) OPera'L'Lon 1S Afno{:ecl b«d =+
instead  of con{-(na 8_n For g+ -4g e

+— N Times—>
(A)Y‘IL'JQ n% .
38 .- \'IP- n>o
Debh (G, ), ek gl=f SE2
< \\'g Nn=o
34, eee a-l \'¥ n<o
bw———_)
—n times

(When the group opemrh‘on 's denoted b{j"' , we
orite 1 this oy

— )

N ‘L‘l'w\es

ngq ::3’31“31'“*3 i wvo

Al
~ I£ P 7\
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N 'L‘I'me,s

o $ n=o

C_ﬁ)+(_3)+ —+(-g) ' n<o

-nN ‘l’thS

| Lemma. \7’36(—} , Y mneZ , (ﬁm)(a“:‘amm.
B_ Gse 1 . mn2o .

@Y =(3--9)-(3- 0

m times

n times
(Convertion = o himes means e.)

(SN

M+ times

m+N

=4
S GIE)I=§ & mnzo.

_ mns - no—d

N RICRICO RIS

- 8m _ i{nm _%—n cszc[ He c'le%'n.%m
an 'PYE\I\OU-S

Carou.arn)
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——

Uang simy lar artaumcn{’s we Can show other Coses. M
n
Lemma . Vﬁe G, ¥Ymne Z, C%m) =8Mn

2
B. tor nez ° , one Can shocs this [oa [V\C’Vtclflbn on N .
Cn)

Tor n<o , notice tht @") — [@"‘)

=("‘°"’)
@™
3 : i

I

Subﬂmu\) Critena.  @g=#H C G . Then

H s a Sulogmw‘) = ¥ Q'bEH) a. - lo-ieH.
M@ beH = b'e H “X:\c a.b*eH.
aeH

&) (e hae 1o sho G) ee H.
@) xeH = xeH.

@) x ,yeH = xyeH.
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() Sice Hxg, 3 heH . o ﬂ-{ieH

= ecH.

@) eeH and 2eH = exteH — X eH.

@) yeH = yeH i=> x 'i)'ieH.

x e H

= XJ eH-
)\l C-l)c-n
)=
-

Cor. Let be up, nd - be q—P—amfl
Cor G e o group, amt THT 4
o SM'O%FDW‘:S o® G . Then
MNH. < &.
1re]
. Vel Hy< G = Yeel, eeH,
el

= (N H.+£¢.
el

Q0 we can use SubgmuP crtena.
a,bel\ H; = Mrel a,beH,  wlH<G

el

= Ywel, o bie H.

= &-B-ie Q H{. [ I
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=) Q~L‘J-i€ M H.L‘ [ 1]
tel

Del. / Lemma. . For ony X <&, thee s a smalest
sMo% G cohich cottnins X. It 5 alled the
grou 8eneml:exl loa X, and rt (s denoted ba OX -
PR . e have 1o show that there s o subgrup Ho
st. ® X cH,

@ W H<G ad XCH, thes HH.

Let H .= (Y H. Then ‘on the Previous Cofouafg

H<G
XCH

H,<&. Sme XcH 1D-or‘ana‘bermH of the
above. thtersechion, X< H, . On the other had
?  H<G ond XcH, then H is ome of the

terms in the above iresechon. Bnd so H cH.

||
D&P_. A 8mw‘3 G is Colled Ctdclt‘c P Fae G s+
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Lemma. <oy =3a | nezl Hoe ony 0€G-
PP Let H =30 |neZg . We he o shw

@) Ho<G oand aeH,.

@ H<G od aeH = H < H.
@) Q= OeH, . In rbicabr, H£g. So we cn
use. Subgroup Crterion :

% YyeH = FmpneZ st x=a ond y=o!

— = @)@

_ " TeH.

(ﬁ)‘Barncluchnon n , we shod tit ol eH
*a* Oma neZZo.
Bose . o=eeH (s H<&).

7k
|r\c1uc['ti7n8‘h& O?GH .0 eH.

&—kel—l and el — @k)-&QH

N ak-fl cl.

i

Nn /S —=N\"
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p— v - b’

A
Tor n<o d‘:&n) e H

Q' eH ond ’jf—G‘ m

EfE \vs a,be Z , ato =% {q, L>= <ﬂc:[(a,k)>.
PP <a,b> 2 @) and <by
%ta Her‘)m\n‘ous lemma. , (ad>= 0 Z ond <by=bZ

= 0Z < <a,b> 1= aZ +bz <a,b>
bZ < <a,by

— 9d@,b Z =<a,by . @
On the cther hand ,  gddb) [0 ond b
= %a,b} c gda,bz
= (o,by C gdahZ @
© aod W= (a,by=gdahZ
= gd @by (agein previms

le.w\mq.)
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