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Lo A Qechune wel) tshc\é about Novmal
Sulogroups omd  Quekent groups.

@e_m,U %mm Lec- 9 that 4 6w a group omd
HLG then  QH fvvuahjc not \og 0gual o Ha.
TF bums out that when OH= Ha fevol ae,
then  those Subqroups R Gre exinrwe\% Troport -
ak . This wos Observed by Galels round 200

oot 0ge vsham he won just 12 |

@e%ni\n’m Y‘\\Om\al &xbsrwp]
/‘\ S\A\ogmup H4€G w called & morma S\A\ogroup
g AH=Ha V aec&. We denote this \o(«j HAG.

@mmR3" Nt ’Hr\alc aH =Ha means that ('j we

—



ook ot ah,drheH then 3 am elewand h'eH
auch  that Q\n‘—\'\,a. ' Mgh’\ loe  Came ax
4 bud we camnot gumnl:ee Hat .

Jus—& Like Hhe Subgwup Qost , We have a
meonmal Subamup lect i?efr chzc\(-t‘«'kg 80 Su‘ogwup%
mormal 67 Mol . ang-ac)\-, theve are fm0m5 Qsiw‘w,xl-

~ent W 04_ e, c\e%ni—h‘cm ogamo-rmaQ

Su\ogrme Omc\ we'll see some oY them.

Normal Su\.oqwo@ tect
Aheovem | Le'\ HeG - T H<G G fbom\»a»éj
oo ¢ H ¥ aeh.

(Nemonk i~ Nt Yook oMo \“GH}




Qood  =p Suppose MG Thio means A
oH =Ha VYo ek

Lel- oha” € AHal. Gince ah=ha gwgw h
- oha'= Qn’a)a": hed .
4= Suppese OHQ' ¢ H ¥ ae G- We wankdo
prove that aH=Ha Vae k.
Since 0Ha's H =0 kaHa“')-C( < Ha
- 0% < Ha.
Dnthe other hond  OFH@)* < H
=D 0"Ha ¢H. =p a(a'Ha) ¢ aH

> HacaH
So, Ha= aH:

Vi

"Exomgles

@ Let CSl be am aloelowm group. Then evcr\a

Su\og'rowj) Oa?_ G o o mormol Su\ogmup.



@ et G be a aroup ond Consider the center o—{l the
group 7(6). Then Z(6) 4 G. [ FPreve this]

® Consider Sn . Thon Hhe allemating group An,
c/onsis«\—;na ol even permulebions b Sy, B amormal
&bﬂrwp. Th ?m\%d Qaaa to see Y we ue the
MOrmal Su‘ogroqp test omd the J%acic that the
Uverse ogg on  0dd (oreven) permubadion vemaing

oM ()OH (V\e/)?ec-lﬂ‘ue\g e\rem) Pwmw\-a%'m-

® Coider Do, the dihadral group of erder on-
e Subgroup o/.‘_ Dy mma gn\.a 9{_ rotoHong
© a @ormal &ubﬂroup D«.ﬁ Dn -

Aaoum vecall }rw\ lec. 9 Yt Ha or aH Wgh'\;
oy ke a &ubg’rouPo«.(Z &, aven though H is.



B4 HiG amd KEG Bron H= T bk | heH kek]
/W\A'gh% motr e a &u\oaroup o+ &, even -Ehouéh
oty H amd K ane. The mext theorem 8[/«?0\7\-\{{0

whow HK b a Su\ognou)oi"

Theovem 2 Led H4 G omd ¥ 46. Then HKZ G

M On Manmcnjc 3

Another fmpor’ccmjc Pm?er%a o# novmal &u\oﬁroups
w thal éj 0 Su\ogY‘Oupio mormal then +the set

0«%_ s psets (\e%—’: or h‘g]h%) s ﬁ—se!fol qroup
called  the qvlo\—n'em: group.
To undews-\romc\ s let's LeP  ome B'XOIW\P\'GA-



é_vmﬂgﬁ Consider Z omd Phs subgroup
A7 IShat one e ledt cosdn ol EYR
Tke)d one

O+27= 10,%3,16,..5%

|42y = ?oe-5,-2, 0,4,

g4 3= §eo M, N2, 5

These ome  the Unla feft oseln of VT ecau-
~se 5 ReZ omd we look at R+3Z |, bhen
We %{\rs} wnde R=29+7, ¥=0,Llorl.
Then  R¥Z= 3q+7+3Z = ¥+37 os

3q €37

Jo the Se-\-o{? \Qﬂ toselo 04{), DY worn 2 o
g-. S0+32, 1+37, 2437 %.



We cam wake G indo a group bﬁ defintng
@+‘3>7[)+(\o—r%‘71) = (a4bL)+ 7.

One am dhedd ok ¢ o o Group toith Hhis

operafion. Not that 37 4 7.

Tio ‘o happening becauce o the following

theorem which we'll prove L the next lechune .

“Theorem 5 CQNG‘HQH“' C\TOQP)
Lel G e a Sroup omd H ke a mermad Su\ogroup

0{- 6. The set

_G‘ = %QH\QGG'} » o group under the
H
(DFWHGH (QH)- UoH) = ab H .

G v ca\\ed 0N quO'\{Qn‘\' oY «\?oc:\vr amuP




Fxercise  Consider Di.omd wmsides e center
of D,- $Ko, Rigod Find all 4he left cosels
0+ Z(Dar) NG Dor. Show thot Hhis s & group
with the  Operation Give L the abone theorem:
Note that Z(Dy) 4 Dy

Take amy Ofher Sulogreup of Dy ohuch & ot
movmal  omel show b the  Yheovern 3 Eai\&




