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Two pos\ibl:. defns of ® (Y wquoup WM 29({1%:
bya s+ X). —_—
(necau= infomally, () = he mallt F q17
bgroup H2X; we whil clomls

L&, 00, ca) o> Chorthand for

< {0-, " 0»\?}.)
Fix g G & s X <.

: m ] +h~} . n\"MKUHm inLIUJJJ
® Concepuad /\%\iﬁmgw
H=({TsG & TeT}. inoturwods, e red,

= {% geq: Vsubgoup T<G eataing X, ge T}.

Levmal ) H b a subgvup, eorEEAIT-
2) H2X % HeT fon any other subyroupeontaining X,

Jedin clas.
?::had u‘_)f 1) Va,béH) VT <G wntaining X,
ed
C.ZW abeT sine HETY (paat of the interiechion)
‘(tliv:: ;‘M“;{bﬁw* = abeT (cosweof T)
S sine abeY §o» ol subgroups T contrining X,
abe H .

=y H is closed undn_mulk

Ao, YaeH, VT¢G wnt X, a'e) (dows/T)
o aelHos wll. =5 H D c_lgud unduinverx.,

Finaly, YT<G containing X, eq €T,
So egeH & thudme H¥ D'

SO Hoa subq/wup,

ohs eig( Core: X=4 meaw H=fe.} (smdlmhubqpo«p fall)



2) WeX, xeT foal TG contacning K. So yxeH.
Thoefre X eH.

V¥T< B confainiag X, T is cmon
' 5+L4 S't(') 0] ‘)‘l‘n
interteded o fom H, 0 T 2m. i

H'EM (1) iuAH-Ha;-l-hg we of the wad \\mdh’_h "

@ Constnuchive.
Let Y = X ol xeXy, & define

K= iUMr“"M : Qyo & each Y€ Y}_
[l aveapret the emphy Pmdud“ (A=0) & mean e,

K indudes o elb.of G thek clowue ferces o be prernt in & subgang,
one that subgroup includn X

_LEV_V‘L“_%.'@ WK » a subgoup, contzining X
pe E.l‘_miﬂd"’ snce  emily modud (I=0) giver eg ek
K__EM/M: Siﬂu ng;",LjDEwY' v‘ﬁ‘n‘d'ﬁ» GYJ
(@ue-y2)- (4 i - g}p) e K. (proded of 240" termu)
Wn sinte Vq,;"’(ip(-\(‘
(o gol* = VR~ 47 €K since each g€y,
W cnkim X oy the =1 cne.
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a» wed ho{u. them debinttions aque

Lerma 3 B=K. K €T f0nany subquip TG containiag X
P:F_ \\ ‘“ .
g LemmeHR)Fhoclre—epvo—Here—

h>y ¥ Suppose Y, ygeV. We claim g=9yr-yeX T,

By induchon oy £:
bore core A=0 = @q& T tnu T & a4 Subgroup

wdudhive shep suppose 250 & any produdof
L +ems fom Y is in T

N
UMr-Ye = (Y4 'ﬂﬂ)"ﬂl

U ~Ye1 € T by ind. hypthae,
Yo €H  sinu eithn yre X
(= Ye eT'
0 ygeX
(= ya=yi)'e T by closuwed T),

=> by closwe of H undc mult,
Ui ya € H.

Con K=%H
Pf [ K eFH by lemma3,
g HEK by lemma 1(2).

[Bo+h K. H ane subgrouy ey X (Lemman | &2)

Deth This subaroup IK=H 5 densted (Y, £ calld
j:‘)muupup %!MM&M ban.
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opelogid . quoep
clowed set ¢ subgiovp
Lot | produck

Caucryrey.  of 4
+ormy

Aside Gt you lenow analipsia 01 poink-sek 4opologe)
There two defns ane analogows fo the two equiva lewk
MN‘}WMO@ dhe ng_w\_noﬁ a Subgel XelR:

® conwptual: X :=() {FeR: F closed & F2Xx}

® contuckin = [ frmya: yoeX forall m,
& (Yn) oy @ & Caurhy &(QUMC{}.

Yoin sk of pair of equivalent dlefinitions i vers commun in

higher mathematics.
x
T

eg i aL@®) et H={(6 1), (62

daim  H= (0 (d: weeZY
PE C" bcaun the RHS i & subgui: containion X

M{j})'— conteios (o 7Y (m=n=o)

c\osedundermdt- (‘ "m\. (‘ n‘>

o (-\) o 3y

(U '+
= H
(0 (-\)‘"""\) € T

closed unclr ioverxe - (\ n )"= Ll (-\)"“.‘n)

> (‘ \)" () (_\)M

J

“ 8" becaum Vimn e
\ 2 v 0 m (S | n
(o (-\)"'> = (0 -‘) ’ (o ‘> e H

by $he conghuchue defrof (X,



eg. in Su, c
a) M ﬂ‘:— tSI)\‘O‘:Oﬂ C:J_C_l@ (a‘\alo"',aﬂ\.
Then (O)=S§a sinwom fef, hara cyde (fewr»p.
* cycles opnenali S’
D Lt T = sebo- tranposifion (t-eqil)  {(a,b): a,be[hﬂ
P
N\DV\O\W} oosaax. Venile  £=(ai, -, )
'f?— (a\ 01.) (Clz Q-;) (ay Oq) (a.n-l Q,o,)
visually :
a O 0y --- Qg1 Qe-« Qu
~—2  (ap. 0y
I (agz 0u-)
. |
L S
2 (o7 64)
e (a. ay)
Qp O3 Oy --- Co Qs Q.

=) Fe <T> 4
= cclTY  (Honspoutions %Jnuo'tal«( eycley)

=) any Subo(mu() cmbmt‘nﬁ T contay C,
hente covfeam alt of Sa!

= (M =8, as well

o Sv oo aw %waﬁﬁp@ by tramposihims,

//cFi the “bubblesact" algmﬁhm
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C') | o P\: {(a, a"'\) : ae{i.’).,m‘n-\}}'
“adjacpt toanmposition.
v fadt, Hen alo oenodti Sn. //puhm Plet 5.

¢t “bubhlesurt™: way o ne-oidu an amoy in astending o \dea
(noF the wort efficienk by fo erﬁonj wvmrf)
given sequente  £(V, £l1), -, £,
find an inde o £e) > §lav)
& swap +hee valuey (\'Q. MP’OQ £ bj ;Q(QJQ-H))’
continue untl  £1) ¢£(2) ¢ <5 (n).

Two ot conghiuckiomof subgroup

nkelisn ofan eloment-
1) C_‘?_____,.Or o Ce(W={aeG: ox=xa}.

[ eeCaly) = vonwmphy,
itabeCqly), then abx= axb=xcb
it o subgroy: = obeGN.  clowd unduwmubh
it a€Celd, thena  d'x = xa
= ad'va = axda
= Xa = Q¥
g = 07 €C().  closed undhinvense

e eSO Monelay,
for a seb ‘
h X, detin C(X)= () Co®.
XX
(HW: ched that inkersection oF subqpoum

» a Sulocpwp)

in quaMum mechanics: XEG S an chsavable, & Cell= all
sim (toreans by esunable ohsavables.
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2) center ofthe qpoup’  Z(6) = [7¢G: Vgeq, G2 =243

Thiv /s equiv. o CG (G) = abwa $ ubqpoap

G
eg. in GLILR),

()= { @ Yeatam: (¢ 2081 e
=0 en-E
- { (3 Q) adery,

e intinsically s Bz sebck mab. wl Hhe same

ewonspace)

(l'mpadm“ o\mu\d'im ] %uﬂw{'um mtham‘c.s)'

e4 i GL(Y),D?)/
© 2(6)= {c¢T: ce®R*{

(see if qou can prow i+!)



