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MAS 4301, Abstract A‘lje,bm. I @
Motes &F krnshna Alloo's Lechre on Hm)ﬁpr[, 2020

Chapoter. 9 Novmod Subgrowps and, faoter groufs
SOM.L PYW»WW\O\MM
We anih doo omas Sovme ’:rv(drm'mu~1 nohors before we dzfdm nevwal
R O N R Hhean pm/:eahix.
& Lk G be a pmp and H and k Anbgroupss 64 &. 7(2./,7* a:k
we oepred  Cosers aH and Ha . whem a € &, we cam olefs e
o follorws: (4)
Hk = {&k/ﬂeH,hek}.
Thns Bk v & Andat of § owmel hot ak@ym«f;m;wa[.
But whihen HK B A Aulprowp or not, we o oleluwine e
Aize of Hk whwe H and K o filndfe. This 1 Tw&,nmzz,
bwt we on'\/\lu: hene  an a]m%(wu'nmvf’?m Adnsomngnin %_M

Theorem T2 Lo & be o prowp  amd H and i MOMAWWS’
06 6. Thew
[ Hk( = LN -
[HOK]

/\lz_)_h?.‘ We Com Aiohda by |Hak| Betawmse HOK o &W and Acice W'Q“’ZAGJ
e tonboing Hae ;MR%.
fP_f_v_w_;_f_: Cleanly we hawe IHI- (K[ elnunts oﬁ_l'&u fovn AR i
fe N and ke k but Mue hwuenls ong not neansancly all olwshimet
To voalvale |HKkl, wened k& undiatond Ha nepehhod tw e values
8 Mk .
Suppose t e HNk (mdmdivg E=e, Me (denbt).. Obsenie Mat
Hh = At .é"'h (2)
Sk A'= ht and R'= 4tk 4 Hat A6 H and R'c k Aine H
omk K ot Subponps  and we hawe teh dte K . Thw Kk'e H K



f

iS &Nvolf-\.zn./(zpwwl—mx;on D}Kh) which treans te values AR @
ik hame ot feant | HNK| /LQ/?Q/"WUMS-

‘ /
Next comndu 4AeH, Re K, #'eR” and R ek fuch that
€))

‘ Ak = /@L'h'
Rwm itz (3) o
»e;,—&,’ = ’Qbsl—’ @

Note that AR € H and RR'TE K (becamse H and K o Subprops)
amd  ho e commen (equmal) wabae o (W, dewoked by t il helong
b HNK. So wdt t= 272"~ RR'™ | e hne
VARY VIS BT ¢
WhAU  predsely how e fmned M nepebho abone. Thws ench
vabre 4k Nefaeats exacky | HO Kkl bimes. Henwe the antention o Thm 702
follows.

WARMIN & - Althowph H and K onc F77Pss e set Hk neool not be
R ponf, o fhe fo!lmeY; Xample shows:
Lek 6 = 55?”“?”“}”% Pormbdions on 3 Lellens . We koo fal
181= 8= 6. ekt o = (4,2) amyg p=(2,3) be b toms posibons uw S
Sinte dQ-/.’v | dem :
h’(ﬁ; ‘fﬁ“ﬁ Gwal So Mhe TSMYWOM?&s H
amd Kk Wo{ b(y ol awef, o -
Hs u>= ft,0} k- <B>={i,8f  win 1HAK) =,
WAL (b e :o(wh/«, pamubodiov . Mow-

Hk={1°‘f‘°‘(”} ( 6.
Wi IRk]= 4], N<7/ 2.2
IROK] = 24 by T 702, ond tonfmaed by 16).
Obserune thit : e firined by 163
oAp = (1,2)(2,9 = (1,2,3) — a 3~tycle (7)

Sinw op € Hic, buk @5 = (32,43 & i, wie see Mt Hic is nos
& Swirenp of S, A way b dsdve bui HE ‘s not ag
91- G”gb s % nole Hat ‘-}/b ) Itk]> & &'SSIQG



[ Mmof_/mwmexawyale,m hew- ask 3
QUESTION i Tf H amd K ave Aulyvoups of &, what conduhbu cam
W immpose on H and/foy K15 enswne lhat Bk s o swlprop of & 4
AUSweER. Tf at least me of H o K ¢ o hormal subpronp | then

Hic will he a Aulbpronf.
We ol enlnbloh His below aplon we depine novmad Aubproeps
But befune Mok, we Ty anolhey noten .
Theorews ¢; Leb 6 be a qroap and H asubprowp of & Thewn for
eath @€ &G, Hae At
aha! = fakd'| 4en}
B & Awbprenp o 6.
(P“moF: Lk € be (ﬁg/'ownh\lx, v 6. Thew aed’:eéaHa'//sim CEH.
Thng a Ha | combinsg e fotmh:bq.
Next oconmdu any eleenly OLhoCI and aﬁ,’a-' of aHa-7.
Obsenune fthow
abal, abd! = aht'd € aHd browe AR €.
Thwe o BTl (s closed umnder mulhplicobion .
Rinatly  omvmdu any ahd’ € H . Then

| - - . - -
@v&“,) = () ’%_{a_’ ek & aHo\’J betuse B e H.

g

Thus fov €ach  elemams v abo, ks inverse Wa aHa”’
Thinetome  aMal 15 a AnbpronSs, amel So TALsreau C 1 proved
Tervminology

NMote Hiat
k=aHda = H=dKe= a k@b’ ®>.

-

Wwhioh means H o a C""Z)"‘?"’a o4 K Msl'nj d' imstead " ‘@a:

~1 .
The Frowto K=aHa ' & called a Oo%’lugw o R

Thupsr H and K onr Oehjmpaﬁs (of each olM),M Ao A an.'wolg.,

A \ ) ' i . \
m& /ﬁuﬁmpm&c. % fhan cnjnpaty, we called Me




Inner a«wbmoy?e\éoms and wwju(a& MS @
’rufet G be am avel Q€ 6. We kwow lhat eoch ae & fnalreens
o CAMJ'WWO){YLDU)M of q aled Mhe innek Q“"W@M telenion.cl (ov'a,’,
Ao 2 b\( ia- ond Wu@ bj

Lt 6—>§ } L (3)

9 —> aga'

et H bea,Awb{?wufp of 4. If we Gormdere e nustnchon 066;./5 A
Hem  we ?eb‘

- aja-’ (q)

‘a) H —> aHa L (6) =a/»a4, ¥ e H (12
LS -/ “
— aha

whith & & map (iSomophiond Aowe H b aHd . Tho map 'La[ s &
: H
b‘q‘“’"""' ond ‘7'0\0\1;0% presenving | b G :‘Sommt%wo

Lok R=(2,3). The Awie /B"’-:/%,wkuw.
aRE LTI TS SR
Note l‘f\fd‘l@ F "/%

oAp = (2,3.0,2)(2,3) = (2,3) (4,2 3) _ ‘
ﬂ, ﬁ, ) ! (1, /3) = (”73>-~&5ru«4{mszﬁw
.., ) '
pHET = {4, am } # =44, (1,2) }
So M lad,
w; WhafwndnfzwdomWG}ngmem
ata! — 4 B yaeq ?

A'MSWEﬂ’i M v A novmal W"’")b) we ﬁh‘%M aHa"’-_-.»HJ Vaes
We o<W prmu.M af-Her okﬁmvxg a Mm&fm.k{arou/a Which v HRat e oo

rext .
¥
-'0
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Nevemak M\{rm«ts ®

?rmbnu‘ea—/ey wMMHoﬁwwﬁ,WMMd B lept cosels
AH  oand Mght wsels Ha , for Q€ H. The Aagt ceset alt )5 mot /e
Sawit Qo M night Coset Ha ;h?w.m»f. So thas kods o

Definition of o Novmal Aubw; MG&OW omd H QW“
We Sy H i o wormal ambponp if

aH = Ha, WV a€ &.
We woite H<& & dows H » a nowal gubprowp of &.

(1

?Xaﬂvfu‘,
‘) If 4 v Abeliom, Hen all WW“/’S H of & WWW—Z

2) Ig H= Z(§), the Gmbex of &, Ihem Z(6) v a womand Subpronp
beowre cll elhoenls o Z(6) Commute wWilh all elewanls of &.

Tt v aH - Jak|teZ@] ={8a[ke 2(df=Ha ,¥aes.

3). ALt 63-—'6:1 , e S’Yw\wufw‘c W ow n Lledors and A, 1A allemm‘v.rp
W,ﬂaw ms’uﬁfm\f oL emon puwMan.MA“ia o Moyl
Sabpnp of 675, |

To neatize this commoln avg WES, . We hame two autes ;
(aed; T v tmm. Thet 0 TEA, Then
TA,=A,=A,T
COne 2 T o odd, Tk v HE€ Q‘-beodi plhhumm.’”wﬂ
Th=0,=AT.
Dhas TA AT , V€S . Hme AQS |

4) Lek %‘4 b‘- the Dihedved m # ordere 2y Ond "Qb"m Mq’.
Yotahons M:Dz”. Fun RV is a MW C{Q"
Tre proof o Hue is dniles B e poof o A, DS, Any memoen is e
o roldew ¥ oy & Alshed 0. We kwn it v
r,pm-,n(m‘p“’,.’ YreR” b v 'd”q D,
ot pR™ - QR He, V PeR ]



