Z unléx%mp\om, Nebenldassen, Nomaltelles

_hg_{’. S G 2xae G—ruﬂza Eda micldd - lowe T?i(l"‘\QM&Q
He G laisst M@f& veu G {al(svl’& alle

X, yve H 2t
{4 I Xy“eH ( bacs, xyeH)
K VZ#’quﬁﬁucé\i f:,',‘:‘ L(!\Lu/ﬁp(ikzér'c&w”

Netaxom: s H eie Llw{e_rqmﬂw- ver G, damn _selvestonm
wr HZ2G. I H=G wd H+G, s
slueiloy oir H< G u«c\.saq:e.m “H &N eclfe

(m\‘ewlm vou G°
?_roiocs&%w 21 [d H=<G, dan & H esa Grapp2.

Roen: GT, + N3 xe H & auch xxt el 2ks ccH,
GT, + T egxel &l auch exeh, alee x1ek.
& budre O/am&\lwb-w .&u{ #. h x,yé_// &¢
ek y‘léH, 2lse auck x(y")'1= x/e/-l.
G, q,tl\’ M G, alse auch & 4. —

Def. Die un{a%n.‘fpan (el wd G (veu &) laSsen
frvale  deran vem Q. {\A/a,f,ﬂd C WA}
%N?m ZA\/\B"(@% r&iﬁéfﬂ—m (’)/DQM
?_m(ns?ﬁ{em 2.2 Dor Ddurdhsdbutt veu .kda.e)ovi welon
Un%ﬁru]ofmu Q.9 Gruf,oa G & wedor opna Unler-
qeppe vom Q.

Roeis: Sl T e l‘“‘("‘xwﬁ”'? H; <G ({-:;rie.I);
H=ﬂ HL} X,Yé‘.H:

el
Ky € H; (‘a}qe.c(ﬂ lel), also ;y"é‘. H; | ds xy”e}{é:
Salle (el




M.&GM%MMMMMAQMz(
<. x€G. Do hassy die Ll f&sl\(x\re nad.
Zalh| n <= dass &d\( x" = e d CSrc\m.uq Voru X
hewiduot mF ord (k). fals 2< keta <olela
Zal| (I«"lm[, c(ﬂ_v[«‘mﬂ-lﬁwl wer ol (x) 2= ex,

B, odle)=1 wd odk)=1 &> x=e,

(

Baldun: b G cve ondliche Grulofta nd ord (G) =m
wd x€G, so & ord (x) £ m,

Beis: Da die Mange fx* X 346 adlch &
oxisfiren O < k< pd  xk=x% = xk xtk
Smd 3t kFR=e wd erd(x) £ £-L.
Wzllem wir das Llnske  solche. £, o vfe!\glq‘
direlet ord (x) € m  (Letradhfe §x* .., x"32G).

—
’Del‘l Son G ghe Cvruﬂua wid X <G, D R
<X>:= N H.
H=G
X< H

& (?ro(). 2.2 =&t XD 2ina Uv\.b%m]opa Vo G; dae vou

X;zxze.uﬁ&& Uu&erwﬁ led X= §a} ‘”ﬁ: e 2eG,
So  scleibom wxir <2> amstelle vou < {2} >, [szczé(j

|

&pt-<-C

|
<

A b & e Gfu]of.z*, 2eG, und %t[\‘ Gl = <a>|
2 hisst G zyllicda. Ikt G 2ig Grupraﬂ., X<G
e 2mdliche Teiimm%c; vou G, uud %EH G=<X>,
o &t G 2ua endlich m%k Grappe.

® andlid eelor umondlicly



Bow. -+ sl G ope Grype, 2€G, wd ﬁtH G =<a>,
< muss & i 2adldh <,
Bsp. (Z,+) = <4>
¢ b Gp_qeméa:(& zo. (Z,+) &t (@, +) weht
2nd .szau%w&.
+ Neeld qeaCo. el fz»zﬂuﬁal& Gmﬁno. &Y gyldiscks.
R GaxCy , Zx G

Bldam: lst G 24 Cs—fuffltl 2eG md od (@) =n,
dan Bt <a> £ (. clogoudare hal fee
cht-frivtale ondlicke Gruppe eia wickd-trisale
2ylelisc e Uu.ﬁewa ld G eme 2adl. Gruﬂ:_a
wd 2 &, b =t od () = [<a>| = ed(¢25).

2
T@m»ffﬂvw/@mx‘ Gmﬂ«
B ord(a) = (§x% .0, xME ) at aylliscle Grppe
e=x", xe =x"% (f#u)
1 ad(, ador vuodl.
Theorem 2.3 Unﬁeﬁwﬁwxx wu =y klischau &mff@,,‘/s&w(

ZyL.b.s.c—Lt
[R@oeis o don %M%Qy\}

R, Tlom, 2.3 ii’[‘i[ aucly V[J( WC{[LL(AQ ZyLv(isQ(Aﬁ émﬂw/l/
2B, VK; (2, +).

Tee H<G wnmd xed <t

De!.

—

A

xH: = {xh: hae B} wd Hx:={hx: hed§.

Me f‘(m«aan xH wnd Hx hosseor Laks~  boe
reclds- Melon L fasson vem A 1 G
[ Meloonlilzsson comtdon pu Folgenaon eh wreldioe Rolle <piolon, |




Lommma 2.4 (Luks - Vomion) Set G ede Gruﬂaa/ H=G,
wd, x,ye_G‘
@) |xH|=[H] (dL es 2x RL&MW XH%H)
(k) xe xH
) xtt=H <= xeH
@) xH=yH = x"yeH
(e) xH= %{IQG: qH=xH}

Bowris: (2) St 4, : H — xH

e ——————

h — xh
- &l aﬁle_mséd,&udq \iur‘j,alc&‘v, Aosn d\ec(ﬂs
q< xH &t vou o Fom <~I=xl« (V&:r he il ).

g i ogeefive Far by, by e Aoset g0)-pll),
alse xhy = xXh, ™ h, = h,.

K
(h) ecef (wadl H=2Q) 2l xe =x e #
i
exH

() Isf x#=1‘// davn XY xe =x e 4
et xe A, dawr &b xH <A (c,:et(/‘/m@nfﬁe&)
M xed & auch xTed. S hed &Gﬂfdﬁ,

daor & auehh x(x™h) = h e xH, alsa H<xH.
e H

\——-—ﬁf—*f‘
e XH

(d) . Lt ><l-[=yH,c\a.w\ &Y
-4 ~4 () =1
Xtx H = xyH = X y e H

=

= H
sl My el dad i owd ) Xy H= 4
Citl&. YH= XH

= x y)



() - lsf @exH/se&\l \T=XL‘ (for 2ia hed).
Mse gt gH =Gh)f = xH  wid oo
h! xHEquG\: al-/'—‘xf/}.

o |t sudarasents xf/=€H Cvﬂ:f waeé),
Az V&%‘I aus  (h), Jex/-l (wetléegﬂ),

nd somd gtld §9eG: qH=xH} < x4,
1S g i

Fg\ﬁé_{u:g(: Aus (@) folgd  xH=yH <= ye xt (ba xeyh)
Bt Dor Reweis dor reclds-\Vemiout vou lomma 2.4 Nanzla.
Def tar 2hne L\M@%mﬂw_ H=G s

G/H = §xH: xe@} wid H\G: = {#x: xe&l.

Ale %W aus do Gnle- vmd redds- Vesdya  von mez.%)
erhalles wstr dz< @»l@%&

Rldum: |l H <G A3 &EL\L

Ux =6 = Ul s U G/H=G= UN\G.

<G

lomwz. 2.5 (Dks-Vesa) S H=G. Dawon %tu -\\QLallL x,yé(x:
gatordar xHﬂyH odar anyH=,®'.

Ruext Seion x,ye G e KHnyH =3, c\zw«s»uo&w,,ézv{«a
lssor: Amfn\s« M Ze anyH Ak/z//xh = yhy

<§Zﬂ2i§li-{w he, by € H. Eﬁ&l‘( . 12==)<‘(><l«) h, ¢ H und

ot 2h(e) zhexH HayH 270y = (qu) ‘)7 byt G.H wnd  wei] H eve
&Y, o XML.[A (x*2)(z'y) =xtyeaeH. NH
o T



Lomma. 2.k (@) & also xH =y H ol somih bildu
dio Molenlelessorr vou H ewa. Pariiou veu G. 4

B, Tos Rewrs dar reclids-Vemion vou fomma 2.5 & ama./ﬁ.

Aus  Jomma 24 (2) Iﬂe%\l, dass qeder Texl do Patehion  vou

G disselbe Karbiualah e d hat; des bt vec folpuder

Jseqﬁwim.

def It H=G, dawn &F |G/H|[= [H\G [ dos
ladex vou H tr G, Leselcluat wa¥ [&: H].

/ H\ { x H &‘fﬁ

G ) T vamdh, vem /VL,( /
N m,,‘_//

Rep: sacctwwagﬁorm <Cv£”cuu¢> (md/caa
le\‘rzec(miimf/u (T (ZKW [edracdar) ; Loiele. &ruf/am
mmﬁsmm/‘(-@ﬂd gl alue Sf@ﬁ?ﬁw%&/n
Jel=2% [Tl T=[d | 1 TdMk=
Cy = D‘r = | iuwmaﬂnmwzm C:qm‘aif%
| o Uufe cﬂmzcuaypln
ELC/fbtr];g/ [DL,:CQ_]T'Z é\:\QzMTWﬁQ
[C, CL/._K = é =213

. Sov 6 sle koBdu uum e Wiéﬁma& Aes w&rué&
Do & 63 =1 (doolthdd) wd o< KTUJ:

C = :DL,«L.)GB*L'_)GZI&# <Ud;$\i \/Q.IQ,\V\%&V{)
Korallor 2.6 ,sz:am@mm wid H=G. Lt [G:H]~2,

dasm %tl%{& alle xeG: xH=Hx hae.
x Hx™* =



I

Reweis: [sé xe H, damn St xH = H=Hx (wed H 2ire Grgpe isd).
s xeG, xéH, damn &t G= H O xH, 2ber auch
G=HoHx, ale &t xH=Hx Leao xHx™=H 1

Bow. Fz KeA<G haben wr K26 wd s &tl\l‘.
[G: K] =[G:H]-[H: K]

Theorw 2.7 (Lﬁ—unﬁw_) Set G oeve Gruppe und <ol Hz@.
fond i) |G| = [G:H]- (M
st G b andlidke Grmf:{m,seiatﬂ [H‘ ‘lG\

oo Bedmclde die Parkllon G/H do hm%a G. Diese
Tt bhad [6: H] Tetle od godos Tel bat dig
ardivalttZt [R] (lom. 2k @)); abse gblt |G| = [G:H] M.
T 2dl Gmﬂm»« muss [H] o Tetler vou |Gl saba. 4

Cz (i Cy Da T

g?\ Luw\\mﬂw v C dar WadvalCH3d 4,23 4,6,&8,12, 24,

Keolea 2.8 ) ki & avne 2udl. &m.f)fua doy QFA-D\M{( P mct
p pim , dawn &t G & Cp. liskeandor &
dan G 2lelsl.
) bt G odl und xe G, dawn &‘tu
ord (x ) [ovc\CG:\. lnsbesandare. =t xddw=e_6.

[Beoes 1 don Wbiungen]

Nidicles Ziol mt md Mbloulilassor = reclumas
Wi hatten fore (x HY- (yH\ = Xy H,
wesl Xy R =)<7/<¥/‘/ = xyh’y’iyh’ = xw;)y//
brauclon wair \//v[y'1=1$’ =H7



Flfwn 29 Sel G 2 Gmﬁaz, =G, xe G D st
xHx?y = §xhx?: he N3

Roweis: Slow  xh,xt pmd  xhyx™
N N

S x Hx 2 Daun &4 auck

=a "b

(xhyx?) (xb'x?) = Xhh'x* e x Hx™,

M N A
=2 = 1 e H
adse &t xlix?< Q.
.._d‘
g: - et H2G oud xe G, o= hascon A wd KHK"_@J%,}‘:{@

Un

- st N2G wd @:l\‘ for alle xe G, xNx™=N (bucy. xN=Nx),
o & N o Nermallele; vom G ; man sagd anch N

& ane nomale Unfegpreppe vou G.

.
—

B (el ud &6 sud Momallelbr von G, dé Yrinalon Memaffeir,

Mobatsn:  [ed N£& (N<G) 2n Nowmaleilr veu G,
damn scdaedon wr N2 G (N<G).

Bsp. - st H<G pidt [QrH]=2, dawn st HAG. (Ko 2.6)
sl =G wd @ alalsedy, <o & H2G.

EQ,CSIDQQ/,Q plF W&r{é%umﬁg C
- T2C (ladex =2)

Hé 62)(62 ; ,/V/ é C

(2 Wopian)

He Grt, 5 H<aC

(4 kopia) 3 Achsan dureh TzelemHelpumlote

(b Drebuen sl bl Ackoon die dont b |



|

Popaciion 2.16 T Nz G {FN:
N2G <= WxeGWne N (xwx" e N)

Roex: (=) Lkl {gw aus Js:;\%u:h‘w
(=) Auc dor Awmalue .{@%J x Nx™* € N,
Andarersets %tu,uw wtr X durch x7 emebien s
N= (xx)N(xx™*) = x(x*TNx)x™? & x Nx4
iy

<N _'
AmloQ Reas ?mfost‘l&w\ 2.2 %tH-
Bldonm 211 SMd UN=G, dawn 2t (KaN) 2G.

Rowes: YFH ?‘f" 22 &t UnN=G. Sud KN=2G so gtH
it 'Frf‘Q.lO \CJ.; 2lle xe G wmd zlle he Kn N:
xhx?T el (el K2GY wud xhxteN (N2G)

Ake xhxte Ka M —

u &It HAK<2G, dawn =t B widid méuwm
o Nowuletlr vau G.
ARHEEEN anLRaRoE

N\ %

B Sot G=Dy |
T ‘ il Spoge iy s
F Jl N ; } P Ioﬁqa@ Mi? 3‘ L
3T 1L
A d'<_>4 6&6:
61 Squa—Q(,Lu/\J 263 1 [z 2l

-~

Rolodtou vm F

S b=i1,63 wd K=iz6,6,6:60 [ge(oo6)=5]

b &t M=, We( x¢, 3 HAK . K«
K 2belgctn [GiuU]=2

Andorerseits =+t %:r & Postzion uomn —2?) © 61ﬁ'4 =16, é/‘\l,
dlee wid Thp.2.10, HE G
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il

Dj—_{. L G o2t G«uffza wd 2¢ G, Dor Aanimliater Z; ()
e 2 (i Q) &d d.qll’«wm( als

ZGQ'):" {XG_G.! a.><=><2\z.

);GC&) besfeld auc sl  Elomenfon vou G welelie | wct

Talkon 2.2 (2) b xe Zo(@), == & auwck xTeZ ).
L) Zgla) = G

i@ﬁ)l&* X E ZQC&), <o ﬁ,tH 23X = X2 “ xh e
2 = xax™ l{-)("‘ >

Xz =ax™ | alee xMeZG&).

/

(k) SsAd X,y € Ze@), o = pX @) auds y”‘e Zg@).
F< %H 2(xy™) = @x)y™ = (xz)y =x(ay“)=x(y"&)
=(xy*)a,
deo & R X,)(GZGQ) anch x7"‘€ZG(2.).
I
b_a-](’. &;Gm&ufra. Das Zentrum Z(G)d.o-r&fuﬂaaé

‘o als
=t din-{lwﬂd ZG): = §xeG: VaeG (ax=x=z)}

k. 2(&) = N A ()

2¢eG
| 2(&) besfeld zus allen Elomenten xe G owelclu. mid allon
Flanuden ze G WMWJ
Blen 2R @) Z6)=G6 <= & 5 kel
(b) Z(&) 4G (c) Z(6)aG
A) Z(G) 3t abelsq
() kt H=Z(&), dawn = H=2G.




B

Buceis: (a) (=) = Wlar,
(=): WVa (2x=x2), damm = G alelscl
(b) Tar e Z2(6) widh 2¢G arluflen wstr
ax= X2 = XPax=2 = x'z =2ax™ ale xc2d),
wnd e b Bosels wu Faldosn 2.2 (b) gl men
dass w x,yeZ(&) auck Xy"e_Z(GJ.
() #m xeZ2(&) umd 2¢G (Tt'/\‘

axat= 227 = x e Z2(&).

vom (e e

Torhicdudid

) far X,y € 2(&) q,.,ll Xy =V x.
(e) Foxe i) - e

Wee () S | he Kt aha?t = hasd = b e# —

M. Soom Hound K U*\kx%ruﬂmn vou G. lsf G =HK,
seagz.%ww%rﬂé & dzs dnare Predudek vou H owd K,

?QOQ&W 2.0 Ll G ede endl. (’xruff-& wd H K=G.
Do %«“.H: [H]- W
| HFa K|

Bueis: « Bs gt W= DR wad (Ha i) < H (HoW Gryppe)

|| =

- Tar by, W eH qu h K=K < lh, K
IN@&M\/ 2550 Yoy K i GJ
» Tor Wy, hyeH %4 hy (HaW) = by CHA W)
> highy clal) = lgh, < K
[U@Wk,&,m v Hald i G]
c Sowd gl kK=l K < by (Halk)- b, (Ha K),

wid wdr  orz(len

[ el
lu w Kok

,._..l

| HK| = luw\[ = [H: (HaW)] K] =



Sp

[
Hl

Folgerwg Gt KH =G, [Hal|=1 wd [H-1¥]-[al,
A %tH HWK=3@G = KH.
Bm. Sed HK=2G, o &l HK bn Algewoiven loig
L{Mexwf—a vou G. [(%)‘1 = L[%—ﬁj

€ HK e KH

[_bas &l andors (wenn | 2o dor Un\[ﬂitmf/aw 2N} A/@TVVZZ/IZ&[QF G\SV[\

.

[hegtemt 2.5 el K24 wud N2 G, dapn =¥

KN=NK < G.

Rewes: + S ke K wd ne M. Do &E knkleN,
i R i N—

o~
n

2 kn="k wwd sond kNGNK.ﬁ

KN 2 NK wid m&q .qué%‘l ik gt
=t KN =NK.
c Seten kyng, Kon, € KN, Ao =4
(e )y )™ = byt 17 lg™ = kg g ™

= ngeN =LK =n,e N

= lyn, € KN.

—
L &ru’ofze C, N& Gxrly (Adsou dirl Hi@mﬁﬁdﬁ%ﬂk/

J)relmmﬁw SN -8B
Kedl, ; NaC (siele Verrhrﬁ%as E@:F@U

INf = [K[ =4, |[KAN]=D, aka |UN|= 2% _%

KN < C o oes gl KN =Dy,
&“"ffc C/' (& {2,/)//9? mt I Potabian %’Eum

K& D,.
" GaDl =1, (6] D= [l = GDC = DG
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Toposifion 2,16 Gl KH =G, [HaW|=1, daw gid

fo ale hefl ke ks hk=Lbh.

————

Boees. Seen hell vond ke K. Wi betrachdenr hlhil?,
hilcli 7l H
m i —=> hlelML? ¢ Ha K
hlelhk? e K Al Lkl =e = hk=Lkh.
e K=2G
; —
%(’.SQLGMGMWL. W& z2,beG &V&uww

[2,b] = 2k thk!

e nosnen feoses Prodild dom  WonumedaNer veu 2
wid b, Ssd A,Ré G, daun =¥

[AR]:= < [abl: 2eA vud beRID>

do vom A%‘R ,Qra,eugie Kmm#aqu;g&#zg (vsu G )
el K(G) = [, G:( hocssy Komum\ia(arwpz vou Q.

Eem, {[ah] aeA, JerE =t me(@ kote Gruppe,
iab] (zdaaik’ 3 bz L'zt = [b2].

Topasttion 217 Sl G el Ctmﬂa& vnd wion AB=G.
(z) [AR]=IRA]
(b) Gt A,R2G, dawm it
. und  [4,B] 2 G.
&) W) =26

[AR]1 <€ ANR

Boweim: () N [3,b] e [AR] &t awch

[2,b1* = bab'a? = [La] € [4,R],
deo (ARl [RA], Lud vumgelalut.

)
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(b) zba?'b?! = [W?'e R
\"ﬁ"_'

=fe® = di Gonarzteien von
el RE4G
bath? = 2% eA AR ssdk b4 Aa R
&\;:;\— wid <t & [A,R]éAr\R_
vexl A<4G

ol xe G omd soen {If[ai,gi]e‘/ qf[an,bdau
mA . €34,-18  Genaratoren vou [A, R].

x(qi~ qva ngi o1 (Kgnx")
R 1=l4un bebaddon wir xg <™

£~1 ng x™ = x 2 by 27 = (e} Y hx ) (k)% ) (b
b e ol e = Y
\ AR2G ﬁ-z.u =5¢A =K eR =87 ="
Dh. xgx'=2BATLET" = [4,L]e [438]
L
Je

&L S B i B‘L Mak@q

Es&,tu 2ica x%i--- qh)x‘ =§ g[ € [A,R] "

Au. [AR]=2G.
) D G2GQ folgd d (LY [QGQL 24,
1 P N
K (G 14
,_B_&(\. Fiae Gruﬂao. laiset ,Q:.%i&dd : {aﬁs o ket pidad-trutalon

Nomuletlor hai.

&_M. Ebe alelscla mefro_ =it e A2 Q'ﬂ«-ga.dq/ (e Suo
leme  vacld - Hroutalom Umk:%ruﬂam loctay,
_35?\ C VLLC\/J QJ:M-‘K&C(«/' CF ,Q/\M-QVZC.(/\ ,Fuzr ‘0’0\{\/\4 /‘ _b\,l VLZL‘/L‘& 2;;/\{)&((/\ {‘J« nz 3
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Bﬁ’.”‘\ 4&/ h[ch%ul/zy&cc@vz @mt/)/af.’w Lemniou Lr ot dosm e lacu~

llagsen oinas  mickd—tristalen Motmalellors ebe "nae
Gﬁ»//@{ bildas.

Blidwn 218 ki V2G4 dase (T,tN V&:J' zlle X,}/éG‘.
(XN)(YN) T (><>/)N

Beeex:  Well N4G @&[‘L —-&
(2<N)<7N) <KC\Z—»_—))(7N)— <2<>/)NN (Ky)N
i —]
Nancd  kzwngm oo au{ Nelom lelassen oda idvdre Opazkion
?mtpozd-\bvm 217 ld N2G, dawa 3t die Y(Mﬁm cor Nelwulelson
G/N=ixN: xeQ}
e Vg
Ny N) s = (ry IN
Buex: -+ Luowd wigen wir, dass die Qﬁm}tﬁm a.u-f' G /N
wo‘a,\cg&('-k&er{- m: [Was &t da 2 Belps wind warom 7|
Sei xN=R&N, yN=¢N  dawn {QC%‘{ aus lam 2.k (),
1R e N wd y1geN. Aus N2G lat mun:

Gy 429D = (UCR @y NG = yiNyytg =N
=g ?L é-N -N éN

/clawlé ancly 2k e n
Somid & 2'b e N, dh. 2N =bN bsxs.
(y)N = (REIN , croraus V@%J :
(KN)()'N) = (X)/)N e (ﬁf)N = (%N)(?N)



1%

GT,:  (xM)((yN3(=N)) = (xCy=))N = ((xp)z)N=...
\’—v——
= (y=2)N

—

GT,: Fw ale xe G gifl: (@N)(xN) = x N,
dh. eN=N &i das Newtralelomoud.

GT,: Far 2l xe G grt/wl'. (<*N)(xN) = N,
dl. (xN)™" = (x*N).
Def &/N haisst Belekergruppe. —
1 W&fvﬁ;(ﬁm’o/m C: N2, N2T , C/N =,
Nel, N<(ixe, , &/N = D
D\g/C‘g =C,

Bep.
—F

Cq =2 Dy

Propositon 220 Sei G ede Grappe wd @ K(&) dee
VOMM&W‘;L wm Q.
() G/ K(G) =& alwelceln

(b) ki G/N R\OQS.SL\A\CCJ N2G, <o &t K(G) AN,
(e) K(G) &l dar ki Notmalletlr N vort G, sedass

G/N alelsel &Y. i
———
Rewess: (2) Qd((&))(y K()) = (xy) L&) =Q<y)wK(G)

e K(&)

A (yx)\,((&) = (y K(&)x KG))
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