f -i_‘ o coseds in (AxB)](CxD) can el wvitien asS

11LIE Ca A and Dap,dhun shaydhat (Cx D)a@qxe) 0nd
(AL c)x (&/[7) = (AxB)/C % D).

Cx0 Ond (allo) bean e(wmzvvt oF (Ax0) Thow, owr aim
Sfoshaw b et MR
(e (gh)lonb) ECXxD

i obaemred'b\a} (o) '= (@) so Cab)™ (9 wlas)=
La’lga \o hb). ?Jvd’ loecaw% C&\/q ano’ Rab spaiing

R o' 9neC,and bthb e P 50 (a70)7' (9. W) (aub)E Cx. 0

Bl YN Smczdws \saw,{?ur an\j (g b‘)er()omd an9 (mb)C—AX&Q,

| we complude (Cx D) @ (Ax @}" —

 Naiwe dow Sk LARE)E x(?p/o7 > (Axb)lCCx 07

~ Considee Fhe mgp G T AL T

N, | V) ,,_v_[(q.b)J Whare L0J, T0J, [Lon bl bare: eqwat:mdasﬁes

% Weseec)wd%s rv\;(p 5 G 9roup hmomorp ism, lecawse % :

1 gz C.D are nomal ubgroups of A, O veSpectively, it
T e ,,. [aJ [Qz:) —Ta.agj Md a\sodfw Fis g :

LUSS\'\OUU <H\M’ “‘ 5 MJC(‘/Hré Qr\c’&uchc;hwe \\b’r@.M

Wis . T R e R
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| ecause aib20an e omj o eumzyn*s of G\ wesee that
1 Lis surgestive, because all «lomevits. le)dndd’kp/.r’ L L n L

equiralonce CIASSes Qi ¢ achievtd indte mage A L i e

"D Lok show Ui Sieskaree 1ob_UGEa.D, Lodls Lo lodd.
Ourgoa,l & 0Shay TUst Eq(:) Cazj and Ebnj Csz N R DGR,

%s mean)s That (Qu \o\)(Cﬁ O) = (Glz, bz)(Cx O) cmo) alﬁod-&u—

1 (0,077 bk )J(Cx D) = CxD. Sodtaak peans a8:'eC, bhbyle D

‘Na»&hé_xo S means Hak 6,C=9.4 bi0=b0,c0
th_J:azZ) Lo J=Le] Sowe nave shawn Hsk Lis mectve.

SN DRSS S8 71 SRS A S

“ SMGZ, Wsis tagechver- A nd suchh\f iis 4 biecHve homo Vhorplmsyn ﬂ

L@F\s qw(,ltl.y Wag 156\ l/wm omorphism'!

AP R Ba b)] [67]) 2
P LLtaJ tn])- L(Ca'], tbj) Caa, bb')] w
,_’{;'_\,(([a.] 0))-(Ca],(6'd)) = Claal b)) : &

_ J;S()_L\Sa\ b Cd:nre l’\om()/\AO(pLﬂSVV\ 0 Lis a WSomophsm and

g (AIC,) = (610) = (AxB)/(Cx D7
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2.1 A46y, B G, and 6 =AB povedhat &/ (an®)= (9 <(%/3)

Nole gt} by Haz 2 \som&’ph'SW\ moorevw, : ,
TR amS— . .
Ab/e = €/an6 R¥ie W0 G ISR

\

, Son‘ ls a\s.od-ww.dkh} Ae’/ﬁ X 7‘“3/?2 = A/Anb X %me

- by A%/A ﬁA/An@/ .1 A@/B—? 6/ﬁ/)6ar€, \SOVWOV‘PVH{V\;’S
Hen dhe map L TR R L 3

L: (a(A®) L(AB)) — (_*!,(d,_‘(‘A_i&))WL(b('A‘@)‘_M;Mw_;u____ S

| 0900 aisomor phism o (* 9n)5(") M/mw%n%

1P we canshauw A%n&‘ ~ A/pnt X &and, e bafd

lon one eo«rlwd«gawm/) eaviet A4 nt = Aane x &/and. .

Dlcousdegdte map j;s',:;__ _
Lle: (alans) WANB)) > abksin o) e e R X

' 9>€Cﬂu3¢ A@Pﬁ/ Aﬁ 179 C/Alé/g, 6/.4/16 are- all Qvoupg %gcaw& al

“abave a\flo'hfa\'av ewvmm}So(lA Brwesee ot R s

“lsuvyrchg, mag . BPAREAT ST R BRI NG T

L- we,q\so skmdw g is mdech\re,, wwom W(MU a\so emm}( M

2 is well—dePned SupPOR dhet 4,1, (ANE)= asby (AN B).

,Owgoa,l s fo shaw Hhak A \(pne) = -Go(ANB), b(ﬁme) bzlﬂn%)
: Wsww&swaaz EANB lObZ'GA/IB naR i

Ficsh, we obsexve FHok a.b\(Ane) = tab, (AAB) ontai 12
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e e e e e e e e et . QR e A e e e

| a5 (022) ! €AN8, which inhum oataitsdhat: abiby ey
G AN0 . L AL  adLs

) !

Pmm d’WS,WQanH'hS‘naU a'%'eA n & Nohacn\p%—

\
A

el Q b'bL|a’2 QJQ 'Q'Z ‘b, erazbe qz’ :(quz Axab?\é‘?'Xa&’"’&“? /

| _ QJQC—AISQ-« P\\éﬁb UIV)A 6OA%/ W‘CS&M 02}0|a)~1 6 6 C{Lb Q2 6&

-~’\{§0a.j_g\é'(’_ﬂ’\.aal’]_3 _Jaat: \oecau% (01\0(7, Y2z bjay \)(azbz 0\1_)?:' 8

o aaste ©oalso. beaause, ds'e A because aya2e¢h,
o057 e ANG.So (AN B)= wlhne)

\

U Them, we smcna} bby! € 408 also. Wem m}becqm_... 7
| ubzéeh bio'lel by &Hfﬁhmw we also seedbal hCCauAe.

; QLb\bz a2 SR -O\e ALbemuke, anbubi'\az ef}nﬁ W
L blb‘), q'z, = a|‘®6ﬁ¢ OW\GI lolb‘&| = ar aaZ € A /sou b\bl GA
T, WW\QOV\S bLbz €A, Omd b, '02‘665‘0 bib3' € Af)ﬁ
INew, b (And)= ba(ANG), asdwlfed gt 5 1

| We have shown daak Qb (BnB) = ab; (A 0 ®) enteils :
10(ANB)=0:(A18) 1, (ANB)= by (ANB) WhiChmeanS

ket R iSingectire. @m Wiy R was defingdl) R is also well-defined.

|Beause AapY DAAB, ANDaAl asweM SOM mamg
secouse AN Bis anormad subgroup, Tadaqg: Lblase=Ta b]ﬁn@

s weti= dePacd. opvethdn. Sodoy e way RS defined, Risalsdo

% hamomagphism. So itiis suyechve, inyeche, and well—dg frad

oo R & & somoyphisw. =~ im0l Nenadlo i Sl L o s

______ _—

Now, A/A/)B X g/ﬁnﬁ" Ae/ﬁﬂﬁ &ﬂcau% AB/A XAa/ BN
Aland > 3/,4/)3, wcmmclucie.cﬂ«w‘ he, ane =’ g//c;7"‘*.3_/8 :
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' 7.
3 Shaw ghodt £ A s gqbetian aovd Simp\o, dhen A-“!;'-{_/P
fr somst pAame p , R

Our 50@ 1S40 shaw dhod- Ais ayclic widh paime edar,
becauje 2/p is cyclic Wit prirnce ordes. ,

Ly -: _.\ 4‘4 L bl 12 B LN R R i Q&
With s 10 mind, dake sme see Ay wighi x #£¢ Gnsider 42
MM C gEup <X > Because Aus avelian, peiy sulbgvouy

S a normad Subbgroup, 80 <2 iS A viovima) Sul{jmup,

Buk A S simple, 0 #has 10 normal swbgroyos ottss o
Aond 447 Because xze, o concude dleh A = <>
We show Huk A< Birst Suppose for Hee sape of
@ntradichon daak Al 2 @ Thatwmeansghat
e o Geall mon e Zowidh m=#=n Jlos means Hot
we can Fake Hrg sw oM subg roug < 22> New, obsesre.
ek 42> 4 224> because <A @AINS lemends Of<
He b 2™, eve L EZ, whith ave notin <x®> Sud
dlhet means A kaA_o\,()vo‘eec/ noma sulogroup, Wt S g
_Sodhak means G has Binilte ordel. et 1Al = niidh 27 5€. Weskad
Jhat ms.fn‘m,-Suppos&V\ WaS not prime ; dwem, ot m|n,
wioh m=2], m=n,and man. ANMJ.FCQV) tale dhe nawmod
.S\Ab\gmx{o _,<7(,‘,",“,>,_N0hce_M becauwse m Z 1, x ¢ <™
150 ZaM> < <x> Bt dWis contyadicts the gimplicity £A,

0s A nas & propes” nonmad subgroup. So that means o
Must bR prime. el S NN P

so A= b, W'Y CnswuckIhe map - Zn>A
defingd as
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HER _EMH%‘” Lw\wc f<acn-Ihr vacn-‘mca)ﬁ-_\ﬁ_ 3
| Pt iesir Jak. wusal—n )= .fv?i?:_..f..
R TCOYTiT R —— SP T

PR e Ty

| wealsosec b cPrs\n\ea—wc as XAz AP & w;cejkamaf e
G is suvgective, 68 dm @ Contumns all eloments £ A 50
“lPis og\swor\o;\ﬁm.“n Aus tSOMOYPk o Z//n_%f KLPVM!\&—--»— S

1

PR, PR — O A
L. NN
. \

y 3 ’?)
- ] Bl -
8 i L TRy
3 - 5 | & X
k 3 ~ A5
\ : {
A -
~
- \

N
1 1

! Scanned with

i & CamScanner’;


https://v3.camscanner.com/user/download

o MG;ﬂg_?Glc-t A

4 A—ngp [ Ca”-wl solvable £ Uwhe axisk d: &eqwméox Jzoop:
Gor 6ry.--s G SUN Tk 6= Go>G, &--- = 6a= e} CZVlo/ \
GGty 5s abelian forall l<sien.

o) Snawdhat éx[bngps and quotipnt 3v0ufl§ A sm\mu%w qpﬁ
are solvable. A

et S b&asub‘gwupcp Gur noHd’wu,L S= 608, Corsider e

b e e

,S—@mSvc‘nS‘p 6, OS = {e}

6(& ﬂ 81> 6u\ﬂS is e loecau,sé B qnj e G, /73 e

| Gesr. Sodhat means \Fjé GeS, 00N g€ Gy, S0 beause.

BB 6rtr, J‘“Hﬁ £G et dut 9,v\e§ Qalso ¢0. 47 'hj es 5’0
9[}00 @LOSPGanS

FONE SRS CRS SRS, -,

:'_'__ WQG\SOVR;W& d—kc\J:_GLO_Sléul N & 5 abe(tan onm d*wz dz%/u ha/\ i
L R Ot o R s

6 ns = ? I T A R

| veth, 9ﬁGLns o qroup plumgats. T claimy Thak ab(Gyer ns)ﬂ.-“v,mf

o & \OG.,(GKJ-H ﬂS N(H'\CL ; adhis would LCM ‘P A 3 o
e &tﬁozi?'—l:;"“[a;ﬂ Nns)= _  R TAR W T ‘_,_,_'; f;,:_w

Y]{cq@_‘ L‘/G,.u-_, usab@haw iaba;’b 'eg,m QWF ,aba"b"eS

because b €S aswell. Qo G‘HS/GHM)S isako cz»l_;e ian.

| Hence,dhhe commshon we found baJ—stuwo”L@ req: dromands

ve soleab\l, 0 subgoup Sis olvable.
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: 'Let‘s\vxcw shay et\aﬁaquow gvmp o d;@olvabta »,,_ 2]
3voqp is sulvable) Suppuse GBIN, we shad 7N Is solvakle.

S v ) gln A0y ROMDAD L 3e) \

Consdrfm&ecompos.hm of 6. Gor G- 6 _bfined <o otk

VR (TR FIRVT A0 L0 gy My CE ) B R GR e NE O

G GOVG'Ib D 6n "{%3 Wld"i’\ ‘GK-/G;;;“Qb@llﬂm_,,u,,,_,-_.

| Ganside Fne Sulbgmu < Ha; Gy u,,aeﬁma by He= GeN New,

2 wemM|nWM WFla, @a 6 o AE)d@\ alLoJ_wese,a S
|because ¥abe AV .and AeGLghen =

S b= ioahh oS, (R R AL R s e,

: Now, bccomem oaG h"aheﬁ,m ad&hcm Woh e By S’LDO‘W/- SN
_meansthl(gap i e A@;, So Lecause hiwas albitravy. ARG .
L Wedhm co Ac!l/tkcl,zﬂ/\a#all Hl 04 cn a(e ngrﬂ%/_,_:-w‘w,,,;_
ML LLl T",f.f'_‘.l; e ‘(H N R N2 Y SR 6% 4 \‘_[4 \-.»-l_(_“;l Bt e Sy ST
lwealso. S&M__HL,D Hitl. &ecawe REh D(Onf}, and GDN,
| weses gtod= (GIN B Gﬁ._:nN as. Gi4iN'Is & siuloc vOup*OP. L
es all domends of- @isiN qe CO’H‘alr\z& in_GiNrand GigiN S a V_OMF
| Cas GiaNg(N) =6 G ). It+is also a ool suke \SE) Froci e
6N, becaust frony g€ 6, g(eiNY =2 (GieNdg. SO Hi> Hir,

Nawweshow Hak Wpie, is.alelio. Lok 6,0, 6G; anad
bz EN.We want -J—oshcw Of«\ﬂff_#,__.a.-_-_ i) RSN

(b azb) Hiki = (anbsNaib )HJ’tL.iQM isequivalonl Yo

; :Qfa\.im)cq ta,)(b (‘erlX:'Q Ol )6~H A, Now dws.s equ,zvalml- Jm

(wc;lozb)éa.lo Xa, lag! )(a2q.bz dr‘az'Q(aaa o at_)(a,br’o )—
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\“

|
|
l

Now, potice ¢hal disis again equivalend +o proving Faat

(azbp05 ' Nazab,ar'az  Na,q, bilai'as ' )az0.9;'a7 Xa,bi'ar!) Hit
= H i+l

Because a,q,a;'ar! € Cet) 00€Cau,éé 65(/6“, 1S abeligqun)
and a.bar! €N, That means (a,a,a;'a™ Jabi'a! ) eGinlz
Hit). Thow, His is again equivalant- 1o
(22 b2 03" )( Qsz,lo.d,-!Qz-,l)(.qza, ba; ! a7 JH i+ = Hi+)
Now, Qpbedq e N, 020, biatlas = (4200, (020,) T €N, Ond_
020, bz 0707 = (0,00)b3' (04, € Nakp. Sodhat means
(a6, )( a1 b) Wl aDY(o7ar" e Hiviso "/H4 TS akelian
Now UA's yehum do It ow@\"NL{ decomposition: e
G"”QOD»H;DT"DH/‘\:&Q} | 7. *‘_
By consichion, Wi/, s abdian Now T cladmsthal
RN L7 i 1) S —
salsoakelian Becawse HiDHi+PNfrallisond RN,
Hi, .

/N/HHI/N € H'/H;-u

oy e 37 Isownog phisim Theorern S0 YN sy 1S abeliau,

and

Z/I\) > H’/N DHVN (e o0 S Hn/N = {C} S m dgdfred d@(ﬁmp(ﬁ'lhm
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L) Show dtad if NG and N and 9N e solvasle, ghen so

S G ,

If G/ is solvablo,dhon dhare exists . 2129 of pormal SUbgroups
C/N = oD - Ha= e} '

Ligh €00 Hi/ Iii_-_ﬂ}s abelian .mﬂ‘LOLHﬁCQ Als‘o'm“o./p,hxs W heoe)
E@“S(ASW gHLlSiogd":Qﬁf&lM 6‘/(\“ whue 6 DGy Li tewise,

we seedbal Mz af Iha fom o/, whart Gz is a, norimald. subgroupof O
We repeat s fc all cbthe His and gob Ghe decom posifon

SN = Gogp B Gy P O/ =T ulhore 6i DG A1forallii.
Here, we may fake Gn=N,ag bu/N = T} Rat)locdause: narindl =
Hy s presewed, we see dhal Gi 2N, and also dhak GiBGitt, and
G BN (or 6‘56.__W mL_léAmo_loa\Oa@v, be qgwu.f;) The Third
somorpnismTlesemn telsus e~ % °

/6“‘] N__,A; . AG/@,’-HA, SN S TR e S

[Because Hkyer= 271y, 5 @belian, and i 1 somorpiC fo

OYgi¢), wecnclude FLat “V6i+) salso abelian. Cwam we have

: O&O‘(\WHO‘PS\UOSVObeGa,.éu.-- e PnsQdUab | oEE L de
6=6067 - 2Gn=N whae Cg;r isaktliann
b N s also solably. Sdhore exichs Onather cndin of subgroups
On 41, - “) Om s0 M N,:’ G+ \ PP Gm= ic\}*wm GJ-/@)'U i

Claxaian. 50
(QZGODG_'D;" DGV\:N lA>Gu-H‘Vi'”" VGM :{ej} an‘ @Véifl
S abelian, $p we' re. dore
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S.Shav. M\sz 3, e An condains a Subgmuﬂ
sonovphic to Sn-2. _

ok 2 e 2t > L0 L ih I ike ad g0
_byeckion i Sn-2. T will cognchuel OMe map Q- Sn-2'2An
)
a1 SCH T B s S o L a2 T el
ol DERTE TR T I

| T claim gk pisa homomorphism . wiichlweil ) mgan dhak
| wasubgwup of An Thow, wellshav Gisone-tp-cne

| Lers shaw Haak s a homomorphim, or B $.T e Sa-a,

D)D)= (P-T). wehave $main cases: .

SHEAEs Behues o oot sk B
Indhis case, ecall dhak @ is even iFF signp = [, whove
geﬁ_),__!zf_j_ i ¢ s S RS AN IR

GRTEY ’_S""D""“"‘ R R N 3 o :

TR0 = IT B =5
fi'j.}ci':'-'l')?
L, T TS (T e
An=kor ¢ So dhal means Hal be Causx_ﬁ)ignﬁsﬂ &

- NnOMArphism, @.sgn@('_m} =Sign .(W)Siﬁnﬂ AT 51(9\%(@ 73)~
R (POSH’\W/‘C}V’d hene Y- T € An—2 Hnl, (b(C? T)—’-'(-(_C S
But Hais is Ihe same Qs Org) O(T) (P, S0 Osalko 1 -

P T s L
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\!

‘: s|g (4-T)=<],50

similaw reasonind  ve sec ok since '5m(q) 1) = Sighysian T,
Al & Bn=2. That Méans. .- = -8

. 'C)-' Cqﬁ’%) (T M oL

MN_qu,,(D(cp) = Qoand D)= 5-0n n-1) Sovaw, wcgdfo‘w
O BL)= Y. T-(nn-1) ST

Howerer, becauae He oqde &ecomposvhmg X (- ‘C)aﬂ&

(/lm—))c\mdﬁs\)ol L dWis beaoma ) -

b T, T R
[ >
[F so_'ml’a\is_@,s_fém@(ie;lli_(DCQj_fD_Lz:,L,._ S

i :—je.% A:;:_:Z ) _;_ An-2

1 Thigis OZLQ sarv_\_&.as_olb\_.e_pn,v% case, yustwith Uy (-P

_reaersed, S0 we omit ghe proof fir bvensity.

1= Q0% An-2y CEAR-2

d>(t€)(b(f = (0 (nn-1)) U/ (nn-1)). Bt beaust

L
,_,JT: Rove, Sign(¢-1) = sgw(tﬂsign(t):;t_ )(=1)=1[,s0
<L @ T €A o, “P(2-T)=Q-T
Sy E Wetake ¢ly) = @ - (i n’l)_‘_(blw~ T in A».)w
—
:

B L) ( (b(t)“_ (- t0-(nn=1)(nn-1) ))

_dle oqde deecamposidions of T and (nn=1) mmdds\,m_d,h_‘g-_

50 Pisa I/\ow\omory;l/ufvv\-
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- | Nodedak oy haw we cvsinacied P, P¢)is always.a,
?N\’?P:\POVMWQD\.W S Shal- meanS Q. Sh-2 = Anis wield
de tined

JWis moans im @ is a) 8ukgroup of Anas -

- O(&g)-’*‘d}(x}l])%,x i P is dosed ummgmuf opr adan

" QL) = 0(xT), Bom de. previcus line by ity v =
\x_. » ‘J’\
— \m@ﬁ&&é&;ﬂ:ﬁ\/{—

[Noe dhot ! Sw-z. 7 fim P € An isalso ame -to—cne. P
blr) = Dly), ddiar 'xeAw-Z,yé,‘Ak(‘-z, or XEAn-2 YVEAN-2.
I gi~e RGQCAS"@, (z)'&and (D@)s&,so x:j. (‘Phcﬁ,
Flo) means V ,

x(_f\ V\"> e gén V\" ,‘9
bus (.?\ m¥|7 (S M\I-CVJ'IBQLSO we Cal'\_ﬂJ{,;'«(»“-fvga; xcgé
2 (nn=D-lan-1) = :j ban=1) tnn-1)=> X—ﬁj ]

: \’W\C&, Cb S\W 2 ;'9 |MCP CAA)S M""b Wand CV)
_|sin im @ CAV\f B lSOVYIOVPth &Suijoccf@p/’m
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6. Lok (G be L) r‘.'__.‘A‘&“,',*'
10) Let (& be 49 mu() QOW e is a;};ﬁni‘{—é-_wm o;SI:MPLZ
9UpS G, < 62€ - sum dhak 6= U Gi. Shavcthal 61

is simp\Q A { Sk 08

: SMPOO%MIM&MSE @ morYY\gd SubSMU N JP@("’ - 2
Our,goakistoishowdhak N must be e waﬂmgm%(gm? f
Wis. nthM (i Nﬁéfe}) R &

—

C ‘1 & ; S
fmstdudw, 4uohcm} hdmomorpmsm CD’ G- (o/N &cau%
N is nonbivial, dteve exist. g\ugzso ahak j;#-gg and :

Bl &y ﬁ

@emu%m d/\.mn_cP voups “5'/‘[2“\1 #e)W ewt . IR JN
 Sohet 9, e G Por Lcﬂ/-o/ i addidion, Hewe Lxists No €N
so dhat 92:€ G %" N >Ny, Choose MS’OM M>W@X(ko.|ﬂo?

Naw: 0ASides e reshichnn o ¢ o @y, P gmiom = G/

Now, we <gee d‘L\N:-,(PchCQ ) = (Bl (a2 ) so (DfGMﬂl'}aM{,( mam%n\;/;aj
leonel; a8 91+ 92, hande,. W(Plgml.s K\On/\}wlal ool

0 Te VUSRS T I .

Buk because G i simplg, I musk mean ok vorle,
isallo? G, Sedthal means anak Gm AN = b ,as

We are onl 7 Co’\S\&wvé clemants o N dhak are algd N G

: 5@0’(,@,0- Om containS bogh @\andﬂz 6 \%r gAL/
3z Y. /Bm(\h@ca,u% Gl 2 GM\ >Gu GjON= @J
jem+l aswedd.So GyNN = N%rqn 0e/N,so N contzaing

%eam% sur choica of M was an ar\oﬁmv% m > mx(zo,m]
N= By :
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:w%cza Qbmﬂ-«!’ Tal Gn yrade

~ - - -

Eu} tQCduée NcLUS-ﬂMrW\A.l S’JL\.C}}CU’\ 6P 59, G j_N éowe ,,,,,,
_ —‘cmc(ud_a N=¢, s0 Mm\j PQ@bLﬁ poa~nividl ﬂdm\.l) ...... .-
o ‘Nbgwup 0{’ G s ¢ GQ#sef, sO Gis alkp. s:mpu___ RIS S L

—e—

| L) Let Aco bedhe ot of bueclvov@ o Z>o:> ZJO_» tatore
_equal fodw__éﬁ\iﬂ% beyoad Some point and dhal ep, .
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