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Cor®) A Limite qrop & N a p=qrovp HE 16l & a ‘Do\wra—P p.

Qet. Lek Nbe a cdogrom of 6. TF qNq =N korall 66, N X porwa]. Wrike Nj 2 6
Lew T2 The cader of o voitrivial finite p-grop s nontrislel.

1Y Ob\v\:) Yo clegs <quetion P\ P = L6l= 1C)+ 2y, (6 Cad), and \o\%'-(,a(k:\l
Lor cadn X, Sl (e Ca(&r\] \ LGl= (’V\ ord {6:€a(ed)> | thnce x; L), Thos f 1@
siee CCARY 32, [)
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-

| Febo 20\0 Recall Lemn 30 IE U of onder p“ otk on S then Sg= £x €3] I=x e Y sakistles
|S\ = LS4l vvoe&PV \QE,CQM A\ce T"ka_?Dl. If PHG\, G wontaing an eWMPa'p odev D

Lewn 3. TFH & o p-scbgroop P o fuife qroop &, [NGHD: H] = (6:1) wod p.

PL Lok S loe the cob P (oM comelt o Hiin G, ad Lot M ack on S loy 1 £milchian, Then
\St=(6: ). Then cov«?mﬁv:] Se 8t n Lo 20, webave for e G,

xHeSs @ hl=xt Vet © xhxH=HYheq &) x'Hx=t4{ & &GMGL(\"D}
30, |Sel 12 the nomber of cosett Yot loue W«rﬂ\h&& " MQ(H\, le.
(N )= 1S = 18| =2(6: H] wad p. U]

—

Cor 39, TE H X a frs‘)lpomuf H Tt ¢ sud theb 0 \QC-I:H] then N (H)#H. [

Thw 36 (First Sylow Than) Let G e o sogqronn o order gwa for rime, n2| acd(p,m)=!.
T\/\e\/\ C‘l Lovrfq:nsl a gub%\rou\o O‘pon&er Q‘ —Evﬁ‘au \‘;té,V\qsaNJ w(fsﬁ\wowouf .,J?'aw VQL ’G:r

kewn S \/\OJ\VV\Q‘ 'l\\/\ Covine. (uLa\reuYa G‘P f) J@;“éz"t{df’w\ﬁarovw]
(i

el
E£ Caudmx"g ThW\ @iw& k‘—l.. P(‘o(ceo\ ‘01 indoction on lL p\(&'—tﬂlgd cav\g\‘dmf the
Mi‘w\a\u\w MQ(H\ —‘?H. P\Q\)QCH\! H} Gr?& S0 NG\G“\/H c,ovx‘@v\‘n( o eugamup
A= H/H of ordey p. Then HaH € Ng(H); and [H|= HITH, WY p* [

ﬁfc\ .

Dk P2 s a 8_7/[0«0 e-%u\adl\om‘l() £ H % a macinal e-ggloamu‘aa{) -

Cor 5] Leb ¢ hanve ovdor P"‘W\/ Q FWne, ce\w;w{{’o m. A ‘ofso\a%roopt\s &f\é\l\) t'ﬁz itg
ovdevix PV\‘ ,A(\gol ’L\I\W\[ o ‘Uaaﬂ, a Sylow -Qo\oqvou\p 'S S\ﬂow' F\‘Muvl F the
S.t\OvJ P'%UEOM\)‘D R \)u\%w7 a'g\\ts narwal WG ﬁ

Thm %K.(S»QCOV\O\ Sxt\o\/d —ﬂ/\\/l/\) I‘; H N a Pfso‘mo\s\f‘oup a-P L ol P\‘saS\t\o\» P——PJOENJ\QI

Then dhere exictc o ge @ gudn thet He'qPat Ty parbedar, all Sylow p ~Subgvov
ave covx{)\J@the,/E@ QC-P@\ athev. " P T U

PE Let Stoe the sef” o Lefh cosele c'QP(AG, oved et H act on § oy \ekk tmaugiation,
By lam 30, |S = 1Q) =6 P) mo((a. Bob ok (G:PY, co So>xf Ao some xe.

x?égﬂ (o lch :KP YheHd & x“hxP=P VheH & x'Hx cP e HQKP&", Q
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V

3t 0\6 Recall Thw 2% (Second ylow T‘AW\B I Hxa P-—gulu "o of

&
o low p-subgrovp ot G, there exivle ac G svdn Hhab K qPa!
PM\\CU\M} all %\[\‘5a\t Pi\)bﬂ\lﬁﬂfi G are C@J\Suoarke_ d N

Thm 39 (Twied Sylow Thm) TE @ &5 o Sinke avol 9 R rne, the nomber ol
S\(\ov\) P"%‘)bﬂm‘%f;’b A& G dvids [G) ard Pm p. —

ﬁ. T\M l \)& AN m\\ COV\‘ a.JCt& op \(M) 5 v PJ &Wel ‘Hﬂ& V\UWLLDUpr
@V\\}vGa‘éZ WE(:\P';)&P\STX \G\. MO\MV\?A' S %{0%{%1“+ 538078\«) ~sob ool b P o
o S oy (,@vbsuaefl\é\/\“ Tren Qe S iff x Q= Q Aor all xe 0 le, Pc.\\?:gg% Byt Fhen
Q e Nl avd Q avd Pare conjoqete, co Q=P, S4=4P3 and ISIZ1SI=1 medp. D

Ea TP G a geovp o oder 1S ard n, ke the vumber o Slow p-sibaroms 1$:3°C
"é‘ k%v\«b\\Sﬂm 93 ord |20 | 1S VLJ S, Muct have V\Bj/\;pol,gﬂm&
RAN_ worwal " G- T\NU’\, = 2'3 Kﬂ(—‘((\,\\} se & & c\(th\Q,

,E%, 1t (L s A qrov oF oder U lvaj\'L\ wed ] ¢o un,=\, bof limzsl'bl wodl 3 can lead
o ertler nq=l Tor 2T T fre Lormarcate, Dy & aled wovwal and 627575, bef in
) et = (0 vetle 1-Slow and H=(y oo Tlow, P ok se
\/XJ\[‘ =2y fo Ol e, TE Bollowg )Qz\lz)o\/fgz\tlxk\fl”""zxk 0 ko3| VNML7, l.e,
V.&U,L"lc:i:dl'g lk;l/ Yw\f—lz)ol Qow\lx-z}zg\fuau\oﬂl@;\}& &./‘GJM/'E-\T Glzf—) NH, 1—@ ly;:%
=X\, P =1, yx=xty wwda impliet = %oyt =X — Yyt we
DA s AIATICEI Bt P 1) MO Y M S O RO
e ane Tvo J‘réw‘p\r\%mdww o qroufs of onler 2L, alkelin  ansl vanabelion
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DFeb Lol Ded. AQW\)P G % gowable if thore exich susam\es G; guch Hhat

G= G, 26,2 B G, =|

and Gi/Gi B sdusble.

Rewn. TH iy neb mecessary that G 26
Ba SuBAR V=), T o\, and SfAG 2R, ovd Ag/Vy% Zg, 50 S s sohble,
Secord Tsowarplion T, T He G 2N then H/HoN 2 NH/N,

Toicd Toomorghismn T, T8 N,H 8 6 aud NEH, Hhen £55 2 e/H,

Thn HO TE G & o soluelde qroup, eV %J‘o@mp ord que-%w{sc‘?& 5 gdvekle,
Conversely, ' NSG X solucble and " G/N & fra, then & i also sduable,

[: %‘a]oosg G & soveble, so (=62 6,2 - BGm=| wiHh G; /Gy, dbelan. Then |t
He@ od debire ;=0 G;. Then HaHeeH e - 2HL =\ Obgere Hy, G G ol
Hie = 140 Gy = K0 Gy So, 4y Secord Tso,

H\'/H,‘ﬂ = HI/H‘,(\C‘!H—, = Hic‘livl/é\.‘-u = C’l:/(’l\-vu
anedl %o H\'/H\a-ﬂ % albelbon . \"WC@ H X solvalle. Now let I\SQ—GIL onal  contider

G=GN2GN2 -2 CaN= ad  G/N=GM N> o Guly

bod it thel s Ahe cage, ¥ mflies Gy, 26,

G 2 G and N 26 50 N A 6N avd lenee GraN/N @ GiN/N, B)‘t Twied 'S)}oj
C‘li'\‘/’\) C’l.\f\) ~o
S G s (Gt o G/,

Whidh x alacllan, co oy i abelon awd G/N) Iy sduolle.

Fxx To RE CONTINUVED % %

el A panctirlvlal qrove G % ample T only nerwal shgreops e 1Pseld awd |

E_.%. Ag i simple and nonglckion $o 1y web gdueble, Norx Cwy oo Conttin!
Pas n shgrovp, by T 40, co Gy for w28 i veb seubld. J
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(ZFJO 06 Recall %%J P remang bo @VWL’L'(’\O:\/ £ N 26 anh 67/|\) oane
%M&M&éh&

PF (cont) Sinee N F&Eé:\vd‘a\gl we, e N:MOB N, B --'Bl\)w\cl:}?“?\l\ N;/T\)mak
Yor NeHeb, weite HaH/D, Then since G/N § solusble, G/N=§=6,2G 2~ 25 =]
withh C’l.‘/cﬂiﬂ :(G;/N\/(G}t\/f\\\ 2 61 /Gy obelion, whew G 15 Hhe Pwéﬁwa/a.e Y G vreler

“he quetlowt- b N wop. Thoy we bave
G=Go® G 22 Ge=N=N DN 2o N, =)

Wi ov\l\ a“wﬁ\emﬁs a\«%m D

Covr1\. G ¢ m’P\J\/\D‘Eb dhekle @rew{a \T’“’ Hese {’JXES&S 0\1616QGLID’—NEGIM}\ “"% G‘v;/('li'cl "P
?{\M orde™ M Hava °\1Cl'\°\' 'S

J
PL Lok A e afiieabeln qrap. Then A% ¢ x ¢ x - x ¢, Rectll by Cinese
Revnsindesr T\f\w/\c,w\, C ZPP;'%&—«-XZ/F?”Z_ 1%\1 the Tived &(ow Tl"""'v, we have

bor any 2/ e tower

L/ @ > /"0 > - 2 L/pR e
with %M 2 2/‘07&. H,em eaoh 6;D6 can ke A@m’m’e_ap o otover
JAY\AOMO\FPWEW\ Guponngc.

M, Le:\’ E,/F be orgw‘@\cﬂ = xkension. 1‘? ESE S an aRoworplugma Ovv\ak l ZNQ, ther,
Sy b IS o E—avbs or an arde o q‘;E/F. The gt of L—aw@f\c on «Co’;t?wf Q. gvovp
devoted AR(E)= {p B S E Farbl, the abomsrghion groop of E/F.

Low YL, (e B/F be o Fleld ok, FOOFLY, avd ap e ARL(B). T w €8 & a naed of
£09), Fhew so iy Ab(a). Pt Tl = A (£e)) = p(0)= 0. 1]

Loy B Leb B=Pla, . kn)/F. For ap, 4" ¢ AR (B), P i) o (o) forall o
then "\\7='\[;’~ O

Cor 4. TF E/F X o Gt ocfenslon, Ae() ® o finibe group.

B, E=Fla, ... 00 for i algelraic/F, by Tho L0 For A e Adto(B), Aplo) moeb e =

T&Aoﬂmmwm\@ X n;, o Ahet ave b wmord Linlk: W&P\JW
eri,¢R&zQamMHS7MW 8O Av?\-,(E\wr@fz 0
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1O Fela 10l Recall At (BY < §p B2 fixec F3.

Cor Y4 1E E/F" R m'gfvv?‘el/m%ﬂ@"b Hron A\TP\:(E) s Dwiee. O

COMRNSL 1§ ‘Fa\s;—(,: Au‘%ﬂﬂy < Av‘(> URX =|. (Exo/‘\)

R, The
Dok Ler E be afield and RGN ELD. IE E/F s the SPH‘(‘H\@ Qeld o £<) Sy Avt. (E) &
the @M%wﬂm.

Recall Tam 16, &: £ F' gud 00 €F(Q, 3: FI)DFLA ectuedly ¢, £ (E) splithie field
Bxer Prove Fhol the nomber of such s % at sk CEIFD, with equaly ¥ )
s %c‘orzm/b\,c.

Jhm 4< Let B/F be Hhe splifting Leld o £(<) € FLx) monzevo, Then |Acte ()|l €),
wit\A eobvle’\/ ‘\P—Y' Fe) & %‘DG/\P\/;%L‘(, PL Follows la7 exer. [

Lo Lok Fle o Beld o closackeriste 20, and suppose FF£ FL Take xf-a € £

wih 0 € ENFP ond Lot £ b Mo spithing Dield, £0c) = e R Kor et so E=v(p).
Stnee [)a K e ov\by resP of £, A\Yf‘;(ﬁ@ﬂc p= JL»_G—\)—- BLFJ.

T 4o, TF £ e FCY has n digheef voaly n 4o s?\H-va feld B thew AP(E) %
\‘%OWP\/&Q ‘o o Wbgroup & the g\rmwz%n‘cca«\eup S IR pax-Wcu\arj \ARF(E‘)] \ wl,

PR Lk X=Sx, axnd be Ale diskinet rostt of €630 €, By Lewn U2, I p eAPLIE)
Then OO =X, Lt S 28, e e sywumetric qrevp on ). Then

Ate(B) — Sy @ — A,

s honuawnarpigw, avel dnjechive oy Leaw 43, Honee, Aot () & semarghic foa
Subgrory o S 11 ety " f

E_%&bc\’ £ =x3-1 € QIR and E/@ =T, Ty) it splhthing ek (E:6)=0, 54
\
v

LB =6 sine £ N g%qm)b\e, ) e thvee diSEMET veoks, o /’\\SPF(E)-%S-\)’
ginte. \%B\ZQ, /AW'»‘Z(E)’:%S ’/

Tixed FleMdsg

Det. Lek B/F avd o) e At (E). Define E¥= {acE | p(a)=al fhe fixed Sleld of A). Neb
b FC—-E\\DQE,\P 1L Q,FEA\;PF(@, W Conm olso discves the Pixeed PW&M, ,LI’ ‘

EC\:\QG, EY = LocE |z forall el

Thna 4D, Lek £6) € F0) e sepmoalde and E/F the splithing fleld, Than BN = F.
PL. Werte G=ARLE) and L=EE Fe( ad so Adt (E) 2 G. On the gdharlband, if

Ye G, by e dekintlion oD [, apld=a for all acl, o peAP(E) = G, Qace
‘PC‘&\ & sgpmbkﬂ ¥ v x (6 @ ONTINVED ¥ x %




PMATH 245 The Golod owd Hhe Cureops . Tolys Dedt

L b 20\6 Recall T Y | Lt £ ) € Fl) be %()afreM\b will SPMWVU Lleldl E/R,
T\/\W F‘Q sz AU‘?F.C@ y EG': .

_E_E»(mvd'} Let L'—"EC", We have geen “rat Au“‘r_(&) ‘-Ao\’b(ﬁ) Shnce £6) % W%\"
%i@\é over” L. §7 T\/WV& k’lS, we. Whave

(e CYCL:F)= CE:F) = \Adr (BN = (A (E)] = (E: 1)

and home (LLB) =1, thet x LR, [

_Qgg_, Let B/F be an q\oddom\‘c, £l exdeusion. Leb ‘o(@ e PG ‘xj’ko., Wil Polyuawnel
o aefb. x s z(gam‘ok over £ F PG& XS qq)am\o\z. TF o x& E ove Sepava b

B/F & & gporalde exforgion.

Thm Y8 (b B/F be the golithina flelol & £6) e Flx] TF £60 & sopacaldle, Heon
E/F@G@Pam%\& * W@ A

_Pﬁ Let @(@GF&D be the Mt mal \00\\[MM®\ s he B, ovel Lot {tx:tx, X, ,_./o:.,\I}EE
be the dishnel roete of P(@. Define B0 = (x-2¢,) - (x~ ) € EG<). Lef G= At (B) end
pe . By lem 97, § pormotes &, ., X\, the vooks of G, Thog,

\ (’(3'50\3 = (x=ploc)) -~ (&”\{»me = (koq) - (=) = '(3(%\

and so 50 E¥OA. 6 was apbifrany oo 36 e( DBV = B0, 60 € FG)
3 coeew&\-c ome B ¥ Jvtb Sf\MA\xj %A&Wﬁ@, gc W%«m 47, BS =F.
By congrudion (o) =0, so Q(Q\,\B’(Q’ Lot gince the rocls o FlK) ave fhe dichinet

. P
fock of ™ (&3 (\o\, S v we, () = (<) , il The. constroction of (x)
;SK oi fm&k%@l\fmﬁk. \'gev\co kW;s gq:m\(‘)uc, afw\ s%‘:’e Dce'g ww%ﬁ%w\,, E/E B
a\So S’e?
Lem. %\/V\fwv»l& & Fhas daradenste O, 1T % (aw%ee@ soo\Mfaet\,me\/sMFCx] ore.
sc,emm‘&e od Haos every a%xﬁam@@oo%/\xm/\e{) F 3 separable.

Coc YA Let T/F be a Hnlte ackens ton, whowe E=F(x, LB IX eoda o B g@pamh\%
Heew E/E Y separabe

PE. Lot pi(0) eF(d e the wimwal P@Vyv\ew\q\ oF (.. )= p, () myw()c\ 5 Sepavalde
Qinee eadn X; wal %‘om‘b\e, Ca) \0’ Thm U(&/ the SP\W"Q '%ew L./F G@‘F(.w\ \ gq)ueL)Lc
Lo, ., 0 BESL, and fvs EfF  alce Sq:ow%k Y

Cor S0 Lek B/F e an algdomic octension and L= §ue € | o & seporebled. Thon L
X o fdd. When BO

L, Leb o pel, xxP, xf, & ¢ BlaB), which ¥ a separdde oxtension by Cor U <o
0@:‘3,045/ el ow\S\ 'H/&s (E XS q-(;ﬁc\a\. i P o by

Det, Let E=2F() e o simple <xdencion. Then x R o pﬁr‘\miﬁ\/e elemert o E/F.

T SL (Primative, Element Theorew) T B/F i o Bntte separale ectonsion, then E/F i
Simple. T Mﬁw\a@ every finife edension i draracteristic 2evo § stmple.
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21 Feb W0\ Recall that an akaesomm extension E/E & se\eamm P e wininal ,50!7
o ecdh xeE & %pwwae.

Thwa QLA TP E/F & o fine seboawab\z octension, E£/F s simple.

% Nabe Hhaf fiatke octonciong of Linide flelde ane Fiatte ard ewce gim(a\@ so \WLOGQ
F i an infinke Sleld. By induction, & sutfices t6 ongidor thhe caee E= Fla,p). Lef
(r :-{)v\')\@ for Ne F. 1‘? ¢ F(fr)/ then (X‘T')\@ el:(fr) p2-) E:\:L’r) and e moqaw&
Lt alx) and () e the winins| polyvomials o o avel § over . REF co dan &>
ard o there aaste a rost ga‘{ﬁc—@éb(&)‘ Thon cloose X € & quch that

xX— &
N -

{or all resk & P alq) avd rosfs £ R of LG ntle splitting fidd of a (LG overF.
Ths clotce is possible Rine E 5 whnde aud LO o, o\ﬁgv§)< 0o, (ongider
Pl = alg-2) € F(tﬂ[&].

TR =aly-xR =ale) =0, ok bom F#p, 7 X =0 ¢ NE-FY# & forany X, 50

LR = alay-xB) # (&) = the wiminal poly ownial ((x) & O)WEZ@J
M\g‘&b&% ) avd b(x). iﬁv/\méﬁi wq@g%e&g(x\&%]c M%M»—Dwao'%%
() does as well. () | 9ed (b6, Fd) = x - so l)~x-R avol G Fly). Th
c.@wv‘é\»e%es d)

Fre proof

Norwel Exfengiong

Def Lok E/F be algbral. E/F & o porwal ectondan i forow) irvedvellle flc)e FG],
eitler $6<) o8 o rosks I T or W SP\\‘{’S e 2.

4 Leb xe R soft m“‘:S/ML&PQ):Uﬂ)x\ ib‘e@/(,“\wil\aémo‘\) angl
5 ana Tix ane vosle o x1-% ¢ Q0<), so BG) & web WM/&,QCB)&
also re? worwel — ot Hhap Bl= (L00) = A it=-20, 5o L{, LI ane tre resk
o x 1420, so I would cwldee %o chow ¢ B(R), wich redvees to o ¢ BP), which
'QO“G\NS \yﬁCﬁwS& @(90\ g a resl ‘Ql\dﬁ'& m/ol FO cown (a(/m/’ @(@\

&

l
Gl = QR
AN
Q
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2C Felb 100 ecal) E/F X worwdl e QUi \rdedoaible PQ@\% Bl has etfher o
rosts In & on ?p\ﬂ%

Thm QT A Baite extension B/F % normal P i & the g‘oW@ Peld & some Leeflx].

_EE', %\)ﬂ)@% B/E s norwal T = P (x,, ) 1S ‘HM‘%@, so take P\L(ﬁ)@tzc?% e minima)
Fo\/\/V\.OWM o . Swce B & novmal  and Pk(KD=O/ each p, 8{3\&“& ond S0

B = F(al rests & Pv_\ \&\Livx\ K

/

le. B & the Lie\d GP%M;WP ) p . Co U i =3 \
E/F e e %&g&;@%a K sonme %c\e?&if (_de (x) e F(x) \

57 and K/E ‘oe 4he s\‘)\‘fﬁ" Lleld o Pc\ over B Waike Bl = Fla)
V= elr—a) - -- (=) for ceF* h=u,®F o, .. x, ¢ K=Elx, ..., x,.). N/
Simee FG)'2 PIIGo0) 2 Pl ko 12k Lin, e Wove Hog, Pivovorpilsm  F
¢ ¢ Pl — Blo). Nete thof 00 F6) ¢ FOQ £BGe )] & all 1, 50 we oan
view [ as e sphfhins Reld 09\2(%)%\@ over (o) forcadn & By Thm ¢, theve
ecids o Frovarlisn g1 (> ectandiug & In pusficles cAoke(), 50
perwoles, e voste f £, € is the g M‘"N@ leld of %@\,wq’) V=E avd H folloag
o(lzqP(u\eE] $d \(:E Q\MQ P(&) Se\wg o E. \’QUA&? E_/F\R w«d \D

B.a. We will ghow every quadvatic extonsion— B/F with (B2F) =0 — & norwal.
—Cea: o:eE\\Z/ se B=F(x). Lt p(xS: xttax +5 Le Hha wininel WMWM of & over K
16 @ i anebrer voof of p(d) pl)= (-0l RY= x*-(at@)x t B, te. R= bo/x €E_Hemee
E 5 the spiithing field o pd ovar F aud i Lollows thel £/F & worwal oy T 52.

@% QET)/B & v a norwmal axtension, becavse « 10 \as o et @C&ﬁ:)/ bt
does nat oWt since (T £ R 2 GQUT). Note, howerer, Hut both  QUZ)/G " and
QAR / QWD) ar quadvelic ectensions and hence worwal, so we docevve Hhraf

\S

e m@oﬁﬁo\/\ of nogwal exdentions 5§ wat wecegsan 3\7 el wormal .

M- 1f B/F & o worwal ectenslon and FelKeE, then E/C & norwal.
P %% x To BE CONTINVED ¥ ¥
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\

11 Felo 20\ Recall Thw S, A Btk extengion B/F & norwal P ¥ & the 9?“’“”’27
Lield of gowme £(x) e F(<J.

Prop D3, 18 B/E S o vorwd abinsion ond L o Sndormediahe €, B/ % werwal .

£ Lt P(xBe KEA e irvedvabe with a vesP x e E. (er £ e FG be the wmininmg
Po\\,WWQA &P & over F—"‘P(&\ | £ 5o IF £ se\x’\?s then o deet plid. B/E &
WM? So 6\)01‘7 QUO\/L ?@ c‘l\fs OW\DX \f\evw-a E/L K v»efwa/‘ D

Rowr, NeRe thal W/F necd weP ‘oo worwal

Frep S Let B/F b a nomal odansion and aRe B The tollowt equivelent: (1) o
(LV\A‘LWWWMMF&‘]M (?AMM&%«P%MC&WM«PQ B

PR (M)A Let pbd e the win poby of o over £ awh e Ad(E) with
’\P(oc\ B. W ke PEz o to e+ Ta, X", g0 Ahat

p(BY= o, wa, bt —ra, £ = bla,> pla) )+ -+ Aplaep ™ = P(pled) = O,
Heate ple) & the winiwal polynomtal o0 @ srer F, the samc as a.
(VNS @). QOWB«%& MQWWWWM@ over P We have 4hal

%(ﬁc\ O/ (o) 2 (R ) o thent sty an \"*\Bow@f\a\'\/kvv\ FQX\ ~ F({S)
with 4(«\ b. Thim 57— B & the s?Wv@ Ll of wvwz, (@\eFfz@ oved

e P also the g‘;uﬂ“ Reld &P £ Fl) avd F( Mf&zﬂ\lbr‘z I—kmee
Hore excd¥e o F-k ngf?\mkvm«q) E/’*\:MW\GQ\V\O# W&wW« Qx\

A N/E of o finite extension E/F satisfley EEN avd forall L
whermediate Slede of N/ \,Js notwal, then L=N.

T[(\W\ S!) E\M/“/ ‘PIW}EQ O&Ev&\lm E/F lhag o M c\OCD& 'H/a-() t\S owhvt u‘) ’%o E"Wo S,

© l: l’@c Lwﬁmev(g ke Jm vm.mvval M{Wﬂw\ oP (xrw\z av! w

PV{PM\/WV\ SL j r?ovrww\:(\) oww+ L&H—( \ee, g% whergeedirtz LO‘ a'o f;)_/ E
eadrh o, it e (= - '3 K porwsl, be. L2 Wi

%p?\wos eclckense. Mfw leb N/?: ‘%Poﬂs obthined aove avd N/ € @NUWMM

:eosu&. N &;LM O\M’J mmwg a\\g't‘\wéo;rsj N 2 NMXW h‘i‘h\g Held X
) -~ ) over F, a R dne EL isomoryl
\%a\v“() ™ jV\:f%Mo Mp\, Q& rorwel over \/ j@ %J 0 =
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AU Marlole  Recall trat for o flnite ectemcion E/F loy Thm QL, E & nomwd i
i s the gplithivg Bleld of some £0 € FOT. Alse, by Tam ¥, B & sepable
£k & e st Beld o o Sepanae polynomil £6 ¢ P,

Dek. An aladbraic extension E/F & Galols i % & norwal oud scpam\o\,& The Galols
povp Galg B) o o Galos ectension B/F 15 the avionmarphisin veop Ad(B). A
éa\ms ocfengion 13 ahelion Q(L\_\ZL, o Solvable W the Galols qrevp ot ‘ov\efrwﬁ,.

gem Q (Ww\a L’i? M T\’W\'\ 5?./ a ‘Pm;’tt G\alofs e)d'QvL%\}oV\ EMSQW@M&@Ww
oo with coriclnts tn e \atc eld. TF C/F § e Chlon detencin ob fe0€FR
Sepavable of degree n, then Galg®) — S by Tam Y6, Mlso by Thm Y,

| GalB)] = (g 7).

Ba. Lek B2@ 0,343 be fhe 5 Ity feld o (- (E-D(-9) ¢ QLY whith &
o separcble pdyrowial. Thew CE: @)= T "Since P ebalglE) wusk hage y(Spde $L4p) for
?21,3, W\AJI S) oth( \QN‘QCZX\‘;EE'QFS:—&I we  See %@\@CE\ 2 Q-

Thm 96, (Arkin) Leb B % o Sidd and G a finite sub roop of Aut (). Recall Hoat
BG= Niee BY = (6B | 0= 0 borall ap €6y, Thew é%@‘ 5 « Gt Galols ertension
O/M.A Mﬁﬁcﬁszéh

B et n=16l, F=8% and neB. Considor the orot of o under Hhe obuios action oPG,
e, X= if\\)hx\ \"%eépvl > o=, oy, wWhich & finife bcaavse @ 5. Nebe men, Leb
L6V = o)) -+ (k=) Each e G permites x,, .. xn, 0 stace the coefficlents of
£6) ave Symmetinic w.rt, &, 6 € B5GQ= FOJ. Lek 96 e o facker o ey, WLGG
@(xb = Gooe) - (o= i), IF Ltm, there oxists ap e G wihh™ Ix, . 003 # {bla) ooy aplag))
%%(A £ FGc). Hence () 15 the winiwal ‘eowmw\d\ & o« over F, gud stwea I 1S c,c,amae

\m]mM’\m? B & o Galols edféusion,

Now Sufpese for o contradiction tat [E:F1>n. Thon tere adst Frlinearly indepondart
m,&w‘ ¢ E. Congldor the systim 1(@,%, totap(Ruedpe =0 torall eq o n

L q/vaﬁéws M wt) varlables' v-. T4 bos o wonted Solotlan n €, so \z-P(rp,m/rﬂﬂ3 be.
queh o solofion, with the wminimal nomber o nomrere coordinafes. WILOG Loy Y
ave the ponuvo coo\no\iwrkeg] cnd N-Q@‘G\M'P M[A’ 2. Se \\’(MW»P"‘P "!’Qgr\’]’r”‘o
for all p € &; call 4his &{Q@W (). @\/ rescall , WOk, we ~oke 1re=l. Look\]u\ﬂ
ol () tor p=id €G, we see tut bq ++ Lo =0 IR w%ﬁ,,ﬂ, %( an
mﬂwf{y Mrgmde@ over~ = ¢one /rfé E WLOG = [. Choese c‘seéz with by ) #
G/K.Qx ’H\M :CF(O\':#(«F(&DT,*"‘*'\{J(@ATAQ‘F"P(‘S\\‘er‘\»"”{“ “"\[?(ﬁr\Cb(jrv? ’(:OV\Q‘/\

N AR S P o AR Y (TR Vit e B e
%aM r\@@w@x; :Q)M S\t%:\gw: ) %ubwva (9":3 me(\l) (E@)?(gﬁ C%Im n{_.?;ﬁj
(8- = () e 4y D) = 0,

so (=&, -, T3, 0,..,0) B a okl 4o Hhe oriq il Recavte

Q;t;é(cg(fr‘\:rﬂw\s Z@Tﬂu‘o\n@%&ﬁ“&h{w\/ bo? sl\'gce 7&21, $(«?, :WL% AW sdution
WOVR, 20D UBNC‘U L o Ml - euaem

a&suf:;ﬂ\am Neewee, (E: Fjsv\.“ ihandd ! 9 7

So B/F ik a fnif. Galol exfenglom. it Fhe spltfir Fleld o oy
over F. @\\nje FzE&: fwx%z "‘9(&32«%0«“/\?6@12@32 Ev&&@b ?&éj:‘(b ‘0\]
Than 4S. wz (6] (GallED] =(E:F) =1, S0 (=Gl o(E).

Rew. Let B/E" e a Cinte Galols oduuion withs Galol qrovp 6. Forae £ lef
5= =00, e nd b the ol of x owdes the naforal acfion of' G ¢ AGH(E) the
V\N}V\\\.W\O\«\ P&\{M\w\w\ G—Q X ovwr EG’ S (K‘&D"‘(K'OCWBQEG‘E’C‘B-

Ba ek B=F, ..t Ye fhe Qed o valhonal £onetlons . n varlakles over . Consider
‘;Léé SVMW»@\’N‘Q rony Sw 0% a sub vovp & Aw(E), ousicking of F'C%wasmg P
e 51, LA call s hacovp 6, We wil find E°, By dhe alove, ramarl,
winimal pdhy 67 £, guer 75 F0I=Get) -+ (k) €89 Deline e, dowenfary
§\{MV\A@RIM ‘(?MQ & AP o cs, for le k2,

s, =3, &, ey En) = Z ﬂ T

A<l -3 e
Ao A

So eq. § = £ et Sk tbt ket h, b, . S.cbk -k, Cbserve C
fhat @ﬁ%mnﬁgw%s&ﬂ»«wc/n“s,fe () € L=F(s,, . s ) B8 Liste 9
%FWV\Q Reld 6P $0) over L. Si £2n Thm I8 %MC@&L}&M. Wel),
by Tt 56, wl=19,)=161= (BB CE:CY cul, 50 EP=L.




PMATH M7 The FUV\RXWM‘F@\‘ MGP G‘LQJLOLS_T\/\O@MT_

) Mar WO Thm ). Lek B/E be a Finite Galok extevsion and G=Gal 2(B). Theve

B on W%&WW:@ bijective corves pondenee ‘ockiveen the infarwmcdiate
fidds f E/E aud te sdbgroope o Q. Mor predely, Hho conespondence

EW‘VNM:‘%{’Q v

flelds of m?; e @:@2% )5
L " — G]O\\L(E)
EH — T

scfisies L el @ Ga| (B)2Gal, (B) and Hed & B"2 Y. Infad,
(1) = (Gal (E): Gal , (BY) avd (HHY=(EM:EM).

PC. Leb L e an infermediale feld o0 E/F avd H % « Qq‘oOxroop P Gal (E). Then
Be® = [ oy Tm 41, Also, Galga(B) = H by Thwn §6. Preace the conves pondence
X Wijective, Leb U be audtber infemedinte R By Prop S B/ and £/L ase
Galas, S0 Lel/ @ Ga) (B)2 Gal(B). Alg,

(L )- (E:Q _|Gal (8

(6:0) " Taata @1 - LE ) Gelu(®].
[

Similack, © HH'2 G then Hel & ET2EY, addso

foa . W e (B LB E™Y | oy cw
LR ] HI ~ (qalgn(®)]  CE:EY) (g"-£%). 0

We hove %ew on exomple lefove et i B/F X Galoly and L & an infer medich

Pield, then L/F K vt wneceatarily Galols. What we will e s theb (/B & Galois iff
Gal (8) 2 Gl (B).

Thm SE Lef B/F be o Pintte Galoly extonsion with G»L@#smﬁ Leb L e an
inkermediete Bield o B/R Then for e Galye () = ap fal ()4

BL Por seqp(L) 4@V el. IF ¢ eGal (B), then byi(a) 2api(a), <o Pt =a, Yo

1 e Galy, (B) for all 4 c@al (B). Hence  Gal (§)y € Galy, (D), Slnce e
I\&i'\%ws \/\;‘j\u"é e gemne oﬁiw/ ~R‘;e7 are u(wI\' ) ¥ b |

|}

Thim N, Leb B/E e a €intte Galots oxcbomnsion with Galols @ ol aw wterwediaty Tleld
C. Then /P s Golols #P Gal (E) 2 G, awd then ww%/mhc@.



PMATH 348 Qoquuwws P He Fudawentel Theoven,

A Mo 12 Recall +he h/»d;\m\mw cwmaeﬂw(m Shween e tnterwesliaty Clelde
P o Bty Galels exkention E/F avdl the subsgranis of s Galoly grovp
6= Golg(8): we hove Deld L= L= Gal (B) awd shgrmp H s HY¥= EN

Than M, Let E/F e o £intte Gaots octomsion th Golols G ovel b wedlafy, Dleld
LM"V\M L/F i Golots :\@ LAOZI omal JV‘M"M\P(L\ W -

BL LR & worwal HE (L) = for all e G55 L= 6l () 2 Galyy, (B) = np Gal, ca)ﬁp for all
b e, by T sz« T ot § ety s Tag No A P U/F & lus, tos
reti UWW\ L b = 3 —defineel, Moreover, M)
with wn«f%, so by Fik T30, Gul \%/LAP :

%ﬁi‘v WJMWWMQ}M?OPWG‘%MMWGP

Amc T “'q \)z (u) 2u® X an alowar

% “?’e\ 2 the QP”‘PP xq—x &E&] <r‘D )= xf == M&e 2, 50 "\P’
?o«e—G -cor_b\l:/\zt\ To # |\=\ ad&z\\? weo\a\ be tle 9«;&7@&77@7% oP xf :0%50 @

owdzr w in o,(ok K" w‘w%‘/\ \’M ‘H/L

(‘7\’\/"3 C’lﬁ/‘ﬁ,(@w\ S C\/d(gcmu\‘:la'w 6,,%% G

Now cansider Tt < %»wa/\“:r(ﬂ:,t\ o ovder d. Thew d v avd [G:H)= 5. By Tam 67,
'—“-zﬁawH]ﬂH*am:W:r’F;} so Y= Byt= Fova

B. LbPE‘ee‘ﬁne »O\)etoQan-_]e@fx] E= Q0,0 Cor «=37 and
—_@MA WWM Péa x>-"7 and ® ()0)2 ?wx)g‘-ex?-@;ol@zo—e‘ §'ﬁ\wl\7
(00 @125 avd (O éﬂ “ gre divikors of (B2 @) %o
=) ‘LQ) (' R) ad (B-@EN=S. B® ako, C@»@(Sb%é{@@u&lz@
7N o »r X M& g, (£ GI-(E: GO 01=20, ol <o
Qe QO B) Ws ordes 70, Also, G>Ss s ©-) hes c&uams
g\®/~.

DCGM <G to ga{*ﬁ% s (0 ) T8 £ ke Ze and o, ()= Eor
%GZS (\\’té\/ g= '\"’l\ M t’\f)’\POL We W«W% W"Q‘{C %m

V4

C’v (T’C\T = gt o't 21> ZO""‘CB\OCchS Og%ﬁ%i
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I Mar 2016 Kecall Ba E 4 Bleld P x5-7 /0. We saw E=@e, T Lor
e 90, For mzzﬁ Z%zwwss;w&?)\«w%&%dmzé? %dgik@f) \m\'m
er : e G, wie A) = x =T* © S e7Zs
Db it W""\M,xt"‘ﬂx Ezwquﬂpﬁ%ﬁ G:P=<<F,D\TS='C°‘;C,PTiO‘ZO‘LV>v @yﬂwwg\ﬁmﬂ
Fheorertr, 6@ g Sylow - oud 5*%&3»@»%, &\F@\w Hhied Sylowo fheorem, n 2l wod S and
aivides, lélzw, <o V\gll, ard U %\1\0%7 ’W5va‘0vwg-(> be {0—)"-__»’2&. %\f Hle ¢ conel
Sylow fheorem, a2 2 G, By e same a’»:guww’r, n, € £1,8Y. 1w, = the g\i\m 1L~ob-
wevld be werwal, O\mj GY 270 ¥ T, wold b abelian. éﬂo Te=v'T# 0T, %
W&m{)%mﬂcwnfs.we‘mw@?kmm gbwvw/wm

e %‘w %m i’%@&r W P T T TN 2 gt T o™ T = e o
) $o 3

aeZg be Loty >,y for ae g
\
S \
&\
\ {y (evyr —
/.
We have delormined fle of order 1,1,$, 20, Thik leaves o ovdlers
LM\/@%W& lawv&%cmWM%gyw , and}
e O\IcMﬁ) S2 Aley wwtf be {2 Th) for a €. On the G%\M A o

order (O woold hawe to covdin the Sylow S-cobgronp (&), so W witt e (o o™
| E= QL)
>N |
AT | e ()
- |

G Q
We waw forn ow offiucion €2 Lluoling the iwbernediobe Lelds. Rocall tho Galoiy cotresp-
ov\&wwx/ Lv— L’#TIC'L@\LCEB, H — Qg‘l’: E {o\r Lo«\ WM?&#‘Q 'Fw M Ha gUEJ
SO
@m/ Gl GGETYE) --
6. 6l 0Go -
.
O
G=>T <",
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Y Mar 10\ VM%W%WMM?+LJKM%%M%WE
,%)i'\/ bt-Ye

X=

otlot 4o the equation xtebxre=O. Awwmo?w&wmvs
called o redical, M mmﬂmmw&w&m

given i class,  (ovsider e m%

Fest conalder Pre gsliblon of - lact b=0. To sdve £, we consider
(=0 = b= lact ok = xt~lax tb-b+ar = o'~

o Fhet nawzﬁm and g dhe galotlons ame x=atd oL

Now considec oo coble equablon Ax’+ B + et D=0, wLa}_Az g7 0Scaling,
Them q?Q\\] He Tochirn haue %WSFMWMM fe whstition x=

O =2 +ble C)U“D“ (36—76'53* B(Jc~%—§ %C(‘¢~§~3J<D
2.
= -3 e b e Ee-Bige-18terp b ece-cben
= £+ (c—gs‘% + (58 -5 +D).

So WLeG B=z0. Tt gibetifiohon worls % vemow the x “"%efmhadliam/
Pé\/‘,\/\QWM Hewte, cowgider the cble x3-3ox-1b =0, TF we lef < 3\1"%

3: (’%44%33= P\—o\ *BP%O\% ¥ 3(3'\30{% = (ek‘op-kze%(‘{g&

< ’\’\Mw\ 3 '5‘3 X (PJ“P O=x2- 3%-2/5 anal QMPMV\C) ch@cfweg) (Attf’;zq’w\}%
\»qm aw)\ g@o\zlb Then we Cw%fc&wr\’\/\kﬂuq&fa‘ho

Oz(\f'*(ﬂ(\f'q\zj ’(?Po\\y ()o‘ ‘-“—\1 ’U:)\/ '\“Gv
whidh Lo glotions (J;O} v = b4 b —o’. %Mw?% dhotce, X ivd rodeerp awo

X = §3ﬁ93% ﬁzz T?ZS 1, % fhe ch%f‘c}m)c
¢

The sdlobion & the cwhble iy due fo TM%@W&, del ferpo, avel Covdave,
Now WMO\V@PW@ Ik bxFexed=0. ¥ ¥ *¥To BE PILLED IN * »
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6 Mar20l6  Lew 0L (Dedeleind'c Lemma) Let (L ke Flelde and p.: (—K distinct nourero
homowo, phisis for—leien. TF ¢;e i and

e @) £ =+ Y ) 20 forall wel

fhaon =G 2~ =3¢, Z0.

Pt %oppa% for o contiedicBon there ¢ xiske a mininsl coun he. nZL 8 wminlual
suoh that ¢, (o) ¢ -~ +¢,hn () 20 forall ael (eall s @), all ¢;20. Choose
b el suoh that OF () #ap (B, Then

Y® Yl |
a1, (6 # iy (o) b Carpna) s =0 Lorall wel ()

Bob then (D-(1) gqives
)

) h
%((—%}*\&(@ + -+ (,,\U*%qum(o\ = O for Al pel

whith  hag  one fewer toran than (1), @APMJ&VUMMM@JA. 0

Thm 63 Let F e afield and nelN sudh Huatf ch(F) ¥ v, S«ﬁﬁw&@ Aot w1l 9‘9‘/“‘(1
over B (DN TF B/ R o cyelic Galols edfension of then B=t(a) for some néE
suchh that x*e E Tw gm\j\kd\wl ot R the wins ‘MX};—P « oy E. (2) Cowmelp
X B=PF) and N‘e(:, EF & C\{CWC ot dzﬂme A with dln and adef, Tn
w&c\/\wf‘, XA —d & the mininal f"’t‘i oP & overF

PL Le¥ C,eFlea 'wlvw'm‘ﬁ\/@ a4 voP of onk,  Note tab s elther ch(F)=0, or
h(P)=p and phu, -1 & separclde, 5o zl;én/‘gl}\/ LGS ave ol distad,

D Leb Gz Galp(B)= Laf | =1) 2 2,0, the oydlie o ovdorn, Apply Dedelind's
Lomma to the @/L&m;gg ::tf% E—E owl wet%@ﬁm@c;z\%i E‘M@Pﬁé@, there exdsts
MG:E guch W &zupzrﬂp(m\‘w-'“kt:“«p (W) 20. %W%fﬂxBngi, Lor
leien. _V‘Av%) o(C;; mwﬁug& Lo <adn esQ/\mor ad hence lhoave Fhe Same miwual
porromlal o0, Sace alY are also all distinet, &%E(@fn. p(x) € B, g2 ' lagthe
consrant tecm P(O\ﬁi(x(mﬁw\)'“ 0Ty =t ane, ™ VL&F.Q,&E 0 a’ef a Kk
a rost 6P X" and hemeoe P(m\zx“’x"\. Qnee FR)CE ond C%\IF]"'&‘:D P"*Wbtﬁ‘ﬂ,
E=F(x). Thig proves, CO.

¥ % % (0 BE (ONTINVED ¥ %%
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(¥ Ma¢ 10U Rocall T\/\MAQBL@SPF’E@&‘H@\AMMN with CAA(FB)(VL«Q\TFFO‘%
et -\ q?ﬂ‘% over £. (D TP E=Fa) and peF thow E/F
exckmgion of A;_&v‘wd wih dln avd xdeF IV\MMW xA— x4 % e win Py

12N O) gue ce x"e P Lot ‘o(x) ¢ £(<) be the wininmal \\/quA o x guev F. Shace x
waec%ogox!’"um, P(@‘K""OCV‘)M%%«*@G@&g(@mo-P form
Then 96& g conttant Ferw ()(032110(d§;“ Lor A the nom P reolk o p(d)
e 7 " Simee 60, Cot F, wol e 0feE ad @ is o voch oP xisd, T
So ?()Q\z A= Now for o contirediction ﬁw\’ d X n, so faf n=q
Q< cd by the division dlaorttam, Then af= o707 = Y/ (6T ¢ B 5o 5=
as o foet QQMQ%V& MMMJﬁropé(&\.geo\\v\.W%m}me&mﬁ%
o¥ P(xz) art xS e xTy for 02ked! B/F K Gelols, WW%WW
o p6d) (W 5 sepavoble) over F. The o ¢ 1= Gale(B) for which 4(x) =ayVis o
quebrator for G, Sivae ap must £ic Ty e F, c0' & oyl of ovdordl 0

Now we will contider ¥ cate when h(F) | n— thet § d(F)=p>0 avd pln—
So XM-u is v \onger separaldle.

Tam 64, Lef %ea \eé/ o Rleld it g@\cﬂmﬁ.&m Tf x‘)'&gaéF(xﬂ ks %{é@z\% Hoen
18 NPRVQ EXac e Vee @2 VA
c\/c\zs xfngion of dﬂ@rfﬁ Pzﬁ then W & fhe sP\iﬁq—tﬁw\s) Qu\‘g‘H o W\/&E\z xP’xj\a. Pl

B8, (D Lek £6) =xP-x-a and \d x be o vosb o £6. Theu
'F(DC’V\B = QX‘? \BP—-((X{-\)’O\ = “Pﬂ *u:{’—a\ = F(fx\=0.

——7 can e
Hewee axle ts a voo® of £6) Lor all L € Fo. Since P hag ot most p dickinck vols s
roats are (amdwiv Lo, 6k, ok pm1 3, T4 Golowt that azF(pcek\keﬁ)zFQ@ and)
(E* F}’-‘d@ £= P- ZP 1S 'Wbow’\f %NL&‘O‘? ovdev P, Se zp’é’ GLO«AF(@\zQ\P) for the
b B R given \s\,/ ,\.\)\;'zM and ap ()= o+ L.
(L) Let G=@alo(B) =) = Zp. Apply Dedelinds Lewma 4o AL=E and apr=nf Hhe
elomentt of é"‘zw“ﬁ’\ dy z"”f%ﬁ\\’ed&s sowme, v €E sudh At @zv%/\p(\r:)\{gm/r,\‘)ﬁ(v\
IS Won2eNo, m\)‘(gbﬂe £or all ,\PGG, 3O K%H:. Was U\:\//(S. Then

W) & T (W) = %h\p(ﬁ;\f -n«wﬁ"@eﬂ = ’tg”("“\)@ £ A (V) 2-%;8 =,

Sekting o = Orn= Ll = L) = === (D (), we see p(od = =) = == (pDPlud, 0
()~ 2 Ap () + () & -+ () + ) = |

Sinee apP= i, ond Ahos aPled =t l owel A(aP) =g I =Y =ocPl
¥ %y T0 Q8 CONTINUVED ¥ x %
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U Mar 06 Recall T 64, Let Floe o ficld with w(PY=p>0. (D T E/F & a

eyelic <xfension of p, thon E/F i the splitting Bidd o some
irredudble pannowmtal xP-x —a € ().

ﬂ(th Lk G = éw‘lp(@) 2<f\p> 2 75 We hawe seen Heve oasts wet sudh thetb
P
AN =ot)  and then '\[)((xp)'l’q)(oc)?: (2t )P= oPr, T4 Lollows ot

«\)LKP'OJ ZI\.PQ)P)’«P(A\ ’f(xp-%\ - o\ :up—— O
% xP-x iy Hwed ‘01 G ol hence s an eloment of F. Then quocpﬂoc/ x5 o reeP
f xP-rc—a €F0). Shree (B:FY2p, (FG):F] |p, and cince aF, Fl)=E, and also
WP oy N the waningl] Py wawial  x over F. )
Vodical ©yfunciond
Det. A finite exkougion E/F 1s vedical i fheve oastk o fower of cbields

F=f,cF¢---c R.=8

guch Fhrgt PW:FHQQ ol o(?ffrF;,\ for dye N.

D Leb @ e ofleld aud £6) € PO, We gay £ s selvable by vadicalg O tleve
@&W a MN\CQA (JKf@\A‘SM/\ E/F QVJ'\M {/\(x) gf\ﬂ\ﬁ G\HJ\E

Rew, TH s possible thed £6) e FL) s soluable by vadicals, bob e splifting feld % e

/

excfougion (sec kssb@wwwrﬁ . Al we \Mﬁu?m\‘g thab €l P m E.

Lem 5. 1P E/E hk%wﬁwaﬂmbmdMC&me% ik HE wovual
Aosuve N/F.

PL Sinee B/F s Enife ave sepavelle, by Thw S, E=F(R) for come Rek. Sinee EF &
“MO NQMQ“A, 'H"(’/\Fb s a Tower FZFQQ‘F\ —QMQFM;E WM %’*ZH(@({} OMAA o(c-\“éfﬁ._‘.

) €0 ke e win. pdy. F R awd =0, 0., B, e vocby of ). By tle
\ﬁg. o o) pecual  cloguve ‘fﬁl} TME S, MnE@SM,BA&:WS,, AR Aﬁxﬁ &ce&

ow E-tsomerphigm 7t F(B) 25 F(RD) given by ¢ (=B Hor Lejen. Sitnee Ncan ke
Utewed 0% ﬂw\e Sfﬁ%‘ﬁ Lield O‘Pd?&x? O\be\\z(@ ool F(‘S\S\ m;}‘aﬁvd/\l) T e, Aleve

S At NS N cebonding 0. Thus ap. €Gal2(BY avd 4y (R)=8: We e -
W\?\S G’P M" '\0 J (\P\J r M) %

F=foeP cB e e Bu=BE=PR) =PRI 4B e FRA A (B =
< FBA(Fud = BB = (R, 63 A (B < BB, bdaps(F & -
e TR, e (Fad= By, by, B << B (b, ., Bd.
We wow verlR 4k Iy a sadical fower.
FCBr, o by np; (B = F (B, b)) apy (P o) = TR, - By (Fid (i (D)
owa\ «mh;ﬁdrz«\)@ () eap; (Frd, Whos N/F & alko rediesl.
Row. An ieveducivle §6 € FGO s soekle by radicals HT {19 has o reok axprasible by radicds.



et 24 adical Babuncions

22 Mar W, Recall o Bate octimsion B/F & vadical f theve exicls FePoe FiC < Fu=E
wdd Hud F=FR_ (o) and a® e for el die N and an FdeFG) &
Salyable lm’ vadicals if W gPW‘@ W gowe vadical ecfension 5P B Reall alss Lem 6S. IF B/F
i< fiait, SW, ord vodical, then o % He waleM closuve.
owdd Stpareh
Clain. Soppose £ € PO 1 ioveducita Fo) v solvable by vedioak i £6) s . roob theb i
resg Ve z Md\\ca(é. PL The forwovd irestion R clear. gos Soppose £69 W2 & veed in
a ' radica) fow /. 27 Lem GS, the noruwl closoe N/F & alss vodieal, Shnee £6)
Q,PWES ower f\J, 'F(KJ\ s seluable b\( radicels.

% Lot € be afildd amd £ e FL) e .TQLLE‘E&‘QL‘%%/QPWV&% P )
over B, Te éﬂ&m&?ﬂ@ N GQal (D) = Gal(E).

lhm 6], Let F be o fleld of chovackss iic 2evs and £0) €FISY nanreve, Then ) 3
solvalol oy redicals F Gal (D) & o solveble qreup.

We will prove s pesolt et

Pm 68, Leb ) e QLT % iwveduiVle gnd Vavive deance p some prine. 15 6
el fw‘w\gdw o ponres| roetl in C, Fthen yéxja\ (ﬂo’-‘:’ SPP. ) J

€£4 MW %‘ocww‘eoamww‘ez@( ‘o\;«al*cwfc(boww{ a pPC\/cQa,, ¢o Hsg\.r@@tkeg -Go
ghow traf Gal (€) Wt o L“C\/C/LL, avel o P-(\/CLL. Let x be a voof o f6). Sinee £
15 Yvedocible 6P &Cﬁmcﬁ) CRGd: F a&@ fop ond %0 p | | @l ). By Cavchy's Thay,
trege oA an eloment MP,%*P , o poycle, Furbleeraave, fthe oblon

musP ke %%owp@%a@%wmm%m&m
At of G\, U Follows Ao GelRyeS, D

E o Gowsidor £60) =253+ 13 -2Ux L e Z6D ¢ QQ’Q/ which & tvvedueible by Eemctem’s
Zﬁ%mm S (im ‘F(Q:ﬂx)/ —CGK\'-M, F(\\b’B/ JlW\ \C(&\‘-oo, ) bhave at leagP

i X
3 el rosts, NOW ek &, ., xq bethe rosfs of T0). We see Hef T4 =0 and
Z\c") 0(}0(\]«12/ S0 0z(Zix) =2 at® 'LZ,xcdoc.\ocd =7 o0+ Y and e the cum of fle
@P‘Hﬂbp{f‘% W%&WOMGPWMB&{‘S Csi\mél-lbogc%\ lhas 3 neal

rwes[ owe Lu\m‘&w roeRy amd Ahos ey Gol ()T whieh & asP goluable,
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U8 Mavr 106 lom 66. Let B/F e o fidd adension and lek Y, L Se Iwtevwmediate
Tidds &£ B/E. Soppese K/E s Lintte Gaoly. Then KIL/L & Eate
Golots avdl  Gal (kL) s o wmorfic fo (L/gu‘aareue of Gal (1)

Pl (Sked) . (antider the nestinctlon 1o wap Gl (L) e— Gl (). 1]

Mo»a N,co.\\ WM QJ 2 Le—\' \—: l9c o Qe\cﬁ wi’%\/\ a\/\a\racfe\r\'%\ﬁ\, 1V aml %GFC&(} be norcve.
Then F) s cdvable ¥97 radicds ¥ GaAE) s sduakle.

‘@ Suvposc £ 15 seluakle b\/ wadieds e £6 SPU{T\S over some etension =/F %ﬁ‘x@,&\\,}
F=R,c B, e---2F..=E

with Fr= B () awd D(S}ie Foy For d:e N, %\1 Lem GS, we way a.sguwne B/ X norwal and
Awg Calots, e B & the gplith fleld of same FCAe F(J. Led =T, di leb (/B be
the gqolitfing Held o X~ owver v@/ pnd Lok T ool ke a privutive A rost of uw.'ki,
Set =BG so thaf (=ECV=-EXL. Dbine ;= KF =F(X). Then

PeFRI=s K e~ c K FulBD =L,

and  we lowme (= (o)) anal o€ F.\.l <Ky, Also, Z, GKM/ so K i tae 30 Lied P
KT sver Yo, ol is M Gelols. Moreovs L0\7 Tawr 63K/ iy & aelie, et
Cis Ao sgw R TS over Foowsl ales over &g Thog L/Fand L/ 3
Galovs. By e cwve&pow&mee,

G= @l (L) 2 Gd (L) 2 Galy (W22 Galy, (V- 4

Fo"\ codn c€ GW\(,H(L\ Ow@\ \\; GG@\\L;(\/\, W c(q-}M MN:\\N: }&L;- Tlﬂk ho\d s W ¢(va3=\£‘
and A Tixes Ky Thos, Gal (V) Q Gdy, (LY. More over C'm\(_H(L\/(’m\lL;(\/\gG@ e (5 R
oydic. Rnally, Gsle(OV/Gel (L)% Gdp (10 2 (T R} abellan, co Gl (L) & gslvable
Since L=, Gdo(E) 2 Galg(V)/Gal () & a quetiad of o wlvalle gruvp acd & Heus
cloable by Thm 4D Eleally Gl (f) R o quelent qrovp o Galo(E), Since € wetain
the %@Wv\@ fleld o £, 20 Gal &) X s:*vaueq

Comerseh, coppese Gal(B) X colvable. ¥ % % To BE CONTINUED ¥ ¥ %
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PMaTH 38 (yelotomle Dodonslons Coutlnved.

| Apr 206 Recall ?w%el“v’“ ard &, (=1 G0 € 203 W iwedvelble, and thet
1z T &Y and Gl @ESYE(T/ (W)Y,

Thw, Awy quadvedic etension of @ W C & contained W some G(T).

PE A quedvatic gttmslon B/Q i e solithng Bied of axtlacte € Q. aldocee bus the
rocby  TeEAESe o B Qe ) ‘FNQL’\{QC e@. Wvite ‘OL’L\M:%l'QM d,q€Z, 9>0,

%o o quadridie odinsion o B & od the B RUDD B O squareee, NoRe fhat
W) =B avd QW= QT,). Also, k- dishinet prlmes p,q, 1 @Wp) & G
ord BORD € BT, Dt Ao © ©Gu ) = BGrneud). So i sobfiies fo Phal cvddimmic
acfougions wPaﬁ»m\a JD £or D=p =~ priwe.

TP e=L U) =2 and Wt GG 30 fLie QT Ao, ve BT se ARIACAY
ond thew JT =G 473 € Q(E). So let o e an odd ‘GM‘M& TX\——EQ WA PoH o QP N ip.
The discrlpinank of () ¥ debined D(%f\:,ﬂ“,(gg-zp%my o7 e So

)

isicjep (Sptq) = = P = p.

el ad JL G5 OE). IF p=lwed Y, £ e, TS p23uedd, 55 €T
o §o ¢ 65,3 Tt Glip <@ L5y, O D). TH p=3uedy, :

Rown. Nebe Hhat Qalg(@UWDN 2 | or Z/Q), wieh i akeian,
M{K\I‘Om\mr" \NQW> E\Je\l\f -Q‘uf\;‘k'c Oulcd,\\q,v\ —OC(“ GP @\ s co\/\m“o& W o c\/f_ﬂn—@ombc_, Q)C(’f/lﬁdom..

k_m‘ Ld/ P be a e\riw& ord mEMN Wil M’W\. Thew for O&Z, Pl@,\,\(q\ NIk p)(& and
a MJ( ‘) \1\08 (N‘&ﬂ\l' A \W\ ﬁ*/"(/'\l\ﬂ \MN\'HQJ\}CA"\T\K/ a"@u‘a O'P VW"& G‘P F(J.

Pe Lc\") e prime od devdke o = awad p, Let b e ovdsod 3 MET guﬁ;oez p18,.().
Sinee (wmp)=l, k™1 € Flx) has wo wepested rests_in any ofeugian of . Wi&_x“"fz%(x)

ood voioe T, T4 e 50D, ol 800 tmplics B (LB, 0 AT, . a5, Thew 1 Eeun
’&:\2‘“\& ®, () qives B (D=6 frome dll. Bobalee dim since. 2, (M =T, 0 then & is

Q Nereq‘eep\ ros{ “6¢ x =1, wda X a COMCC'QM,

Comversely soppose Ao and lezm. 1E_dew, 3427, 50 3,G)# 5. Since 21-0 and
& -T=23, )\, T4, we bae 0,&E)=0, te e\bm(q), il

-

T



PMATH 295 LuSlutbude of Primes = | wod w

qur (L@Lb QM” L,_w_/h Lef ‘5\9@ PMW\L ond M@N with P/YW\ mvx Qw&l PIEEMGQ
e P)fa O«MG\MP hag  evder wm FW\F:.

Lem, TF £69 € Z0<) % wente and noncoustaut, the s of prlme divisers of Hhe nomzeve
tbeners In fhe sequenee £Q), Py, €Y, ... & tnElnite

E SQ\GP@%—G@W& contiedict on ‘H/\Q'P owH ?‘mﬁ'ﬁ(\? ViAQ, PrkW\r(/K divide Ha elemends of
the %%uw,ee £0) 'F('D, e, SOY s e P Cheose SQR\S such 4ot MZ—P&\ R vienaeve.
Deﬁvw 6@): An‘,;’(l(ﬂ‘f’mﬁ,h'" PKKE\O\@S@M W CO\¢#N9@&(, W %P all eretwr@wmg
nooloberx In 46 bows. o Fuetor o we. Tss 9 0. Mloteoar, o all we N

@(m}z st mp,wﬂ_ﬂ% m T = | wad p - py.

;\a(w3~, wehave, e])(ﬁ(m\ Mercar we can cloese n such the? &(;)b\\ Thog

Si\m,f l
) \ad Ragkor o ¢ 99, b} Shce ol = Dsfwnp—~p), ol PEFap p ) e
Wmﬁiw - Py Pe g PP, plEGHmp—p)

Weale Dirtdalet's M fFor wmeN) of leagh L, there are }n{:\lwlﬁﬂ\’ vwlwv7 Frf\mes ‘a’:\ mod W

PE By e previovs lewma, there \ e disors o e poasve elemenR
ot 080 s Sk e e

Q<o m o I wm = , e
e esmawﬂu() Lo \m w, O f i e i
Reun, The shronger Dirtdhleb’s Tim stobes twaf, for (a,u) =L,

mCe,amy= L p 2 prive | p=amad w3 ~ 2 T6)

where w(x) tzﬁi\oéxz wtw’; 5 e ?WWWV\TPN\J‘] Lonetion .

Thm, Lef A e o Qi abelian groop. Then Hhere eciste o Gelols ockovsion £/@ with
F< @B wd GalgB)2 A

L Wtk A2, =~ x{, ad close primes p ¢ ¢ p svon At pr2 | wed Ly, which
s pessible \97 e weale Dirtchle? Phcovep. Thew Lef n=p P ol onsider B2 R(Z).

G= Gal o (B) = (/G 2 (R/GY* x = (Tf(pdN 2 Ty~ x L,

o wetle pi=\ = bid o wete thek there exghs o sk Diat 2y P Cpy. Then
ze‘{m»/@(@ﬁzu. Define H=D x-~xDg 2 6 aund %*@M?M /@;k ég\mfs @ij

éw%(ﬁﬁb 2 @/HeP T, 2A U




