2.1 Rings
Ring: Commusalive, unital
Homomorphism: ¢:R =S :

Y(r+r') = Wlr) +€9(r)  Plo)z0
e(rr') = efr) (') LOER

Y(-v)= -'e(r)

30} is ot a
Subring unless

Subring: + SSR and 0,1 €S 7 !
* Closed under +,° and —

€.9. inctlusion L:SSAR is A homomorphism.
Ex 2.1.2 (1 of cubrings is @ subving.

Exm2.1:3 3! home 7Z — R

Ideal I4R, 3 cany:R=>R/1, a - al.
L Surjective and ker(can) = I.

Wniversal propevty: ving S and homo $:R=S

with I c kertw, 3'9P:R/3p 2S: R can R/

2.2. Fields
Field = ving K w/ 0% 1 and VreK, ris a unit
Lem 2.2.2: Homo between Ffields is injective.

Characeristic of R:

least n70 s.t n-\g =0 if In
CharR = st '

0 odherwise

Q ' RI C have char =0
Fo was char p-

lem 2.2.5: char of an int. dom. iS Either O or prime.
lem 226 P:K>L homo of Hields. Twen char k= Charl.
Subfield : Subring of field that is a Ffield.

prime subfield: of K is the intersection of all subtields:

m. 1
f 2K mnETL with nelg$0
n-1ik

? Ja!*‘f
lem 2.2:10: (et K pe o fied

S
Integral domain: R s.t Or# 1r

ond V r,r'€R, rr'=0 = r=0 or r'zo .
Ideal generated by T € R: <17 := Smallest

ideal  containing R.

<r”,,.‘r,\) = 5 a|r| 4+...4 Qpvn ° ﬂ\,...’q'\ eR}

Principal ideal : <v>.
Principal ideal domain = inlegral domain +har has
only  principal ideals.

r divides s: ris & JaeR s.t s=ar.
> S <rY

& <S> € <r>.

unit: weR if I w' st W'uw= uuw' =\
D <w =R.

Coprime: v,s €ER if fr acR,
als and o \r = a is a wuni+.

Prop 2.1.12: R a principat ideal domain, ©S€R.

Y ,S Coprime &= ar+ bs = | (ao.hGR),

1) if chark =0 , then prime Subfield of Kis @.
2D ib Char k= P. then prime subkeld of K is [Fp.

Lem 2.2.11: Eveny Ffinite Field has postive Char.

Irceducible: reRiF r#o , r not G unit, and if
a,beRrR, r=ab @ a or b a unit+.
Prop 2.2.14: R a principal ideal domain, and 0 ¥r €R

Then r is irceducivie & R/<r> is a fied.

Exm 2245. [Ff, a Field & p is prime



3.1 Ring of Polynomials

Dfn 3.4.0 : R a ring . Poly over Ris a 4uple
(00,01, ... ) st $i: a; 0¥ s Finive.

Forms  ring: (ao,0,...) + (bo,"i,---) : (o tbo, ... )
(ﬂo,Q.,...) . (bo,b\,-..) = (<o, C|,...)
1= (1,0,0,...). CK’Z. Qi bj
ik
Rephrasing: P = (ﬁo,ll.,.,.) =0 Qv +... .;q“r".

tem 3..5 ( Universal property of poly ring)
R,B rings. ¥V homo ¥P:R->B ,bbeB,

31 0:R(t) =B such that

¢(a) = w(a) vaeR, O(t) = b

Dén 3.1.6: P:R=3S g ring homo. 'IIncIuced homo"
P, : RC¥) = SCEY is ! and <, (a) = @(a)

VQ&R, \P*(t) =t.

Substitution:  te= £+C s jnvertible.

DFn 3.18: deg(f) = largest neN st ano
Convention:  deg(0) = -—oo.

lem 3:Ll0o: R an integal domain. Then
() deg(fg) = deg(f) + deg(q)

@ RCt) is an integal domain

(i) units in RCE] = nonzero (onstant polys
(iv) Poly over R is irreducivie iff has degvo
and  cannor be expressed as  product of +wo

polynomials  of deg >o -

3.2 Factoriting Polynomials

Pop 3.21: Kka fied
£:994r and

and §,9 €ke] .k
deg(r) < deg(g)

Prop 3.2.2: K a field - Then k(t)= PID.

Cor 3.2.5: Ka field and tet 0 #f € KCt).
5 £ s irceducible < gy is o Pield.

K a field ond f(t) € K17, degf 70
is divis by Some irceducible in KCtl.

lem 3.2.6:
Then  £(%)

Lem 3-2.3: K o fiedd and §,9,h € K[t]. Suppose
[ is irceducible and £lgh. Then £lg or £lh.

Thm 2.28: K a fie\d ond 0 #F €k(t]. Then

;: Q{,-F;,----fn

for some n»o , aeK and monic irreducibles

fu-- En € K[tY. These gquys are ! (up 4o reordering)

lem 3.28: £(t) € KTtl, ack: (@) =0 & (+-Q) [£()

Dfn 3.240: k o field, O#f(t) €k[(t], and Qc Kk a

root of f. The mulliplicity ot & : Imez s.t.
(¢ -a)™ [f(t) bur  (-a)"T' 4 F(e).

Prop 3.2.13:
d|'...’ dk -Fo,

my,.., mg Jor

K a field and 0#f€ KCtl. Wrire
any distind oks in K of f, and
their Wu ltiplicities . Then

F8) = (b-a)™. (t-ax)" g(t)

For some g(t) € kct) that has no roots in K.

Cor 3.2.13: Kka field and f€ KIt). Suppose £
has K distindd moks  with mu ltiplicivies  my,..., mx.
Then mit.--¥mg <€ deg(f).

Qlgeprmically  Closed : €vews nonconstomt poly has

at least one root in K.

Cor 3.2.15: Kk algebmically closed.

) s c(t-a)™ ... (4-a)™F



3.3 Irreducible Poly nomials

lem 3.3.1 © ka field, £e K(t).

() £ (onsiant 3 f not icreducible

() degf=1 ® F irreducinle

(i) deg f »2 , £ has rot > £ reducivie

(iv) degf € 32,3}, £ no ook » £ irceducible.

DFn 3.3.5: primitive: poly whose (oeffs have

no Common divisor except 1.

lem 3.3.6: £(t) € QULD. I primitive poly FOOIELCH,
ace® s.t f§:oF.

f irceducible "over K"

lem 3.3.3 (Gauss)
1. prim x prim = prim over 7L

2. jereducible over 7L D  irreducible over @.

Prop 3.3.3 (Mod p method) F(t) = Qo +... +ant e Y],
¥ Jprime p st pYan and §€ [t icreducible
over I, then { irreduciblie over ® .

Prp 3.3.12: ( Eisenstein's Criterion)
\F 3 prime pst Pran , plai Viego,...,n0,
and  ?2t%, then £ icreducible over ®&.

| 4
lem 32.3.lb: p prime and 0¢i<P. Then p\(‘)

Exwm  3-3:1%: p™  cyclotomic  polynomial :

P
S A}
Bolt) = vant. 4P s

is irredmcible over @.



4.1 Dfn of Field Extensions
Din 4.l0:m:k: M,K fields * homo t: KM

k() = field of rational expressions over K
k(¥ : K

k(Y) : = subtied
"R wirh N odjoined".

Dfn 4.110: M:k gnd YC M.
of M generated by KUY *

4.2 Algebraic Gnd Transcendental Elements.
Dfn 4.2.1: M:k | x€M. ois called

* algebraic: it 304 eklt] st F()=0

*  ¢ranscendental : otnerwise -

Q - 7aligebraic  numbers over @}

Annibilaking poly : of of €M is an fe K[t] s+ £(o) -0

Algepraic ¢ 3 nonrevo  Gnnihilating  poly.

DFn 4:2:6: o €M algebraic over K. The winimal
90|3nomia\ of o iS +he ‘_ monic P°‘3 Pry SG‘\S‘ging

<m>= 1 onnihilaling  polys of o(}
lem 4.2-3: M:Kk, €M ag/k , me K] monic.
M IS min. poly of o over K,

< * m(x):z0 and wif V ann. poly §of o

© * m(x) =0, deg(m) s degl¥) V¥ 3

& * m(x) =0 and m ireducible over k.
4.3 Simple Ex¥ensions

Dfn 4-3.0 A tield extension
3 eM  such +hat M= x(a).

S Simple i

Lem 4-3.%° wm wmonic, irred. poly over K. Then
( K{t\/ ) . k .

<m> s & simple exiension generated
b5 A, ond the minimal poly of o over K is wm.

Dfn 4.3.5:K o fiedd, L: kam, U':k 5M' extensions

of K. ¢: MM 35 a homomorphism over K if

M— W

NS

iso tf ¥ invevtible K

this  comwmutes:

Tham 433 ( Classificadion of Simpie  extensions)
(Y w e ke wonic , ifr. poly. Then 3 M: k and
%€M algebraic Such that M= K(d) oand o has
min poly wm ower K.

Loy (M, ,(‘"\';“') are Ywo SuCh pairs, inece is
an isomorphism P : MM over K st ) =o'
(i) 3 Mk and a ¢ranscendental elemens €M
Such  that M = K(a)

bt (M), (MW,d) are 4ws such pairs, then 3

on iS50 P M-S M' ouer K such +hat P(o) =o'



5.1 Degrees of Exiensions and Polynomials

Dfn S.LI : Degree [M:KJ = dimension of M

as a vector space over K.
finite: CM:K] ¢ oo

Exm 5§.0.3: ([M:K) |
[M'.K] =l & M=K
(k(): k) = o0

Thm 51.5: K(@):K a simple extension, with o
algebmi¢ over K. m EKIE) min. poly ot o, n=deg(m).
Then Lo, a?...,d™ is o basis of ¥(o) over k.
So [ k(x):K] =n.

Cor 5:1.3: M:K, o €M, Then
K(a): K is finite <> s algebmic over K.

degp (e0):= [ Kk(o): K],
® dlgebmic & deggl(a) <eo

Cor 5.1.9:
O MmiL:k, pem. = [LP):LI< (k(p):K]
@ M-k, a,peM > CkCa,p): k)] < [k(B): K],

Cor G.LI: M:Kk , o,...odn€M, degy(e;)sd;i < 0.

V o€ K(ay,...,0m), Can write o in terms of oh,.,oin:

.

oA :r z‘ cr....r,\q;-" . d:\n
where T ranges over 0,..,di-1.
5.2. Tower Law

Thm 65.2.) ( Tower Low) M-L:K

® (N;)v,u a basis of L over k ond (Pj)JeJ a
basis of M over L, then (Nin)-,uJe, is a
basis of M over K.

® M:K is finite & M:L and Lk are finite

® M) = Cm: LICL:k],

Cor S5-2-4: M:L':L:K. P M: Kk is Finite +hen
el | oMk

Cor 65.2.b: M:K ) 0!.,...,0([\ e M. Then
CkQoty,.,an) : k] € k(e : k] ... Ck(on) K]

5.3 . Algebmic Exiensions

Dfn 5.3 : M:K is "Fisikely generared” if M= k(Y)
fo some finite subset Y CM.

Dfn 9:3.2: M:K is “ u\gebm'\(" if eveny element
of M s O\gebmic over k.

Prop 5:3-4: M-K s finite
S MK s Fini#e\a generated and algebmic
S M=k(a,..,dm) foc some By, dneEM

algebmic over K.

Cor 5.3.6: k(x):K simple: K(x): k is Rinite
< k(): K is algebraic
S o is algebmic over k.
Pop: @ is a subield of C-

5.4 Ruler and (Compass Constructions

A point C is...

/mmediately consiruckible : From 2 if W is a pont of
intersection between two disdnct lines or circles os both.

Constructible : from 3, if there isa Finite gequence
C,...,Cn=C of points  such  Hhat Ci IS immediately
Constructiple fom ZVIG,..., Ci-} Vi

ks = QG“HR “X IS q (oocdinate of Q point in Z})

Thm G.4.2: Z < R?® gnd (1,5) eER®. It (»y)
i  (onsbuchible fom X, Lthen there is an
iterated quadratic exiension of K3 containing X and y.

Cor S-43: |f (113) is (onsbuchible fom 2, then
A and Yy are d\igebmic over Ky , and ‘their
degrees over Kz Qre powes of 2.

Lem 5.4.4: Llet K be o subkied of R ond o,peR.
Suppose Yhat o, are each Contained in Some
iterated quadratic exiension of K- Then inere is Some
iterated quadratic exkensien of K (entaining o and p.

Prop 5:%.& = O not drsected by wuler and (ompass
Prop 5.4 F: ) not duplicated by vuler and (ompass
Prop S - 4.8: O ne O by vuler and (ompass

Reg. n-gon Consbuckble & n=2"pi..px for p; dist. Fermat primes



G.| Exiending Homomorphisms Thm G292 = £ € KIX). Twen
@ 3 o gplming Field of £ over ®

Défn: t: K->M and ¢': K'=2M'  Field extensions, ® any we splitking fields ot £ are ise over X
Let w: Kk=>K' be a field homo. We say a @ when M is a spliting  Field of f over K,
homomorpnism P 1 M > m' extends W iff # of awos of mover K € TM:K) € deg(s)!
Y(a) = w(a) VYaek.
lem 6.2.13:

lem 61.2: M:K, M :k'. tet w:k- k' @ M:g:k,f€kt), YCM. Ler S be s.§ of £ overk
be Q wiomo, and P exitend W. let xeM Then SO is e s.§ of § over (V)
and F(t) €KCt).  Then ® 4 € k1), L a subfield of SFk(5) conraining K

fl) =0 < (Wes)(Px) =0 Cie: SFeG):L:k). Then SFeS) is ¥he s.§.

oF § owver L.
Y injective/iso = P+ injedive / iso.
6-3. The Galois Giroup
Lem: M:k, M:k') @: MM eyrends W:k SK'.
Let « €M olgebraic over K with min poly m. Dfn €.3.1: Gia'(M:R) = Qroup of Quromorphisms of

Then P(x) algebrmic over K' wikh min poly Wi(m) M over K, with c(omposition 6s the group opevakion.
L & € Ga(M:X) i &Ca) =a V¥ ac k.

Pop 6.1.5: Wik > K iso , k(o) : K simple with

min  poly of o over K m, K'('): k' Simple  with DIn 6.3.5: § € Klt). Galk(F) = Ga(SFg(E): 5).
min poly of o' over k' Wa(m). Tnen 3! iso
Y: k(d)‘-)k'(o(') exiending W SOXiskying (o) =o' Tom 6.2:12 % | Gralk(§)] € [SF(5): k] € deg(s)!

s Ginitet

6-2. 31 Splitking Fields
Rem Galk(f) permutes the ros o of
Dfn ©.2.2 . £ € M. Then f spliks in M if

F&) =ple-e)... (&-an) lem 6.3.3: f ¢ KCt). X be ser of roks of § i
for some nv0 and pB,e,...,d%n EM. SFR(S). Action of Gualg(%) on X defined by:
Gag(f) x X — X
Exm 6.2.3:(;) M algebmically closed i Y§ €MCt), (6,x) = &)
f splits in M.
Dfn 6.39: MK , ® 20 , (oty,..., k), (ot ..., oy ) € M".
Dfn 6.2.4: f € KCt). A splitting Field of f over Then  (&1,..,8k) , (a},...,4k) are (onjugate over k
K is an ewension M of K such that i NpeE KCty,..., ki,
D £ spliks in M Pl o,y i) 20 € B o}y, ) 20
® M = k("“r--:d") where o,,...,op are }the
wots of § in M. Prop €.3:.10: §e X@t), \yixw distinct rooks oy,..., dk
in SFe(S). Def. group homo T: Gl (f) = Sk 08
lem 6.2.9: feklt]. 3 a gpliking fied M 8 Y Te, wnere B (&)= oo .Then [ js in)ective, ond
of f over K such that [M:k] € deg(§)! has  image E“eg'  (o,...,d)  and (“cmr-';“«"_)}
are tonjugare over K
Pop G-2.10: W:k > k' iso, FEK[t], M an sf of
fover k, and M' an s.f- of Wx(f) over K Then: Cor 6.313: L:KkK, gec RUI. Twen Gl (f) €mbeds
© 3ise P:M: M exiending ¥ natumlly Q3 G subgroup  OF Gl CF).

@ there are dr wost [ M:K1 Such exrensions ‘P.

Cor 6.3:15: £ € k(t], with ¥ distinct rooks 0 ST e(F).
Then  \Gate®l | Kk



31 Normality

Dfn 31\ Algebric Feld ewension M:K
1S normal  iff Y X€M,  the win. poly ofd

Splits in M.

lem  3:1:2: M: K a\gebmic.  M:K is nomal
N irceducible poly FEKIE), £ spliks in M.
oc £ has no oty in M.

Tam 305 M= SFe(f) for some FE€ KCt)
S M:K is finte and normal

Cor F1.6: M-L:K . It M:K is Finite
0nd vormal, Uhen so is M:L.

Pop 3:1:9° M K finite and normal, o o' €M.
Then o , o' are conjugate over K
L
®'2 0@ o some € Gal (M:K).

Cor 30to: F € k[t) irreducible. Then the

ockion of Galk(f) on the vooks of £ in SFR(F)
is ¢ransitive: Y o.a'€e SF.), I ¢ €Gal (k)
Such Anar W) = o',

Thm 3-1440 ML K, with M:K fiaite , nocmal .

® Lk (s vioemal & el =L V ‘P €Gal (M:k)

® Lk vioemal = Gal (M:L) s O normal
Subgroup of Gal (M:K) and

Gl (M:K)

N .
Gal (ML) - Gal (L :K)

3.2 Separability

Dfn 3.2.2 : An ired. poly over a field is sepamble
€ % has no  repeared cvobs in its splitting field.

Exm 3-2.% - irreducible  polynomial thatt nseparable:
p prime, K= F(u) = fiexd of rrional expressions
wn W oover WFp, and tet £(¢) = tP-w.

let o be o ror of £ in SFr(£). Then

P . .
(& -ol)? =i):(?) b0 s P -xf e £(8)

o

= o S only oot of in  SFw(f)
4

n

Dfn 323 : Let K bea fied and (0= F it
The Formal  derivarive of £ i
N .
(D) () = 2 ia;t™ € kTx)

\=0

Lem 323 :D(£+9) = DF +0g  D(£f9) =£Dg + gDf , Da = 0.

lem F-2.10: O#§ e KkCt].
£ has o repeated ot in  SFe(¥),
S f ond OF have a Common toovin SEe(§);
— § and Of have G nponconstant Common Factor in k¢)

Prop 3:2.1l ¢ fe RCt) irred. § is inseparable <= Df =0

Cor3.2.12¢ ¢ Chark =0 = every ired poly sver K s sep.
e Chark =PY0 = icred poly §€ KCt] s sep. ;p¢
£ = bo 4k tPa ., P,

Dfn 3:2:4 : M:k a\gebraic. oeM ;s seperable if wmin
poly m over K is S€p- M- K seperable & ¥ & €M seperable.

For M:L:K:
Ex. }.2.\6 M:K algebraic = M:L, L=k a\gebric
Lem 3-2.13 : M:K sepamble =) Mm:L, L-K sepavable

| Gal (M:K)| = Tm:k] finite, hormal,

Separable @xtensions M:\K.

Thw 3.2.\9:

3.3. Fixed Fields

Dfn 3-3.0: X, ¥ sets, HE Tfuncrions X 238, Equalizer of H:
Eq(H):= Sz xeX : £x)=g(x) ¥ £,9 E\J\}

lem 3:3.2: M,M' fields, WS 3 Homo M-)M'}. Then Eq(H)
is O subfield of M.

Dfn 1:3.3: M field, HC Aw(M). Fixed Field of W is
Fix(H) = TxeM: wa)za VeoeHl

Lem 3:3:4° Tix(H) iga subtie\d of ™.

R
Thm 3-3.L: M Field ond W < Au(M) Finite. Then
T M: Fix(HW)] S Lu|.

Lem 3:3:00: M Sie\d, W ¢ Aur (M), we put (M) .
Then Fix (PH®T) = P Fix(u).

Prop 3-3.11° M:K Ffield evdension, W nermal subgroup
of Gal(M:R) . Twiak  Fix(H) - K is normal.



%1 Gualois Correspondence
Intermediate field of M:K = subfield of M convaining K

T = T intermediale fieds of m:k}
g - ?Subgnups of G\nl(M:Kn

Gal(m:=) : of —"9

: L Gall(Mm:L)

Fix : 9—“7

: H = Fix(d)

lewm 8.1.2°
@ L,lz € % Licl: 9 Gal(M:L) 2 Gal(M:L2)

H,H2 € 9, H,CH:. ¥  TFix(H) 2 Fix(He)
® Le9, neg,
LS Fix(H) < H C Gial (M:L)
®© VLe g, L Fix(mal(m:L)
NHEY, HE Gal (M:FixW).

7 Gral (M,-)
Gialois correspondence : =

2.2: The Theorem

Thm 8.2-I=(Fuvdomemal Thescem of Gialois Theony)

MK a Finite, Normal, separable extension.

@D The Euncrions 73%&#? are wmutually inverse :
L= Fix(Gal (M:V)) and  H = Gl (M: Fix(W).

@ |Ga(m:)| = Tm:Ll] Y LEY, and
IM:Eix)) = My wed.

@let Le T Then
L is @ wnormal exiension of K
S Gal(M:L) is a nomal subgroup of Gual(M:K).
ond n Hhad case,

Gal(Mm:L)

Cor %:2.6 : M:R finive, normal, Separable.
Then V € MK, 3 % € Aur(M) over K
Such twar P(x) = d.



9.1 Radicals

Dfn 9.1.2% Les (Hnd be the smallest subfield
o € s+ Yae€, «"€@™nm > ae @™
o "mdial” i o€ Q.

Dfn Q:1-5° poly over ® is " solvable by rudicals

it all 's  (omplex rooks ace vadical.

lem a.lb: nwl, Galg(t"-1) is avelian

lem 9:18: K a field, N7\ . Suppose "=l gpiiks
in kK. Then Galg (t"-a) is avelian V¥ a€kK

9-2. Selvabiliry by Radicals

Dfn  A.201% M:Kk Ffinite ,normal, separable. Then
M:K is Solvable f J r>o and inlermediale fields

K=lo €L, C-..cLr=M

st- LitLia is normal and Gal (L : Li-1) s abelian.

€x. 94.22: N:M: K finile; normal, Separable . If
N:M and M:K are Ssolvoble, then so is N:K.

Ex 92.3: SF(t"-9):® s solvavle

Lem 92.4: M:K Ffnite, normai, Separable.
M:K is solvable = Gal(M: K) is Solvable.

lem 9-26: L,M subfields of € 5.4 L: R and

M: ® are finite, normal and Solvable. Then 3

cubfield N of € st LUMCN and N: & is
finite, wnormal and solvable.

QN .o ®EC: dEL Por some subtied LCC
that is finire, normal and solvavie over @
Prop 9.2.00: Q"‘d c @

Tm 9.2:00: £ e @1, F f js solvable by
radicals, then Gualg(f) is solvavle

9-3 An  unsolvable  polynomial

lem Q.3.1: P icced- poly. over Kk , with SFx(f): K
sepavable.  Then deg(F)l IGmln(‘)ll

Lem %:33: p prime, £€ QCt) ired., deg(f) =p,

ex adly

Thm 9-3.5: Not every polynomial

5

e.9.

is Sovable by radicals

Fe) = ¢5- 6t +3.

p-2 real voots. Then Galg(f) > Sp

over @ of degree



10.1 p** Roots in characteristic p

Pop 10-1.L% ¢ prime, R a ring With Char (R) =P-
© 8:R>R, reorf is pomg

® R tied » © inj ective

" .
Frobenius

Quto movphism
® R Cinite > 6 aulomorphism

Rem: char=p o (res)f = rPask
Cor 10-1:4: p prime

© Field char p, eveny element has ad wost one p™ ot

D finire field charp, Cvery element has exackly one

p“‘ root.

0.2 Clasgification of finite Efields
Order of a Finite Field M = cordinaliny of M= (M|

WARNING : order + degree of a fievd\

see 2.2.5,

2.2.1\9, 2.2\,

Lem 10.2.2 : (et M be a Finite field- Then /
charM= p ,and (Ml = p" whee n= [M-IF] I

lem 10:2.4: p prime, n=1. Then +he Spliniag
fied o {"" -t over %p has ocder ph.

tem 10:2.5: |M| =g, then o% o VaeM

lem 10.2%: [MI=0Q, then M is a Splitting
Fied of tY-t over [Fyp.

Thm 10.2.8 : (Classificavion of Finite Fie\ds)

® Even Ffinive field has order P™ For some
prime p ond n\.

® v prime p ond nz), 3! field of ocder
™ (up o iso) . Has cnar =p and is &
splivting  keld for £ -t over Fp.

0.3 Mulriplicative GStvuckure

Prop 10-3:\: Field k: fvew finite suvgroup of w*
s cyaic (K finite 3 K cyotic.

Cor 10:3.5: Evewy extension of one Finite £ield

over another s Simple.

Cosr 10:3:8: prime p, Nn>1. 3 an ired. poly over Fp
of degree n.

9. 4 Gatois Giroups For Finite Fields
lem 10.4.2: M:k tied extension

® K finite 3 M:K Sepaamble

® M Finite & M:K Finite, normal.

Prop 10:%:3% p prime, nw\.  Gual( (Fon: Fp) s Cydic
and of order n, Qenerated by +he Frobenius auko of [Fpn.
Pop  10:4.6: ¢ prime, nwi. Fpn has exactly one
subtield of order p™ fr eacth diviser m of a, and

no others: Twe Fpn: P a}
G'la|(|Fp"'~ le) = {6 2 Ca

Fix<e> = [Fp

When  kln, ! subgoup of ocder K is <O
Fl‘x <e"lk> = i ol € “:Pl\ :dP/“=“}

Gal € “'p" : ‘Fp“‘) £ C"/m



