-

firg Theory

,:('/ Fx" F- ’O}‘

= To Chect F Salmng/ check o m,’:y[(o[(’d und er Subfrzmﬁom, ard mult,
“Ang fnite integial domagn 15 4 feld.

" The element & € is a wmt 'n & FF VX) =),

W - Role mmisibalont, ‘ard /e‘fF/UIQ{X) be nonzero el of RIX]. Thepn
(i) Aegree /)/x)g(k) = de/anee /{x)f‘c{egfre g(x)
(Z) the wnits of Rlx] ctnyuH' the units of K
(3) K[X] 1S an l)‘\f‘ﬁﬁt?ﬂ( domain-

T T as‘ubnyg of R, then SIX] IS “S“bn@ of RIX]J.
DeAnhon. (e4 R and S be nrgs.
() A nng hememorphism s a map ¢ K= sahisfying
(1) Qrath)= g+ @(p) ¥abeR
(0) g(ab)= ¢ (aly(b) YabeR
[Z) The kefr\e/l of o n.nﬂ ”\OYY“QP/ denoted kC((q}))IS the S¢t of demendts of
A that map 0 0 1n 7S
¢3) A vijective n'ﬂﬂ hom. S an som.
w* Let A ardd S be nings arel 2t iR S be & lqomomorféufm.
(1) The im of(ﬂufafubrmg of §
(2) The kerel of ¢ 15 a Subni

of R. Farthermore, if Kekerly) ) +hen ro ard
£ Eker(() VreR, e, Ke((;‘? (s losed under mult. by elfs. from R .

" The eit beR laélo/«gf £ the (deal (@) 1 b=ra o1 SONEreR | j.e, 1fF b is a malfple
of & yon (a]b rn R).

Gbew) H (L) <A,
ret mne gt N cin@ i1 mln inZ
gamfle: we Show Hat the ideal (2,x) in T 15 hot pnnapal.

OvServe that (2)X) = 12p(X)+ Xq(X) : p(X),4(x) €T TAY and So s ideasf
Consists p"(('S(/j of #he polys. W T —coefs wiose constant +erm 15 even.
In partiquar, this 1S & proper ideaf. ASume by way of contrad; chon Hadf
C2,X) =(alx) for som<€ alxYeZ(x). Sinle 2¢ecaryy) Finere musi-be <ome £ (x)

St 2=p(x)alx) D ¢, A must be constant polys. Sinte 2.8 pnmé, pa¢3
If a(x)=2] ,Hren every poly- would be amult: 0{ alx) , Gontrary o acx) Mrz
0 propor ‘deal 60 alx)= 22 . bk row X E(ANDN)) =()=(~-2) ard Se X=2¢ Y
For Som e @(x)eﬂ()@ 7 Trercore, (2/%) ($ not prncipad.

" For any freldg F, all rdealc of FUx] are prncipad.

-4 freld s a comm nrg F W//‘a'mﬁfy (20 h which every nInro elt /sauni4,

o2 Beu




Continueod -.
Leeposihon: et 1 be an ideal of R.
(1) I=R '[f T containd a unt
(1) AsSume R 15 cermm. Then RIS a feld o its a/v/y ydeals are 0 arel A
_____PTDO\C. ) T I= g, then I contains the unit 1. i
Convertely, of wis aunmt in I withinvemsey, then Rr any refh f
r=r|=p(uv) =r(vud=frv)u € I, heace h=1. ‘
¢2) e ang R S a Aeld & ereny NONLEM elt 15 aunit. If R is a ;
Plﬂd (W{nj non 2€rv (deal (f‘n’Z(TﬂS' a unit) S0 Ltf the
s the onl ‘ y ideal
F;m.ﬁe«se(;, 15( Ohi::jflg F‘P{QHA€ M’g ideals of K e lef u be any henien,
elt. of R.py hypothesss, («)=R and

VEK S/-“’ s Vi "P./ (s e umt. 2
&very nonien elt of R 05 Hepelore a unit ard ss Rsah eld

M TE R i§ A F%eld, Hren any nenzerd n‘r\ﬂ homame Phispa from R inte
ansther Ning S injechve.
Definthon. An ideal M 1n an arbifrary
araol the only rdeals contarning M are M ard 3
froposihen - In a nryg wf rdentrty €Y pper s deal is cortarred 1n A
maximal 1deal. 1#0
E('DOF-' et R be a nrg wl id. and let I be a proper idea] (ftbﬂ cannel be 1t 2rn n’i\j).
ot § be the setof alt proper ideals o K that contain I. Then $is ot
empty (T€S) arel is parfially ordered by Meldion. RS
TP (/s achain rn S)} n/eéune T o be the unien ot all idealy 1n T
T=UA. we arst show Had T an (el
AEC A
Certainlq T is nonempty bl C#@ (0€T since 015 1h every sotent).
TF a,beD, +hen 1here are deals p,8EC <t ach, beB. gy defnihenok
ther ACB or BEA. In either case, a—beJ, So J IS cloSed
Since eacly A€C 1s dosed under mutt. by € of 6,50 1sT.

Gzt fdff K

SO }6/6()' 7}1”(, HH?{ 1S femé

a
nryf 5 m//ﬂg//(mdkhmlu{fa/l'f Mzs

a thain &
Under Subiraction

This proves T s an jdeal.
I TN not a proyer rdea
hove Jep for Some AT b bk AeBE£S:
This Proves that eath chai
By 20yn's [emma, S has a

naw il [proper) idea! Containing I

/’ —H«en e In +hi$ fﬂfé’, [”f a{g,f OCJ Eoe Wi

has an upper bﬁ’t(/\/ in 5»
W'LAX/M/ e(f‘ W/767/’ 5 %fe/gm A
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conhnued

R0 Dy 00 OO I

Debinition: Acsume R 1S comm.. An ideal P 15 called a prime sdeal if P#R
ard whentrty the product ab of fwo efs 4, b €R /s an elf of P, then
at least one of q quol b £5 a» edt. of F

“wlhe ;‘nme m’mh ot v/ mf\/un‘ +h € I({&'Z/J’ f’Z of /4 gmt’;nv‘m’éy pPme
NumberS p together w) fhe ideal 0. 3

Proposition. ascume R 15 comm.. Then +he (deal pis’pnme ideal in B 1A +he
quokient rirg RIp is an integral demain.

Proc{: The ideal P 1S pnme & P# R and whenerer abél, then either

acP or beP.
Use +he bar netahon fore elfs of BIP. F=r+?p
Note that reP £ +he elt r o5 z&m 10 AP &
Thus, P1s aprime deal © R#0 and whenerer ;Z =ab =0, tren
either £=0 or DED ie, R[p isan ini oo
T4 Pollows dhat jn particalar trat a comr Nr9 w/ volentty 15 an
ynt. den. FE 015 a pAme roleal, o

Caf?}//dy ASSume R is comm.. ey MAaX jdeaf of R 1S Apnme reeat.

Proof: 7L M s max. ‘deal, +hen Pim = Helod A Held 1s an int. dor,
1

= M S pﬂ'lne‘ ‘deal
Lropesthon Assume R 15 comm. The 1deaf m s a maximal idead 1Ff RIM /s afreld.
Proof () Assume Mis maxival Then R/M S & comm. nrg wf idenhty

we have BM+0 since R# M, Therefore 140 'n RIM.
ﬁr\M“!j we cheek for inveBcs. L&t atl bé a nanger elt of RIM.

Then A€M and we build & bigger jdea| I7Tratm: reR,mems.
(theck +hat T 13 ideal). Since a€I ared M IS magwmal, we must
have T- R gut then |€I,50 (=ra+m for Some reR, meM This
means HM:(HM)M%M)( Cinre RIM €S icamm. g this gves <o
‘hverse B a4m and so AIM 54 f el
(&) Now assume R/M /s ACA. Sinte 1£0 in RIM, we have MFR
Assume Ahevt (s an (deal T < McT ek . TF IT#M, et 2€],
24 M Then a+M hal an inverse Ut M in BIM, S0 QUM =1 + M.
Tn particular, au=+m for Stme med. Since meM e, we have
l-au-meT ard so T=R Therefore, M & maximal.

%




Conhnued. . -
Defininen: The (deals A and B of 4he nng R are said 4o be comaximal if z

A+B=A.
Chinese Remander Theerem: e A, As,. , e be ideals in R. The map

N g e
7'4/4,,‘5 1S a

R gy R/'A. X R/Az X X P\/Ak 61(’6"?6{ Iﬁy r-r (r_‘_pl),,—, Al)" )
ring hom. w) kevnel A,nA,N. NA, 1f foreach 1,5t 2, ,k§ wl 1#)
‘ﬁ"f \'dfﬂ“ A, andd /4) are ('(,\WU\X\'W\O\-') +Hhen this map S SL\VJ((‘HV‘Q aunaf
AnAzN..nAL=AA, Ay, So
R/A A k) = RIANAN.. NALYE Blax Flpx Ripe.
frvof. We Arst prove 4his for K72, the gfe-nem[fa se will hilow by (ndue
Let A=A, and B=A,. ConSider +he nmap Y R— R/p X R/B, detned by
"{(') . Lf"/? moo A, r-nng((g)} where moeod A means the Aass tn RIA

(’Dn#ﬂot’)!,\\y r /‘ﬁ%'f /'S) ',’f/4)'
This mag /'S a tfmr//y hom. blc 40 /€ Just H«(ﬂdf“urw/]’ﬂg/ rraf & A nf

R/A and R/IB for +he +wo components
The kernel of Y consists of all tne olts r€R that arein A ard in B ¢
AnB. To complete fine p/ra{m Hus case, 11 wemans fo shew 1ot wWhen
A ard B art comaximal, ¢ 15 54l and ANB =FAE
Since A+B=R, Heert art elts X€A,Yy€EB 57 - k)
e equahow Shows that (.F(X):/G,IB and ‘F/Tf)’(’tc') Since for ex:
X€EA and X=1-Yyel+B. :
T4 now (r, mod A,r, mool B)
elfs. x4y maps to this elf. since
plraxery) = glnx)+ng) = YUl +9ln) giy)
= (v, med A, . mod B0, D+ (v, modl A, 1, maod BY(1,0)
=(0,v, mod g)+ (v, m.om(ﬂ,O) =(v,nmed A, v, moo B).
This ShowSs +Hat p 15 SHT

Fnally, the ideal AR 5 A4
If A aref b a7 comaximald ard X,

C=Cl=cxtcy €EAB. This ertablishes ANBERB anel completes e
fﬂy'py{’ when k=2
~ZIR TR Zn PE gl when (min) -,
e also get (7)mg)* = (2ma)” x( 3
= Z/hZ) : s Wers of
Lepllaet Let n€Zt and p%p> pfhen mfv/'oé!ﬁ'# ;”“ﬂf’fl Then

T2 a) (2 )x K (2, o g (i)
L Scidl

ﬁ /4

'S an avb treny eltin RIA xﬁ/b’, fhen He

(way$ contarned in ANR
g ave a5 akere, then R any CEANE,




(u\hy\\wof

fpeiian. “E\/f"ti ideal 0 A Buclidean domain s prnupal  More preaisely, 1F I 1s anyd
ﬂOr?laT) ldfa’ N 7‘74(7 EU(/([(I;‘U( ({(vﬂ(ll}’? R, +Hien I'/I/)/ wé{//(‘ a/,,j aﬂy Hon st
el of I of min neran.

F!QOI' T( I '(("\, 4he€re 15 rwll1nm7 1o prove
Otherun SE, let d be any nonierv el of T of min. norm .(Suth a A €xists

gince +he Set ini{a) ace€ 1t hat a minimum elt. by well -orden gy of Z)
C‘em'ly (d) e’ Cinre d 18 an el of 1
T show Teed), et o€l and vie +he
r=0 or NIr)e NCA) . Then r’n-qﬂ/ ond both a, (?(/6 13 red.
By the mininali? ol ks porm 9 W wE e That v mustbe 0
Thul & ¢ ([zv/( ((/{ - ¢ = ()
There fpre, T=ced) o
- et R=Z[x]. Since (2/X) S not pnncipa, 7 [x] 15 not a Buclidean demain.
(even ‘f’hougt\ RIx] 1§ a Euclidean doman).
&ample: ?€+ R=T[{=5], arel consider T=(3, 7 +5%).
Supporé j:/a+bF§), a,béedl , wert fnna()a/, e 3= (A+b{-5) Chl
2+45 = plathi=s) for some = f R,
Tatmg hormS wé QC/ N(’g):‘/: N/&)N{4+‘7~J_:§) :N/d)/az+ 5-6'1)
Since al+Sb >0, we get+hat 1 must be =13, 0r1
If at+Sh*= 9, then Nix) =1 anmel x=1%1, 50 at+b{-5= 13, il oS
Impossible by the $econd &7“4(_‘% S i et i g S
0/11//'5117/6 67 2
The value camned be 2 ble thece are na Z-Solns #¢ aliSive 2
It al«ffél:/} +hen A+L.{’:S-.:( and T =K. But Hoen st S
3y+ (2+4=5) T =| For fome Y1 €R. mult. both sides éj (2 -473) weule
imply Hhat 2-J-5 i5 4 milt of 2. .67 R, %
Theretore, I j5 not pnncpal = R s net a H olid an  tait o
“ Wote Hat blainaring R IFF aech) 17F ca) <(b).
LIS s o D fhed Bt s Sustilean ey

odiv.alg. 1o wn fe d:dt}ff w/

o

W Every Nnonierv pnme tdead in a PID :‘J%z{x:‘mal ‘dead.

ﬂ,ﬁﬁ et (p) be a nanerd pnme ideal in e PID Ry and (e T =(m) b¥ any veleat

containirg (p), so (p)c m)¢ R. WeWTS T=¢p) of T=H, Now PL-OW), 50
=mr for SomeréR Since (p 18 A pnm¢< ideaf ond rmé(P), either v &(p)

or me(p). If meé(p), then (r)=(f) 21 TP nele) hen while v=p5.

Crecall +hat+ R (s anink c{am,)

In +his cafe p=pS=r=(mr)s = sm =]

andl m S a umf’) S0 (mY=R=1.
O




conhvued

Lorvllary. If B S any comm ang Such that the poly. ning RIX1 15 & PID (or a
Buclidean domaw), then R S necessanly a feld

Il Assume RO 15 a PID. Since R < RUX], then B muft be ind.oomain
(@Recall +hat R[x) has an @ (€ R does)
The 1deal (x) 15 & hontexd phme s dead 1n ROX] becauge RUI{(x) = a ‘“L"de
1S an nt. demain &eny nentesv prYME ydeal 1n & FLD 15 4 AaXiiied
,j(g/; fo (X) rem s ﬂ»’lz(){im.’l’ Hence R[x]/“‘)f:ﬂﬁ i 4 frelof o

fL@Pﬁ?}'U@l n an m_k:gml domain a prme elt- s dlcm;/S irreducihle. ,

Proof: Suppose (p) 15 anonee prme ideal and p=ab . Thén ab=p €(p), So
either aecP) or belp) Say aelr), then a=pr for Some r.
This nrMPf‘f’S pP=ab=prb =rb=| ad bisa unt. = P s yvrea

T i net tue ingenerad that an iired. eft. is necessanty prme.
Consider 3 e Z({=5]. 315 ivred. in QN=S] but 3 is net pnme Since
(2 4d=5)(2-475) = 3% 15 cliv. by 3, but neither 215 or 2A=5 15 div. by 3.

e NSRS S A

B

e e e i ‘ i et
Mﬂiﬁﬁ& Tn a PID & nonztm el. 15 a pnme & (+ 1S ivreducdble.
Proof: Aboe we Chowed Fnme = \rred. ¢
We musk Show conversely +hadt 1£p 15 (K-, tren P 4
ideal (p) s prime. | i
I M s any ideal cortaining (f), then by hypothess M=(m) s aprntps

;c'{Pa,/-
Cince P(.(m)) fg=mr for Seme reR. But p s irred. S0 tither ¢ o m vy

A unit. Thrs mean$ €thw (p)=(m) or dpdr (Mm)=(1).
Thut +he only ideals (on/mm’,ﬁ (p) are (p) or (1), e, (P) /'S a max mas
deal. D Since We are i PID pax idead = pnme jdleal. o
Definition. A UFD 1€ an int. dom. R s+, ewery honzery elt reR, r# unt
has the following two propecties:
() r can bt wntHen as fn. frod. of 1rred. g eR (not nec. distined)
r=p,pe- P and
(1)) 4ne decomp. in i) is Unigue up to assotiates - hamely i+
r:q'(iz— ~im i O(VIWCD’#ZQCﬁn'&a:h'Op of r /nfp //7‘6;/} thyr1 m=h ard
Hrert (s Some I‘C’numéuen;{y of +he frctors @ Co that Pi 15 asSociade
8 4 or (e n. : .
e 112'6-61 F\[X]‘ 'g‘a /u FD} whenever R € a UED (ip contrast v +he propecties
ofbeing o PID or Buckdesn domain, whith 4o net camg wer érom
a n'rg R to the poly. nrny K[’(]-) y
— 7 | - P2 = l—)(lvﬁ)kl&ﬁ’ .
Bxamgle: ZHT5) is nek UFD blc G=2"3=(1+r{-= fonagchi ons.

Pnn”(’l 1 P./ tire.




conhnued:

fro OSIi'l/On;Ih a UFD o nanter elt 1s a pPme ff it s iereduceble .

F"Cﬁ‘ tet R be a UFD. Since a UFD is an nt. domain and in an int. olomain,
prime efts are always weegl , 11 remain? 4o chow <tHhat each ired. elt 15
prime. (et p ke an irreol elf. in R, and assame plap fbr Some a,beR.

wé W15 F’“ or f‘“’

To Say that P[qlg 'S 4D g’mj ab=pc for Some CceB. .
Wahng aand be as a procduce of 1A ucrbles, we ST fm ak=pc ard

homm the unigueness o the decomp ynto irred. of abythatl the eff. p
1’71(,(5/_1‘ be qsiotrQfe fo org of the 1rrea- O« fuﬂk’y in étheyr +H¢ /“;25/0 of
a & of the faets of b. ,. ;
WLOG assume p IS associate o ore of +he irred. in +he fact? of &,
e, a can be watlen ad d’(:/HP)Pa' Pn for U auntt d/m_,?' soem e (/mj&b/y
””’f’ff sed of ) (rreducibles payee P But then p divider a , SInl€ A=
(~/ OI’UFL"FH« &
Theorem' Geny PID i€ & UFD. T particutat; tvery Budidean olonr. /s a UFD.
* In A[yA]), f ML) =tapnme (o’n'Zl),+hem o 1S irredl. in TAT ]
Wf Factors tn TG 1nts precisely +wo jimed. 1£F p=a*+b” /S the Sum o f fwo
rnreger Squanres ( otheiwiS€ p vepari /'rﬂecﬂ/. PN AL
*Tf p=3 mod Y, 4hen pis (rved. in LLTL
Proposihon: The iyeed. e48 of T[] are as Follows:

ca) |47 (norm=2)
(b) the pnmes pe L with p = 2 mod 4 (whith hare rerm 915

() Otbi, a-bi , the distinet irred. fathls of peat+b"=(atbi)(a-bi),
fov 4he pnimes pel w| p= 1l med ¢ (both of whith hare norm ).

st adl cordain

s & Buclidean n+egvad
Preld sl c PIDs < UFDs Cm}rﬁgdoma:‘nﬁ being prper-

e 7 is a Buclrdean doman ot is net a feld

£k (uzf_:'_i] s o PID +hat s not a Bucdidean domain

wF ) 45 a UFD thot 1S not a PID
' ?(F'S\j IS an /‘m‘Pgm/ donain “4bat 15 net a UED,




i (onhnues!
fw_/ﬁfﬂ, et I be an ideal of the nng Kﬂur\o/ led (I): I0X) denote +the
ideal of AX] generntecd by 1 (The Sef of polys wf coefs in I). Then
ADJJT) & (RIL)DD. Tn parficular, \F I 15 & prome 1ocal of B, then (I)
S a prme deal Py K[X]-
P o There 15 a natwad nag Y H[X] = (H“)I” grven by W{"{W’mg (?(7(/ _,;f fhe
('(*t’((in'ué’:'ﬂ of a r’,_'f/g med I
The d"‘(%\oh'c\m of m'r/f’ (Mo/ mult. in these Twe N{\q;' ‘s/vom‘ +hadt (/ 1§ K r7r:}? /WV?
The kernel /s preciseély the set of polyromia

kﬂr(({) ¥ 1()(] ‘(I), proving the fr3t éar'J ot thes eroP
) : 61’)/’1’) H rr’lJ. dom s e ﬁ(—"») .rn’ oAom

R 15 an //f/f_'qm/(/nmmh, Ahence

/5 {"‘11(‘/‘ \,'.f'*/.(,‘«»{’("f( coeffs € IJ(:,-\J;{’['{A

The [aSt statement fulfows
gwﬂ/y |'( 2oy A f“/’e’*’ﬂé’ fdeal 1n /7/ then

n, This Shows // Z. 5 prime.in f;/ Then

| al$o (R)1){x) 15 an intl deme i

| (1) ir pnme in RIx].

“Wote that (Hs not-doue Hrat iF T 1s max.in B then (1) 1S max.rn R[x],
Howerer; (£ T 15 maximal in R, +hen the ideal of AlX] generated by I anel X
1§ maximal in RIX].




Wwﬁte’r be a Feld. The pely. nng Erx] 5.2 Bilidean domarn.

Speafaally, f a(x),b(x) € F[x] with b(x) nontem, then thent arc Unighe

900, () € F(X) Such that arx) = gOOb(+c(x) with () =0 or '
oleg (r(N) € deg(L(x).

Pl 1F alx) 15 the 2erv polynonial  then fake qix) v

e mag ﬁ\(‘ﬂ"&(’&’ acfume alx) # 0) and prove 1Al

hj induchon gn n= d.;g (alx))

Let b(X) have degree m T nem,

Othenwise n2m>wnte a(x)= Aax"™ Bk

[x) =0,

eyistente (]{‘k q,(-)‘), f/)()

take q(x) =0 ardl 1(x)=a(x).
ta,x+ do, ard

i -
b(x) = b X7t L’n‘—'xm 4 7(9;)""‘%» f
Then +he pely a'(x) = alx) - Z& "M bx) 18 of degree less than n (we har€

m

rarged o subtralt +he leadirg +eIm Hrom a(x)). ’
Note that 195 pols. s well defined blc the coell3 are taken £om 4 feld

and b # 0. BY indudfion then, +here exis? polys 4'0%), rry) with
a'(x) = 9'(x)b(x) r(x) with rix)=0 or dej[l’/)()] <0/Pj[é[z‘<)),

Then, le1hrg @()()z @'/x) 'kgf e we have

; % 20/ ,/?»
q(x)b{x)fr/x) it r(X)=0 or oay(r/x»zdeg{g(x»’ comple?”q fhe

arx) =
imduction SHF |
also satished fhe cordition 3 oL He thm
Ahan m

-AS for um:(zueﬂe’?f, §upp0§€ ‘Z;/X)/',’(X)
e ot alX)- glxb(x) and a0~ gi(xIb(x) Bre o Hepred =5,

S ey b(k)/{f/x)'qf (X)) /s afre of
S He

(m-= deg(b(x))). The diff of these two polys.
degree ~<m. But +he dag. of he product of fwe 167 2E0 polys
sum of their degreeS (Since E 5 an inf.dom.), heace g(x) ~g,(x) mult be 0,

Hat 1§ 4(x) =q(X) - This implies rlx)=r(x). o

Comvllayy: I £ 15 a feld, then Fix1 1S a PID ard a UFD- |
- If B 1S any womm.nrg St RIXT S A PID (or Guclidearn), Hhen R must bea

Aeld.




by G,
Proposihon: Ler F be a Reld ard et POX)EFIXL. Then plx) has a fackyr of
oegree 1 o pix) has a rot in F e, there 5 an x €F w/ plxl)=0
Prooll T plx) has a fachr of degree one, then Since F k4 Reld, we may
assume He faltdor i§ menic i e, 15 of Hee form (x—«) For some X € F.
But +hen ()({.x") = 0.
(-CV\V{'XG(L/// Suppol® p()=0. By the div. a//ﬁ, i FIx] we may wnte
f(x):CL(X)(X.'o() +r where ris 4 constant.
Since p)=0,r must be 0, hence pO0) had (X-%) as a factor,

/’mEOFfﬁ‘on A f"{?' of a’g, 2er3 overa Geld F 1's red. © 1+ has a oot in F.
Bample: For p prime , +he polys. x*—p and x3-p artirred.in QIX].
Froposihon: The maXimal rdeals in FIX] art the ideals (F(X)) generated
by irred. polys. 00 . T pachicudar, FOI[(F0O) 15 afield e £lx) 15 irred .
wi A finite Subgp of the mult. gp of a fald s eydic. Th paitiiedar, e
Fis abnite G‘e(d, then +he mult. gf FX oF nonievo elts of FIS a Lyeic gp.
fﬂoﬁ By the fund thm. o(’ﬁr\:,gw. abelman gpS, the finite Subgp can bt wniton
a8 a dicect prd. of eyclic gps TIn2x Zin, L x- *x An, T, where
V’kl“w \V’pz ‘ [nlln, 2 T genera’, ¢ G s a ¢ydic gp and d[1G], then
(s Containg precirely d elfs of order dinding A
Since n, divides the oreler of each ¢yehic gp i tie Aiveot prod., 1t Fllews fhat
each dicect factor contains Nic €S of crder dlhzd,/y e :
TF k£ were Fer +taun 1 ) +Hagre (,uou\lﬂ( Hure fore be a tetal of moire
Hran m‘wg . Bud then Heere would be more Hhan hi rootr of #e

poly. Xnk-l in +he feld F. % (s poly of deg.n has af

most nwets in F

Lence k=1 and The gp i eyclic. ;

(Z/P‘Zl_)x is ycic , p prime.
- AUH(T D) = (2InD)"




