
 

Questions Next time Ilya Baranski
will cover me

Neutered

Ink has both of these

operations are important so far we

never considered them together

considered 212,7 or 212

On the other hand we noticed that

Ant Hat 2.12

im
К

So these operations are in some sense

Compatible



What if we consider 212

Definition A 11
К is a set

with

RxR R RxR R

9
multiplication

addition

such that

a Rt commutative group its

identity is OER

b R monad identity is R
able а b c

а а 1 a

c distributivela itab.ee R



atbl.cz a ethic Rt Rt

C ать catch той
ХС

homomorphisms

in particular 0 0 0 x ER
homomorphisms send identity to identity

Lark in general people also consider rings

without identity R semigroup
we

will not consider this generalization

Ees 2 2,2 Q.IR

rings is commutative



Matan a.bic.de
RIab'tbd

iii на

на и 3

Execs check that Matar is

a noncommutative ring

81.189 18

1891.18 183



Late R ring R group

ER 7gal хутуха

Important sub lass of rings

R filly
if R RIO

I
field if 1 12 a division ring

2 R commutative

Examples I not a field

field

IR field

field



Clas 212 field iff no prime

Ft 242 key.mn gedlknl i

Г
Coincides with 1 4 13

Iff И prime

M an

ings.IR

ring define

Rtx eit.to
aitR

I
formal symbol formal linear combination



For example if R D then examples

of elements of x are

terminology if Fx ERIN then

deg fix largest ns.t.coeff.in front of

in fix is route

leading term coefficient in front of X

f me if leading term of f is 1

constant term do



lratiosonl.IS f x Taxi
gex Σ b X

R x Rex RIX

f x g x aotb.lt at bi t

3
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R x R x R x

f x g x Σ aibj xt.tt
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Got aix tax't both thx

Gobot aibota.be Gobrtaibitarb.ly't

3 2 4 8 7
2

1 347
7

2 3

319 421
3

2 3719 2132 12

Proposition R 1 19

proof direct computation
exercise

will be in Psat



Roof of polynomials

Elements PE
RTX define functions

R R

4 2 aotaidtar.tt and

JER is a roof of P if pA O

Example R R X 2 has roots

2 Б

2 1 has root 1



Next time we will prove
the following

theorem

The if Ro field FE RTX

then IHrootsoffsd
IHFrom.no

w on assume R commutative

Diether

Pick fix h x REX assume h и

пы
ЕЁ



Then gexl.ru eRIxIst

f x g x h x rex degrade
degh x

Lma α root of f x Iff

fix X 2 д
for some Gere

Ff if f x x 2 g x

f 2 2 2 912 or

if f 2 so then let's divide

fix by 2



f x X 2 g x г x

9
polynomial of deg2dg

x D

deg thx 0 ГСХ Г just an element
of R

2 t 2 912 Г г

0 5 0

We get f x x 2 gex

fete
By induction on deg F n

Induction step pick α root off



Decompose f x x 2 g x

9
deg д N 1

Induction hypothesis roots of gal
is n 1

If β root of fix β 2

β 2 д β о

1 gist tune R field

9 β р 2 0 0 β root of q

So roots of f 23 roots of 93

И
roots of ft I h 1 n


