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M invertible uxn matrix with real entries
and def M o We want M RV
where R is a rotation some

guy
in 80 u and K upper triangular with
positive entries in the diagonal

M is invertible so its column vectors form a basis

By orthogonalitation we can find a changeof basis
matrix which will be R and then what remains
will be K What remains to cheek is that the

diagonal of k her positive entries

Say M It I where ri e ki form
basis By Graw Schmidt we can find an orthonormal

basis then
X V

j jxj



Then the matrix R x is orthouogond

because Gram Schmidt says so
orthonormal

we want

in as ix it

Now v x VK.TT so um Itu Vi
mj o for j

Note xi lxi.rjh.ci
because Xi has worn 1 by construction

Using this in the definition of xi we find
µ

r

f
xi Vcri Jiri

µythis is the 0

multiplication



So
mij sxj.ir for jci above

diagonal

mii lcv.ir fori l u
diagonal

mij o for i j
below

diagonal

defines K

Indeed the diagonal of Khar all
positive entries

fact x 4 2
2 C QUI

Prone C Galois
guy

is findagentsand
determine action on roots

Roots I VLIET Tm E Ituri
fay L V2rT Now L E E so EE E

Then

Vert x d Vz rI

i E

fo IE L



C perimeter the roots so it suffices to see there
an element of G sends a

id L L the identity

g L s L havorder 2

T h has order 4 c Tffted
all

y d 1 hair order 4 E o

T V
Why do I or exist I't id

Q E E E IE h
fo GE HEY

II

El

In Gol Ela we do have

idgaf 2 1 fr 1 322 2 tr

f 2T R s d And these
guys

doe exist

In Gall d Qur we dohave



idf ie extends by sending
i

id Eu rue
L L

T t L Rt 2

A c s L

S extends by sending

Te Rtl R z

4 t.EE
f real dt

22 2
L f k z z

fit 2 2

E R L
R

A c s Fr
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Hes annihilate

x hier 8

p g prime
winders

a Define
any my

of QIrplxoa.org sQCrpfyl

that is Q linear and
ring homomorphism

OT Q of Ix QCroft a Crp ffl
a brp et d f i act burp adry bdff

This is Ql balanced Q 81minear and forall REQ
d dir p r f k p ofca rp



This finer QQ.lxqaacfl sacrp.fi

a surjectivegroup homomorphism with fold pl xp

ftp.go.QCrql has identity addition or a Q vis i

and component wise multiplication

Hop Ho f N ps
r I I S r S RS I Sr I

S r 5 01 I r

for all r s c Q So multiplication
is well defined

This gives Crp a Q lift a

rig
structure

For tobe a rig homomorphism we need

i f l 11 1 true grouphour

oil of H ptr S ofCaopl t ofCriss I
Ciii f k pl Cr 8D ofChopinof S true

b If i of distinct show of is iso



If p.ge distinct primes then Crpf hair
dimension 4

Also Tp a rg how dimension 4
I lip I I Ff Fp Ff l is a basis

Since 4 is snrj it is inj and f is is

14 If p q find a Q basis of hercolt

look at matrix reputation of 4
e I I 1 I

er rp 1 1 rp
e I Rp 1 Tp
ey fp fp i t p

basis on Cfpl is

4 rpt
4 2

i i S to



This says that Keri41 hair dimension 2 So we

need to find two lineal independent vectors in

Kerch

r Fra o

ra r y o

and Y Th are lineal

re Vg
independent

fo Kercfl H fry ri r

013

I f 1 56 2 7 Show G is not simple

By flow 3 we have up I or8

If my I we are done

If by 8 we look at ur I or 7

We have 8 6 48 elementsoforder 7 Wethemhere

8 elements left since the Sylow 2 subgroup must have

order 8 we must have uz L We are done



IGI Loo 2 5 We want 4 G Ss with

proper
non trivial kernel

We have a Sylow 5 signup H with 25 elements by
Sylow 1 Tate A 4gH gsHI the left

outa we

have 8 IF G H of them
T the gree G

We have a left tanslation inducing GRA This

inducer a

gory homomorphism of G S8

g fy A A
gift ggilH

Notice that
any
h EH is in turco

ofd H fhg.lt hH H but h te Twr kwloll is I
g H

H iffgiEH trivial

Suppose
ye AH we wantto seethatgH t H Since

being in the routs is an equivalence dam this holds

Examples of
i Eisenstein p 5 over Q1 x 5 10



ii UFD wt PID Kix 3 is uFD
x yl is not principal

Iii File extension of Epix that is normal I separate

An extension Elk is what if it satisfies
any of the following
1 Every embedding o E E over K
induces an automorphism of E oCEI E

f E is the splitting fieldof k for some
polynomials in kex

T Every irreducible poly of Kix with a root
in E must split in E

An extension Elk is separable whenever every
element of E is separate over K that is the

irreducible polynomial over k of every element in
E hav repeated rods ink

t X is ineducible in EpCH



The splittingfield of tix is normal

but ud separable fine thx hasonly
one roof

R comin
rig
with Ito M is fg N Noetherian

Show MaxN is Noetherian

We want to see that
every

submodule of MapR is finitely
generated

Tak L E M pN an R submodule rewanttose
that L is fg that is L is the homeomorphic

image of a free modules that is there is e e N with

pets L
So it is good enough to find some exact sequence

O Kerof Re L o

Idea we functor p N



Note M is fg fo we have 4 R M a module

homomorphism injection me IN Now

o Ker Y RM M 0 is exact

Apply p N we obtain
y in

kerf p N RIEN M pen o

211 n is exact

EtMfg Nm
Il N Noetherian we want this

tobeNoetherian
Recall direct sumsof Noetherian modules are Noetherian

N B Noetherian
HungerfordVIII1.7

Homeomorphic
imager
of Noetherian modules are

Noetherian

M RN Imc 4 is Noetherian
HungerfordVII 6

4CNm

Alternatively ascending chain audition



TBD

R rig
with Ito M n fg R

und

a Suppose M is projective we want elements m mx EM
and fi M R i E i e k smh that

K

in I film mi
i I

lo
M is fg so Kk M a surjective homomorphism

exists

m ri mi by M fy mi generators over R
ri E R

h M By projectivity of M there
I m

e
g
t is h M s F with

F R M o ofh In

Define film ofcrit for fi M R

Write



m Imcm 4h m ofh II ri miK

of rihtmil E fCrihimilli I

Is ri f h mil 2 film1mi

b Prove the't the converse is true

We want M tobe projective knowing that there are

wi n un k EM and fi it R i e i e k with

u film mi


