











































































































Jan 5 2021 herbie 1

1 Abelian varieties are commutate

2 The notion of a dual abelian variety
3 The kernel of a homomorphism of group schemes
4 Pic of an abelian variety
5 Criterion for ampleners on an abelian variety
6 Isoguries
7 Cohomology of line bundles on an abelian

variety
8 Over Q abelian varieties are tori Q9

Reminders

A variety over a field k is a separated reduced
irreducible k scheme of finite type
The term geometric as in geometrically reduced

ett means that the property persists after a bare

change to an alg closed field
More precisely lit k be a field and

X s speak a finite type scheme over k We

say X is geometrically P if it has propertyP
and its bare change XxpSpa alsoidmkfojulyP
Example A variety which is regular ie all its local

rings Oxn one regular local rings need not be














































































































geometrically regular
Let K L be a purely inseparable

finite extension e.g 74Pa X 21Pa XH
Then it is easy to see that Lxof aisauhg_dvm.e
outrun load ring which has nilpolents

SpeCL 2 Speck variety
This is regular but not geometrically regular

Definition A k variety k a field is said to be
smooth if it is geometrically regular Amap
f X 4 of schemes is smooth if it is of finitetype
locally finitetype flat and all its fibres are

smooth

Abelian varieties over an analog cloud fiddle
hi k be an algebraically cloud field An abelian

variety A over K is groupvariety over k smh that
A is complete over k

Group variety G is a group variety if it is a
variety and we have a map of varieties

GxpG
m s G

such that the group operations are maps of
varieties

Definition A k variety X is complete if X speak is




































































proper Recall this means X Spark is separated and
universally clued X pT ST is clued t k schemes

The theorem of the Square
Thurman Let k be an algebraically clued field X Y and 2
varieties with X complete hit

f XxY Zk
be a morphism of varieties smh that xx yo maps
to a single point go for some yoE4 k Then
there exists a mapof varieties

g Y 2

smh that

f gop
where p XxY s Y is the projectionk

Proof

Pick an affine open set U in 2 containing Zo f yo
Let F Z U Then F is clued in 2 and have no is G f F

Let H p G Then since X is complete His cloud in4
Moreover a little thought shows yoTEH and hence
V Y H is a non empty open set.in Y Note that

if y EV then XxEy maps to U
Thecringe f Cxxeyy is converted and complete and

closed in U Sui ee U is affine f Xxly is affric



Ytf 2

F
T

f

f F G
pCh cured in y

This means f Xxly is a point
Pick any point no C X Defnig

g Y z

by
gig fCnoy

Clearly on p IV the b funks f and gop
agree Shine XxpY is variety p N is dense and
bare f gop


