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Def 12 a ring IER an ideal then the blowupalgebra
or more commonly Reesalgebra of I in R is the R algebra

BIR R I I'to

Often to make the indexing easier we add in a variable
so we write

f a a t ta t't cRCTI BIR

In this way BIR becomes a subring of Rct

Ncte B.IRIBeR RItOIIztO

grIRExiletRkCxixT I fxixD Then there's a naturalmap
homogcourds

K Y K Y y k x y t
x 1 Xi
Yi Xit

The image is elements of the form a a t azt't
Where ai c Ii so the image is exactly BIR

Note that x y x X t and x y xxzt In fact the kernel
is x ya x y and the corresponding algebraic subset Z is the
Blowup of AZ at the origin



Corr to xp
6

Note that R kCx xz y yz y nay

w we get a map 2 1A BIR

The Yi in kCx xz y yD are homogeneous which means the
points corr to ideals of the form x a az by bays

isnotbotno

So for a az cLA hot the origin the point in 2 lying over it
Corr to a Xa 92 azy a ya

Over O O we have Xi Xz b y bay This gives use
b b notboth0

one dim worth of freedom In fact it's a IP

t.eu o5ibs'YiIhFneoiitin
replaced by a projectiveline

I

The exceptional set of the blowup is the preimage of the origin
corresponding to the ring

BTRIIB.IR greR

Each point in theexceptional set corresponds to a normaldirection



at the origin

More generally if R K and I G xn s t T.CI

define X V J EIA Then q c XCx xn

Thetangent Lone corn to int J C ka an i.e it is speed n J

and 941 5 p 91 It consists of the limits of secantlines
seeHw

through the origin

Ex in y x xn y x y x y x

i
tantent M

Ex infy x3 y
Tent M s

When blowing up the plane at theorigin each line in thetangent
cone corresponds to a point in the fiber over the origin in the

preimage of the curve
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