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Motivation

Foliation singular foliation

Lie Rinehart algebras

C rings Poisson C rings

Free symmetric co rings the analogof the symmetric

Category ofmanifolds

Today

algebra
Lie Rinehart algebras linear Poisson c rings
over co rings

Overdetermined system of PDEs

begincasesfracpartialfpartialxgleftxyrightfracpartialfpartialyhleftxyrightendcases
where ghinCinftyleftmathbbR2right and f unknown function



Here Condition omg1h to have a solution

fracpartialgpartialyfracpartial2fpartialxpartialyfracpartial2fpartialypartialxfracpartialhpartialx
fracpartialgpartialyfracpartialGpartialx

Geometry if fmathbbR2rightarrowmathbbR is a local solution frleftright

GropahleftfrightrightarrowmathbbR3
is an embedded submanifold 7mathbbR3

The tangent space atleftxyzrightinGrapshleftfright is

leftxMlambdaright
Graph leftdfrightspranleftleftbeginmatrix10fracpartialfpartialxendmatrixrightleftbeginmatrix01fracpartialfpartialyendmatrixrightright

spaanleftXleftxyzrightYleftxyzrightright
yfracpartialpartialyfracpartialfpartialyfracpartialpartialzxfracpartialpartialxfracpartialfpartialxfracpartialpartialz cinftyleft82pi2right

Consider the module of vector fields DC xleftmathbbR2right
11Distribution GammaleftTmathbbR2rightgenerated by x Y

leftXYrightXcircYYcircXleftfracpartialhpartialxfracpartialgpartialyrightfracpartialpartialz
tie bracket
of v f



leftDDrightsubsetDLeftrightarrowfracpartialgpartialyfracpartialhpartialx
I involutive

For leftxyzrightinmathbbR3 DleftxyzrightSpanleftXleftxyzrightYleftxyzrightright
is 7 rank 2 Involutive Distribution of rank 2

foliation
Intimus D induces a partition of mathbbR2 by

Immersed submanifolds of ofdum2
leaves

Description of the leaves

pmathbbR3rightarrowmathbbR2leftxyzrightrightarrowleftxyright

TpleftxrightfracpartialpartialxTpleftyrightfracpartialpartialy
Inverse function theorem P admits a local section

imathbbR2rightarrowmathbbR3piId
leftxyrightleftrightarrowleftxyfleftxyrightright where fmathbbR2rightarrowmathbbR a

smooth function

Q leaf Lleftx0y0z0right is locally a graph 7
smooth funtion fleftxyrightz

easilycheck

fleftxyrightz satisfies



PDE's leads to foliations

Foliations are qualitative study of PDEs

what is a singular foliation

Partititionifold Partition into leaves

slope
lambda

EX

DsubsetxleftmathbbRrightDspanleftxrightxpartialxlambdapartialy Parallel lineswith
slopelambda

when project to the Torus

pi2nicefracmathbbR242 StimesS
Kronecker

The nature of the slope d is crucial

if lambdainmathbbQ Partition of pi to circle

If not lines wrapped around the tories in
a dense way
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