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The Gist of the Inverse Scattering Transform (IST)

The Fourier Transform

f
linear PDE > ODE

\ / f_l v

solution < F[solution]

The Inverse Scattering Transform

nonlinear PDE »2 linear PDEs

direct transform Get Solitons! f

|
Example #1 |

Example #2

Example #3 |

\ : inverse transform Y
solution - solution e



http://www.youtube.com/watch?v=o9a7qTlCMfY
http://www.youtube.com/watch?v=o9a7qTlCMfY
http://www.youtube.com/watch?v=v5MGNcCnuE4&feature=related
http://www.youtube.com/watch?v=v5MGNcCnuE4&feature=related
http://upload.wikimedia.org/wikipedia/en/d/d5/Sine_gordon_5.gif
http://upload.wikimedia.org/wikipedia/en/d/d5/Sine_gordon_5.gif

The IST with respect to other fields of math
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with applications in:
® hydrodynamics e string theory
® optics ¢ solid state physics

® plasma physics ® oeneral relativity

® quantum field theory ® and more...




Special Relativity

Postulate: The speed of light ¢ is the same for all observers.
c(dt) = /(dz)? + (dy)? + (dz)?
Or equivalently —c*(d¢)? + (dz)? + (dy)® + (dz)? = 0

Introduce the notation z° =ct, 2! =z, 2° =y, 2° = 2
and the matrix: -

(-1 \ A

0
0
\ 0 /

and we can write the condition as:

NapB =

(t1, 1,91, %1)

(sum over repeated indices)




General Relativity

The Equivalence Principle: gravity affects all

bodies in the same way, independently of the [
body's composition.

The spacetime interval: —ds? = g,gdx“dz”

Spacetime curves in the presence of matter

according to Einstein’s equation:
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In the absence of matter we get Einstein’s vacuum equation:
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“matter (energy)”




Our Setup

The spacetime metric in matrix form:
= 0y

0

. = O zgr i gio: 2V
s 0 g21 g22 O
6.8 0t

We get the spacetime interval:
s —fdt Td) g dridr
Einstein’s vacuum equation:

L R33 =0
e Hoo + Hss =
det()—a R()g—o
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The IST for Einstein’s Eq

Solve two linear PDEs
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Example

The simplest solution of Einstein’s vacuum equation is...
=l s

or in cylindrical coordinates

= el i e e —

In this case the number of solitons has
to be even.

Do the math, and get for two solitons:

The simplest application of the
IST gives the Kerr solution which

describes a rotating black hole. It is considered to be the most
important solution of Einstein’s equation.




My Research

¢ [ind infinitely many conservation quantities of
the Einstein equation (so far I have 5...)

® Study more seeds

¢ Hopefully generalize the theory for metrics that
depend on three variables




