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What is Localized Induction Approximation (LIA)?

Recall that in IRS the Euler eqh has the
'

vorticity form : dig = - Lu } for the field } = auto.
Let } be a singular vorticity , supported on
a closed curve 8C IR?

Note: the Euler dynamics of 8
' is nonlocal : one needs to find
*

"
v= curl

- '

} , which is an integral
operator.



Set 9 = c 8g for the 2- form or supported on jclR,
C is the flux of { across a small contour around 8.

↳

symbolically, } Cx , t) =Cf or (x- 818, tD%do
where 8 is the 8-function in IR? 0 is the arc- length
parameter on 8 (of length b) .

The Biot - Savant law gives for VK.tt = curl
"

}Cat) :

va.tk -÷!¥;÷¥'d¥=÷!¥%¥¥→p×¥dE



Since the Euler equation is the evolution given
by the velocity v , 2+810, t)=v(810 ,tht) , we have
• *⇒ =-÷! ,÷÷¥I÷÷µ×%••

This integral diverges : it goes to co for small 0--8 !
Indeed

,
consider the Taylor expansion :

8101=8107+81-(0--8) +10¥ (o - E)I . . .
Then
qr = -¥f¥¥i¥¥¥:¥% do

,
i. e.

a-f-¥(¥×%¥)[ I + OH] as • →I



This integral is cs , but we apply a cut- off beyond
to-81>e , i.e- §h%¥µx I ff÷, -104-1: line + OLD

[- E, E]
as E→ 0

Now rescale time t → t.lu E and obtain the ( local)

filament equation a- y=¥x%¥ ,
i.e. 0+8=8%8 "

Rm_ For are - length parameter
r
' _=Él Fanitgent ) , y " = k .

ñ (Milano)
,
b-= Éxñ (2.Trounce)

&
curvature of 8

the filament equation is
gzy = b. f→ ,

binormal

equation ,
valid V-parameter.



The Marsden-Weinstein symplectic structure on knots

Def
.

An oriented curve f- IRS is a linear

functional by on div-free vector fields in R3 :

by to) = Flux v1 , = fzivfl , where pr - volume formin t.RS →

Cy
6 - oriented surface founded by 8,28=8.

61¥ Prof ly to) does not depend on the
choice of 3 , provided that 03=8.

PI { ivpzfivp = firm =D ,
as a doted 2-form i.µ

ZUÑ
over a closed surface 6 VI.

( Recall : dirµ=Luµ=0) QED .



RI Recall that for the Lie algebra oy-ired-p.GR?)
the dual space is g*= dydgpciry-rddYRY-Z.HR?
the space of closed 2-forms in IR?
Let wg be the 8-type 2- form supported on g.
Then d- 'Wy = Uz , i -e .

8- type 1- form*
supported on 3

,

where 03=8
Note : •

different choices ↳ different choices
of 6 , sit -06=8 of Uz = d-

'

Wy



Prof the pairing of [ uz] c- G
* with VEG = Vectp CRY

coincides with the pairing of by and V.
PI < [ uz] ,v7 =fivuznpr-fuzniupr-fiupi-t-luxvlz.IE

1123 6 QED

Exes the Kirillov- Kostantsympl .structure for Lie - Biss .sty
on the orbit 0g coincides with the Marsden - Weinstein
symplectic structure on the space r

'
v

of knots 6 .

wwiwcr.wt-siviwtg.iq#j.-IIiIErr--vIzerLv,ws8')

G space of knots _←_ J



ptsketch-i.wkkfgykv.lv/:-- < d-
'

E. [Vsw] >

=< [uz]
,
[ YW]=LUz,i[yw]µ>

Note : for dir- free rect- fields V. W one has

the identity : i[v,w]µ=diviwµ
Then winter)(V,W)=fUz^diviwµ

IRB

=/duzniviwp-foraiviwpr-fiviwfr.RS"Wg=gg 1123 8 QED



To define dynamics on knots we fix the Euclidean
metric in IRS

.

Let HH) = length(f) = fvcgyo-1.gr#dO-
be the Hamilton .f

'

n (o - arc - length S'

Prof the binomial eq
'
n 0+8=81×8" is Hamiltonian on 8

with Hamilton
. f'n H (g) and the Marsden-Weinstein

symplectic strivewww.pfske-th.HG-iev) = H (8) + ec¥g ,V7 + 0 (E) . E→ 0
OHThen the variational derivative g-
= - gu for arc- length 0 .

Hence 0+8⇒grad H = - Tg (Yf) = ylxj? where ] is E- rotation
in the normal plane to 81 ,the almost complex str 're .

QED
.

¥?É I * : = 8 '✗ *



Rm_ To see that ¥= - y " expand
H(8tEV)=f✓(g4evi,j+ed0-st-ficri84-zelj.ir/)-0C#dOn

S ' I' forarc - length On

=§(1-itz.zelriVD-OCEDDO-li-KD-ef.ly
",V)d0

S ' 1- Oley
Hence OH

Tr= -8
"
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