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1867: Kelvin's vortex theory of Inats
- -

-

discuss Kevin's vortex theory , faits conjectures, & how it was solved my the Jones polynomial



IR2 Winding numbers
curve examples :

P Print y

P
,: ⑧

-Wp(U) counts # of times U winds around p
⑧ ⑳ ⑲ .I

-Want a l-form Ap Sot Wp(U)= SuAp Wo(U) : H - ⑧ H

(1) 2
0 = Wp (v)-Wp(r) = SuAp-SyAp i (2) 1 = Wp (8s) = ScsA0 = S,Ap

solution :
I
&

! (1) ...⑧
E

O = SsdAp F < not containing p together with A= d
· Ye vortexM -> dAp=0 away from p ! ⑰ ⑰Sp I -

↑ around P
-



Psay verbally : a : R-> BB
: / L(0

,
x"(r)) = wp(af))

- ⑧n
M

O W- )
LIR Linking #S ⑱35 7 [↳ea- L(V

,
U') counts #U winds about ↓' US CS -

winding# is ID shadow of linking #
L(0
,) - I H + 2 O

C'/'dx knotted vortex
11 solution ? A= around I

Choose Ar w/ dAr= So d8 := SAr
2

curvature concentrated on U = Si Se(Au ,dr = S Hur(s,du')
S,Ar=SDY.x=

intersection # I⑲of S w/W -S And Ar A A

mention garss linking -SuSdrixdre Gauss's linking integral
in tegral



Pull out ribbon, & show how writte comes from straightening aut ribbon

examples (Blackboard framing)
Self-Inking Awrithe)

1
,
w ⑧ Do ⑮-LIV, U) = ScAr=& " need to regularize ((U
,2 O
-

I

(1) introduce framing : vector field v1 2 -racedAr(2) smooth out

~te 87V
with dA=B s .5

-As Thm :
↑
A j

-3 - ((r) : = ((U, u +r) - B supported on tube around ~ ⑪
-

I /
↓

((0,2)=-D / · SpurB : SpundA
d - dB =0 E

↓

"blackboard framing"
self-linking # , or write, of 2 -for transverse section 2, SB = SYdx⑮

say how . (2) uses a secret framing say how this is not

topologically natural !



xTAx = Bx => A = B, Xo=AB

x AXo= BT AT B

these are gassian integrals : in finite dimensions, z(SU)S
computes

AudAr

_ EL(r, 2) writte

Syne :
<xAx] C &

normalization Tsi)
= e mod k

--

-detA

Sne:/x,Ax - <X,BL C
i <Xo
, Axo

where If DA exists & metric invariant, this formula is :
I
r 2 Axo = B
- det A

- manifest topological - manifest 3B

self-linking # Reidmeister
formally applying, we get 2(M3U) =

on arbitrary 3-m+1 !

2 (M3) = torsion

and y : de Tahm home, simplical chan. selblar chane

Mass linking I path integral approach TFT



TQFT structure
TM C - A

M M2
-

⑰ C I① -> C :I- #iz(m -↳() 2⑳: 2(
Ch = E = >M2

crossection: - ↑ y⑮ - Gr space of ID vorticesM ⑧> W- 0
H S 2) -

.
. - f - )-

2 (M! It gives complex function on M

=> vector in rector space V(I)

2 (M) =/2 (M! 2), 2 (Mi2)
computationally -(i) = -"M(!) = +

V(z) powerful !



introduce marphic suture , making "into up'

2() = <2(*)
.

what is a ?
Q : how does & change when Zo goes around O ?

get h bundle on 1P'790,13 G=(x--
2 >

very hard to calculate 2 (4) . Physics-> line bundle is flat ⑯shortcut !
-" -> & monodromy around 0 is -1->

use monodromy : :① ⑱De => z(0) = - z(X)
make things holomorphic : Step

solutions are ↓It de Poles & 1 =z(L) =

F - #sing- writhe() !
zeros a 0

, 20



Talk Part 2

Topological Quantum

field Theories

& the Jones polynomial

Tell story about history of written's involvement in the jones polynomial



Flat connections : G LieGroup , I lie algebra , Principle G-bundle

connection TA defined by At Acl'(M,-

L

space of connections P

eryO
G

-monodromy around & is exp(2n=)vA) =G ↓ -- I ⑧

/A
⑧↳ curvature Fr= dA+AnA G-2 (M, 1)

*/
- ⑤ & ⑧M re

G = U(1) A = (M, (R)Example : 1 = IR
S

FA= dA



chern-simons theory Classical Crit points of Scs(A) = F=dA+AnA = 8 vortex

S I flat away from 2 G lines

(A) = ( +r(AndA += AnAnA) rit-points of ScCAIW(A)-= En=I& trace of in adjoint rep.

for loop 2, representation R of 1, Example : G=UCD., Sc(A) : SyAndA Linking # LIV, CY- -

.....

W(A) = trRSvA mademy of TA 1 Arcritical Pt of ScCA)+SrA=> FAr So*de
= S ,

As
2

Quantum : last time : 2(s,v(, U,4) = L(0, 2)-

2 (M,GU, R) = Spe
*s+was

PA "
what is invariant for G nonabelian ??

I

mention that we consider this integral because

we expect it to localize around classical solutions
-



Aioms of Foogical Quantum Feld theories (TQFT) :

z(,) - z (* ) vector space 2(4,8) ( z(0)

z(,) : 2(4) ->2(0) functor from 2-cobordisms to rect
. spaces

for computations : 2(x) = (2)()
,
2)



-M SXR -SimonsVector Space B R R ↓
① Pz

/ E ↳ of
? - -(i) - ⑳⑯/ /A -

-

- S

->

cassical solutions on EXR w/ link U, R Flat connection on 2 w/ monodromy around marked points
complex structure modoli space M(2,G, EPi, Ri3)

for Ed Riemann surface
,
MCC0...) complex mfld w/ Line bundle L

. 12([f= H (M1...)
,
2) /o

for topological invariance , I /Fo) is a flat ob over moduli space of Riemann surfaces Es



resolved crossings
#Relations C I

0 + x2(6) +rz)0) = 0
want 4

,
1
,
5 sit I 2) I C ⑦

O 0

= (2(81 ,2() +32(4) + v2(4)) = 0

X H A

z)⑱)
if there are 2, B, 2 which make this 0, get skein

relations



Chern-simons on 4-holed sphere : 2= S24 pts3-f IP' -30, 10, 23
standard

Geometric rep .- R . ⑧ moduli space of complex structures = ↑- 30
,

1
,
03

rep .

.ainput ? 2 oval - ((z) = c
2 flat

,
rank 2 v.b over I

2 Dimensional -> &
,
B
,
U must exist ! ↓ Xz(50) loop in Iz

issues vector 2(⑰) +2(8) very hard to find Tz - ⑳ -action of mapping class grap

trick : Use monodromy ! ⑦ for SEP:,Pu3 , Braid group Bu
00

2 + 20) +2 monodromy of I(0) 2)= action of By on



Physics import gives 2
,
3
,
2· lynomial/ for braids, I gives trase formula !

Writing 9
= e I

qz(X) + qz(xx) + (a = a")z(74)
S2xs·

Chern-simous TGFT computes M
-I

↑ ↑

Jones polynomial evaluated at roots of unity 2(ssiv) - Tr(2)) grap!,2(0))
Jones polynomial is trace of certian Braid representations


