


IV\JLYD duction .

Imag?ne you have o 'Funy ball, and you -ty to comb 7t down.
Is there a woy tv do it without hmﬁnﬁ the ‘Fur stick up ot ot lesst

one FoTnt 1

For example, you ‘tr)l to wmb Tt counterclockwise around some
arbf’cmvy GXT$.
However, 7t ends up with two swirls ot the 4op and the bottom.
The hair at the centerpoint of those swirls would have nowhere o i
but fored 4o stick up.

Well, no matter how hard You ‘ty, there’s J"us’c no woy Yyou

confind such condition. This 7s & mothematical guarentoe that
you will be left with ot least one tuft like this.

This 75 what I am 30’6\3 +  trduce ’L'odo?/.

Hoﬁry Ball Thm:

Anz continuows vector field v: s*—R>

doesnt point T or out the sphere
that T3 o the sphere must

have ot least one Foint that vanishes.



Fuler Characteristic ( BL ilﬁ. int 3.'%()

Basic Def: It 7 a “ToyologTwl Inw\ﬁant", which means no motter how
on object was stretched, bent, or S%JA&ZQC‘ (s long 0s it net

torn oport or glued -l:ogether), this value stoys  onstont.
SHMbOI : X (pnmuna,d as chi ")

Formula: X = (Vert’uws)’(Edg%)* (Faces)
BRE % ok

Examp|es= For spkere\ cube . szwﬁds
A xX=2
Why?  Lets caleulate the X o‘f o wbe:
X:8-12+b=1
And since cubes, spheres , and pzramrds can be turned Tnto
each other bz s%ueez?na, their Euler characteristic are also 2

2 X ‘F (Y splwxe e@uds Z.
2 We can also imply that any curved surfoce without any hole has a % of 2.

L, K&P this T mind !/

PoTncoré - HOP]c Theorem (/ﬂfé, 75“ %;\_ :f;g_? % }\ ?\ i%) / mean?nj M looks like a Flat space

L HESALRE 2 4. ie Fuck o
let M bea compoct, or?ent;blz differentiable manifold. Let V be a wntTnugug Euclidesn spac) ’w“)'-
= Smooth

vector field on M with o fiite number o Toolated zervs Prope s i Then
the sum of the dicies of V ot these zeros i e@ual Yo the Fuler characteristic

O)C M: 3ero

/@duv -2
odd up all the v

L' 't ‘h 3 |
index fom different mdicies i some sort of vector field

Riﬁht Hand Side: Euler characteristic of a marifold M.
left Hand Side:
Whats " Tdex” 1
Lnagl'ne a fittle ant walk around a zero point. Index c‘ir““ls
how many full civcles the vector field bemeath 1t has
urned.
We have o formula or this:



Index =z_|z,’ ckange n the angle (20t)
T~ e é{,g\

G w ‘;‘L;’ " “"1‘\— " X Jy\ "y
Ex: for ~ sources sink , and  certer
since the vector spim & full circle
=& Tncreased by 21 These are oll kinds of zeros

_ |
) Tndex= 77 X2 = +1

2"l"or ) saddle FoTnt”c
since the angle decreased nstead,

2) Ad:—Zl
2 Tndex=z—'z,x(—z7u)=—1

> 2lme o d mes o Fom"el Yo each other

2 no 2ero there ot all

Recall that the % of o sphere s 7

= Lindex, (pi)= 7 when it comes 1o a sphere
_nmrefore, 1t TmyossTbIe that there Tsn1 any 7er on

the surface of sphere,

= Hairy Ball Theorem Success‘Fu“y Derived |

X Notification: gindexv(re)=l does not mply thet there should alwa)ls be 2 swirls.
It only tells that the sum of oll Mdices should olways be 2. Therefore,

cases such as U swirls plus 1 saddle paint also Fulfill this rule.
L) ll-x[«»l)-tlx(-),):z )

Ex emphfication g
@ Atmospheric Circulation:

How come here s olwa)/s an czofone in Earth's wind Field ?

= {Earth itself 7 o differentioble manifold M. _
Wind - pointing in different directions can be seen as o vector field

Amoroll'ng 4o HBT = There must eists at least 1 zero that mokes %Tndexv(y;FZ
=2 Tt 15 also obvious that there are countless combmotions that can oon'FiZure an index

Sum of 7.



@ Nuclear Fuson (A% 5%75)

We've discussed that there ought to be zeros on a sphere; tkerell\ore,
when des?gming the reactor for nuclear fusion, we would never toke spheri'ca!

Skope o consideration, otherwise the plosma will shoot out ot some pownt (5)
and couse grove damaﬁe o everything.

%) In’croduce : @

F or a taurus :

A exists o distribution that contams O zero
_ n
there  vector

2 ylasma wil] shoot  outward

=7~A safe des?an for o nuclear fusion reactor.

That's all.



