
Questions (or as wecay , roadmap) :
I .

what das it men for
a system to be

deterministic ?

2. Das determinism imply Predictibility ?

3.Can't Predict ?-> is it indetermined ?

4. What's chaor ?

5. chaos = randomness ?

6. can a deterministic system be chartic ?

7. unpredictibility & Nature ? - QUANTUM

8. unpredictibility vS . determinism...

2 . OK good ! What about free will?



1
. Determinism : -> Predictability?

state atM uniquely determines its state at +27 to
, given the

laws governing the system

It(tol) + laws of evolution ECH) = 1CHY

=> only one possible trajectory framinitial state --

exi Harmonic oscillator :

governing rule : Former+xX(=(wt - wt)+ Sin(at)

X

Xo ↑-
to

Claws)

predictability ? all the forcesactingin nature

Laplace's demons if we know-> the X
, P A every objects at te

=> we can calculate all past a futures(just like planet

Deterministic law+ complete knowledge A X ,
P => Predictable future

Q : Does Determinism imply predictability ?

~ Determinism : the future is uniquely Fixed (determins) by the Present

states of theDeterministic laws!

- Predictability : An observer can determine what that future

state will be (Not logically equivalents



· Here comes Poincare ! 2

3-bidgravitational Problem :

↑ the laws are still deterministic and no random parameter...

but the dynamic is super-sensitive on initial conditions

&
A·

=>His Wal-X()1 = large !

B : Xo + G

two completely different trajectories !

both trajectories
T

are individually
deterministic --

=> tiny una in IC --> large unc in future !

seed of chars Theory

Mitchell : classical assumption that deterministic laws automatically guaranteemenglong-term Predictability begins to break down by Poincare's results !

:

Poincare did not say : Thesystem israndomrim's
vala

->

terministicPredictable



Some extra quotes (maybe good for questions :)

-> Determinism is a statement about her the system evolves !
=>

=> Predictability is a statement about our ability to determine the future !
=>

I guess the problem that distinguish these twoo : is that physical measurements

---

always have finite precision !
-

- muvementpeeX:Co . 200000X-
= 0 - 20000000
-

-> chues : ectf JoeX .... mucroscopic unc

I guys the unpredictability is not intrinsic
,
it's due to small unc that get

amplified in certain dynamical systems.

Acomplete det equation can generate behavior that appears random

*xecuityhYanmynex
what'sunpredictable ? The system or our knowledge ??

Q :
weather example?-zus Butter fle effecti



: superpositions d ↓
-&Cax+ bx) =effcbx)---

f(x) =(x
=atxx) + b +(x)

medicinconsists tunity + additiviti

X2
,
x3 interaction

f(x)2 b

f(x +Xu) = (x ,+xz) = Xi++ x2

-(x
,+xi) =iterm

·

Emai->



2. chaes : why it behaves like that ?

Nonlinearityo initial : Xo =Xo , X". Xote

-> linearity :X-aXin
=> Ix-x) =a

5 .
- o n

= o

So
fi

->nonlineur: = ax(1 -x)=x-ax2
a

-)logisticma
·

axx-axph
Not all the neulinar systems ar chaotic! -> In logistic map , depending on

& -> stable
, periodic ,

or
chaotic behavior !

& controlling the dynamic ...

equilibrimme--
Position -O

same equation , same det rule,T #
-> Increasingly complex dynamics ⑳
b

* go to the book

to show the dingun
bifurcation I

& chuetic behavior

Page 30-32 complexity : -

>
-
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sitw,
Randomness (pseudo) can arise from def systems!

A & C

Choos: to describe dynamical systems with super-sensitivity

dependence on initial condition !

Q :If infinite precision ,
wouldhas appear ?

The issue is that the actual physical observer cannot

Possess infinite Precision !
b d

Sapolsky : Chaos can undermine our ability to reconstruct ormanPredict a system without undermining determinism itself.



* there is some order in chaos !

Revolutionary ideas from chaos ;
-

-

--

&

-> 5

↳

minin

·iwhat Princare couldn't solve ?

Poincare could not find a general analytical solution

to the three-body Problem.

Vz -Vifor two body gravitational problem : mir = AmimeTr, 1
=> r(a) = & -> general analytic solution

I + eco

but for 3-bidy =>> No general-closed form-> only numerical-

No r(0) simle formula for each object ...



4
.Reductionism
Q :If we cannot Predict the behavior of a system from its

microscopic state , can we still say that its behar is determined by

its microscopic components ?

us. cans :

Red : can we understand"the whole sys by reducing it to its
-> explained

componentsa their interaction ? -

-

-whole-> Heart
&

why does a gas have pressure ?

Don't treat pressure as a fundamental mysterious Property, understand

the molecules , their F ,
collisions & interactions

why does that person decide to do X ?

Decision-rrateat t synapsymo .
-

Cons can we construct implex behavior from simple components

and simple rules ?I generate whole by parts ...

+rulesu

To be continued by Sapolsky's back & lecture
Y

Determined E standford


