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Step 0: the MA380 team

For those in this meeting through a link received from me via e-mail only
(i.e., not through Teams):

If you are from 11Sc: use the MS Teams joining code xiswShu to add
your e-mail address to the MA380 team.

If you are not from 1ISc: in case your institutional e-mail address used
to correspond with me is not the one you wish to add to Teams, then
please send me the relevant e-mail address by 8:00 p.m. tonight.
I'll add your address to the team.

Communications related to MA380 — except for the homework
assignments themselves—will posted on MS Teams. These will be
push-notifications; you will be alerted of a(n unread) communication
via e-mail.
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.Modalities for lecturing

| had mentioned on Teams “—we-might-have-seme-mix—of
™ ! live | i
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.Modalities for lecturing

| had mentioned on Teams “—we-might-have-seme-mix—of
pre-recorded-videos-and-live-lectures-this-course’™ Lectures will be

through pre-recorded videos, which will become available by the start
of each lecture slot.
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through pre-recorded videos, which will become available by the start
of each lecture slot.
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learn what the no-go slots are...

By this weekend, or by early next week, | shall have posted an online
poll to fix a time for this Q&A session.
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.Modalities for lecturing

| had mentioned on Teams “—we-might-have-seme-mix—of
pre-recorded-videos-and-live-lectures-this-course’™ Lectures will be

through pre-recorded videos, which will become available by the start
of each lecture slot.

There will be an interactive Q&A session every other week. Let's
learn what the no-go slots are...

By this weekend, or by early next week, | shall have posted an online
poll to fix a time for this Q&A session.

Please respond to the ongoing survey if you haven't done so;
deadline: 12:00 noon of March 3.
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,Getting started

Recommended books:

J. Milnor, Dynamics in One Complex Variable, Annals of Mathematics
Studies 160, Princeton University Press, 2006.
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Recommended books:

J. Milnor, Dynamics in One Complex Variable, Annals of Mathematics
Studies 160, Princeton University Press, 2006.

Be aware: The arguments in this book will seem to have a hand-waving style to some of
you. This is consistent with the style of a lot of published research in this field. (The
reason, perhaps, is because in 2 real dimensions, minor conjectures are rarely wrong and

not too hard to prove.)
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J. Milnor, Dynamics in One Complex Variable, Annals of Mathematics
Studies 160, Princeton University Press, 2006.

Be aware: The arguments in this book will seem to have a hand-waving style to some of
you. This is consistent with the style of a lot of published research in this field. (The
reason, perhaps, is because in 2 real dimensions, minor conjectures are rarely wrong and
not too hard to prove.) The proposed progression of topics in MA380 is influenced by
this book.

Gautam Bharali MA380: Complex Dynamics



,Getting started

Recommended books:

J. Milnor, Dynamics in One Complex Variable, Annals of Mathematics
Studies 160, Princeton University Press, 2006.

Be aware: The arguments in this book will seem to have a hand-waving style to some of
you. This is consistent with the style of a lot of published research in this field. (The
reason, perhaps, is because in 2 real dimensions, minor conjectures are rarely wrong and
not too hard to prove.) The proposed progression of topics in MA380 is influenced by
this book.

A.F. Beardon, lteration of Rational Functions: Complex Analytic
Dynamical Systems, Graduate Texts in Mathematics no. 132,
Springer-Verlag 1991.
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J. Milnor, Dynamics in One Complex Variable, Annals of Mathematics
Studies 160, Princeton University Press, 2006.

Be aware: The arguments in this book will seem to have a hand-waving style to some of
you. This is consistent with the style of a lot of published research in this field. (The
reason, perhaps, is because in 2 real dimensions, minor conjectures are rarely wrong and
not too hard to prove.) The proposed progression of topics in MA380 is influenced by
this book.

A.F. Beardon, lteration of Rational Functions: Complex Analytic
Dynamical Systems, Graduate Texts in Mathematics no. 132,
Springer-Verlag 1991.

The treatment of basic topics in this book is, perhaps, a bit rudimentary for this course.
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,Getting started

Recommended books:

J. Milnor, Dynamics in One Complex Variable, Annals of Mathematics
Studies 160, Princeton University Press, 2006.

Be aware: The arguments in this book will seem to have a hand-waving style to some of
you. This is consistent with the style of a lot of published research in this field. (The
reason, perhaps, is because in 2 real dimensions, minor conjectures are rarely wrong and
not too hard to prove.) The proposed progression of topics in MA380 is influenced by
this book.

A.F. Beardon, lteration of Rational Functions: Complex Analytic
Dynamical Systems, Graduate Texts in Mathematics no. 132,
Springer-Verlag 1991.

The treatment of basic topics in this book is, perhaps, a bit rudimentary for this course.
However, it has some very ingeneous proofs of some of the more advanced results that we

shall study.
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,For those crediting the course

To those crediting the course, the following are the components of your
assessment.
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,For those crediting the course

To those crediting the course, the following are the components of your
assessment.

Homework assignments:
» 4-5 assignments.

> You're allowed to discuss the homework problems among yourselves (or with
me, after making a reasonable attempt at the problem in question), but each
submission must be an individual effort.
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» | shall select a random proper subset of the problems to grade.
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» 4-5 assignments.

> You're allowed to discuss the homework problems among yourselves (or with
me, after making a reasonable attempt at the problem in question), but each
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To those crediting the course, the following are the components of your
assessment.

Homework assignments:
» 4-5 assignments.

> You're allowed to discuss the homework problems among yourselves (or with
me, after making a reasonable attempt at the problem in question), but each
submission must be an individual effort. The help given by others—and
the extent thereof —must be explicitly acknowledged in each submission.

» | shall select a random proper subset of the problems to grade.

» Weightage: See below.

Examination:

» 1 end-of-semester exam; no mid-semester exam.
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,For those crediting the course

To those crediting the course, the following are the components of your
assessment.

Homework assignments:
» 4-5 assignments.

> You're allowed to discuss the homework problems among yourselves (or with
me, after making a reasonable attempt at the problem in question), but each
submission must be an individual effort. The help given by others—and
the extent thereof —must be explicitly acknowledged in each submission.

» | shall select a random proper subset of the problems to grade.

» Weightage: See below.

Examination:
» 1 end-of-semester exam; no mid-semester exam.

» Weightage: 50% or 30%, depending on instructions of the SCC.
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; The rudiments of dynamical systems
What is a dynamical system?
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; The rudiments of dynamical systems

What is a dynamical system?
Classically, a dynamical system is a non-empty set X —called the state

space—equipped with the dynamical structure (I, F'), where:
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space—equipped with the dynamical structure (I, F'), where:
I =N or [0,+00), depending on the nature of the dynamical system;
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What is a dynamical system?
Classically, a dynamical system is a non-empty set X —called the state

space—equipped with the dynamical structure (I, F'), where:
I =N or [0,+00), depending on the nature of the dynamical system;
F: X xI— X is a map that is meant to mathematically encode the
following idea:

If X is the set of all states that can be attained by the process/phenomenon

being mathematically modelled by (I, F'), then:
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; The rudiments of dynamical systems

What is a dynamical system?
Classically, a dynamical system is a non-empty set X —called the state

space—equipped with the dynamical structure (I, F'), where:
I =N or [0,+00), depending on the nature of the dynamical system;
F: X xI— X is a map that is meant to mathematically encode the
following idea:

If X is the set of all states that can be attained by the process/phenomenon

being mathematically modelled by (I, F'), then:
F(z,t) :=the state the process attains at time ¢t € [

if its state at t = 0 is the state x € X.
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; The rudiments of dynamical systems

What is a dynamical system?
Classically, a dynamical system is a non-empty set X —called the state

space—equipped with the dynamical structure (I, F'), where:
I =N or [0,+00), depending on the nature of the dynamical system;
F: X xI— X is a map that is meant to mathematically encode the
following idea:

If X is the set of all states that can be attained by the process/phenomenon

being mathematically modelled by (I, F'), then:
F(z,t) :=the state the process attains at time ¢t € [

if its state at t = 0 is the state x € X.

We often impose the following condition:
(Semigroup condition OR autonomy) The state of the process at time 7 > ¢g
depends only on the state of the process at ¢y and the time elapsed (i.e.,

T —1p). So:
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; The rudiments of dynamical systems

What is a dynamical system?
Classically, a dynamical system is a non-empty set X —called the state

space—equipped with the dynamical structure (I, F'), where:
I =N or [0,+00), depending on the nature of the dynamical system;
F: X xI— X is a map that is meant to mathematically encode the
following idea:

If X is the set of all states that can be attained by the process/phenomenon

being mathematically modelled by (I, F'), then:
F(z,t) :=the state the process attains at time ¢t € [

if its state at t = 0 is the state x € X.

We often impose the following condition:
(Semigroup condition OR autonomy) The state of the process at time 7 > ¢g
depends only on the state of the process at ¢y and the time elapsed (i.e.,

T —1p). So:
F(z,ty +to) = F(F(x,t0),t1) Vto,t; € I and Vz € X.
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o I'he rudiments of dynamical systems, cont'd.
If we write f; := F(+,t), then
fo=idx, [by definition of F'|

Jtatto = ft1 © fro- [by semigroup condition |
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o I'he rudiments of dynamical systems, cont'd.
If we write f; := F(+,t), then
fo=idx, [by definition of F'|

Jtatto = ft1 © fro- [by semigroup condition |

Also, check that if I = N, then, by mathematical induction:
fn=fiofio---0of1.
| ——

(n times)
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o I'he rudiments of dynamical systems, cont'd.
If we write f; := F(+,t), then
fo=idx, [by definition of F'|

Jtatto = ft1 © fro- [by semigroup condition |

Also, check that if I = N, then, by mathematical induction:
fn=fiofio---0of1.
| ——

(n times)

So, when I =N, we call (X, F,I) an iterative dynamical system.
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o I'he rudiments of dynamical systems, cont'd.
If we write f; := F(+,t), then
fo=idx, [by definition of F'|

Jtatto = ft1 © fro- [by semigroup condition |

Also, check that if I = N, then, by mathematical induction:
fn=fiofio---0of1.
| ——
(n times)

So, when I =N, we call (X, F, ) an iterative dynamical system. Conversely, a
dynamical system naively viewed as driven by the iteration of a map f: X — X
(X your favourite non-empty set) belongs to the above formal framework.
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o I'he rudiments of dynamical systems, cont'd.
If we write f; := F(+,t), then
fo=idx, [by definition of F'|

Jtatto = ft1 © fro- [by semigroup condition |

Also, check that if I = N, then, by mathematical induction:

fn=Jiofio-0f1.

—_—
(n times)

So, when I =N, we call (X, F, ) an iterative dynamical system. Conversely, a
dynamical system naively viewed as driven by the iteration of a map f: X — X
(X your favourite non-empty set) belongs to the above formal framework.
Example: Let K > 0, and let ® : R® — R" satisfy | ®(z) — ®(y)|| < K|z — y||
for all z,y € R™.
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If we write f; := F(+,t), then
fo=idx, [by definition of F'|

Jtatto = ft1 © fro- [by semigroup condition |

Also, check that if I = N, then, by mathematical induction:
fn=fiofio---0of1.
| ——
(n times)

So, when I =N, we call (X, F, ) an iterative dynamical system. Conversely, a
dynamical system naively viewed as driven by the iteration of a map f: X — X
(X your favourite non-empty set) belongs to the above formal framework.

Example: Let K > 0, and let ® : R® — R" satisfy | ®(z) — ®(y)|| < K|z — y||
for all x,y € R™. Consider the IVP:

) {Y’(t) = (Y (1)),
“ Y (0) ==
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o I'he rudiments of dynamical systems, cont'd.
If we write f; := F(+,t), then
fo=idx, [by definition of F'|

Jtatto = ft1 © fro- [by semigroup condition |

Also, check that if I = N, then, by mathematical induction:
fn=fiofio---0of1.
| ——
(n times)

So, when I =N, we call (X, F, ) an iterative dynamical system. Conversely, a
dynamical system naively viewed as driven by the iteration of a map f: X — X
(X your favourite non-empty set) belongs to the above formal framework.

Example: Let K > 0, and let ® : R® — R" satisfy | ®(z) — ®(y)|| < K|z — y||
for all x,y € R™. Consider the IVP:

) {Y’(t) = (Y (1)),
“ Y (0) ==

Suppose we know there is a unique soln. Y, € C([0,+0c); R") of the IVP ().

Gautam Bharali MA380: Complex Dynamics



o I'he rudiments of dynamical systems, cont'd.
If we write f; := F(+,t), then
fo=idx, [by definition of F'|

Jtatto = ft1 © fro- [by semigroup condition |

Also, check that if I = N, then, by mathematical induction:
fn=fiofio---0of1.
| ——
(n times)

So, when I =N, we call (X, F, ) an iterative dynamical system. Conversely, a
dynamical system naively viewed as driven by the iteration of a map f: X — X
(X your favourite non-empty set) belongs to the above formal framework.
Example: Let K > 0, and let ® : R® — R" satisfy | ®(z) — ®(y)|| < K|z — y||
for all x,y € R™. Consider the IVP:

) {Y’(t) = (Y (1)),
“ Y (0) ==

Suppose we know there is a unique soln. Y, € C([0,+0c); R") of the IVP ().
(CHECK) With F(z,t) := Y, (t), (R, F,[0,+00)) is an autonomous dynam. syst.
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