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To study evolution of

"

something
"
in time
-

-

system
- Sys . is represented by state set of all

✗ - CK > xz , - . >a) Ext "÷YeValues

a) ✗ is discrete e. g. {0,42, - . . }

bjxiscontinuause.g.IR#I
-
State evolves according to an update law

Discrete-time; ✗ (Ka) -Tacky iterated

maps
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- f : IR
"

->Ipi is a vector field Cf comes from
physics/simulation )

- Vector field f-c.)
✗•
^ fact,)

→

is tangent to
the trajectory ✗*, f*¥÷µ

✗its

✗,
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Initial condition

☒ - fcx ) ✗ cos - Xo
-

- Black box view

✗
☐
→THÉ→ ✗ it )

- Underlying principle for dyn . sys . :

• Future of the syg . only depends on current state

• ✗ Its for tzt only depends on ✗E)

• Therefore , state encapsulate memory
of the Sys.

• This is called Marky property for stochastic Sys .
-

* philosophical conseq.
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- Example : Pendulum ¥-1M

Q : what is the state? I µ•

R : what is the dgn? t@qpq.mT Friction
it

mg
Newton's law : II - ittorque (gravity)

Inertia : I -me

torque from gravity : -mglsino
torque from friction : - µL2§ (veld)

⇒ miE-e-mgks.no - suis

⇒ É - - § sins - €6
To

state ✗ - Chile) - CA,

_→ •☒ , - Ñ - Xz
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Example : Pendulum

FICX, , Xz ) - o -3 ✗ 220

f2C✗ , , Xz ) - o ↳ sincx.to -74
-Mt

for integer n
there are only two physically •

µ @zitdistinguishable solution

A- o or Xi- it -1@ 20
•



contrnlkddgnamiadsgotem-s-Dgn.bys. driven by control input

I - ¥c✗, a) , ✗as - Xo

- U- Cui ,Uz, . . ., up] C- IRP is the control input

- Output signal or bserrxation

Y - MCH

e. g. IMU sensors

-

Black- box or input-output viewpoint

jzfcx.ie/-M-YcHX-#t-y-hcXihYct1-::-T-.-



Cdutlineofthecbesz

fundamental of ODE
part I : I - fcx)

stability , - - -
Cup to midterms

Paroo II : I - fcx , u ) control design
Ye hcxiu

Main tool: Lyapunov function . method

-

We do . not study time - varying systems
-

-
time varying Sys . can be reduced

to time invariant

"

✗ - fax, t )

define new state ✗na -t , with dyn
. Ina - I



Reviewrflinearsys.joAX
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-
A is a nxn matrix

-

Solution i explicitly known

☒at)-et^✗,
-

R*⇐o is eqlb point.

'

-
Behavior of linear sys . depends on

spectrum of A . superposition

- why are linear sys. called linear ?
orif ☒%, → i→ ✗

'

its

Iai → Tj-> Hasdma✗imbÑcn→T→a✗É×b☒



-
linear sys . with control input

I - AX +Bu , ✗
o
- o

-

usualY - C ✗ +Du assumption
- Input-output relationship is characterized by
transfer function

a

Laplace - transform : ✗as→ Ics) - f. éstxctidt
a

⇒ SICS] - Axes) +Brics
Ics) - CICS] + ☐ Ics)

⇒ ÑES) - CSI-A)
"

Bios )

⇒ Ics) - ✗ CSI-AIB +D) ios)

GÉ
transfer function



- Superposition holds

if u"→Ét.ES ✗%-)

¥-31 G)

ÉY et

then
CD of

au%→+bu%→
→ i¥B| aYc+i+bYa,+Du→

- When superposition does not hold →Nonlinear
-

- Results in interesting phenomenons.

① Multiple eqlb . points

↳
we saw this in Pendulum example



② Finite - time blow -up

a)
linear Sys . Cannot go to @ infinite - time

e.g. HEIR ,
I # ax for ago

then ✗ it, - eatxc.cn
it is always ✗ n

✗A) ze•t✗oy
finite

, even for

very large a É
,

bD example of nonlinear Sys . finite- time

blowup
I - ✗
'

⇒ djf- ✗
'

⇒ ¥ - dt q
✗☒ B-

⇒ 5.*,d¥ - ↳dt it
→ ¥, -1¥, - +

i.*
¥__¥÷:⇒ ✗a) •E-
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③ Sub /super harmonic oscillations

-

For linear Sys . if input has freq . W

then the . output has the same freq:

UH) - consort ) -3 YCH-AC.es cast -1$)
A. ,#
Bade pilots

-
Not tree for nonlinear Sys .

* Example : Pumping up a swing
consider the pendulum, but length ,-o-M

Can be Controlled. µ☒t)1- Ett )-↳ ( 1-1 Elects)
7-i

control input / Bpo
M

1¥14 ☒

↳¥I, Sinan
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Umt¥#
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Rod : Pumping a swing , by Piccoli 8 Kulkarni , csm

Related to Mathieu eq .



other nonlinear phenomenons :

• limit cycles

important , but not in the
• Bifurcation } scope of this class

• Chaos

Read Chit


