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E l that is ODE

A system of ordinary differential equations
CODE in Euclidean space Rd is a

differential efnatim of the form
jzfct x

where no 恐 Ct x E I XD for some

interval I CR and negimD.cat and

f I xD Rd is a function
A solution is a difenen the function xcts

satisfying the diff tu
lf f does not depend on t we say the

ODE is autonomous o.w.me say it is

non_autonomous

Typically minimum assumptions
D is open.f E C Ix Dead

Usually OD Es arise at additional conditions
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We say the ODE is Nnean if
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there A I aid g I md Hee g is

called the non homogeneous

tem.ggEo then we say the linen system is

homogeneous

ODE may appear in the form of ⼼ order ODE

器 f It x 皆 ⾳ XEÉG 啊

Any nt order ODE Can be written as gtm
of 1St order ODE

let x_x xz ⼆ t Xn ⼆ 器
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Zheoy of ODE Ù the study of behavior

of solutions



Behavior in short time local theory
linearization led stability chap 3.4.6

Behavior in long time global theory
ghohd stability argmp behavior gawd
structure.etc Camp 5.6，7，83

Further Generalizations
九 more general underlying space

eg.xtmauifddM.flt.DE Tx M Ctgei
an ODE on manifolds on surfaces

eg.tt Banach space X

ODE on abstract spaces
GE

tveaka sense of solutions

e.g x is AC Cabsohneg out BU

functions of bounded vaiatms etc

eg.nl in the sense of distributions
chap7



互 2 Where do ODE arise

ODE arise in all areas of applications
physics biology chemistry economics social sciences

____

Example 1 Spring vibration mmmniī
displacement from egil position x mass m

Force outing upon the object nentoratm force
friction or damping

By Newton's law
teooueblaw.mxkx ci.R.cz
oaneastgsuni iil.in 焦⾔1何
⼀⼀ homogeneous linear

ODE.ly⼆ extend fuse Flt then
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⼼
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Example2 Simple pendulum de
Length of nod t.mn ⼆ ㄨ

oangle from wit position ⼆ 0

tie
m fill0 mg since Newton's law position mg

ice Òt 是 smozo



在 w 0 È 全 no
nonlinear
system

Example3 Electrical circuit no
LRenintu ⼆ R Change ⼝ E

lnductor L Current I I
Capacitor C

Electromotive free 2E Ceg honey.generator
Kirchhoff's law Sum of voltages drops

⼆ Supplied voltage

L 表 R I t 是 ⼆

ECH.YIdE.i.LI RÀ t È ⼆ EH

or

倒 ⼆

信 ⼀些 ⼗到
⼆

信 涨到 1品川
won_homogeneous bean ODEn

Example4 Van den pal oscillator
Oseiuatoy electrical circuit w nonlinear damping

⼽ t E ⼽ T_T tx to O C

l.tveotenndfwatsx ExG i tx FCt
Ctrcedranderpod oscillator



Example5 N bodgpblem.muman of k

thbody.tnposition Cin UP ten_N

By Newton's law of universal gravitation

mine ⼆

点 Eif G
gnnntndcoust.GG

67x ⼼ 呢hg
highly nonlinear singular

Example6_ population growth
Model for population growth of myu species

population ⼆

X.ierx 1 吉 r intrinsic growth were

logistic equation K carrying capacig
When ⼆ 2 species one is predator G the

other is prey x

⼽ ⼆ rx Cr 長了 ⼀ bxg.r.R.b.cz0
j cx_djg

are cons

t.orgx rxci EJ

xxyjsga IJ pxg

htka voltenatuation.by Eh

Example 7 Epidemics
S susceptible people who can catch the disease
Ii iufeetives C people who have the disease and can



transmit it

R removed class quarantined immuned recovered

Progress S I R

S1R model

器 r S I v z o d infection nate
a o Ù removal none

器 r S I a I

器 a I

Variants Conniden deceased nate no low immunig
etc

Exanpu8 Enzyme ktia

h.mso.nizoti.seE.is C En p t E
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S substrate E enzyme Ci substrate engine complex
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Miehaehis Mentenefa.tn
Usually Rio irreversible



Example9 Evolution of games economics social science

Connìda a symmetric game w myegg matrix A a

aj is the payoff fur player to play strategy i against j
在 xi EGB be the probability of observing strategy o
in a well mixed population x.t tx.tl

Expected payoff of a maga to play strategy i ù

Zajxj A xli
j

Average payoff of the total population is

xi CANi ⼆ x A ⼆ 点 ajxixj

Replicator Equation i 成馮迦 Ètiffi
Taylor Inka math Aosei 1978 hittin adaptation model

Study of uol.fr this zonation would tell us how

may as leg inventors are likely to change their

strategies e.g combination of investments in the

long nun



Chapter2 Fundamental Theory
El htrodnetm and preliminaries

Cenniden Irp y
i f t x

Xlnj xo

DE Ix

DCRx Rd
or Ivp

ufrmametenlsjlxf.lt X

XElRKxlt
Xo.Banicfnestims
n what is the minimum condition on f

to ensure bed existence of sol
2 when is the not mufne
3 When does the not exist globally
4 How do nd vay as initial conditions

or parameters change
Do they change continuously

God of this Chapter Answer these basic

fnestims


