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Intro to Qualitative theory of SODE

A vocabulary

Dynamical system

o(t,z),teR, z €S

PWRXSE =S dynamical system
S state space
Conditions

(i) ©(0,z0) =x0, VzoE€S
(i) @(t, (s, m0)) = @(t + s,20), Vs,tER,Vag €S

@, @(s, 0)=@(s+1,0)
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Flow associated to SODE

What is a flow and conditions on it

[

Flow
Let us have a SODE

A mapping
p:RxS—S8

for which holds the following,

(0 .To) = X, Vag €S

(t o(s,20)) = @(t + s,20), Vs, t€R VrgeS
(iii) 0 = F(pu(t), VtER V€S

is called a flow associated to the SODE.

Ex.1: Finding a flow to an ODE
Find a flow to the differential equation 2’ = z?, Vp € N
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Solution to Ex.1
(Solve the ODE and specify C' in the manner that (i)—(iii) hold)

Case:p=1
Find a general solution

' =z — z(t,C) = Ce

Specify C' in a way that (i)—(iii) holds

i) — z(0,C) =Ce® = C = =g

(i) — x(t z(s,m0) = zoe’e! = mpe!™® = x(t + s, 10)

(i) — d2(tm0) — goet = 2(t, x0) = F(x(t, o)
Case: p > 2

Try it as a homework. It may happen, that the flow cannot be found.
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System of linear ODEs with constant coefficients

Simplest case of SODE

Ex.2: Competitive reactions
Let us have a reaction scheme,
b ]3 c

e

lF =

a
a

generating the corresponding differential equations,

a —kla — kga, —k}l — kig 0 0 0 a
b, k1a — kgb k‘l —kz 0 0 b
I — — —
Tl Tl ke [T 0 ko0 of|e] T
e’ kga ]{)3 0 0 0 e

Find dependence of contcentrations on time corresponding to the
following parameter values,

(IQ:]., bOZC(]:eO:O, kl :1,]{32:1/2,]63:1/10
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Solution algorithm

(eigenvalues — eigenvectors — general solution — particular solution)

¥ =Az, z€R" AcR"™"

Eigenvalues, \;, i = 1,2,...,n

Eigenvectors, h;, i = 1,2
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Solution algorithm
(eigenvalues — eigenvectors — general solution — particular solution)

J)/:Ax, xeRn)AeRan
Eigenvalues, \;, i = 1,2,...,n

Construct characteristic polynomial and find its roots,
det(A—AE) ZO—)>\1, )\2,...,)\n

Eigenvectors, h;, i = 1,2
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Solution algorithm
(eigenvalues — eigenvectors — general solution — particular solution)

¥ =Az, z€R" AcR"™"
Eigenvalues, \;, i = 1,2,...,n
Construct characteristic polynomial and find its roots,

det(A—AE) ZO—)>\1, )\2,...,)\n
n = 2 — 3 possibilities

Eigenvectors, h;, i = 1,2
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Solution algorithm
(eigenvalues — eigenvectors — general solution — particular solution)

J)/:Ax, xeRn)AeRan
Eigenvalues, \;, i = 1,2,...,n

Construct characteristic polynomial and find its roots,
det(A—AE) ZO—)>\1, )\2,...,)\n
n = 2 — 3 possibilities
(i) M2 €R, A # A2

Eigenvectors, h;, i = 1,2
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Solution algorithm
(eigenvalues — eigenvectors — general solution — particular solution)

J)/:Ax, xeRn)AeRan
Eigenvalues, \;, i = 1,2,...,n

Construct characteristic polynomial and find its roots,
det(A—AE) ZO—)>\1, )\2,...,)\n
n = 2 — 3 possibilities

(i) M2 €R, A1 # A2
(II) >\1,2 & C, )\1,2 =a :tib, a,b cR

Eigenvectors, h;, i = 1,2
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Solution algorithm
(eigenvalues — eigenvectors — general solution — particular solution)

Z'/:Ax, xeRn)AeRan
Eigenvalues, \;, i = 1,2,...,n

Construct characteristic polynomial and find its roots,
det(A—AE) ZO—)>\1, )\2,...,)\n
n = 2 — 3 possibilities

(i) M2 €R, A1 # A2
(II) >\1,2 & C, )\1,2 = @ e ib, a,b cR
(i) M2 €R, A1 =X2=Xo

Eigenvectors, h;, i = 1,2
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Solution algorithm
(eigenvalues — eigenvectors — general solution — particular solution)

J)/:Ax, xeRn)AeRan
Eigenvalues, \;, i = 1,2,...,n

Construct characteristic polynomial and find its roots,
det(A—AE) ZO—)>\1, )\2,...,)\n
n = 2 — 3 possibilities

(i) M2 €R, A1 # A2
(II) >\1,2 & C, )\1,2 = @ e ib, a,b cR
(i) M2 €R, A1 =X2=Xo

What changes when n > 47?

Eigenvectors, h;, i = 1,2
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Solution algorithm
(eigenvalues — eigenvectors — general solution — particular solution)

Z'/:Ax, xeRn)AeRan
Eigenvalues, \;, i = 1,2,...,n

Construct characteristic polynomial and find its roots,
det(A—AE) ZO—)>\1, )\2,...,)\n
n = 2 — 3 possibilities

(i) M2 €R, A1 # A2
(II) >\1,2 & (C, )\1,2 = @ e ib, a,b cR
(i) M2 €R, A1 =X2=Xo

What changes when n > 47?
Eigenvectors, h;, i = 1,2

case (i) We known this, \; — hq, Ay — hg, h1, hy € R?
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Solution algorithm
(eigenvalues — eigenvectors — general solution — particular solution)

JJ/:AQ’:, xeRn,AeRan
Eigenvalues, \;, i = 1,2,...,n

Construct characteristic polynomial and find its roots,
det(A—AE) ZO—)>\1, )\2,...,)\n
n = 2 — 3 possibilities

(i) M2 €R, A1 # A2
(II) >\1,2 & (C, )\1,2 = @ e ib, a,b cR
(i) M2 €R, A1 =X2=Xo

What changes when n > 47?
Eigenvectors, h;, i = 1,2
case (i) We known this, \; — hq, Ay — hg, h1, hy € R?

case (i) We known this, \; = hy = u + v, ho = u — v, u,v € R?

Martin Isoz, UCT Prague Math for ChemEng, SODE - Qualitative theory:Solving SODE



Solution algorithm
(eigenvalues — eigenvectors — general solution — particular solution)

¥ =Ax, x€R", AeR"™"
Eigenvalues, \;, i = 1,2,...,n
Construct characteristic polynomial and find its roots,
det(A—AE) ZO—)>\1, )\2,...,)\n

n = 2 — 3 possibilities

(i) M2 €R, A1 # A2
(II) >\1,2 & (C, )\1,2 = @ e ib, a,b cR
(i) M2 €R, A1 =X2=Xo

What changes when n > 47?
Eigenvectors, h;, i = 1,2

case (i) We known this, \; — hq, Ay — hg, h1, hy € R?
case (i) We known this, \; = hy = u + v, ho = u — v, u,v € R?
case (iii) Hic sunt leones
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Solution algorithm

eigenvectors — case of A\ = A2 = Ao — general solution

Possibility 1: dim N (A — A\ E) = 2
Same as case (i), \o — h1, A\g — ha, hy, hy € R?

Possibility 2: dim N (A — A\gFE) =1
There are no 2 linearly independent eigenvectors corresponding to \g
— generalized eigenvector, &

(A= XoE)h=0—nh

(A= XoE)k=h—k

General solution

case (i) zg(t,C) = CreMthy + Cye?2thy
case (i) zg(t,C) = Cre*(ucos bt — v sin bt) + Cee (v cos bt + u sin bt)
case (iii) zg(t,C) = C1e*th + Coeot(th + k)
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Solution to Ex.2
(eigenvalues — eigenvectors — general solution — particular solution)
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Solution to Ex.2 %
(eigenvalues — eigenvectors — general solution — particular solution)

Concentrations development
(integral curves)

14

0.8

0.6

0.4

concentrations

0.2

0 T T T T |
Q 2 4 6 8 10

time
[— att) — bt) — clt) — el)]

Note: Might be too big of a leap. Lets start with something smaller
and return to this later.
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Ex.3

case (i), \12 €R, A1 # X2

[

Assignement
Solve the Cauchy problem,

Martin Isoz, UCT Prague
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement

Solve the Cauchy problem,

' = Az, A:(

Eigenvalues

ch. p.:

Martin Isoz, UCT Prague

2 3
1 4

) =)
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement

Solve the Cauchy problem,

¥ = Az, A:G Z) m(t=0)=<(1)).

Eigenvalues

ch.p: M —TrAA+detA=0
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement

Solve the Cauchy problem,

¥ = Az, A:G Z) m(t=0)=<(1)).

Eigenvalues

ch.p: M —TrAA+detA=0 — N —6A+5=0
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement

Solve the Cauchy problem,

¥ = Az, A:(fi),xu=m=<$.

Eigenvalues
ch.p: M —TrAA+detA=0 — N —6A+5=0
A =5, =1

6+£36-20 6+4 1°
2 2 N\

A2 =
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement

Solve the Cauchy problem,

¥ = Az, A:G Z) m(tzO)z(é).

Eigenvalues
Bchp: X2-—TrAx+detA=0 — A2 —-6A+5=0
A =5, =1

6+v36-20 64 1O
2 2 N

Ao =

Eigenvectors
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement

Solve the Cauchy problem,

' = Az, A:<

Eigenvectors
A1 =5, =1

Martin Isoz, UCT Prague

2 3
1 4

) =)
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement

Solve the Cauchy problem,

¥ = Az, A:G i) x(t=0)=<(1]).

Eigenvectors
A1 =5, =1
(A=ME)hy =0

Martin Isoz, UCT Prague Math for ChemEng, SODE - Qualitative theory:Solving SODE



Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement

Solve the Cauchy problem,
;L (2 3 (1
x' = Az, A_<1 4>, x(t-O)-(O).

Eigenvectors
AL=5, =1
(A= X\ E)h; =0

(86 Dm=( 2)m=6) ===
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement

Solve the Cauchy problem,
;L (2 3 (1
x' = Az, A_<1 4), x(t-O)-(O).

Eigenvectors
>\1 =5 =1
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement

Solve the Cauchy problem,

' = Az, A:(

Eigenvectors
A1 =5, =1
(A= X E)h; =0

(52 1)

B (A— X\E)h; =0

G5 )]

Martin Isoz, UCT Prague

2 3
1 4

) o= ()

I
7 N\
=
w
Lo
"
>
5
I
N
o o
N~
>
S
I
7N
=
"

3= (o) == ()
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement

Solve the Cauchy problem,

e A:G i) x(t:0)=<é).

Eigenvectors
AL=5, =1
(A= X\ E)h; =0

(86 Dm=G 2)m=6) = »=0)

(A= XE)hy =0
(D6 9l

General solution

Il
7 N\
— =
w w
N
=
[\v]
Il
N
o O
N
=
(V]
|
/\l
oY)
~
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement
Solve the Cauchy problem,

= S, A:G i) x(t:()):(é).

General solution
n(=2)

za(t,C) = ) Cie*'h
i=1
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement
Solve the Cauchy problem,

= S, A:G i) x(t:()):(é).

General solution
n(=2)

IG(t, C) = Z Ciexithi
=il
Al=5 =1

>\1:57h1:<1)7)\2:17h2:<_13>
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement

Solve the Cauchy problem,

¥ = Az, A:G Z) ﬂt:@):(é).

General solution
n(=2)

za(t,C) = Y Cie'h
=1
A =5 =1

)\125,h1=<1>,)\2=17h2=<_13>

General solution
— 5t 1 ¢ [—3 o Cle5t - 302€t
xzg(t,C) = Che (1> + Che ( 1 ) = <CleE’t © Cyet
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement
Solve the Cauchy problem,

e A:G i) x(t:()):<(1)>.

General solution
n(=2)

za(t,C) = Y CieM'h;
=1
A =52=1

Alzs,hlz(}),xpl,m:(‘f)

General solution
. . 5t ]. t _3 o Cle5t - 302€t
Lg(t,C) = (e (1> + Cae ( 1 > = <Cle5t +02€t

Particular solution
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement
Solve the Cauchy problem,

e A:G i) x(t:0)=<é>.

Particular solution
n(=2)

LL‘G(t, C) = Z Ciexithl'
=
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement
Solve the Cauchy problem,

e A:G i) x(t:0)=<é).

Particular solution
n(=2)

LIJG(t, C) = Z Ciexithi
=

Substitute from the initial condit_ion

l’g(O,C):Cl.l.(1)4_02_1.(—13) :<

)
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement
Solve the Cauchy problem,

e A:(fi),xa:m=<®.

Particular solution
n(=2)

LEG(t, C) = Z Ciexithi
=

Substitute from the initial condit_ion

avr-err () e (7))

Construct and solve set of LAE
I =3\ (Ci) _ (1 GE Ci\ 1 1
1 1 Cy) — \O Cy) 4 \-1
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement
Solve the Cauchy problem,

e A:(fi),xa:m=<®.

Particular solution
n(=2)

LEG(t, C) = Z Ciexithi
=

Substitute from the initial condit_ion

avr-err () e (7))

Construct and solve set of LAE
I =3\ (Ci) _ (1 GE Ci\ 1 1
1 1 Cy) — \O Cy) 4 \-1
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Ex.3

case (i), A\12 €R, A1 # X2

[

Assignement
Solve the Cauchy problem,

e A:G i) x(t:()):((l)).

Particular solution
n(=2)

LEG(t, C) = Z Ciexithi
=

Substitute from the initial condit_ion

avr-err () e (7))

Construct and solve set of LAE
1—3_01_1%6'1_11
1 1 Cy) — \O Cy) 4 \-1

Particular solution: zp(t) = (e’ + 3ef, e’ —ef)T
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

Martin Isoz, UCT Prague
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

Eigenvalues

ch. p.:

Martin Isoz, UCT Prague

Math for ChemEng, SODE - Qualitative theory:Solving SODE



Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

Eigenvalues

ch.p.: X2 —TrAX+detA=0
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

Eigenvalues

ch.p.: X2 —TrAXA+detA=0 — A\ —4X+5=0
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

Eigenvalues

ch.p.: X2 —TrAXA+detA=0 — A\ —4X+5=0
AM=2+4+i, A =2—1
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

Eigenvalues

ch.p: X2 —TrAX+detA=0 — A\ —4X+5=0
M =240, A =2—1

Eigenvectors
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement

Solve the Cauchy problem,

2

z' = Az, A:(l

Eigenvectors

M =241

Martin Isoz, UCT Prague
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement

Solve the Cauchy problem,

2

z' = Az, A:(l

Eigenvectors
M =241
(A= X\ E)h; =0

Martin Isoz, UCT Prague
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Martin Isoz, UCT Prague

Assignement

Solve the Cauchy problem,

Eigenvectors
M =2+1
(A= X E)h; =0
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Martin Isoz, UCT Prague

Assignement

Solve the Cauchy problem,

Eigenvectors
M =2+1
(A= X E)h; =0

G %)l ln=( 2)m

A h
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

Eigenvectors
M=2+4+1
(A= ME)h; =0

G 3)-evnlo Pn=0 Z)m=0)

A
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

Eigenvectors
M =241
(A= X\ E)h; =0

(¢ )-mole o= -0

General solution
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement

Solve the Cauchy problem,

¥ = Az, A:(?‘;),x@:m=<®.

General solution
za(t,C) = Cre™(ucosbt — vsinbt) + Coe™ (v cos bt + u sin bt)
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement

Solve the Cauchy problem,
;o (2 -1 o (1
x' = Aux, A_(l 2), x(t—O)—<0>.

General solution
za(t,C) = Cre™(ucosbt — vsinbt) + Coe™ (v cos bt + u sin bt)
M=24+i—=a=RN\)=2,0=8(\)=1
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Ex.4

case (i), A1,2 € C,

A2 =a=xib,a,be R

[

Assignement

Solve the Cauchy problem,

¥ = Az, Az(i_;),x@=M=<®.

General solution

za(t,C) = Cre® (ucosbt — vsinbt) +
AM=2+ia=RN\)=2b=

Martin Isoz, UCT Prague

Coe™ (v cos bt + usin bt)
S() = 1

3+i@>%u=%@ﬂ=<®vz%@ﬁz(@
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement

Solve the Cauchy problem,

General solution
z(t,C) = Cre*(ucosbt — vsinbt) + Coe® (v cos bt + u sin bt)
A1 :2+i—>a=§R()\1):2,b=§(A1):1

o (0 510) == (-0 - )

General solution

zg(t,C) = Cre? [(?) cost — <(1)) sin t} +Cpe? Ké) cost + (g) sin t}
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

¥ = Az, Az(?_;),x@=M=<®.

General solution
zg(t,C) = Cre* (ucos bt — v sin bt) +
A1 :2+i—>a=§R()\1):2,b:

= 9 55 == (-0 ()

General solution

zg(t,C) = Cre?t K?) cost — <(1)) sin t} +Cye?t Ké) cost + (?) sin t}

Particular solution

Martin Isoz, UCT Prague Math for ChemEng, SODE - Qualitative theory:Solving SODE
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

¥ = Az, Az(?_;),x@=M=<®.

Particular solution
xa(t,C) = Cre® (ucosbt — vsinbt) + Coe (v cos bt + wsin bt)
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

Particular solution
xa(t,C) = Cre® (ucosbt — vsinbt) + Coe (v cos bt + wsin bt)
Substitute from the initial condition

et =cr1-[(§) ] e 1 [(g) 1] = )
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

Particular solution
xa(t,C) = Cre® (ucosbt — vsinbt) + Coe (v cos bt + wsin bt)
Substitute from the initial condition

re01=cr1-[(3) ] e 1 [(g) 1] = )

Construct and solve set of LAE
0 1) (Cv) _ (1 GE Ci\ _ (0
1 0 Cy) \0 Cy) \1
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Ex.4

case (i), A2 €C, A2=a=xib abeR

[

Assignement
Solve the Cauchy problem,

Particular solution
xa(t,C) = Cre® (ucosbt — vsinbt) + Coe (v cos bt + wsin bt)
Substitute from the initial condition

26(0,0) = Cy -1- [(g) .1] 1 G- [(5) .1] _ (3)
Construct and solve set of LAE
(o) (@) -0)=)-0)
1 0 Cy 0 Cy 1
Particular solution: zp(t) = e*(cost,sint)T
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Ex.5

case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

[

Assignement
Solve the Cauchy problem,
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Ex.5 (5
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement
Solve the Cauchy problem,

Eigenvalues

ch. p.:
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Ex.5 (5
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement
Solve the Cauchy problem,

£ = L, A:(_?’l é) x(t=0)=<(1)>.

Eigenvalues

ch.p.: A2 —TrAX+detA=0
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Ex.5 (5
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement
Solve the Cauchy problem,

£ = L, A:(_?’l é) x(t=0)=<(1)>.

Eigenvalues

ch.p: A2 —TrAA+detA=0 — A\2—8\+16=0
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Ex.5 (5
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement
Solve the Cauchy problem,

£ = L, A:(_?’l é) x(t=0)=<(1)>.

Eigenvalues

ch.p.: X2 —TrAX+detA=0 — X2 —-8\+16=0
A=A =X =4
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Ex.5 (5
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement
Solve the Cauchy problem,

£ = L, A:(_?’l é) x(t=0)=<(1)>.

Eigenvalues

ch.p.: X2 —TrAX+detA=0 — A2 —-8\+16=0
AM=X=X =4

Eigenvectors
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Ex.5 (5
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement

Solve the Cauchy problem,

Eigenvectors
Xo =4
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Ex.5 (5
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement

Solve the Cauchy problem,

Eigenvectors
Xo =4
(A= XNE)h=0
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Ex.5

case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Martin Isoz, UCT Prague

Assignement

Solve the Cauchy problem,

o = Ac, A:(_31 é) x(tzo)z((1)>.

Eigenvectors
Ao =4
(A= XoE)h=0

G5) =6 D)= (G )r= () = o
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Ex.5 (5
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement

Solve the Cauchy problem,

o = Ac, A=(_31 é) x(tzO):((l)).

Eigenvectors
Ao =4
(A= XoE)h=0

G 5) =6 D)= G )e=() = =)

(A — Mo E)k = h — generalized eigenvector
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Ex.5 6
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement

Solve the Cauchy problem,
;o (3 1 (1
' = Az, A_<—1 5), x(t—O)—<0>.

Eigenvectors
Ao =4
(A= XoE)h=0

(G916 D)= )r=6) ==()

(A — N E)k = h — generalized eigenvector
-1 1 1 —1
G 2)e=0) == ()
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Ex.5 6
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement
Solve the Cauchy problem,

o = A, A:(_31 é) z(t:O):<(1)>.

Eigenvectors
Ao =4
(A= XoE)h=0

G 5)=6 D)= )e=() == 0)

(A — X\oE)k = h — generalized eigenvector
-1 1 1 =1
(G )s-0) =+ ()

Martin Isoz, UCT Prague Math for ChemEng, SODE - Qualitative theory:Solving SODE
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Ex.5 (5
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement
Solve the Cauchy problem,

£ = L, A:(_?’l é) x(t=0)=<(1)>.

General solution
zg(t,C) = Cre?th + Cyeot(ht + k)
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Ex.5 (5
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement
Solve the Cauchy problem,

£ = L, A:(_?’l é) x(t=0)=<(1)>.

General solution
zg(t,C) = Cre?th + Cyeot(ht + k)

o=in=1) 4= (5

HA=X=X=4
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Ex.5 (5
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement

Solve the Cauchy problem,

= A, A:(_?’l ;) a:(tzO)z(é).

General solution
zg(t,C) = Cre*th + Coe™l(ht + k)

B M=X=X)=4

o) ()

General solution
_ 4t 1 4t 1 =1 4t Cl +02(t— 1)
za(t,C) = Cre <1) +Che {(1) t+ ( 0 >} =e ( Cy + ot
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Ex.5

case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

[

Assignement
Solve the Cauchy problem,

o = A, A:(_?’l é) x(t:()):(é).

General solution
za(t,C) = Cre?th + Cye?ot(ht + k)

B MN==X=4

o=si= (1) 4= (7)

General solution

26(t,C) = Crett G) e Ki) t+ <_01ﬂ — ot (Cl gff(é; 1)>

Particular solution
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Ex.5

case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

[

Assignement

Solve the Cauchy problem,

¥ = Az, A:(_?’l é) x(tzO)z(é).

Particular solution
za(t,C) = Cre?th + Cye?ot(ht + k)
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Ex.5

case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

[

Assignement

Solve the Cauchy problem,

¥ = Az, A:(_?’l é) x(tzO)z(é).

Particular solution
za(t,C) = Cre?th + Cye?ot(ht + k)

Substitute from the initial condition

26(0,C) = Cy - 1- G)Jr@.l, [G) -o+<_01

)=
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Ex.5 6
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement

Solve the Cauchy problem,

¥ = Az, A:(_?’l é) x(t:()):(é).

Particular solution
za(t,C) = Cre?th + Cye?ot(ht + k)

Substitute from the initial condition

2c(0,C) =C; -1- G)JFCTI' K

Construct and solve set of LAE

(o) (@) =)= (@)= ()

Martin Isoz, UCT Prague Math for ChemEng, SODE - Qualitative theory:Solving SODE

= =
~__
o
4
7~ N
o |
—_
N
—_
Il
N\
(=3
N



Ex.5 6
case (i), A1,2 € R, A1 = A2 = Ao, Note: generalized eigenvector

Assignement
Solve the Cauchy problem,

¥ = Az, A:(_?’l é) x(tzO)z(é).

Particular solution
za(t,C) = Cre?th + Cye?ot(ht + k)

Substitute from the initial condition

xG(O,O):C‘l'l'(})*@ b [( 0+<01>]:(é>

Construct and solve set of LAE

)
(1 9)(@)=0)=E)-(%)
Particular solution: zp(t) = (1 — ¢, —t)T
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attention
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