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1. General idea of trajectory sensitivity

o Assume a solution ¢(t,ty,%,) to an IVP

e How will the orbit behave if we start very close to it?

Bt 15,5+ %)

Xo+0=

Bty to, 5+ X, ) #(t,tg, %o)

Bty 10,0+ %)

Xg = ¢(tolto’ Xo)
Figure 1
e We define:

a. 5=¢(tyto, 5+ %)~ lto,to, X0 ) = Adlto,to, %o )

b. Ag(t,ty, xo) = dlt o, + X0 )~ #(t,tg, Xo)

e Now we have to express A¢(t,to, xo) as a function of the original perturbation:

#lt.tg, 0+ X())T=S¢5(t,t0,x0)+w5<:>
0

Pltto, o+ Xo)—gﬁ(t,to,xo):Wg@
0

Ag(t.tg. o)

A¢(tat01Xo)=MAﬂto'thxo) 1)

Xo

This is the variational equation.

For t =t, we have that

A¢(to,to,Xo)=MA¢(to,to,xo)@M: |

nxn
Xo X
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gt tg. %o)

So if we want to see the sensitivity to the ICs we need to find 3
Xo

2. Homogeneous Linear Time Invariant System

If we have a linear system x(t)= Ax(t) then the solution is:

#(t,t, %o ) =" x(t, ). Then of course: %OXO) = gAlto)
0

(2)

Notice that through that last equation we can give another definition for the

STM (in this exponential matrix): the partial derivative of the solution wrt the

a¢(t,t0, Xo)

0Xg

initial condition:

Thus: Ag(t,tg, %, )= 0Ag(t,,ty, %)
3. Non - Homogeneous Linear Time Invariant System

If we have a linear system x(t)= Ax(t)+ BU(t) then the solution is:

t
.15, %0 ) = e 0x(t, )+ IeA(H)BU (r)dz
to

oglt, ty, X ~
Then of course: 9lt.to, %) _ gAlt-to)
OXg

(3)

Thus: Ad(t,ty, X, )= e Ag(ts,to, %, )

(see example 1 in the following page)
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Example 1 (LTI):

% initial

clc, clear, close

syms tau t; t0=0;

A=[1 -4; 2 3]; B=[1;1]; U=sin(t);Utau=sin(tau);

% nominal orbit

x0=[0.01;0.01];

xsol=expm(A* (t-t0))*xO0+int(expm(A*(t-
tau))*B*Utau,tau,0,t);

cnt=1;

t2=0:0.01:0.5;

for tl=t2;
xsoll(cnt,1l:2)=subs(xsol,t,tl);
cnt=cnt+1;

end

% perturbed orbit
x0=[0.01;0.01]+0.005;
xsol=expm(A*(t-t0))*x0+int(expm(A*(t-
tau))*B*Utau,tau,0,t);

cnt=1;

t2=0:0.01:0.5;

for tl=t2;
xsol2(cnt,1:2)=subs(xsol,t,tl);
cnt=cnt+1;

end

% plot there difference
subplot(2,1,1)

xsoll(:,1))D

% Calculate the diff
Dx0=[0.005; 0.005];

plot(xsol2(:,1)-xsoll1(:,1),xsol2(:,2)-xsoll(:,2))
xbim([min(xsol2(:,1)-xsol1(:,1)), max(xsol2(:,1)-

J=expm(A*(t-t0)); 0.02
cnt=1; & 0.01
t2=0:0.01:0.5;

for t1=t2: 0
Dx(cnt,1:2)=subs(J,t,tl)*Dx0;
cnt=cnt+1; 0.02
end

subplot(2,1,2) < 0.01
plot(Dx(:,1),Dx(z,2),"r")

xbim([min(Dx(:,1)), max(Dx(:,1))1) ’ I

x 10
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4. Homogeneous Linear Time Varying System
If we have a linear system x(t)= A(t)x(t)

Then the solution is (t,ty, X, )= @7y (t,ty )%, and hence of course

og(t,to,
¢(ta+oxo) =Dy (t,to) 4)

To find now this STM we have to numerically solve:

d
a(DSTM (tto)= Alt)D sy (t.to) P (to.to) = 11en

Notice that through that last equation we can give another definition for the
STM (in this case: the partial derivative of the solution wrt the initial condition:

6¢(t, ty, Xo)
0Xg

Example 2 (LTV):

A= 1L cos(l) sin(l)]
xo=[1:3)
Dxo=[0.1 0.1] ) [Scape2 CE&
&Q ORPL AEMEDAER -

Esrated [k

) Scoped |Z| ‘E| [5__<|

S5 L0P0 WEE PDAT -

15

D D phi

Titne offzet: 0

Figure 2

5127



5. Non — Homogeneous Linear Time Varying System
The analysis here is exactly the same as before so no examples are given.
6. Nonlinear system

If we have a nonlinear system:

t
Bt to, Xo) = X +J. f(g(r.to, %) o)d7 =

8 ttO’XO _ Jt‘ Tto,XO )dz’@
0

o4 tto,xo _ j Tto,xo )8¢(T,t0,xo)dr<:>
0 Tto,Xo @XO

d | aglt.tg, %) | of (4lt.ty, %) t) 94z, t, %) -

dt| o, ag(t,tg, Xo) X
Y(t) Jacobian

%(¢x0 (t’to’xo)):%

Py, (t.ty Xo)
x=g(t,tg,Xo)

Now, the RHS must be equal to the LHS for t=t;, which means that

#y, (to:tg, Xg) = I - Also, in a linear system %: A(t) which means again that
X

8y, (t.ty, X, ) is nothing more than the STM.

Example 3 (NL):

%:—y+x(l—x2—y2)

Consider the system . The numerical solution for x(0)=1

%:XJF y(l—xz—yz)

and y(0)=0 is:
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Figure 3

I I
The Jacobian is: af_(x){l 3x°—y 1-2xy

ox 1-2xy  1-x%-3y?

along the orbit #(t,t,, X, ) in order to find the STM:

d of (x,t)
—\g, (t,t5, %)= t,to,Xo), &y (to,to,Xg )=,
at (¢x0( 0 Xo)) o x:¢(t,to,x0)¢XO( 0:%0) ¢xo(o 0:%0)= I
The Jacobian is:
| sel x0, y0
| o RN .y BN S A

2
1
i
1
;-
1] 5 1 18 2

Tese oftset O

Figure 4
Hence, after 2s the STM has the value:

>> [DPA' DPB']

ans =
-0.00762199518287 -0.90929742682579
0.01665436331215 -0.41614683654700

which needs to be evaluated

rl : ' et &3 (LLL ARE BPAS -~
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0.001
So let’s add a small perturbation A¢(t0,t0,x0):[o 002} and | expct the perturbation
after 2s to be:

>> [DPA' DPB']*[0.001; 0.002]

-0.00182621684883
-0.00081563930978

x ) 4
originall To Workspace
X e2
To Workspace1
y
original2

>> [el; e2]
ans =

-0.00182360306785
-0.00081662773015

Summary
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So to summarise:
e To find how the perturbations evolve we use:

A¢(tato’Xo)Z%O’XO)AﬂtO’thXO)

0

e Thus we need M which is the STM.

X
e Hence to find the STM:
o For LTI systems M — gAlt-1)
Xo

0 For LTV systems %QSTM (t’to): A(t)q)STM (t,to), Doy (to,to): |

o0 For NL systems again solve the previous equation but now

A(t):M

OX x=g(t.tg.%o)

7. Stability Analysis

Now, let’s assume that we have a periodic orbit then we can still apply the previous
method and we can try to find the perturbations using:

Aglt g, Xo)= MA¢@0IO'XO) or Ag(t,tg, Xp) = Dt tg, Xo JA¢(to, to, Xo)

Xo

Notice that we used @(t,t,,,) instead of d(t,t,) as in the general nonlinear case

5¢(t’to’xo)

may still be a function of x,.
OXg

This matrix now can be found by solving

d (tt,)= of (x,t)

ECDSTM o Doy (ttg), Doy (torto) =1

x=g(t.tg.%o)

Let’s evaluate the above perturbations at t=ty+T:
Aglto +T,tg,Xg) = (T +1tg,tg, Xo JAd(to. to. Xo)

Then we call the matrix ®(T +1,ty, X, ) the Monodromy Matrix (MM) of the limit

cycle.
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AG(2T +19,t9,%0) = D (T +1t9,t9, X0 JAB(to .o, %o )

Thus we immediately see that ®(2T +ty,t,, %o )= ®*(T +14,ty, X, ) Which implies
that: d(KT +1t4,ty, Xy )= P* (T +14,t9, X, ) OF that

AGKT +10,t0,%0) = @ (T +1t9,t9, X0 JA(to,to, %o )
Using eigenvalue decomposition: A@(KT +1t4,ty, X, ) =U A*UAG(ty,ty, X, )

Which implies that if the all eigenvalues of the monodromy matrix have absolute

value less than 1 the orbit is stable.

Summary:

So to summarise:
og(t,t,, x
* A¢(t,t0,x0):M

0
e Thus we need M which is the STM.
Xo
e Hence to find the STM:

o For LTI systems 09(t,to,%0) _ gAlt-to)

X

Ad(ty. o, %)

0 For LTV systems %QSTM (tto)= At)Psrm (tto), Py (torto) = Toen

o0 For NL systems again solve the previous equation but now

aft) =2t

2 X:¢(Uo1xo)'
e Evaluatethe STMatt=t,+T

8. Floquet Theory

Another way to see the above is to linearise around the limit cycle:
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ox(t) cex,
() xp(t)zafé))((((g’t) e
d of (x(t), t)
S )= 2008 g

Which in the previous notation this can be written as:

%Aqﬁ(t,to,xo): afg((g))t) Ad(t,ty, X, ) and thus the solution is:

x=¢(t.tg.Xo)

Ad(t,t, %o )= Dsry (1o, X )x Ad(ty, g, Xo ) Which again implies that

of (x(t),t)

ox(t)

d

E(DSTM (t’tO’XO): (DSTM (t’tO’XO) and that CDSTM (t,to,Xo): I .

x=¢(t.tg, %)

Hence we have a similar equation to the one before and hence we get the same result.
Thus to find the stability properties we have to find the monodromy matrix and each

eigenvalues.

Summary:

e Linearise the system around the periodic orbit and hence express the
perturbations through a LTV differential equation
e To solve that we need the STM which can be found by solving a matrix
differential equation:
d f(x(t)t
. ECDSTM (t’tmxo):%((t))) Dy (tto Xo), Py (tito, %)=
x=¢(t,to, %)

e The stability is found by evaluating ®¢p (t,t,,%,) after t =T +t,.
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9. Poincaré Map

Going back to the general solution of a nonlinear (it can also be linear) system:

t
Bt 10, %0 )= Xo +J. f(p(z,tg, % ) 7)d 7
0

Now, the stroboscopic Poincare map is nothing more than:

T+tg T+t
HT +15,t9, %) = xO+I #(7,t, %) 7)d7 < X1 = P(X,) = X, +I #(7,t, %, ), 7)dz

T+t0 T+t0

The fixed point is Xgp + j f(p(z,tg, Xpp ), 7)d7 = Xgp < '[ f(4(z,tg, Xgp ) 7)dz =0
0

The stability analysis is similar to the previous case:

OP(Xep) _ | +T]'t0 of (47,40, %), 7) 99(7. to, XO)dT
OXep 0 09(7,t0, %) 2

Hence the monodromy matrix is nothing more than the Jacobian of the Poincaré

map!

Unfortunately again in the general case we have to numerically solve the matrix

differential equation:

d _af(x.t)
a(@Fp (t.to, Xep ))— ox X=¢(t’t0,XFP)¢x0 (t.ty, Xep ) for te[0,T]
Summary:

e Evaluate the solution after T time: @(T +t,,t,, X, ).
og(t.ty, %) _
X
e To calculate this, again we have to solve a matrix differential equation.

e The stability can be found from
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Overall Summary:

1. Inall cases we start from assuming that we have the solution ¢(t,t,, X, ).
2. Express the perturbations as: Ad(t,ty, %) = MANO, to, %)
0
: og(t, ty, Xo) . d
Xo
4. The solution of the above equation will give @y, (t,t, X, ) and hence we can get the MM: @ ¢py, (T +15, ty, X, ). The eigenvalues of this will
k
determine the stability as Ag(t, + KT, ty, X, ) = [MJ Adlty, o, %o )
X
: . d of (x(t),t) _
5. For the Floguet Theory we must first derive d—A¢(t,tO,x0):— Ad(t,ty, X ) Which is LTV and hence we need the STM to
t 6X(t) x=¢(t.to, %)
express Ad(t,t, X, )= Mmﬁ(to,to, Xo)-
0
. . . _ gty + T, 15, %)
6. For the Poincare map it is exactly the same as before but now we write directly: Ag(ty +T,ty, X, ) = p Adlty, o, %)
X0
Thus

The Floguet Theory needs an extra step than the Trajectory Sensitivity
The Poincaré map is just a special case of the Trajectory Sensitivity
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Example: Poincaré Map vs Floquet Theory
1. Initial numerical analysis

A system is given by
dx 2 2
—=—-y+X1-X" -
dy

E:x+y(1—x2—y2)

The EPs are:

0:—y+x(1—x2—y2)
0=x+ y(l—xz—yz)

From the 1% egn: —y + x(l—x2 - y2)=0 oy= x(l—x2 - y2)
And by replacing that at the 2" egn:
O:x+x(1—x2 —y2X1—x2 —yz)

O:x+x(1—x2—y2)2:> , o\ S _
1+(1—x -y ) = 0 which is inconsistent

Hence there is only one equilibrium point at the origin.

Xx=0=y=0

The system has a stable limit cycle as it can be seen by its numerical simulation.

To study the system we can use polar coordinates:
x =rcos(@)

" which will give: r? =x? + y? and Hztanl[lj
y=rsin(0)

X
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2. Polar Coordinates

Lets calculate the model in polar coordinates:
dr2 d 2 2
—=—X+

dt dt b+ %)

2r ﬁ = ZX% 2yﬂ
dt dt dt

dr 1( dx dyj
X—+y—
dt r dt dt

dr :(( y+ x{l— x2 ))+y(x+y(1 x?2 -y )))

Also, © " 0s(6) so x> +y?=r? Henceﬂ=1(( y+x(1_r2))+y(x+y(l—r2)))

"y =rsin(g)’ dt r
=ty xlr?)e yer y2 )

Sty y?-r?)
e-r?)ey2a-r2)

o+ y?le-r2)

dr l(( r2))

% = r(l— r2)
And

><

dr 1
dr 1
dr 1

X E_dt;

7X_7
9=tan‘1(lj:>d0—i(yj 1 _at at’

e yl-r2 ey x5 -
((x2 + yx(l rz))— (— y2 + xy(l— rz)))r—l2 =
(x2 + yx(l— r2)+ y? - xy(l— rz))ri2 =

Yot

(x2+y ; ;
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So the system in polar coordinates is:

dr
E = r(l— I’Z)
, Simulink validated this as well.
do
-~
dt
-u)+u(1)*(1-u(1)r2-u2y\2) x0
MATLAB | 1 A
2_> Function 1 s [x sqri(u(1)*2+u(2)"2)

MATLAB Fcn Integrator
g >, ] »| MATLAB ]
> 2 Function r
MATLAB Fcn2 r

u(1)+u@)*(1-u(1)n2-u@)*2)

atan(u(2)/u(1))

Ly MATLAB ol 1

2% Function s [y ] a| MATLAB o1
MATLAB Fen1 Integrator1 27| Function w
y0 X, »( 1) MATLAB Fen3 theta
X
r p ]
»(2)
y y » J_L\_ » I:l
> >
Zero-Order x1

Hold

2.1 Equilibria and solution of system in polar coordinates

The 2" equation has no EP but the first has at:

r(l— r2)=0:> {: :f

r=0:1
The Jacobian is g(r — r3): 1-3r¢ = {r 1o So the origin is unstable and r=1 is
r =1:—

stable.
The ODE in polar coordinates can be solved and we have:

%
rt,r)= {L{%—l}e‘m}
0(t,0,)=6, +t

So we can see that the angle & will continuously increase while the amplitude r will
converge to 1.

2.2 Poincare map and Jacobian from polar coordinates

But regarding the original system the cosine/sine of the angle will be periodic of
period 2z and as the amplitude will converge to a steady state value then this implies
that the system will have a limit cycle which will be a perfect circle of radius 1, centre
at the origin and a period of 27z .
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So if we start at ro then the next point after one period (Poincare map) is:

_ . %
r(2z,1,)=P(r)= 1+£—— ] ] , Which can be written as:
-\
1 4 7
A P(rn):{1+ - je‘ ”}
rn

To find the fixed point:

]l e

rn2+(l—rn2)e “lor2+e ™ —rle™ _1<:>r(l 4”):1—e‘4”<:>rn2=1:>rn:

%
047y 3|:1+[i_ ] }
=T rO

—e ™% =3.48x107® <1 and hence it is stable.

As the FP is 1 then the Jacobian at that point is:

%
or, r

or?

n

And hence: ap(g")
or,

Or that simply the perturbations around the fixed point are given by:

Ar(n+1)=e " Ar(n)

which has been crosschecked using Simulink. To do that I simulated the original

system at ro=1 and the same system with r;=0.1 and | sampled their difference

with T =27 . Then | simulated the Ar(n+1)=e *”Ar(n) with initial condition 1-

0.9=0.1 and | compared the previous difference and that output. The smaller the IC
the smaller their difference:
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ut[1-un2)

MATLAE 1 pll 1
]

Function = [ 3
MATLAE FenS Integratord r ongral D= e
o1 |BE|LSO ABE
ur (2] Zerc-Ordér  rongnall i
MATLAR 1 al
Function = Lo
WATLAE Ford Integrators r pertbed

r orgnal3

MATLAE 1
Function z
MATLAE Fon? Uniit Delay rongnal2
expl-4*piru
Ut 1-un2)
MATLAE 1 P
Function e 5
MATLAE Fenl Integrator] r orgnald Dix=0.01
=0
uutg) rorignal S
MATLAE 1 P
Function £ i
MATLAE Fonz Integrator2 r perturbed
rongnal?
MATLAE 1
Function z
MATLAE Fond Unit Delay1 rorigrialg
expl-4*piru

3. Cartesian coordinates
3.1 Solution in Cartesian coordinates
Now let’s find the solution in the x-y plane:

17

1 _
x=|1+| -1 | cos(t) - %

x =rcos(@) 90::;’ | \ro ] x=|1+ %_1 e cos(t)
y =rsin(0) - -4 Xg
1 2t . = _
y= 1+[_2_1 e sin(t) - 1%
rs 1 2t

L = y=|1+|—-1e
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This has been validated by Simulink. 1.e. | simulated the previous set of equations that
give analytical solution and compare that with the numerical that I get from Simulink.
The error was 10,

e1/Mumerical of analitic

DEES s et

Gain
Function

Ready

Product2

If | do not assume that & =0:

X=[1+|—-1

X=r cos(e)} 0p=0
_ =
y =rsin(9)

e

-2t

-2t

7

v

Math Math
Function1 Function

Clock

Clockz

cos(f, +1)

sin(, +1)

3.2 Jacobian in Cartesian coordinates

Now let’s find the Poincare map in the x-y domain:

Tigenemetic
Furnction

Trigonametric
Funetiond

Produst!

1+

1+

100%

&

1

sin| tan~

20127

cos| tan™

1

1




1 .
14| — = 1l uB(Mnl(ZQJ+2zJ

Xo

1 i
1+ — = 1) sm{Mn4(Zgj+2zJ

2 2
Xo” + Yo Xo

P(Xo. Yo) =

The Jacobian of that is rather cumbersome so | will use Matlab

clc, clear
syms xO yO T

r2=x0"2+y0"2; ra=(1/r2)-1;
rb=ra*exp(2*T); rb=ra*exp(-2*T);
rc=1/sqrt(l+rb); rat=y0/x0;
thl=atan(rat)+T;

fl=rc*cos(thl); f2=rc*sin(thl);
Df1l=diff(fl,x0); Df12=diff(fl,y0);
Df21=diff(f2,x0); DFf22=diff(f2,y0);
Dfll=subs(Df11,{T,x0,y0},{2*pi1,1,0});
Df12=subs(Df12,{T,x0,y0},{2*pi,1,0});
Df21=subs(Df21,{T,x0,y0},{2*pi1,1,0});
Df22=subs(Df22,{T,x0,y0},{2*p1,1,0});
DF=[Df11 Df12; Df21 Df22]

eig(DF)

DF =

0.00000348734236 0.00000000000000
-0.00000000000000 1.00000000000000

We get 2 eigenvalues:
0.00000348734236
1.00000000000000

The 1% one is the same as the one that we got from the polar coordinates and 1 is from
the fact that the system is autonomous.

Notice that we could have calculated the Jacobian if we had solved

of (x,t)
OX

by, (t.to, Xep ) for t [0, T]

x=¢(t.to. Xrp )

%((ﬁxpp (t.to, Xep )):

3.3 Perturbation calculation using the Jacobian
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>> DF*[0.001;0.001]

ans =

1.0e-003 *

0.00000348734236
1.00000000000000

I -u@)+u()*(1-u(1yr2-u@y2) x0

MATLAB »| 1
g Function s [x
MATLAB Fcn Integrator

u(1)+u()*(1-u(1)r2-u(2)*2)

MATLAB »| 1
2_> Function ol s y
MATLAB Fcn1 Integratort

yo

-u@2)+u(1)*(1-u(1*2-u(2*2) x0+0.001

u(1)+u@)*(1-u(1)"2-u2)*2)

MATLAB »| 1
2-> Function 7 s X
MATLAB Fcn2 Integrator2

MATLAB » 1
2-> Function 7l s y
MATLAB Fcn3 Integrator3
y0+0.001

»
>
<E N
Subtract Scope
-4.955e-007

» 0.000999

Display

Note: If I did not know the IC for the Poincare map, i.e. its fixed point | have to use a
Newton Rapshon method.
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Floquet Theory
4. Jacobian around the periodic orbit

So now | have a nonlinear system with a stable periodic orbit with T=6.28... and also
I know its solution. Now | will try to use the Floquet Theory.

The nonlinear vector field is:

—y+x(1—x2—y2) dX
fix,y)= and hence — =f(X)=f(x,
(x,y) {Hy(l_xz_yz) it (X)=1(x,y)
So the Jacobian around the orbit is:

_a(—y+x(1—x2—y2)) ( y+x —x? —y
H(X) _ ox oy
X 8(x+y(1—x2—y2)) a(x+y —x? —y
L ox oy
_6(—y+(x—x3—xy2)) ( y+(x X —xy2
of(X) ox oy P
= a(x+(y—yx2—y3)) 6(x+(y—yx2—y3)) which will give:
i X oy
M__l—wz—yz —1-2xy
oX __ 1-2xy 1—x? -3y?

Now this must be evaluated around the orbit: starting

%
y= 1+(X—12—1}e‘2‘} sin(t)

a(x)

={1—3cos(t)2 —sin(t) —1-2cos(t)sin(t) }
X=X 1-2cos(t)sin(t)  1—cos(t)* —3sin(ty
Or:
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af(X) _ | 1-2cos(t) - cos(t)’ —sin(t)’ —1-2cos(t)sin(t)

X Ix-x, | 1—2cos(t)sin(t) 1—cos(t)* —2sin(t)’ —sin(t)’
(X)) [ 1-2cos(t)?-1 —1—Zcos(t)sin(t)}

X |x_x, |1-2cos(t)sin(t) 1-1-2sin(t)’

a(X) [ -2cos(t)? —1—sin(2t)}

X |x_x, |1-sin(2t) —2sin(t)’

For t=0 to t=T=6.28...
The elements of the Jacobian matrix are:

Integrators

Clock.

EEX

»

5. Solution of Matrix Differential Equation
5.1 Calculation of Monodromy matrix

In order to find the modnoromy matrix | need to to solve the MDE:
do(t,ty)  of(X)

dD(t,t
dt X |y_x, (tt)
doltt)_ <t><1><t t)

Wlth the IC =

The following model will calculate the matrix A from t=0 to t=T.
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>> DP=[DP1' DP21
DP =
0.00000348734236 -0.00000000000004
0.00000000000004 0.99999999999983
Notice that this result is very close to the one that we got from the Poincare Map.

Now, that the monodromy matrix is found we can find the Floquet multipliers:
>> eig(DP)
ans =

0.00000348734236

0.99999999999983

Which are very close to the ones from the PM.
Another way to do that is to numerically solve the original system and then to use the
2 2
numerical solution to M = 1=3x"-y 12 2xy , | with
oX 1-2xy 1-x“-3y

D

- . _7%
X = 1+£—2—1 2 cos(t)
Xo

D

A
y=|1+| 5-1 sin(t)
Xo

It is important though to remember that the system must start from xo=1, yo=0.
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set x0, yO

Numerical of analitic

f—————» DPA
2

7 To Workepace2
Productd
atrix] [2x2)
ZWultipl g2
> ——————» ore
. 2
MATLAB Fent Gain10 7 To Workspace3
Integrator3
@——»b—» sin
t 2t
Clock Gain Trigonometric l
Function )
[2x2)
e
e 2
’ To Workspace
Trigonometric Math Gaint Gaind uc d
Function1 Function e 22
T ultipl g2
S e BN 1 B S N N
11 -
Trigonometric Wath Sain2 Gain3 27| s To Workspacet
Function2 Function1 Integrator2

Hence we get the same results.

5.2 Perturbation calculation using the Monodromy matrix

So | have found ®(t,0), now I will use this matrix to prove that AX(t)=®(t,0)AX(0)
by knowing that AX(0)=[0.1 0] . So for t=0.1T I have got from the NL system:
0.02572402284312
0.01868959658690
And from the product
>> E1=[DP1' DP2*[0.1;0]
El=
0.02302539573201
0.01672892922346

These are in a very good agreement.
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