EEE 3001 8013
Tutorial 2 — Solutions/Answers

Linear Controller Design and State Space Analysis
EEE3001/8013 Tutorial Exercise 111

. 12 2
1. A system is given by x:{ ) S}X

(a) Find the eigenvalues and eigenvectors of this system.

(b) Find the general solution using the previously found eigenvectors.

1
(c) Find the particular solution if x(0)= L}

(@)

A=[-2 2;2 -5];
[x,v]=eig(A);
el=x(:,1)/max(x(:,1))
e2=x(:,2)/max(x(:,2))
el =
-0.5000
1.0000

(b)
-0.5 2
General solution: x=C{ . }e'ewc{l}e‘t

(c)

syms Cl C2

C=solve (Cl*el+C2*e2-[1;11)
Cln=double (C.C1)
C2n=double (C.C2)

Cln =

0.4
C2n =
0.6
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2. Asystem s given by X+3%+2x=0,x(0)=1,x(0)=-1

(a) Find the particular solution of the differential equation.
(b) Draw a sketch of the response x(t).
(c) Transform the system to state space form if y = -2x(t).

(d) Find the eigenvalues and eigenvectors of the system. What is the

response type?

(f) Find the general solution using the eigenvectors then find the

particular solution using the given initial conditions.

(a) cle, clear all, syms x(t),
dx=diff (x); d2x=diff(x,2);
x_t=dsolve (d2x+3*dx+2*x, x(0)==1, dx(0)==-1)

(b)

X(t)

\j

S Aifoecorete o

20 0 1
(d) MI—A\=0:>‘ }{ }
0 4] |2 -3

A -1
=0:>‘{ }‘:031(/1+3)+2:0
2 A+3

MA+3)+2=0= A +31+2=0=(A+1)1+2)=0= 4, =—-1-2

Overdamped and stable response.
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To Find the eigenvectors

(Al -ANV=0

For ﬂlz—l

A -174q -1 -1j &
0= =0=>-a,-a,=0,2a +2a,=0=>a, =—q
2 A+3]a, 2 2]a,

The eigenvector V, can be [1 -1]"

For /12 =-2

Ao-l e 0 -2 -lia 0= -2a —a,=0,2a +a, =0=a, =-2a
2 A+3]a, 2 1|a, W& AtE 2 '

The eigenvector V, can be [1-2]"

(€)

e Pl M P R

1
C1=1, C2=0 and the particular solution is: X(t) :{ }e‘t

3. Find the state transition matrix of the homogeneous state space system

-1
that you find in 2 (c) then find the particular solution for x(0) :{ 0 }

) (Ze—t _ e—Zt) (e—t _ e—Zt)
Mt)= 20" -e™) (—e'+2e?)
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x(t) = M (t)x(0) = p(t) x(0)

%] | (2et-e™) (et -e™) "xﬂ»}
X, _—2(e‘t—e‘2t) (—e‘t+2e‘2t) | %,(0)

e e

] |-2(e*-e?) (—e'+2¢™)|L0

. |1 3
4. A systemis givenby x = [2 4}x

(a) Find the state transition matrix.

(b) Find the particular solution for the homogeneous system using the

- . 0
state transition matrix approach for x(0) :{ J.

(Serater) (Ser-2e)
7 7 7 7

2er-2e) (L Se)
7 7 7 7

003t 2o

7 7
X, (t)= —(%e” + ge‘r"}

. 0o 1
5. A state space system is given by x :{ }x
(a) Find the state transition matrix.
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(b) Find the particular solution for the homogeneous system using the

.. . 0
state transition matrix approach for x(0) = L} :

(c) Crosscheck your answer in (b) by finding the particular solution of

the system using eigenvalues and eigenvectors approach.

M(t)=

e (cost + 2sint) e ?'sint
—5e?'sint e (cost—2sint)

(0 e *sint
X =
e (cost —2sint)
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