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2 Stability in continuous time system

Remember the spring-mass system introduced in Discussion 8A

We assumed that each spring is linear with spring constant k and resting length X, i ags

The differential equation modeling this system was 55 = =2(y - X, —’,—_ ). We built a

N
state space model that describes how the displacement ¥ of the mass from the spring base
evolves, The state variables were x; = v and x; = . Then we linearized the model around
the equilibrium point (x,, x3) = (0,0), assuming X, < a. The linearized model is presented

below.
0 I
X= _'.fi‘ (I - .\..) 0 X.
m a
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Compute the eigenvalues of your linearized model. Is this equilibrium stable?
(N B0R)-0
A= =EED
fosumig fold ), “a-( <0 = N s ;M‘),\w).
(Zeﬁj\‘% =0 <o the sysem B i naly Sable-

3 Stability in discrete time system

Determine which values of a and f§ will make the following discrete-time state space models
stable. Assume, & and § are real numbers and b # 0 7

a)

¥[f + 1] = ax[t] + bu() e
led <) o
[Bghon 1A, N
i Tt +1] = I" fl Ft] + bii(t)
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fEt+t|=| xX[t] + bu(t)
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2 Eigenvalues Placement in Discrete Time

Consider the following linear discrete time system

X[t+1] = [g _11] X[t + [1} ult] +w[t] (1)

a) Is this system controllable?

C= )Y Qz
2 )~ [1 (1] 106

b) Is the linear discrete time system stable?

(MC")"2=7
- A"2=0
()-7)( )\\r\):o
/\’Q/"

¢) Derive a state space representation of the resulting closed loop system using state
feedback of the form u[t] = [k k2| X[t]

Ler )= Ak ) Bule)
= Ax(t]+ Ay
= (A+BOYX(Y)

(247 [k ]
S5

d) Find the appropriate state feedback constants, k,, k; in order the state space represen-
tation of the resulting closed loop system to place the eigenvaluesat A, = -1, 1, = 1

(LD = 214) = 6
\2+>‘~LI’\ - kl—?—’ ZLL:
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