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Reading assipnment: Chapters 3 and Chapter 7, seetion 7.4

Problem 11 (25 points)

1. (18 points) Consider a sceond-order system with initial state =(0) and state space representation
= = Fax.

Supposc that the 2 » 2 system matrix F has cigenvalues Ay and Ay with assoeiated cigenvectors vy and wg.
Using the matrix

P=(m m),
in problem set 3 problem 10 you showed that
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(a)} (10 points) Using the definition
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(b) (8 points) Using the result in part (1), show that the zero-input solution to the state space equation

i = Fx(t)
with initial state r1(0)
can be expressed as
(t) = = t.'jl"i Z1(0) + w2 -r:']"EL Ta(0) (1)

for ¢ = 0, whore ]
F(0) = ( :E:H ) — P o).

Equation (1) shows that the solution x(t) is a weighted sum of the cigenveetors of the system matrix and
that the weighting coefficients are determined by the system modes **. For this reason, equation (1) is
known as the modal decomposition of =(t).

2. (7 points) Onee again consider the system in Problem 10 with w(t) =0 for all £ = 0

= ( _l}l g):: Fr,
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Determine the modal decomposition of the selution x(t) using equation (1).

and the initial state veetor



Problem 12: (25 points)

A continuous-time SISO system is deseribed by the state-space model

- (3 %) (d):
y = (a 1)z

where o i3 A real-valued constant.

1. (5 points) Caleulate the observability matrix €.
2. (8 points) For what range of values o is the observability matrix ) nonsingular?

3. (5 points) Suppose that e« = 1, u(t) = 0 for ¢ > 0, and you observe that »(0) = 1 and ${0) = —2. Can you find
a unique value for =(0)? If so, what is =(0)7

4. (7 points) In part 3 suppose that « — (0. Specify all possible values of =(0), if any, that satisfy

(1) -



