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EECS 16A Designing [nformation Devices and Systems |
Spring 2023 Discussion B

. Steady and Unsteady States

You’re given the matrix M:

—_— O]

M =

S O

0 2
which generates the next state of a physical system from its previous state: X[k + 1] = MX]k].

(a) The eigenvalues of M are A; = 1,4, = 2,43 = 4. Define X = a¥; + BV, + V¥, a linear combination of
g 2 v
the eigenvectors corresponding to the eigenvalues. For each of the cases in the table, determine if

lim M"x
n—oo

converges. If it does, what does it converge to?

o B Y | Converges? | lim, .. M"X
0 | 0 |#0
0 | #£0] 0
0 | £0] £0
0] 0 | 0
0| 0 | £0
#0 | #0| 0O
#0 | #0| #0
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(b) (Practice) Find the eigenspaces associated with the eigenvalues:
i. span(¥), associated with A; = 1
ii. span(¥,), associated with A, =2
iii. span(¥s), associated with A3 = %
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2. Steady State Reservoir Levels

We have 3 reservoirs: A, B, and C. The pumps system between the reservoirs is depicted in Figure 1.

Figure 1: Reservoir pumps system.

(a) Assuming

XC

is a vector representing the amount of water in tank A, B, and C respectively, write out the correspond-
ing transition matrix T representing the pumps system.
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(b) Youaretoldthat A; =1, A, = é, A3 = —1 are the eigenvalues of T. Find a steady state vector X, i.e. a

5
vector such that 7x = X.

(c) What does the magnitude of the other two eigenvalues A, and A3 say about the steady state behavior
of their associated eigenvectors?
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(d) Assuming that you start the pumps with the water levels of the reservoirs at Ag = 150, By = 250,Cy =
200 (in kiloliters), what would be the steady state water levels (in kiloliters) according to the pumps
system described above?
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