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EECS 16A Designing [nformation Devices and Systems |
Summer 2020 Discussion 20

1. Steady and Unsteady States

(a) You’re given the matrix M:

1
2
1

O =

M=
0 0 2

Which generates the next state of a physical system from its previous state: X[k + 1] = MX[k]. (¥ could
describe either people or water.) Find the eigenspaces associated with the following eigenvalues:

i. span(V), associated with A; = 1
ii. span(,), associated with A, = 2
iii. span(¥s), associated with A3 = %

Answer:
i A=1:
11 _ 1 11
—3 3 —3|0 2 2 00
M-I|0|=]| 0 0 —2/0|—=] 0 0 1|0
0 0 1|0 0 000
1
Vi=a|l|,aeR
0
ii. A =2
-3 1 1
) 2 1 -1]o -3 0 =30
M-21|06|=| 0 -1 =2(0|—=] 0 1 20
0 0 010 0 0 0|0
~1
‘72*B_2B6R
1
iii. =3
o1 1o 01 0]0
M-11/o|=]01 —2/0o[—=|000/0
00 310 00 1[0
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(b) Define X = oV + BV, + 9V, a linear combination of the eigenvectors.

table, determine if

lim M"x
n—yoo

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

o B vy | Converges? | lim,_,. M"X
0 0 | #0
0 |#0| O
0 | #0 | #0
20 0 | 0
20| 0 | £0
20 £0] 0
#0 | #0 | #0
Answer:
M"X = M"(av + BV, + yV3)
= oMV, + ﬁM”ﬁz + YM”V}
= 1"y, +2nﬁ32+ <;> s
o B Y | Converges? | lim, .. M"X
0] 0o |0 Yes 0
0 |#0| O No -
0 | #0 | #0 No -
#0| 0 0 Yes oV
20| 0 | £0 Yes o,
0 £0] 0 No -
£0 | £0 | £0 No -

2. Polynomials as a Vector Space

For each of the cases in the

Let P, be the set of polynomials of degree of at most two (that is, p(t) = at*> + bt + ¢).

(a) Give a basis for P,.
Answer:

The standard basis would be {12, t,1 } but any three linearly independent quadratics, where {constant,
linear, quadratic} terms all appear at least once, is acceptable.

(b) Consider the linear transformations

T (f(1)) =2/ (1)

L(f(t)) = f'(t)

For each, find the transformation matrix with respect to the basis from part (a).

Answer:

UCB EECS 16A, Summer 2020, Discussion 2C, All Rights Reserved. This may not be publicly shared without explicit permission.



Last Updated: 2020-07-08 20:10 3

Using the ordered standard basis {>,¢,1},

A =10

[\e]
=)

(@)
o
=)

A)=1(2 0 0

(c) Suppose that {xg,x;,x,} form a basis for P and that the following polynomials have the corresponding
coordinates in this basis.

(1,1,1) = 21> + 3¢
(1,0,—1) =t +1
(0,2,0) = 41 +2

Find the basis vectors xg,x1,x».
Answer:

Solving the system of equations:

11 17 [x 212 +3t
1 0 1| |xq|=1| t+1
02 0] |x A4 +2

yields the solution:
X0 = 12+t,x1 =2t+1,x = 2 -1
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