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la) Use long division to determine the first three nonzero terms in the impulse response for the
z+1

following transfer function H(z) = ——
zZ'+z+1
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1b) Assume a system has impulse response /(7) = (0.5)"u(n) Determine the output if the input is
x(n)=26(n)—36(n-2)
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2) Assume we have a process which we expect to be able to model as g(¢) = ¢+ . We perform an
experiment and determine values for g(¢) for a number of different values of ¢, so we have the values

fy, &)
f, g(t)
1, g,)
t, g(t)
t,, g(t,)

We want to estimate o and /3 using a least squares type of approach, with the model z = Aw. Describe

how you would do this. Be sure in your description, to indicate what the z, w, and 4 are in terms of
the values given ¢, g(t,)
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3) Determine the rank of each of the following matrices (just write the number):
1 renk =1

0 2 {Cﬁf\K-"‘LZ’
0 2 1
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01 01
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4) Consider the discrete-time state variable system,

1 0 1
x(n+1)= [1 1:|x(n) + 0} u(n)

Assuming we start at the origin (the point 0,0) after 3 time steps we have

[ u(0)
x(s){1 : 1} u(l) |=
210 )

a) Ifthe inputis " =[1 1 1] determine x(3)

ATaE | 3] = x3) |
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b) Find a unit vector in the null space of the matrix A
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¢) Is the input vector in step (a) the input with the smallest magnitude to go from the origin to the
point x(3)? Explain your answer.
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5) Use a Lagrange multiplier to find the point on the plane 2x + 4y — 6 = 0 nearest the origin
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6) Consider the overdetermined system Ax =b. Rather than just performing a normal least squares
solution, we want to penalize the magnitude of the solution by some weighting scalar £ . Thus we
want to find the value of X that minimizes

H =|| Ax=b|[" +p|| x|*= (Ax =) (Ax~b) + pu (x" Ix)

a) Show that the solution to the above minimization problem is given by x = (A4 A+ ul )_1.ATb

b) Assume now we compute the singular value decomposition of 4, 4=USV" . Recall that U and
V" are unitary matrices, so U'U =V"V= ] . This means that U'=U" and V'=V". S isa

diagonal matrix with elements O; on the diagonal (assume S has full rank and is invertible). Assume
that we can writeb =US and x=Va . Determine how o and g are related. Hint: it may be helpful
to write I=VIV"

Hints: 4 is not a Lagrange multiplier, there are no Lagrange multipliers in this problem. You can do
both parts of this problem independently.

Cultural Point: This technique is known as zero order Tikhonov regularization.
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7) For impulse response A(n) = (—;—) u(n—2) and input x(n) = (%) u(—=n+1), the system output can

be written as A(n)u(n—3)+ B(n)u(2—n). Determine an expression for both 4(») and B(n). You

do not need to simplify your expression but you must evaluate all sums. For my sanity (not that you
k=0

care), evaluate the convolution using the form y(n) = Z h(n—k)x(k)

k=—c0

gf"a”i /’J M‘{””Z"L)(/:i)‘he'/?[ﬁ—’ﬁ}

2 Z
um-’%—l):@ltff/ noETE e

—K, n-2 Z <
A (”fb U n-E—2) A=K +) Samd
=0T e U C-er) = for —€riz 0 [ furnzz
K= - o e

/173

n Lo s )K b g A T
F om0 A Te

n L:;ka,ff ;LY\ 1}
o N4V ™ ﬂi«w«xii’) /,%Q ,,,,,,, J
-y 2 WEH 96 v ¢ =
B N=o
\ K P N -
ey M%ﬁu n-2
héz B(/ﬁ} - C/‘;{“’)h fa.f;m/[{) j”/”szjfé
Q-n+2 T N L\”m Y
N IR
2
=0 -
=L 5" g ﬁigij
(o | 1z



