EE 102 — Midterm I

10/24/07
Duration: 1 hour and 30 minutes

The midterm is closed book and closed lecture notes.
You can use a single page of handwritten notes.
Please carefully justify all your answers.
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2';' Problem 1: Consider the systems S; : [Reals — Reals| — [Reals — Realst],
Sy 1 [Reals — Reals'] — [Reals — Reals] and Sy : [Reals — Reals] — [Reals — Reals] de-
fined by:

Va € |Reals — Reals], Vi € Reals, Si(z)(t) = () + =(t) + 1
Va € [Reals — Reals™t], ¥t € Reals, Sa(2)(t) = /z(—2t)
Vo € [Reals — Reals], ¥t € Reals, S3(z)(t) = —z(t)
| U 1. Is the system S memoryless? €4 ;Ao perddAl grld gn VY pa At eIz
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2. Is the system defined by the diagram in Figure I memoryless?

™ 3. Can we construct a system according to the diagram in Figure 27
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Problem 2: Consider the finite state system S described by the transition diagram in
Figute 3.

m What are the sets States, Inputs and Outputs for system S?
{

\./\_2' Construet the functions update and output for system S.
4

/3. Consider the signal z : {1,2,...,6} — Inputs defined by:
L 2(1) =0, 2(2) =1, 2(3) =0, z(4) =1, «(5) =1, 2(6) =0

What is the signal y = S(x)?
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/ 4. Show that S(z)(n) = g(z(n),z(n — 1)) for n > 1 where g: {0,1} x {0,1} — {0,1} is
the function defined by the graph:

{((0,0),0), ((1,0),0),((0,1),0),((1,1), 1)}

/) 5. Is system S memoryless?
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Figure 3: Transition diagram for Problem 2.
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Problem 3: Let S be the system defined by:

Va € [Integers — Reals], ¥n € Integers, S(z)(n) = 2z(n) + 3z(n — 1) + dz(n — 2)

4 .5 1. Construct the [4. B. C, D] representation of this system.
6 S 2. Compute the impulse response.
O 3. Assume that the initial state is zero and consider the signal:
z(0)=0, z(1)=4, z(2)=3, 2(3) =2, z(4) =1, z(n) =0tfor all n ¢ {0,1,2,3,4}.
Compute y = S(2) using the impulse response.

q 4. Compute y = S(z) directly, that is, without using the impulse response. Do the results
agree?

6.5 5. Pick an initial state of your choice, but different from zero, and compute y = S(z) where
the signal = satisfies z(n) = 0 for all n € Integers.

55_ 6. Combine your answer to the previous two questions to obtain y = S(x) when the system
starts at the initial state used in 5.
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