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1. Block diagram [25 points]
Consider the system represented by the following block diagram.
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Part a. Is it possible to represent this system with a linear differential equation with

constant coefficients?

Yes or No: Yes

If yes, enter the differential equation in the box below.

Py(t) ,dy(t)

i3 a z(t)

If no, briefly explain why not.

First find the system function.
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sW =X —sY
sS2Y =W — 3Y

AN

Multiply the second equation by s and substitute the first:
8V =X —sY —3sY = X — 4sY
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Part b. Determine the response y(¢) when the system starts at rest and the input

x(t) = 6(¢).
y(t): (1 — cos(2t)) u(t)
r Y =X —sY —3sY = X —4sY
Solve:
H(s) = Y(s) 1

X(s)  s(s2+4)
Expand using partial fractions:
Y (s) 1 1/4 1/8 1/8

HE) = %@ 5@ d) - s stz 572

Invert each term:

h(t) = =u(t) — —e*jtu(t) — éejtu(t) =

(1 — cos(2t)) u(t)

~| =
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2. Unit-sample response [25 points]

Consider a linear, time-invariant system whose unit-sample response h[n| is shown below.

1\7/2
h[n]:{(g) n=0,2,4,6,8,...,00
0 otherwise

1
2 1
1 1
o000 g 16 kY] o000
n

N

-1012 345678910

Part a. Is it possible to represent this system with a finite number of poles?

Yes or No: Yes

If yes, enter the number of poles and list the pole locations below. If a pole is repeated
k times, then enter that pole location k£ times. If there are more than 5 poles, enter just
5 of the pole locations. If there are fewer than 5 poles, leave the unused entries blank.

# of poles: 2
locations: @ —@
If no, briefly explain why not.
_ 1 2 1 4 l 6 i 8 _ 1
H_1+2R +4R+8R +16R = {1

Substitute R — %:
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Part b. Is it possible to implement this system with a finite number of adders, gains,
and delays (and no other components)?

Yes or No: Yes

If yes, sketch a block diagram for the system in the following box.

X0
L{I‘_l Delay |«— Delay |+—
If no, briefly explain why not.
_—
_Y L g Ipa Lo Los
H=g=l45R+ R+ gR+ R =
1
yln] ~ 3yl 2] = ofn]
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3. Laplace transform [25 points]

Determine the Laplace transform of x(¢) defined as follows.

(1 0<t<0.5
1/2 1<t<15
1/4 2<t<25
1/8 3<t<35
z(t) =14 1/16 4 <t <45

1/2" n<t<n+0.5

(0 otherwise

x(t)

ooo

0 1 2 3 4 S 6 7 8

Enter a closed-form expression for the Laplace transform in the box below.

1(1—e5/?
X(S): g (1 ~ 165>
2

Enter the region of convergence (ROC) in the box below.

ROC= Re(s) > —In2

This transform converges if

7678

1
3 <
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J

‘8_ Re(s) <9

Re(s) > —In2
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4. Z transform [25 points]

Let X (z) represent the Z transform of z[n|, and let ro < |z| < r; represent the region of
convergence (ROC) of X(z).

Let Y (2) represent the Z transform of y[n] = 2" (u[n] + z[n]) where u[n] represents the
unit-step signal.

Determine a closed-form expression for Y (z) (which will depend on X) and enter the
expression in the box below.

Y(2): —+x(3)

z—2

Enter the region of convergence (ROC) for Y (z) in the box below.

ROC: max(2,2rg) < |z| < 2m

Let y1[n] = 2™u[n]. Then

Yi(z) = Z 2"u[n]z™" = Z (22_1)n = {51~ i2 provided |z| > 2.

Yao(z) = Z 2"x[n]z™" = Z x[n] (g)in =X (f) provided 2rg < |z| < 214
Y (2) =Yi(z) + Ya(2) = P +X (g) provided max(2,2rg) < |z| < 2r;.
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