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1.

CT System with Feedback [15 points]

Let G represent a causal system that is described by the following differential equation

dt dt

where x(t) represents the input signal and y(t) represents the output signal.

a. Determine the output y;(t) of G when the input is

r1(t) = e™; 120
0; otherwise

Enter your result in the box below.

yi(t) =
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Now consider a feedback loop that contains the G system described on the previous
1
page.

w(t) —>@—> i G > y(t)

b. Determine a differential equation that relates w(t) to y(t) when K = 10. The differ-
ential equation should not contain references to x(t).

Enter the differential equation in the box below.

1 The minus sign near the adder indicates that the output of the adder is w(t) — y(t)
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c¢. Determine the values of K for which the feedback system on the previous page is
stable. Enter the range (or ranges) in the box below.
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2. Stepping Up and Down [10 points]

Use a small number of delays, gains, and 2-input adders (and no other types of elements)
to implement a system whose response (starting at rest) to a unit-step signal

o (1 n>0
zln] = uln] = {0 otherwise

is

0 n<0

1 n=0,3,6,9,...
ylnl =1 4 n=1,4,710,...

3 n=25811,...

Draw a block diagram of your system below.
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3. DT systems [14 points]

The pole-zero diagram for a DT system is shown below, where the circle has radius 1.

z-plane

It is known that when the input is 1 for all n, the output is also 1 for all n.

Sketch the unit-sample response h[n] of the system on the axes below. Label the impor-
tant features of your sketch.

hln]
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A second DT system has the following pole-zero diagram:

z-plane

an
1

It is known that the system function H(z) is 1 when z = 1.

Sketch the magnitude of the frequency response of this system on the axes below. Label
the important features of your sketch (including the axes).

Sketch the angle of the frequency response of this system on the axes below. Label the
important features of your sketch (including the axes).
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4. CT Systems [14 points]

A causal CT system has the following pole-zero diagram:

s-plane

X
v~ X

Let y(t) = s(t) represent the response of this system to a unit-step signal

:z:(t):u(t):{l; t=20

0; otherwise.

Assume that the unit-step response s(t) of this system is known to approach 1 as t — oc.
Determine y(t) = s(t) and enter it in the box below.

y(t) =
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A second CT system has the following pole-zero diagram:

X L1 s-plane

Assume that the input signal is

1; cost> =
t = ) ™
z(t) { 0; otherwise.

Let a; and by represent the Fourier series coefficients of the input and output signals,
respectively, where the fundamental (lowest frequency component) of each signal has a
period of 2.

b b
It is known that 2 1. Determine —1.
ap ai

b1
ail
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5. DT processing of CT signals [15 points]
Consider the following system for DT processing of CT signals:

xp(t : Teln . Yaln le-to-| el
xa(t)—le(jw)L()» uniform ;[]’ HZ(e]Q)ﬂsa‘mpeto AHi%(jw)_’ e
sampler impulse

where z.[n] = xp(nT) and

o0

ve(t) = D yaln]o(t —nT).

n=—oo

The frequency responses Hi(jw) and Hs(jw) are given below.

Hi (jw)
/_xl
1 T T T w
3 T m 3T
“oT 2T 2T 2T
H3(jw)
T
w
T s
T T

a. Assume in this part that Ha(e/?) = 1 for all frequencies Q2. Determine y(t) when

s . (57
xq(t) = cos (ﬁt> + sin (Et) :

yr(t) =
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b. For this part, assume that

Hafe )_{O; Qe < <m.

11

For what values of €. is the overall system from z,(f) to ys(t) linear and time-

invariant?

values of (2.




Final Examination / 6.003: Signals and Systems (Fall 2009) 12

6. Which are True? [16 points]

For each of the DT signals z1[n] through z4[n]| (below), determine whether the conditions
listed in the following table are satisfied, and answer T for true or F for false.

z1[n] 3[n] 3[n]

X% =0

[T X do=0

X(ejQ) is purely imaginary

eIFX (eI is purely real for some integer k

x1[n]
{ |
xa[n]
{ 1
z3[n]
1

x4[n|= z4[n + 5]
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7. Multiplied Sampling [16 points]

The Fourier transform of a signal z,(t) is given below.

Xa(jw)

This signal passes through the following system

zy(t) | uniform | ®clnl rq[n] [sample-to-] ze(t) ,
t) —»( : )——> — — | H — t
Zalt) sampler impulse () zy(t)

cos (7mt)

where z.[n] = x3(nT") and

o0

re(t) = > x4[n]o(t —nT)

n=—oo

0 otherwise.

a. Sketch the Fourier transform of x4 (¢) for the case when K = 1 and 7' = 1. Label the
important features of your plot.

|
I
TR
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b. Is it possible to adjust 7" and K so that z;(t) = z4(t)?

yes or no:

If yes, specify a value T" and the corresponding value of K (there may be multiple
solutions, you need only specify one of them).

T = K =

If no, briefly explain why not.
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c. Is it possible to adjust 7" and K so that the Fourier transform of x () is equal to the
following, and is zero outside the indicated range?

Xr(jw)
/\ " | /\
1 T T 1 T T w
37'(' - _ | z e 37T
) 2 2 o

yes or no:

If yes, specify all possible pairs of 7" and K that work in the table below. If there are
more rows in the table than are needed, leave the remaining entries blank.

T K

If no, briefly explain why not.
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