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PROBLEM 1.

Below are three systems with input (¢ ) and output y(¢). Specify which properties they satisfy by

writing a “Y” (for yes) or “N” (for no) into each answer box:

linear  time-invariant invertible

linear  time-invariant invertible

memoryless causal stable
@ y(t) = (2 + sin(t))x(1)

memoryless causal stable
(b) y(t) ==(2t)

memoryless causal stable

linear  time-invariant invertible

() y(t) = max{z(t), z(t - 1)}

(At each time ¢, this system compares
the inputs at time tand at time ¢ — 1,
and outputs the bigger of the two.)




PROBLEM 2.

Suppose the rectangular signal z(¢) shown below is fed as the input to a linear time-invariant
system, resulting in the output signal y( ¢ ) shown below:

INPUT z(t)

OUTPUT

-6

In the space below, carefully sketch the impulse response h( ¢ ) of the system, labeling both axes:



PROBLEM 3.

Consider the LTI system shown below:

o) y(t)

-
-

w = P
® 1IN

!
>

(@) The impulse response of the overall system (with input (¢ ) and output y(¢)) can be written as:

h(t) = (A + (B + Ct)e Phu(t),

where A= B = C =

(b) The differential equation relating the input (¢ ) to the output y(¢) can be written as:

d? d d? d
Ey(t) + ald_ty(t) + aoy(t) = b2@.’13(t) + bla.’r(t) + bo$(t),

where b, = b, = , by =

and




PROBLEM 4. Consider the periodic signal () shown below:
z(t)

4

_4 9 0 2 4 6 8 10 12 t
Ah(t)
o(t)— > / \ —» y(t)
-1 0 T ¢

Suppose z( t) is fed as an input to an LTI system with impulse response A( ¢ ), producing the output
y(t). The impulse response h(t) is triangular, centered at zero, with width 2t and height 1.

(@ The fundamental frequency of the periodic signal z(¢) is f, = Hz.

b) Inthe FS representation z(t) = a,el®2mht the zero-th coefficient is ag =
LYK 0

(c) If the output is a constant, y(¢) = y, for all ¢, then it must be that:

T = and Yo =




PROBLEM 5.

Consider the system shown below, whose output y( ¢ ) is the sum of the input z(¢) and the input
multiplied by a sinusoid 2cos(2m f,t ):

z(t) () y(t)

9

2cos(2n fyt )

Find the sinusoid frequency £, such that a sinc-squared input of the form x(¢) = (_—__(.___)Sinnzt“t )2

results in an output that can be written as the product of two different sinc functions:

y(t) = A(sin(tBt))(sin(tCt))’ where B # C.

= fo= Hz.

(You need not specify the constants A, B, and C.)



PROBLEM 6.

TRUE FALSE
(@)

Explain!

TRUE FALSE
(b)

Explain!

TRUE FALSE
(©)

Explain!

TRUE FALSE
(d)

Explain!

If z,(t)and z,(t) are the even and odd parts of a signal z(t),
then they must have the same energy: I°° x2(t)dt = _[Oo x2(t)dt.

The power of a signal is never larger that its energy.

There exists a nonzero signal that is both even and odd.

A second-order system that exhibits a resonance peak in its magnitude response
cannot be underdamped.



PROBLEM 7.
[0

Let y(¢) be the step response of the second-order system H(s) =

2 2
Let ) = max{y(t): —oo < ¢ < oo} denote its peak value. 8%+ 26058 + 0F

Identify which of the following curves is a plot of ;. versus ¢
by writing the corresponding letter (A through K) in the answer box:

Explain!




PROBLEM 8.

Shown below is a circuit diagram of a filter, with a L = 0.8 H inductor and a C' = 5/7% =~ 0.507 F

capacitor:
0000
W—Tosm T
P 5
Uin(”() C¢= = T Vout(t)
- ~ 0.507 F
o_
(@ The natural frequency of this filter is ®,, = rad/s.

(b) Thefilterisa [ LPF |[ BPF |[ HPF | (circle one).

(c) For what range of values resistor values will the magnitude response
of this filter exhibit a resonance peak in the frequency domain? R < Q.




PROBLEM 9.

A sinc function s(t) = sin(12nt)/(nt) is passed through an ideal high-pass filter with cutoff 8z

(its frequency response is H(jo) = 0 for | o | < 8w, and H(jw) = 1 for |®| > 8r). The HPF output
x(t) is then passed as an input into a back-to-back connection of an ideal analog-to-digital converter
(ADC) followed by an ideal digital-to-analog (DAC) converter, both with sampling rate f, = 5 Hz:

- t z[n]
s(t):-slrlg—lg—w — HEF8 L)> ADC » DAC —>y(t)
nt ©, = on
fs =5Hz

Find an equation for the DAC output y( ¢ ), simplified as much as possible:




PROBLEM 10.

Consider the control system shown below:

REFERENCE 2
r(t) X

K

2+=
S

CONTROLLER

Y

s—1

PLANT

(@ When K # 0, this is best described as [ P |[ PI ][ PD ][ PID | control (circle one).

YES NO

(b) Isthe plant stable? DD

(c) Sketch the pole-zero plot of the closed-loop system H(s) = Y(s)/R(s) when K = 0:

10



If you find that any of the following are not possible, write “N.P.”” in the answer box.

(d) The range of values for K that make the closed-loop system stable is

(e) The closed-loop system is critically damped when K =

(f)  The closed-loop damping ratio is { = 1/.2 when K =

11
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PROBLEM 1.

Below are three systems with input z( ¢ ) and output y(¢). Specify which properties they satisfy by
writing a “Y” (for yes) or “N” (for no) into each answer box:

memoryless causal stable linear  time-invariant invertible

(2 + sin(t))x(t) N

(@ y(t)

(others are yes)

memoryless causal stable linear  time-invariant invertible

(b) y(t) =x(2t) N N N

memoryless causal stable linear  time-invariant invertible

(©) y(t) = max{z(t), (t - 1)} N N N

(At each time ¢, this system compares
the inputs at time ¢ and at time ¢ — 1,
and outputs the bigger of the two.)




PROBLEM 2.

Suppose the rectangular signal z( ¢ ) shown below is fed as the input to a linear time-invariant
system, resulting in the output signal y(¢) shown below:

INPUT z(t)

OUTPUT

—6

In the space below, carefully sketch the impulse response h(t) of the system, labeling both axes:




PROBLEM 3.

Consider the LTI system shown below:

o) y(t)

-
-

» =
® 1IN

!
>

(a) The impulse response of the overall system (with input (¢ ) and output y(t)) can be written as:

h(t) = (A + (B + Ct)e Phu(t),

where A= _2

, B= 3 | o= 0

(b) The differential equation relating the input z(¢) to the output y(¢) can be written as:

d? d d? d
@y(t) + ald_ty(t) + aoy(t) = b2@.’13(t) + blax(t) + bow(t),

where b, = 0

’ b1_ 1 ) bOZ 2

and

e e I




PROBLEM 4. Consider the periodic signal z(t) shown below:
z(t)

4

4 9 0 2 4 6 8 10 12 t
h(2)
o(t)— / \ — y(t)
-1 0 T t

Suppose z( t) is fed as an input to an LTI system with impulse response h( ¢ ), producing the output
y(t). The impulse response h(t) is triangular, centered at zero, with width 2t and height 1.

(a) The fundamental frequency of the periodic signal z(¢) is f, = 0.25 Hz.

b) In the FS representation x(t) = a,el®2mht the zero-th coefficient is ag =
LYk 0

(c) Ifthe output is a constant, y(¢) = y, for all ¢, then it must be that:

T = 4 and Yo = 4




PROBLEM 5.

Consider the system shown below, whose output y( ¢ ) is the sum of the input z(¢) and the input

multiplied by a sinusoid 2cos(2m ft ):

z(t)

-+
\
®
2cos(2n fit)

> y(t)

Find the sinusoid frequency f; such that a sinc-squared input of the form z(t) = (

sin(2nt))2
nt

results in an output that can be written as the product of two different sinc functions:

sin(C't

u(t) = A(

= fo=

(You need not specify the constants A, B, and C.)

t

sin(Bt)X

t

2

)) , where B # C.



PROBLEM 6.

TRUE FALSE
(a) X If z,(t) and z,(t) are the even and odd parts of a signal z(t),
then they must have the same energy: ro x2(t)dt = IOO xzZ(t)dt.
Explain! o0 o0
When signal is even, one integral
1s zero, the other 1s not.
TRUE FALSE
(b) X The power of a signal is never larger that its energy.
)
o0
Explain!
TRUE FALSE
(©) >< There exists a nonzero signal that is both even and odd.
Explain!
TRUE FALSE
(d) X A second-order system that exhibits a resonance peak in its magnitude response
cannot be underdamped.

Explain!



PROBLEM 7.
07
s2+2Cops +®F

Let y(t) be the step response of the second-order system H(s) =
Let yp = max{y(t): —0o < t < oo} denote its peak value.

Identify which of the following curves is a plot of y versus G
by writing the corresponding letter (A through K) in the answer box: A

Explain!

There will be lots of overshoot when C is small. As C
increases, there will be less and less. At C = 1, there will be
no overshoot.

Only curve A starts out big and ends at y,, = 1.

2

Ypk




PROBLEM 8.

Shown below is a circuit diagram of a filter, with a L = 0.8 H inductor and a C'= 5/n* ~ 0.507 F

capacitor:

0000 .
V]:{\’ L=08H n
+
Um(t)g) C = % T Uout(t)
~ 0.507 F

(a) The natural frequency of this filter is ®,, =

N A

(b) The filteris a [ BPF |[ HPF | (circle one).

(¢) For what range of values resistor values will the magnitude response
of this filter exhibit a resonance peak in the frequency domain?

rad/s.

R <

1.78




PROBLEM 9.

A sinc function s(t) = sin(12nt)/(nt) is passed through an ideal high-pass filter with cutoff 8x

(its frequency response is H(jo) = 0 for |® | < 8n, and H(jo) = 1 for || > 8r). The HPF output
x(t) is then passed as an input into a back-to-back connection of an ideal analog-to-digital converter
(ADC) followed by an ideal digital-to-analog (DAC) converter, both with sampling rate f, = 5 Hz:

 sin(12nt) HeF | @(t) z[n] y(t)
s(t) ==————= —>, gg [ | ADC —>| DAC —>

A A

fs =5Hz

Find an equation for the DAC output y( ¢ ), simplified as much as possible:

X(jo) 1
- 8t 12n
= x(t) = 2g(t)cos(10nt)
= x[n] = 2¢( g)COS(l()TC 7§>
=2g(%) = y(t) = 29(1)
2sin(27t15)




PROBLEM 10.

Consider the control system shown below:

1
REFERENCE > 91 K > T > y(t)
r(t) s -
CONTROLLER PLANT

(a) When K # 0, this is best described as [ P PD ][ PID | control (circle one).

YES NO

(b) Is the plant stable?

(c) Sketch the pole-zero plot of the closed-loop system H(s) = Y(s)/R(s) when K = 0:

A

10



If you find that any of the following are not possible, write “N.P.”” in the answer box.

(d) The range of values for K that make the closed-loop system stable is

Ke[0, c0)

(e) The closed-loop system is critically damped when K =

0.25

(f)  The closed-loop damping ratio is { = 1/.2 when K =

0.5

11



