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PROBLEM Fall-03-F.1:
Consider a periodic continuous-time signalx(t) whose graph between−0.05 seconds and 0.05 seconds
looks like:
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(a) What is theDC valueof this signal,x(t)?

(b) What is thefundamental frequencyof the signalx(t) in radians per second?

(c) What is theminimum sampling rate fs in Hertzat which we could sample this signal without aliasing?



PROBLEM Fall-03-F.2:

(a) The sum of sinusoidsx(t) = 130 cos(42π t) + 130 sin(42π t) can be simplified into an expression of
the formx(t) = Acos(ω0t + φ). Find A, ω0, andφ.

(b) Find the impulse responseh[n] of the system with frequency responseH(ej ω̂) = 20j sin(4ω̂)e− j 2ω̂.
Is this system causal?



PROBLEM Fall-03-F.3:
Consider the unit height triangle wave signalx(t) with fundamental periodT = 0.2 seconds (i.e., a funda-
mental frequency of 10π radians per second):

x(t) =

{
2t/0.2 for 0 ≤ t < 0.1

2(0.2 − t)/0.2 for 0.1 ≤ t < 0.2

The Fourier coefficients of thisx(t) are

ak =


−2

πk2
for k odd

1/2 for k = 0

0 otherwise

(a) Find X( j ω), the Fourier transform ofx(t). Express your answer as a formula containing delta func-
tions.

(b) Findck, the Fourier coefficients of

z(t) =

{
16t/0.2 for 0 ≤ t < 0.1

16(0.2 − t)/0.2 for 0.1 ≤ t < 0.2
,

in terms ofthe Fourier coefficientsak.



So you don’t have to go flipping back to the previous page, for your convenience, here’s the Fourier
coefficients ofx(t), the unit height triangle wave with fundamental period 0.2 seconds (fundamental
frequency 10π radians per second) again:

ak =


−2

πk2
for k odd

1/2 for k = 0

0 otherwise

(c) Suppose we putx(t) into a filter with the real-valued frequency responseH( j ω) given by:

ω1 ω2−ω1−ω2 0 ω

H( jω)
C C

What value of the constantC (whereC > 0), rangeof values ofω1, andrangeof values ofω2 would
yield the output:

y(t) = − cos(50π t) = cos(50π t + π) = cos(50π t − π)

Notice that the frequency ofy(t) corresponds the “fifth harmonic.” Specify your ranges in terms of
inequalities which must be satisfied. Give the widest ranges you can.
Hint: usually, we give you the inputx(t) and the filterH( j ω) and ask you to find the outputy(t).
Here, we instead give you the inputx(t) and the outputy(t), and you are basically being asked to find
the filter H( j ω).



PROBLEM Fall-03-F.4:
The two subparts of this problem are completely independent of one another.

(a) When two finite-duration signals are convolved, the result is a finite-duration signal. In this subpart,
let h(t) = t5[u(t − 15) − u(t − 9)] andx(t) = 13[u(t − 2) − u(t − 14)].

Determine the length of the output signaly(t) = x(t) ∗ h(t).

(b) A scaled unit-step signal,
h(t) = 8u(t − 2),

is convolved with a pulse signal,

x(t) = −[u(t − 3) − u(t − 9)].

The result of the convolution turns out to be:

y(t) = −8(t − T12)[u(t − T12) − u(t − T23)] + Cu(t − T23),

where the timesT12 andT23 can be determined. (C is a constant.)

According to the formula above, the convolution integral produces an output signal that consists of
three regions:

• Region #1:y(t) = 0 occurs whent ≤ T12.

• Region #2:y(t) = −8(t − T12) occurs whenT12 < t < T23.

• Region #3:y(t) = C occurs whent ≥ T23. (C is a constant.)

Calculate the value ofC, which is the amplitude in region #3, and the timesT12 andT23.

C = T12 = T23 =



PROBLEM Fall-03-F.5:
The two subparts of this problem are completely independent of one another.

(a) Simplify this expression:

t∫
−∞

τ 2δ(τ − 3)dτ =

(b) Find the Fourier transform ofx(t) = sin(100π t) cos(700π t). You may give your answer as a formula
or as acarefully labeledsketch.

(c) Find the Fourier transform ofx(t) =
sin(100π t)

π t
cos(700π t). You may give your answer as a formula

or as acarefully labeledsketch.



PROBLEM Fall-03-F.6:
These problems would look like a horrible mess to someone form outside this class, but they are readily
solved using your ninja ECE2025 knowledge. The patterns should look strangely familiar.

(a) Supposex(t) is given by

x(t) =

∞∑
k=−∞

{
1

5

∫ 5

0
(5 − u) exp[− j (0.4)πku]du

}
exp[j (0.4)πkt]

Sketchx(t) for t between−5 and 10. Explain your reasoning.
Hint: In a way, the answer is sitting right in front of you.

(b) Supposex(t) is given by

x(t) =

∞∑
n=−∞

sin(0.07πn)
sin

[
π

0.01(t − (0.01)n)
]

π
0.01(t − (0.01)n)

Find a simple expression forx(t).



PROBLEM Fall-03-F.7:

(a) Below, we see a signalx(t) being input to a mysterious LTI system with impulse responseh(t),
yielding an outputy(t):

-1 1 1 2 3 4 5-1-2-3-4

1

0 0

2

-3

x(t)

t t
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h(t)

Find h(t).

(b) Compute the convolution[
u

(
t +

1

300

)
− u

(
t −

1

300

)]
∗

[
1

√
3

cos(100π t + π/3)

]
.

There is anEasy Wayand aHard Wayto do this problem. Choose your path carefully!



PROBLEM Fall-03-F.8:

⊗- -
Highpass

Filter
H( j ω)

-

6

cos(100π t)

x(t) w(t) y(t)

In the above modulation/filtering system, assume that the input signalx() has a bandlimited Fourier trans-
form X( j ω), as depicted inFigure A below.
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Figure A

(a) First give the general equation that expressesW( j ω), the Fourier transform of
w(t) = x(t)[cos(100π t)], in terms ofX( j ω).

W( j ω) =

(b) Now carefully plot the Fourier transformW( j ω) for the specific inputx(t) whose Fourier transform
X( j ω) is given above inFigure A . Note that part of the Fourier transform X( j ω) is shaded. Mark
the corresponding shaded region or regions in your plot of W( j ω), and be sure to carefully label both
amplitudes and frequencies.

-

6

ω

W( j ω)

−50π 50π−100π 0 100π

(c) The frequency response of the Highpass filter is

H( j ω) =

{
0 |ω| ≤ 100π

2 |ω| > 100π

Plot the Fourier transformY( j ω) below for theX( j ω) given in Figure A above.Be sure to carefully
label both amplitudes and frequencies and be sure to shade the region corresponding to the original
shaded region in the input spectrum.

-
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PROBLEM Fall-03-F.9:
Two questions that involve common operations done in the Lab:

(a) Suppose a student enters the following MATLAB code:

nn = 0:4480099;
xx = (3/pi) * cos(2 * pi * 0.8 * nn + 14.92);
soundsc(xx,44800)

What analog frequency will be heard (in Hertz)? (Notice the folded aliasing!)

(b) Consider the following piece of MATLAB code:

tt = 0:(1/11025):6400;
xx = cos(2 * pi * 360* tt);
soundsc(xx,44100);

What is the duration (in seconds) of the final played tone?
(Assume that the computer has an infinite amount of memory so that we don’t need to worry about
running out.)



PROBLEM Fall-03-F.10:

 (4)

Pole−Zero Plot #1

Pole−Zero Plot #4

 (3) (2)

Pole−Zero Plot #2

Pole−Zero Plot #5

 (4)

Pole−Zero Plot #3

Pole−Zero Plot #6
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For each of the pole-zero plots(#1, #2,· · · , #6), determine which one of the following systems (specified
by eitherH(z), a difference equation, or a MATLAB statement) matches the pole-zero plot.

S1 : yy = conv ([1, 0, 0, 0, 1], xx );

S2 : y[n] =

5∑
k=0

x[n − k]

S3 : y[n] =

4∑
k=0

x[n − k]

S4 : y[n] = x[n] + 2x[n − 1] + 3x[n − 2] + 2x[n − 3] + x[n − 4]

S5 : H(z) =
z−1

1 − 1.273z−1 + 0.81z−2

S6 : y = filter ([0, 1], [1, −1.559 , 0.81 ], xx );

S7 : H(z) = (1 + z−1)3

S8 : H(z) = 1 + z−1
− z−2

− z−3

S9 : y[n] = 0.9y[n − 1] + x[n − 1]


































