Exam Signals and Systems
22 januari 2015, 9:00-12:00

e Please put your student identification card on your desk.
e Write your name, student number and the total number of sheets on the first sheet. Number the sheets!
e You may answer the problems in Dutch or in English.

e Please read each problem fully before making it. Write neatly and carefully. If the handwriting is unreadable,
or needs guessing to make something out of it, then the answer is rejected.

e This exam comes with a formula sheet. If you are using a formula from this sheet, please indicate the number
of the formula. Other literature, such as the book, may not be consulted.

e The use of a (graphical) calculator is permitted.
e For answers without explanation (even if the answer is correct) no points are awarded.

e The exam consists of five problems. Problem 1 is worth 16 points, problem 2 is worth 14 points, and the
remaining problems are worth 20 points each. You get 10 points for free (total 100 points).

Problem 1: signals and spectra
The figures below show three continuous signals (deflection as a function of the time).
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(a) Determine for each signal a formula for the deflection as a function of the time.

(b) Given the continuous signals z(t), y(t) and z(¢)
x(t) = —cos(8nt)
y(t) = 4sin(6mt)
2(t) = 2(t)y(t)
Write each of these signals as a sum of terms of the form Xe/?,

(c) Plot the spectrum of each signal. Show the units along the axes and specify for each frequency
component the corresponding phase angle.

(d) Derive a formula for the chirp signal z(¢) of which the frequency sweeps linearly from f, = 220Hz
to fi = 2320Hz over a 3-second time interval. At ¢ = 0 the phase angle is ¢ = 0, and the deflection
is 2.



Problem 2: Instantaneous frequency, spectrograms, and sampling
Given are the continous-time signals

z(t) = cos(2007t + 1007t?)
y(t) = 6cos(30mt 4 7/2) 4 cos(157t + 7/2)

(a) Give an expression for the instantaneous frequency (in Hz) of x(t) as a function of time.

(b) Sketch the spectrogram of z(t) for 0 < ¢t < 2. Make sure to label the axes. [Note: the frequency
axis must be in Hz]

(c) The signal y(¢) is sampled with a sampling rate of 60 samples per second using a perfect A/D
converter to create the discrete time signal y[n|. Give an expression for y[n| in terms of the resulting
dicrete-time frequencies (w).

(d) Does aliasing occur in the setting as described in (c)? Explain your answer.

Problem 3: Fourier analysis

(a) The Fourier coefficients of a continuous signal (with period 7" = ﬁ sec.) are:
2 fork= -5
o fork =—1
)3 fork=0
S j fork=1
2 fork=5
0  for all other k&

This signal can be written in the form DC' + A cos(27 fot + ¢o) + B cos(27 fit + ¢1). Determine
the values of DC', A, fy, ¢o, B, f1 and ¢;.

(b) The following figure shows the periodic continuous signal x(t) with period 7" = 5 seconds.

Show that the Fourier coefficients ay, of the signal x(t) are given by

B 2/5 fork =0
ar = 27376(67]'%1@/5 _ €7j87rk/5) for k # 0

(c) Determine the Fourier coefficients by, of the signal y(t) = x(t — 1).

(d) Determine the Fourier coefficients of the function z(¢) = 5 + 2sin(27120t) cos(2730t).



Problem 4: LTI-systems

(a) Two systems Fy and F are governed by the equations

voln] = (wn —1])°
yin] = 2z[—n]

where z[n| is the input and yg 1[n] are the outputs. For both systems, determine whether they are
causal, linear, and time invariant.

(b) The impulse response h[n] of a discrete-time LTI system is shown in the following figure.

-2 -1 0 1 2 3 4 5 6 n

What is the output of this system when we feed it on its input the unit-step function z[n| = u[n|?
[Note: u[n] = 0 for n < 0, and u[n] = 1 for n > 0]

(c) Consider the following system that is composed of two cascaded LTI-systems.

X ——> h1 > h2 >y

The impulse response hq[n] is given as hy[n] = d[n] + d[n — 1] + d[n — 2]. We feed the system
with the discrete time signal z[n] = §[n] + d[n — 2], and observe the output

y[n] = d[n] 4+ 20[n — 1] + 45[n — 2] + 46[n — 3] + 46[n — 4] + 20[n — 5] + d[n — 6]

Determine the impulse response /s [n].

(d) Consider the following system that is composed of two parallel LTI-systems.

A4

h2

The impulse response hy[n] is given as hy[n] = d[n] + d[n — 1] + d[n — 2].
We feed the system with the discrete time signal z[n| = d[n] + d[n — 2], and observe the output
y[n] = d[n] + 30[n — 1] + 30[n — 2] + 3d[n — 3] + 2d[n — 4]

Determine the impulse response hs[n].



Problem S: frequency responses and z-transforms

(a) Give the z-transform (or system function) H(z) and the frequency response H (¢’“) of a 5-point
running average filter.

(b) The z-transform (or system function) of a FIR system is given by H(z) = 1 — 2cos(w)z~! + 272
Determine the roots of H(z), and use the result to determine the output of the system when we
feed it the input z[n] = 1 + 3sin(nw).

(c) Construct the system function H (z) and the difference equation of a system that removes the signal

w[n] =1+ cos(75) cos("*) completely. Of course, the trivial solution H (z) = 0 is not allowed.

(d) Let H; be some FIR system. Use the z-transform to show that there cannot exist a FIR system /1,
which is the inverse of H; (in other words, if we connect the output of H; to the input of H,, then
the resulting cascaded system would be the identity function).
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Formula sheet Signals and Systems
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