ECE 3101 FiINaL EXAN [December 20007

Question 1. [25 MaRks]

All parts of this question consider the discrete-time linear ime-invariant system with impulse response:
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Part (b) [6 MARKS]

Suppose that the input to the system is 71|n] = uln] = uln — 2. Sketch and label the output ¥;|n|.
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Part (¢) [10 MARKS]

Construct an input signal 2 || such that the output yz[n| = 6[n/.
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Part (d) [5 MARKS]

Construct an input signal xa|n| such that the output ys|n| = uln|.
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Question 2. [25 MARKS]

Note: In some classes, the frequency variable in the discrete ime Fourier transform was wntien as 2, not
. Use the protocol you are comfortable with. In this question, i1t 1s written as .

Part (a) [4 MARKS]

A discrete time low pass filter is designed such that, in the region w € (—u.7%), its transfer function
(frequency response) H(e7<) is defined by
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Sketch the transfer function (frequency response) in the region w € (=5n,5m). p J
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Part (b) [3 MARKS]

Is the system described in part (a) causal, i.e., h|n] = 0 for n < 0? Briefly explain your answer.
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Part (¢) [10 MARKS]

The figure below illustrates a discrete ime system composed of two individual systems, The output, yin|
is the sum of the two individual outputs, i.e. yln| = wjn| + ys(nl.
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Figure 1: Block diagram for Question 2, Part (¢).
The two individual system transfer functions are:
Hy(e) = :
() = T ope @

|
Ha(€) = 1 gpe-dt/

Find the linear constant-coefficient difference equation relating the input 2|n] and the overall output y{n}.
The coefficients are real and must be written as such. Note: ei™/3 = cos(m/3) + jsin(x/3) = 0.5+ 3v/3/2.
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Part (d) [8 MARKS]
l

What is the impulse response h|n] for the overall system in part (c)? ’
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Question 3. [25 MARKS]

As sketched in Figure 2, the signal x(#) has a continuous-hme Fourier transform
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Figure 2: The spectrum of z(t).
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As shown in Figure 3, the signal z(1) 1s sampled by the impulse train p(t) = >0
zu(t) = x()p(t).

p(t)

X X, (0)

Figure 3: The impulse train sampler producing a,(1) = x(t)p(t

Part (a) [4 MARKS]

In terms of seconds, indicate the range of T for which aliasing occurs.
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Part (b) |6 MARKS]
Make a detailed and labelled plot of A7) for —3wpy < «

» < Bway, when T = (2/3) x 10~ seconds.
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Question 4.  [25 MARKS] S’l"yé’- __C;cﬂl bad Modulation

Part (a) [13 MARKS] = G 9" +w’ fCoud Hn 0@1,(9 sihe EM{
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is used as shown in Figure 5 to create a new signal p(f ) from 2:(¢). Assume that 2(t) is real and bandlimited
to wyy, which is much less than w.. Derive P{jw)in ler s of X (jw). Show your work.
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Figure 5: Block diagram for Question 4, Part (a).
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Response to 4a (cont)
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Part (b) [8 MARKS]

Devise a receiver ta recover X (1u) from Pljw), 1.e.,, a system that takes p(t) as input and outputs (7).

Draw a block diagram of vour receiver. Clearly label key parameters of the receiver and relate them to

signal parametprf such as carrier frequency w, and bandwidth wyy,
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Part (¢) [4 MARKS]

Assume that a real band-limited audio signal whose Fourier transform extends from -20 kHz to 20 kHz
is to be transmitted by a radio station. Further, let that station share the radio spectrum from 10 Mhz
{0 20 Mhz with other stations transmitting different audio signals that are also real and band-limited
with Fourier transforms extending from -20 klHz to 20 kHz. Each station employs a transmitting scheme
as shown in Figure 5, but each uses a different carrier frequency «.. What is the maximum number
of stations that you can fit into the assigned spectrum without their spectra overlapping? Justify your
answer.
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