ADSP - Ex /]

a)

Problem 1 (relationship between continuous and discrete signals)

A complex-valued continuous-time signal v, () has the Fourier transform shown in figure
1. This signal is sampled to produce the sequence v(n) = v4(nT).
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Figure 1: Fourier transform of v, (t)

(a) Sketch the Fourier transform V (¢/?) of the sequence v(n) for T' = >
2

(b) What is the lowest sampling frequency that can be used without incurring any
aliasing distortion, i.e. so that v,(t) can be recovered from v(n)?
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Problem 2 (overall system for filtering a continuous-time signal in digital

domain)

Figure 2 shows an overall system for filtering a continuous-time signal using a discrete-
time filter. The frequency response of the ideal reconstruction filter H,(jw) and the

discrete-time filter are shown below.

p(t) = Xz do(t — nT)

Convert from
impulse train  f(p, i y(n) Convert to yi(t) '
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Figure 2: Overall system.

(a) For V,(jw) as shown in figure 3 and 1/T = 20k H z sketch Vi(jw) and V(e?%).
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Figure 3: Spectrum of V;,(jw) and Heg(jw)

For a certain range of values of T, the overall system, with input v,(¢) and output ¥, (t), is
equivalent to a continuous-time lowpass filter with frequency response Heg(jw) sketched

in figure 3.

(b) Determine the range of values of T' for which the information presented above is

true, when V,(jw) is bandlimited to |w| < 27 - 10* as shown in figure 3.

(c) For the range of values determined in (b), sketch w. as a function of 1/7.

Note: This is one way of implementing a variable-cutoff continuous-time filter using fixed

continuous-time and discrete-time filters and a variable sampling rate.
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