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— ~(20%) Figure 1 is the frequency response H(jw) of a continuous-time filter referred to as a
low-pass differentiator. For each of the input signals x(#) below, determine the filtered

output signal y(¢).
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Figure 1.
(=) (o) XU@) =577

(=) (o%) ¥O= cos (47t +6)

= ~ (10%) Consider the signal
A= [sin 50t JZ
7t ’
which we wish to sample with a sampling frequency of @, =1507 to obtain a signal g(¢) with
Fourier transform G(j®@). Determine the maximum value of @, for which it is guaranteed
that
G(jw) = 75X (jw)for|o| < a,

where X (j®) is the Fourier transform x(7).
= ~ (10%) How many signals have a Laplace transform that may be expressed as

(s-1)
(s+2)(s+3)(s* +5+1)

in its region of convergence?

g ~ (10 %) The output y(¢) of a causal LTI system is related to the input x(f) by the equation

where z(1) = e” u(t) + 36(2).

(—) (5%) Find the frequency resvponse H(jw) = Y(jw)/X(jw) of this system.

(=) (5%) Determine the impulse response of the system.
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& ~ (15%) For a causal linear time-invariant (LTI) system, it has impulse response

h[n]=n(0.5)"u[n] . Please use Z-transform to find its output y[n]=x{n]*h[n] when the input

signal x[n] is x[n] = (0.4)"u[n], where * is the time-domain convolution operator and u[n] is the

unit step function.

~ (15 %) Please prove the following discrete-time Fourier transform (DTFT) properties:

DTFT

(’.) (5%) X[Tl]'y[n]“)?”]. X(eje)Y(e J(Q— 9))d9
(=) (5%) x[-n]—2T 5 X (e

(2) (5%) " x[n]—2ET 5 X (/@ )y

XRemark: n is the discrete-time index, £2is the radial frequency, * is discrete-time convolution
operator, and X(e/Q) and Y(e/?) are the discrete-time Fourier transforms of discrete-time
sequences x[n] and y[n], respectively.

~ (20%) Consider a signal flow graph shown in Figure 2.

2
xn] —H0O—1 - y[n]
+

A .1

7
df?j 10 10 f’@

A 74

Figure 2.
(—) (7%) Please find the transfer function H(z).
(=) (7%) If the system is causal, please find the impulse response A[n] of the system.

(Z) (6%) Please derive the Fourier transform & (e’*) of h[n] from H(z).
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