MT2.1 (35 Points) We form a system H by placing a pair of discrete-time LTI sys-
tems F and G in cascade, as shown below.

H

Let f, g, and h denote the impulse responses of the systems F, G, and H, respec-

tively. Moreover, F,G,and H are the transfer functions of the systems F, G, and H,
respectively.

The impulse responses and transfer functions of the three systems are described
below:
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(a) (10 Points) Determine the region of convergence of G (z), the transfer func-
tion of the subsystem G.
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(b) (20 Points) Show that the frequency response of the subsystem G can be ex-
pressed as _ .
G(w) = A(w) e,

where A(w) is a real-valued amplitude (not necessarily magnitude) function,
and o is a constant. Determine a reasonably simple expression for A(w) and
the numerical value of a.
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(c) (25 Points) Provide a well-labeled pole-zero diagram for G(z). To help you
plot, you might want to know that 2 /15 radians is approximately 24 degrees.
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plot, you might want to know that 27/15 radians is approximately 24 degrees.
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(d) (15 Points) If the input to the cascade interconnection H is the signal z de-
scribed by
-+
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determine and provide a well-labeled plot of the corresponding output sig-
nal y.
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(e) (15 Points) Express the frequency response H(w) of the cascade interconnec-
tion H in terms of the frequency response F(w) of the subsystem F.
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(e) (15 Points) Express the frequency response H(w) of the cascade interconnec-
tion H in terms of the frequency response F'(w) of the subsystem F.
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(f) (20 Points) Provide well-labeled plots of |F(w)| and ZF(w), the magnitude
and phase responses, respectively, of the subsystem F. Determine whether F
is a low-pass filter, high-pass filter, band-pass filter, comb filter, notch filter,
anti-notch filter, or some other type of filter.

y '2
E 6

Fw= FR)|, _,w = lre

: ' W
e ( I D
\

(
e qorms tnfo 295 &

V)

Flw) = e (H—l s )

So \‘?(w)li \11~2w5w]




