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Problem1. |7.10. We wish to design a discrete-time lowpass filter using the bilinear transformation on a
continuous-time ideal lowpass filter. Assume that the continuous-time prototype filter has
cutoff frequency 2, = 27 (2000) rad/s and we choose the bilinear transformation parameter
T = 0.4 ms. What is the cutoff frequency w, for the resulting discrete-time filter?

Problem2. 7,12, Anideal discrete-time highpass filter with cutoff frequency w, = /2 was designed using the
bilinear transformation with 7 = 1 ms. What was the cutoff frequency Q. for the prototype
continuous-time ideal highpass filter?

Problem3. 7,16, We wish to design an FIR lowpass filter satisfying the specifications
0.98 < H(e/®) < 102, 0 < |o| <063,
015 < H(e!®) <015, 0657 < || <,

by applying a Kaiser window to the impulse response hy[n] for the ideal discrete-time
lowpass filter with cutoff @, = 0.64x. Find the values of g and M required to satisfy this

specification.

Problem4.  7,23. A continuous-time filter with impulse response h.(f) and frequency-response magnitude

o [l 190 < 10,
IHcUﬁ]l-{o, 122 > 10,

is to be used as the prototype for the design of a discrete-time filter. The resulting discrete-
time system is to be used in the configuration of Figure P7.23-1 to filter the continuous-time
signal x.(1).
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Figure P7.23-1

(a) A discrete-time system with impulse response & [n] and system function H,(z) is ob-
tained from the prototype continuous-time system by impulse invariance with 7; =
0.01; 1.e., hy[n] = 0.0LA(0.01n). Plot the magnitude of the overall effective frequency
response H.x(jR2) = Y.(jR2)/ X.(jS2) when this discrete-time system is used in Fig-
ure P7.23-1.

(b) Alternatively, suppose that a discrete-time system with impulse response hs[n] and
system function H>(z) is obtained from the prototype continuous-time system by the
bilinear transformation with T; = 2; i.e.,

1@ = H®), e 1yae 1y

Plot the magnitude of the overall effective frequency response Heg(jQ) when this

discrete-time system is used in Figure P7.23-1.



Problem 5.

7.27

Problem 6.

7.28

7.27. Suppose that we are given an ideal lowpass discrete-time filter with frequency response

f eos 1- Iml = JTJ(4!
I —
H(e }_{D. n/4 < |w| < 7.

We wish to derive new filters from this prototype by manipulations of the impulse response

h[n].

(a) Plot the frequency response H(e/®) for the system whose impulse response is h; [n] =

h[2n].
(b) Plot the frequency response Ha(e/®) for the system whose impulse response is

[ hn2), n=0,+2,+4. ...,
haln] = {D. otherwise.

(c) Plot the frequency response Hi(e/*) for the system whose impulse response is hs[n] =

e/ h[n] = (=1)"h[n].

7.28. Consider a continuous-time lowpass filter H,(s) with passband and stopband specifications

1—481 = [H(jQ)] = 1+ 8y, 12| = Qp,
IH(iS2)] < 5. 2, < |82l
This filter is transformed to a lowpass discrete-time filter H(z) by the transformation

Hi (Z) = }Ic(-c)l‘._:“_z 4z 1)”

and the same continuous-time filter is transformed to a highpass discrete-time filter by the
transformation

Ha(2) = H(s))|

s=(l42-(1-z71)

(a) Determine a relationship between the passband cutoff frequency €2, of the continuous-
time lowpass filter and the passband cutoff frequency wp of the discrete-time lowpass
filter.

(b) Determine arelationship between the passband cutoff frequency 2, of the continuous-
time lowpass filter and the passband cutoff frequency w; of the discrete-time highpass
filter.

(c) Determine a relationship between the passband cutoff frequency wp; of the discrete-
time lowpass filter and the passband cutoff frequency wy; of the discrete-time highpass
filter.

(d) The network in Figure P7.28-1 depicts an implementation of the discrete-time lowpass
filter with system function H;(z). The coefficients A, B, C, and D are real. How should
these coefficients be modified to obtain a network that implements the discrete-time
highpass filter with system function H:(z)?
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Figure P7.28-1



Problem 7. 8.2

8.2. Suppose ¥|n]is a periodic sequence with period N. Then ¥[n] is also periodic with period 3.
Let X[k] denote the DFS coefficients of ¥[n] considered as a periodic sequence with period

N, and let X3[k] denote the DFS coefficients of ¥[n] considered as a periodic sequence with
period 3N.

(a) Express X;[k] in terms of X[k].

(b) By explicitly calculating X [k] and X;3[k], verify your result in Part (a) when ¥[n] is as
given in Figure P8.2-1.

" Figure P8.2-1
Problem 8. 8.4

8.4, Consider the sequence x[n] given by x[n] = a"u[n]. A periodic sequence ¥[n] is constructed
from x[n] in the following way:

o0

i[n] = Z x[n+rNJ.

F=—0Dng

(a) Determine the Fourier transform X (ef‘f} of x[n].
(b) Determine the discrete Fourier series X[k] of X[n].
(c¢) How is X[k] related to X(e/*)?
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