(@ Students have either already taken or started taking this quiz, so be careful about editing it. If you change any quiz questions in
a significant way, you may want to consider regrading students who took the old version of the quiz.

Points 100 @ Published
Details Questions
Q1  Pick 1 questions, 15 pts per question

Q1

Consider the following non minimum-phase system described by its transfer function H(Z)

H(Z) — 1-2271

1+%z—1

Specify a minimum-phase system function H,,, (2) such that the frequency-response magnitudes of the two
systems are equal. l.e., |H(ej“’)| = |Hmin(ejw)|_

Solution:

Zero at z = 2 is reflected inside unit circle by multiplying by all-pass filter with magnitude of 1:
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Q2  Pick 1 questions, 15 pts per question T +NTT

Q2

Below is the impulse response, ['n,], for an LTI system. Determine the group delay of the system.

h[n]

Solution:

Due to the symmetry of the impulse response, the system has generalized linear phase of a’rg[H(ej“’)] = ﬂ — Ngw where Ny is the

point of symmetry in the impulse response. Group delay is the negative derivate of the phase, which is just 0g. Therefore by inspection above
group delay = 2.

Q2

Below is the impulse response, h ['n,], for an LTI system. Determine the group delay of the system.

e

2 1 0 1 31567
4 1

Solution:

Due to the symmetry of the impulse response, the system has generalized linear phase of arg[H(ej‘*’)] = B — ngw where Ny is the

point of symmetry in the impulse response. Group delay is the negative derivate of the phase, which is just 70g. Therefore by inspection above
group delay = 3.

Q2

Below is the impulse response, h [n], for an LTI system. Determine the group delay of the system.




2 92 hin]

Solution:

Due to the symmetry of the impulse response, the system has generalized linear phase of a,rg[H(ej“’)] = ﬁ — ngw Wwhere N is the

point of symmetry in the impulse response. Group delay is the negative derivate of the phase, which is just 70g. Therefore by inspection above
group delay = 1.5.

Q2

Below is the impulse response, h, [n,] for an LTI system. Determine the group delay of the system.

2 h[n]
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Solution:

Due to the symmetry of the impulse response, the system has generalized linear phase of a,rg[H(ej“’)] = ﬁ — Nw Wwhere Ny is the

point of symmetry in the impulse response. Group delay is the negative derivate of the phase, which is just 70g. Therefore by inspection above
group delay = 3.

Q3  Pick 1 questions, 30 pts per question
Q3Soln

Solution:
a) The DTFT is given by:
K(e™) = X(e™) + X(e#)e N = X(e)(1 + e7N)

The DFT is samples of the DTFT:



R[] = R(e®)|,_om

2N
— X(ejan/zN)(l + (—l)k)
Therefore:

2X[§] k even

XM:{O k odd

b)

From figure 1:

Y[k] = X[k|H[K]

From figure 2:

Wik| = G[k| X[K]

W[k] is a downsampled version of Y[k] therefore:

WIk| = Y[2k]
G[k| X[k] = X[2k|H[2k] = 2X[k] H[2K]

This simplifies to:
Gk] = 2H[2K]

G[k] is two times the even samples of the 2N-point DFT of H, which we know can be found by time aliasing h[n] with N points. See the

decimation-in-frequency FFT for more information. Therefore g[n] = 2(h[n] —+ h[n =+ N]) , and system A time aliases and multiplies by
2.

For system B we need:

k
Y[k = {W[E] k even

0 k odd

Thus System B regenerates the 2N-point sequence by repeating w(n].

i Q3

Let ['n,] be an N-point sequence such that ['n,] =Qforp < Qandforp > N — 1. Let i['n,] be the 2N-point sequence obtained by
repeating 2 ['n,] i.e.,

z[n] 0<n<N-1
En]={ z[n—N] N<n<2N-1
0 else

Consider the implementation of a discrete-time filter shown in Figure 1 below. This system has an impulse response h ['n,] that is 2N points long;

ie., h[n] =0 forp < Qandforp > 2N — 1.
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a) In Figure 1, what is X [k] the 2N-point DFT of [n], in terms of X [k] the N-point DFT of g [n]? Hint: start by
writing X (e#) in terms of X (e%*).

b) The system from Figure 1 can be implemented using only N-point DFTs as indicated in Figure 2 below for
appropriate choices for System A and System B. Specify System A and System B so that ¢ ['n,] in Figure 1 and

y [n] in Figure 2 are equal for 0 < m < 2N — 1. Note that h [n] and y [n] in Figure 2 are 2N-point sequences and

w [n]| and g [n] are N-point sequences. Be careful with the DFT and sequence lengths in your analysis. You can

specify systems A and B with equations or a functional description.
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Q4  Pick 1 questions, 30 pts per question

Q4
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Let ['n,] and h [n] be two finite duration sequences of length I, = @; i.e., T [n] =h [n] = (0forp < 0andp > 6. Let X [k] and
Hg [k] denote 6-point DFT’s of 2o [n] and h [n], respectively. The 6-point inverse DFT of the product Yg [k] = X [k] Hg [k] denoted
Yo [’n,] , produces the following values:

n 0 1 2 3 4 5

Yo [n] 21 20 19 18 17 16

Let Xg [k] and Hg [k] denote the 8-point DFT’s of the aforementioned sequences ['n,] and b [n] The 8-point inverse DFT of the product
1f8 [k] = XS [k] HS [k] , denoted Ys ['n,] , produces the following values:

n 0 1 2 3 4 5 6 7

ys[n] 12 15 14 14 16 16 15 9

Given Ye [n] and Ys ['n,] , find the linear convolution of g [n] and b [n] l.e., determine the numerical values ofy[n] = a:[n] * h[n]

Solution:

Because & ['n,] and h [’n,] are both length 6, the linear convolution will have length, L=2*6-1=11. Therefore the 6-point and 8-point IDFTs,

Y6 [n] and yg [n] are time aliased versions of y[’n,] = w[’n,] * h['n,] such that yg ['n,] = y[’n,] + y['n, + 6] and
U8 [n] = y[n] + y[fn, + 8] With these two relationships you can derive the following equations:

y6[0] = y[0] +y[6] =21
yo[1] = y[1] +y[7] =20
6 (2] = y[2] +y[8] =19
ye[3] = y[3] + y[9] = 18
Yo [4] = y[4] +y[10] = 17
Y6 [5] = y[5] = 16

and

[

[

[
¥s[3] = y[3
ys[4] = y[4] = 16
ys[5] = y[5] = 16
ys[6] = y[6] = 15
ys[7] =y[7] =9

From these equations the linear convolution y[n] can be derived as:

yin]=[6111314 16 16 1596 4 1]

i Q4



Let ['n,] and h [n] be two finite duration sequences of length I, = @; i.e., T ['n,] =h ['n,] = (0forp < 0andp > 6. Let X [k] and
Hg [k] denote 6-point DFT’s of 2o [n] and h [n], respectively. The 6-point inverse DFT of the product Yg [k] = X [k] Hg [k], denoted
Yo [’n,] , produces the following values:

n 0 1 2 3 4 5

ye[n| 21 21 21 21 21 21

Let Xg [k] and Hy [k] denote the 9-point DFT’s of the aforementioned sequences I ['n,] and h [n] The 9-point inverse DFT of the product
Yy [k] = X [k] Hy [k]. denoted yg [n] . produces the following values:

n 0 1 2 3 4 5 6 7 8

yg[n] 9 12 15 18 20 21 15 10 6

Given Ye [n] and Yo ['n,], find the linear convolution of g [n] and h ['n,] l.e., determine the numerical values of y[n] = a;[n] * h[n]

Solution:

See above for solution methodology.

Q4

Let ['n,] and h ['n,] be two finite duration sequences of length [, = 7; i.e, & ['n,] =h ['n,] = (Qforn < Qandm Z 7. Let X7 [k]
and Hy [k] denote 7-point DFT’s of g ['n,] and b [n] respectively. The 7-point inverse DFT of the product Y7 [k] =Xy [k] H; [k] ,
denoted Y7 [n] , produces the following values:

n 0 1 2 3 4 5 6

y7[n] 20 19 18 17 18 19 20

Let Xll [k] and H11 [k] denote the 11-point DFT’s of the aforementioned sequences 2 [n] and h [n] The 11-point inverse DFT of the
product ¥7; [k] =X [k] Hy; [k] denoted 717 [n] , produces the following values:

n 0 1 2 3 4 5 6 7 8 9 10

yun] | 10 11 11 11 13 15 20 15 12 7 6

Given Yr [n] and Y11 [n] , find the linear convolution of 2 [n] and h [n] l.e., determine the numerical values of y[n] = :z;[n] * h[n]

Solution:

See above for solution methodology.



Q4

Let [n] and h, [n] be two finite duration sequences of length [, — 7; i.e., [n] =h ['n,] =0forp < Qandp > 7. Let Xy [k]
and Hy [k] denote 7-point DFT’s of ¢ [n] and h [n] respectively. The 7-point inverse DFT of the product Yy [k] = Xy [k] Hy [k] ,
denoted Y7 [n] , produces the following values:

n 0 1 2 3 4 5 6

y7[n] 20 20 20 20 20 20 20

Let Xl() [k] and ng [k] denote the 10-point DFT’s of the aforementioned sequences ['n,] and h [n] The 10-point inverse DFT of the
product Y7 [k] =Xy [k] Hy, [k] , denoted g4 ['n,] produces the following values:

n 0 1 2 3 4 5 6 7 8 9

Y10 [n] 11 13 17 14 15 16 20 15 12 7

Given yr [n] and Y10 [n] , find the linear convolution of g [n] and h ['n,] l.e., determine the numerical values of y[n] = a,-['n,] * h[n]

Solution:

See above for solution methodology.

Q5  Pick 1 questions, 10 pts per question

Q5

How are the DTFT and the DFT of a discrete-time sequence related? Be specific and explain clearly. Graphs and equations may be helpful in
explaining.

Solution:

The DFT is uniform samples of the DTFT over the range 0 to 2pi.

Q5

How are the DFT and FFT of a discrete-time sequence related? Be specific and explain clearly. Graphs and equations may be helpful in
explaining.

Solution:



They are the same. The FFT is just a faster computation of the DFT, because it requires less multiplications.

Q5

How are the DTFT and Z-transform of a discrete-time sequence related? Be specific and explain clearly. Graphs and equations may be helpful
in explaining.

Solution:

The DTFT is the Z-transform evaluated at 5 — @ .

Q6 0 pts

Upload a single file (,pdf preferred) of your answers with work here for grading and partial credit.

+_New Question +_New Question Group Q_Find Questions

(J Notify users this quiz has changed


https://canvas.upenn.edu/courses/1569831/quizzes/2619750

