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Problem F.2:

DFT Properties

(a) Suppose the DFT, X[k], of a sequence x[n] below, is real. That is, X⇤[k] = X[k] for k = 0, . . . , 7.
Can the unknown values of x[n] be determined? If yes, give the missing values. If no, then justify
your answer.

{1, 7, ?, ?, 1, 6, 5, 7}

(b) Given an unknown length-5 real sequence x[n] with a corresponding 5-point DFT coe�cient
sequence X[k] = {0, 1, j,�j, 1}, determine x[0].

(c) If X8[k] is the 8-point DFT of a sequence {a, b, c, d, 0, 0, 0, 0}, Express X4[k], the 4-point DFT,
of the sequence {a, b, c, d} in terms of X8[k].



Version 1 for Problem 2  
 
(a) Since X*[k]=X[k], i.e. being real for all k, the IDFT of X[k] will also be conjugate symmetric, 

i.e., x[N-n]=x*[n], but x[n] is real, so we have x[N-n]=x*[n]=x[n]. This can also be shown: 
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      Therefor if x[n] = {1; 7; ?; ?; 1; 6; 5; 7}, then the missing x[2]=x[8-2]=5, and x[3]=x[8-3]=6. 
 

(b) The IDFT of an N-point DFT sequence, X[k], can be evaluated as: 
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      Therefor if x[n] = {0; 1; j; -j; 1}, with N=5, then x[0]=2/5. 
 

(c) Recall that zero-padding of a sequence, x[n] = {a; b; c; d}, to y[n] = {a; b; c; d; 0; 0; 0; 0}, 
produces the same DTFT for both x[n] and y[n]. Therefore, with 8-point DFT that samples the 
DTFT of y[n], we end up with twice the number of points than that for a 4-point DFT of x[n]. 
Since there are four sample falling on top of each other, we can deduct that X[k] = Y[2k], for 
k=0, 1, 2, and 3. This can also be proved as follows: 
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Problem F.3:

Frequency Response

Below are the pole-zero plots of the z-transforms (H(z)) of four discrete-time systems. On the

following pages are plots of magnitude frequency responses (
���H(ej!̂)

���) and impulse responses (h[n]).

The numbers on the pole-zero plots represent the multiplicity of the poles and zeros. For each pole-zero
plot, enter the letter of the matching frequency response and impulse response respectively. If it is
helpful, you can tear the next two pages out of the exam to facilitate comparison, but turn them in with
your exam.

ℑ(z)

ℜ(z)
Frequency Response

ANS =

Impulse Response

ANS =

32

ℑ(z)

ℜ(z)
Frequency Response

ANS =

Impulse Response

ANS =

ℑ(z)

ℜ(z)
Frequency Response

ANS =

Impulse Response

ANS =

ℑ(z)

ℜ(z)
Frequency Response

ANS =

Impulse Response

ANS =

A

F

    B

    C

    j

    k

    l

    i



(Magnitude) Frequency Responses

-1 -0.5 0 0.5 1

Normalized Frequency (ω/π)

A

-1 -0.5 0 0.5 1

Normalized Frequency (ω/π)

B

-1 -0.5 0 0.5 1

Normalized Frequency (ω/π)

C

-1 -0.5 0 0.5 1

Normalized Frequency (ω/π)

D

-1 -0.5 0 0.5 1

Normalized Frequency (ω/π)

E

-1 -0.5 0 0.5 1

Normalized Frequency (ω/π)

F

-1 -0.5 0 0.5 1

Normalized Frequency (ω/π)

G

-1 -0.5 0 0.5 1

Normalized Frequency (ω/π)

H



Impulse Responses
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Problem F.5:

Frequency Response

x1[n]
y1[n] = x2[n]

y2[n]System 1 System 2

Two systems are connected in cascade, as shown in the figure above. The first system is described by
the following di↵erence equation:

y1[n] = x1[n] + b1x1[n� 1] + x1[n� 2]

The second system is described by the following di↵erence equation:

y2[n] = a2y2[n� 1] + x2[n]

(a) Write an expression for H(z), the system function of the overall cascade system.

(b) When the input to the system is the following:

x1[n] = 2(�1)n � cos(⇡n/5 + ⇡/4)

the corresponding output of the overall system is:

y2[n] = 4(�1)n

Determine the numerical values of b1 and a2. Show enough work to make it clear how you arrived
at your final answer. (Hint: Start by computing b1 based on the fact that one of the input
components is missing from the output.)



Problem X

x1[n]
y1[n] = x2[n]

y2[n]System 1 System 2

Two systems are connected in cascade, as shown in the figure above. The first system is described by the
following di↵erence equation:

y1[n] = x1[n] + b1x1[n� 1] + x1[n� 2]

The second system is described by the following di↵erence equation:

y2[n] = a2y2[n� 1] + x2[n]

(a) Write an expression for H(z), the system function of the overall cascade system.

(b) When the input to the system is the following:

x1[n] = 2(�1)n � cos(⇡n/5 + ⇡/4)

the corresponding output of the overall system is:

y2[n] = 3.5(�1)n

Determine the numerical values of b1 and a2. Show enough work to make it clear how you arrived at

your final answer. (Hint: Start by computing b1 based on the fact that one of the input components
is missing from the output.)

Solution

(a)

H(z) =
1 + b1z

�1 + z�2

1� a2z�1

(b)

0 = 1 + b1e
�j⇡/5 + e�j2⇡/5

b1 = �1 + e�j2⇡/5

e�j⇡/5
= �

⇣
ej⇡/5 + e�j⇡/5

⌘

= �2 cos(⇡/5) = �1.618

H(�1) =
1� b1 + 1

1 + a2
=

3.5

2
= 1.75

1 + a2 = (2� b1)/1.75 = 2.067

a2 = 1.067
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