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PROB. Sp25-Q3.1. An FIR filter is described by the difference equation:

y[n ] = Ax[n – 1] + Bx[n – 2] + Ax[n – 3] + Bx[n – 4 ] + Ax[n – 5].

The constants A and B are unspecified and different in the two parts below.

(a) Suppose A = 1 and B = 1. What digital frequencies does this filter null? 
Express your answer by listing all of the value(s) of ω̂∈[ 0, π], 
if any, for which the output in response to an input of cos( ω̂n)  is zero for all time:

(b) Find A and B if the output in response to:
x[n ] = 2 + 2cos(π(n − 1))

is y[n ] = 24 (for all n, a constant).

response to cos( ω̂n)  is zero when ω̂∈ .

0 ≤ ω̂ ≤ π only 

A = ,

B = .



PROB. Sp25-Q3.2. Match each discrete-time signal on the left to its corresponding DTFT plot on the right. 
(The y-axis scales may differ, they are not labeled, the shapes are enough.) 
Indicate your answer by writing a letter from {A, B, ... L} into each answer box.
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PROB. Sp25-Q3.3. (The different parts of this problem are unrelated.)

(a) The 3-point DFT of [x[ 0 ], x[ 1 ], x[ 2 ]] = [ 5, −1, −1 ] is:

(b) Suppose that the k-th coefficient after taking the 32-point DFT of [x[ 0 ], ... x[ 31]] is X[k ] = (j)k.
List all of the value(s) of n∈{0, ... 31}, if any, for which x[n ] W= 0:

(c) The 4-point DFT of  [x[ 0 ], ... x[ 3]] = [ 5, 7, 1, 7 ] is  [X[ 0 ], ... X[ 3]] = [ 20, 4, −8, 4 ]. 

Find the 4-point DFT of [y[ 0 ], ... y[ 3]] = [ 7, 5, 7, 1 ].  

X[ 0 ] X[ 1 ] X[ 2 ] 

x[n ] W= 0 when n∈ .

Y [ 0 ] Y [ 1 ] Y [ 2 ] Y [ 3 ] (Hint: use the DFT delay property.)



Table of DTFT Pairs

Time-Domain: x[n] Frequency-Domain: X(ejω̂)

δ[n] 1

δ[n− n0] e−jω̂n0

rL[n] = u[n]− u[n− L]
sin(12Lω̂)

sin(12 ω̂)
e−jω̂(L−1)/2

rL[n]e
jω̂0n

sin(12L(ω̂ − ω̂0))

sin(12(ω̂ − ω̂0))
e−j(ω̂−ω̂0)(L−1)/2

sin(ω̂bn)

πn
u(ω̂ + ω̂b)− u(ω̂ − ω̂b) =

{
1 |ω̂| ≤ ω̂b
0 ω̂b < |ω̂| ≤ π

anu[n] (|a| < 1)
1

1− ae−jω̂

Table of DTFT Properties

Property Name Time-Domain: x[n] Frequency-Domain: X(ejω̂)

Periodic in ω̂ X(ej(ω̂+2π)) = X(ejω̂)

Linearity ax1[n] + bx2[n] aX1(e
jω̂) + bX2(e

jω̂)

Conjugate Symmetry x[n] is real X(e−jω̂) = X∗(ejω̂)

Conjugation x∗[n] X∗(e−jω̂)

Time-Reversal x[−n] X(e−jω̂)

Delay (nd=integer) x[n− nd] e−jω̂ndX(ejω̂)

Frequency Shift x[n]ejω̂0n X(ej(ω̂−ω̂0))

Modulation x[n] cos(ω̂0n)
1
2X(ej(ω̂−ω̂0)) + 1

2X(ej(ω̂+ω̂0))

Convolution x[n] ∗ h[n] X(ejω̂)H(ejω̂)

Autocorrelation x[−n] ∗ x[n] |X(ejω̂)|2

Parseval’s Theorem
∞∑

n=−∞
|x[n]|2 1

2π

∫ π

−π
|X(ejω̂)|2dω̂

Date: 28-Apr-2013



Table of Pairs for N-point DFT

Time-Domain: x[n], n = 0, 1, 2, . . . , N − 1 Frequency-Domain: X[k], k = 0, 1, 2, . . . , N − 1

If x[n] is finite length, i.e.,
x[n] 6= 0 only when n ∈ [0, N − 1]
and the DTFT of x[n] is X(ejω̂)

X[k] = X(ejω̂)

∣∣∣∣
ω̂=2πk/N

(frequency sampling the DTFT)

δ[n] 1

1 Nδ[k]

δ[n− n0] e−j(2πk/N)n0

ej(2πn/N)k0 Nδ[k − k0], when k0 ∈ [0, N − 1]

rL[n] = u[n]− u[n− L], when L ≤ N
sin( 1

2
L(2πk/N))

sin( 1
2
(2πk/N))

e−j(2πk/N)(L−1)/2

rL[n]ej(2πk0/N)n, when L ≤ N
sin( 1

2
L(2π(k − k0)/N))

sin( 1
2
(2π(k − k0)/N))

e−j(2π(k−k0)/N)(L−1)/2

sin( 1
2
L(2πn/N))

sin( 1
2
(2πn/N))

ej(2πn/N)(L−1)/2 N(u[k]− u[k − L]), when L ≤ N

Table of DFT Properties

Property Name
for n2f0, ... N−1g

Frequency-Domain: X[k]

Periodic
x[n] = x[n+N ]

X[k] = X[k +N ]
periodic extension

ax1[n] + bx2[n] aX1[k] + bX2[k]

Conjugate Symmetry x[n] is real X[N − k] = X∗[k]

Conjugation x∗[n] X∗[N − k]

Time-Reversal x[N − n] X[N − k]

Delay (PERIODIC) x[n− nd] e−j(2πk/N)ndX[k]

Frequency Shift x[n]ej(2πk0/N)n X[k − k0]

Modulation x[n] cos((2πk0/N)n) 1
2
X[k − k0] + 1

2
X[k + k0]

Convolution (PERIODIC) x[n] ∗ h[n] =
∑N−1
m=0 h[m]x[n−m] X[k]H[k]

Parseval’s Theorem

N−1∑
n=0

|x[n]|2 =
1

N

N−1∑
k=0

|X[k]|2

»

» »

» »

Linearity

Time-Domain: x[n]
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PROB. Sp25-Q3.1. An FIR filter is described by the difference equation:

y[n ] = Ax[n – 1] + Bx[n – 2] + Ax[n – 3] + Bx[n – 4 ] + Ax[n – 5].

The constants A and B are unspecified and different in the two parts below.

(a) Suppose A = 1 and B = 1. What digital frequencies does this filter null? 
Express your answer by listing all of the value(s) of ω̂∈[ 0, π ], 
if any, for which the output in response to an input of cos( ω̂n)  is zero for all time:

(b) Find A and B if the output in response to:
x[n ] = 2 + 2cos(π(n − 1))

is y[n ] = 24 (for all n, a constant).

response to cos( ω̂n)  is zero when ω̂∈ .

0 ≤ ω̂ ≤ π only 

⇒ H(ejω̂) = e–j3ω̂ , sin(2.5ω̂ )
sin(0.5ω̂ )

From table:

and the denominator is not, 
which is zero when the numerator is zero

0.4π, 0.8π

0.4π 0.8πi.e. when 2.5ω̂ = mπ for m = 1 or 2 ⇒ ω̂ = m0.4π

A = ,

B = .

Evaluating H(ejω̂) = Ae–jω̂ + Be–j2ω̂ + Ae–j3ω̂ + Be–j4ω̂ +Ae–j5ω̂

• at ω̂ = 0 ⇒ 3A + 2B = 12

• at ω̂ = π ⇒ −3A + 2B  = 0

The constant 2 becomes 24 ⇒ dc gain is H(ej0) = 12.
The sinusoid at ω̂ = π is nulled  ⇒ H(ejπ) = 0.

A = (2/3)B

3(2/3)B + 2B = 12 ⇒ B = 3 

A = 2

2

3







PROB. Sp25-Q3.2. Match each discrete-time signal on the left to its corresponding DTFT plot on the right. 
(The y-axis scales may differ, they are not labeled, the shapes are enough.) 
Indicate your answer by writing a letter from {A, B, ... P} into each answer box.
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πn

x[n ] = cos(0.8πn)sin(0.2πn)
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PROB. Sp25-Q3.3. (The different parts of this problem are unrelated.)

(a) The 3-point DFT of [x[ 0 ], x[ 1 ], x[ 2 ]] = [ 5, −1, −1 ] is:

(b) Suppose that the k-th coefficient after taking the 32-point DFT of [x[ 0 ], ... x[ 31]] is X[k ] = (j)k.
List all of the value(s) of n∈{0, ... 31}, if any, for which x[n ] W= 0:

(c) The 4-point DFT of  [x[ 0 ], ... x[ 3]] = [ 5, 7, 1, 7 ] is  [X[ 0 ], ... X[ 3]] = [ 20, 4, −8, 4 ]. 

Find the 4-point DFT of [y[ 0 ], ... y[ 3]] = [ 7, 5, 7, 1 ].  

X[ 0 ] X[ 1 ] X[ 2 ] 

Start with DTFT: X(ejω̂) = 5 − e–jω̂ − e–j2ω̂ , 

X[ 0 ] = X(ejω̂)|ω̂ = 0
 = 5 − 1 − 1 = 3

X[ 1 ] = X(ejω̂)|ω̂ = 2π/3
 = 5 − e–j2π/3 − e–j4π/3 = 6

real in time domain ⇒ X[ 2 ] = X*[ 1 ] = 6

3 6 6
then sample:

x[n ] W= 0 when n∈ .

X[k ] = (j)k = ej0.5πk = e−j1.5πk = e−j2π(24)k/32 = n= 0

31
x[n ]e−j2π(n)k/32

equate terms 
⇒ x[ 24 ] = 1, all others zero

24

Y [ 0 ] Y [ 1 ] Y [ 2 ] Y [ 3 ] (Hint: use the DFT delay property.)

From table with nd = 1 and N = 4:

⇒ Y[k ] = e−j(2πk/4)X[k ] = (−j)kX[k ]:
⇒ Y[ 0 ] = X[ 0 ]

Y [ 1 ] = −jX[ 1 ]

Y [ 2 ] = −X[ 2 ]

Y [ 3 ] = jX[ 3 ]

20 −4j 8 4j
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