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PROB. Sp23-Q3.1. An FIR filter is described by the difference equation:

y[n ] = 2x[n – 1] + βx[n – 2] + 2x[n – 3].

Match each input below to the value of β that results in a zero output (y[n ] = 0 for all n).
Indicate your answers by writing a letter (from {A, B, ... I}) in each answer box:

(B) x[n ] = cos(πn/3 + 0.125π)12

β = –4(A) x[n ] = cos(π(n – 1)/6 + π/3)3

β = – 

(C)  x[n ] = cos(0.75π(n – 1)) + cos(1.25π(n + 1))
β = – 

(F) x[n ] =  (–1)n – 4

β = –2

(E) x[n ] = 2sin2(0.25π(n – 1) + π/3) – 1
β = 0

(H) x[n ] = cos(2π(n – 1)/3 + 5π/6)12

β = 2

(G) x[n ] = (jejπ(n – 1)/4 – je–jπ(n – 1)/4)
β = 

(D) x[n ] = cos(17π(n – 1)/6 – π/3)3

β = 

(I) x[n ] = 4cos2(0.25πn + π/5) + 4sin2(0.25πn + π/5)
β = 4
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PROB. Sp23-Q3.2. On the left below are several discrete-time signals. On the right are the corresponding 
DTFT, in a scrambled order. Match each signal to its corresponding DTFT by writing a 
letter from {A, B, ... M} into each answer box.
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x[n ] = δ[n ] – sin(0.6πn)
πn
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Mx[n ] =  –sin(0.6πn)
πn

sin(0.3πn)
πn

x[n ] = δ[n ] – +
sin(0.6πn)

πn
sin(0.2πn)

πn

x[n ] = cos(πn)sin(0.6πn)
πn

x[n ] = 
k=–∞
∞ sin(0.2πk)sin(0.4π(n – k))

π2k(n – k)
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sin(0.8πn)
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x[n ] = 1 + cos(πn) sin(0.4πn)
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PROB. Sp23-Q3.3.

(a) The 2-point DFT of [x[ 0 ], x[ 1 ]] = [3, 4] is:

(b) Let X[k ] be the k-th coefficient after taking the 1000-point DFT of [x[ 0 ], ... x[ 4 ]] = [1, 1, 1, 1, 1]. 
List all of the value(s) of k∈{0, ... 999}, if any, for which X[k ] = 0:

(c) If the 20-point DFT of [x[ 0 ], ... x[ 5 ]] satisfies X[k ] = e–jk0.3π(5 + 2cos(0.2πk)) for k∈{0, ... 19}, then:

X[ 0 ] X[ 1 ] 

X[k ] = 0 when k∈ .

x[ 0 ] x[ 1 ] x[ 2 ] x[ 3 ] x[ 4 ] x[ 5 ] 
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ANSWER KEY A



PROB. Sp23-Q3.1. An FIR filter is described by the difference equation:

y[n ] = 2x[n – 1] + βx[n – 2] + 2x[n – 3].

Match each input below to the value of β that results in a zero output (y[n ] = 0 for all n).
Indicate your answers by writing a letter (from {A, B, ... I}) in each answer box:

(B) x[n ] = cos(πn/3 + 0.125π)12

β = –4(A) x[n ] = cos(π(n – 1)/6 + π/3)3

β = – 

(C)  x[n ] = cos(0.75π(n – 1)) + cos(1.25π(n + 1))
β = – 

(F) x[n ] =  (–1)n – 4

β = –2

(E) x[n ] = 2sin2(0.25π(n – 1) + π/3) – 1
β = 0

(H) x[n ] = cos(2π(n – 1)/3 + 5π/6)12

β = 2

(G) x[n ] = (jejπ(n – 1)/4 – je–jπ(n – 1)/4)
β = 

(D) x[n ] = cos(17π(n – 1)/6 – π/3)3

β = 

(I) x[n ] = 4cos2(0.25πn + π/5) + 4sin2(0.25πn + π/5)
β = 4
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ω̂0 = π/6

ω̂0 = π/3

ω̂0 = 0.75π

ω̂0 = 5π/6
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|H(ejω̂0 )| = |2e–jω̂0 + βe–2jω̂0 + 2e–3jω̂0 |
= |e–2jω̂0(β + 4cos(ω̂0))| = 0 

when β = –4cos(ω̂0)



PROB. Sp23-Q3.2. On the left below are several discrete-time signals. On the right are the corresponding 
DTFT, in a scrambled order. Match each signal to its corresponding DTFT by writing a 
letter from {A, B, ... M} into each answer box.
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x[n ] = δ[n ] – +
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PROB. Sp23-Q3.3.

(a) The 2-point DFT of [x[ 0 ], x[ 1 ]] = [3, 4] is:

(b) Let X[k ] be the k-th coefficient after taking the 1000-point DFT of [x[ 0 ], ... x[ 4 ]] = [1, 1, 1, 1, 1]. 
List all of the value(s) of k∈{0, ... 999}, if any, for which X[k ] = 0:

(c) If the 20-point DFT of [x[ 0 ], ... x[ 5 ]] satisfies X[k ] = e–jk0.3π(5 + 2cos(0.2πk)) for k∈{0, ... 19}, then:

X[ 0 ] X[ 1 ] 

7 –1
Sample 3 + 4e–jω̂ at: ω̂ = 0 ⇒  X[ 0 ] = 7

ω̂ = π ⇒  X[ 1 ] = –1

X[k ] = 0 when k∈ .

The DTFT e–2jω̂ is zero at 4 places, when ω̂ ∈{0.4π, 0.8π, 1.2π, 1.6π}(2.5ω)sin
(0.5ω)sin

-------------------------ˆ

ˆ

⇒ After sampling at ω̂ = k2π/1000, when k∈{200, 400, 600, 800}

200, 400, 600,  800

0 2π

x[ 0 ] x[ 1 ] x[ 2 ] x[ 3 ] x[ 4 ] x[ 5 ] 

Substitute ω̂ = k2π/20 = k0.1π 

0 1 0 5 0 1

⇒ X(ejω̂)  = e–3jω̂(5 + 2cos(2ω̂)) = e–jω̂ + 5e–3jω̂ + e–5jω̂


