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use the backs of previous pages. 

  



NAME: ___________________________ 
FIRST               LAST 

PROBLEM Fall-25-Q.3.1: 

This problem involves discrete-time LTI systems. For Part a) and b) below, find the impulse response of 

the overall system depicted in the respective figures (System A) and (System B). 

a) System A 

 
Solution: 

ℎ𝐴[𝑛] = 𝛿[𝑛 − 20] − 𝛿[𝑛 − 23] 

 

 

 

b) System B 

 
Solution: 

 

ℎ𝐵[𝑛] = 𝛿[𝑛 − 10] − 𝛿[𝑛 − 12] 

 

 

 

c) An input given as 𝑥[𝑛] = 3 + 2 𝑐𝑜𝑠( 𝑛𝜋/2) is being processed by System B. Find the output 𝑦[𝑛]. 
 

Solution:  

ℎ𝐵[𝑛] = 𝛿[𝑛 − 10] − 𝛿[𝑛 − 12],                     𝐻𝐵(𝑒𝑗𝜔̂) = 𝑒−𝑗10𝜔̂ − 𝑒−𝑗12𝜔̂ 

          𝐻𝐵(𝑒𝑗𝜔̂) |
𝜔̂ = 0

= 1 − 1 = 0 

𝐻𝐵(𝑒𝑗𝜔̂) |
𝜔̂ =

𝜋

2
= 𝑒−𝑗10

𝜋
2 − 𝑒−𝑗12

𝜋
2 = 𝑒−𝑗5𝜋 − 𝑒−𝑗6𝜋 = −1 − 1 = −2 = 2𝑒𝑗𝜋 

𝑦[𝑛] = 3 × 0 + 2 × 2 𝑐𝑜𝑠( 𝑛𝜋/2 + 𝜋) = 4 𝑐𝑜𝑠(
𝑛𝜋

2
+ 𝜋)  

][nx
][1 nhA

][ny
)(

ˆ

2
j

A eH ][3 nhA

][nx

][ny][1 nhB

)(
ˆ

2
j

B eH ][3 nhB

ℎ𝐴1[𝑛] = 𝛿[𝑛] + 𝛿[𝑛 − 1] + 𝛿[𝑛 − 2] 

𝐻𝐴2(𝑒𝑗𝜔̂) = 𝑒−𝑗20𝜔̂;  ℎ𝐴3[𝑛] = 𝛿[𝑛] − 𝛿[𝑛 − 1] 

 

ℎ𝐵1[𝑛] = −𝛿[𝑛 − 11] − 𝛿[𝑛 − 12] 

𝐻𝐵2(𝑒𝑗𝜔̂) = 𝑒−𝑗10𝜔̂;  ℎ𝐵3[𝑛] = 𝛿[𝑛] + 𝛿[𝑛 − 1]  
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PROBLEM Fall-25-Q.3.2: 

Consider the following system for discrete-time filtering of a continuous-time signal: 

 
The discrete-time system is an N-point averager, defined by the difference equation  

𝑦[𝑛] =
1

𝑁
∑ 𝑥[𝑛 − 𝑖]𝑁−1

𝑖=0 .  

(a) Suppose the continuous-time input is given as 𝑥(𝑡) = 1 + 2 𝑐𝑜𝑠( 8𝜋𝑡) + 3 𝑐𝑜𝑠( 20𝜋𝑡 − 𝜋/3)  for 
− ∞ < 𝑡 < ∞ and N is chosen to be 7. Determine the lowest sampling rate 𝑓𝑠 in samples/s such that 

the continuous-time output takes the form, 𝑦(𝑡) = 𝐴 + 𝐵 𝑐𝑜𝑠( 20𝜋𝑡 + 𝜑)  for − ∞ < 𝑡 < ∞ and 

where both 𝐴 and 𝐵 ≠ 0; i.e., only the 4Hz sinusoid is eliminated. The sampling rates at the C-to-

D and D-to-C are assumed to be identical and you are not asked to find 𝐴, 𝐵, and 𝜑.  

 
Answer: An N-point averager has zeros at digital frequencies, 𝜔̂ = 𝑘2𝜋

𝑁
 , where k is non-zero integer. With 

N = 7, the digital frequencies at which the frequency response is 0 are thus 𝜔̂ = ±
2𝜋

7
, ±

4𝜋

7
, ±

6𝜋

7
 for 

−𝜋 < 𝜔̂ ≤ 𝜋. Since the 10 Hz sinusoid remains in the output, the sampling rate must be greater than 20 

and the digital frequency that corresponds to 4Hz cannot be greater than 2𝜋
4

20
=

2𝜋

5
. This eliminates the 

null frequencies at ±
4𝜋

7
, ±

6𝜋

7
𝜋. We therefore conclude  

 

                                      Samples/s 

 

 

 

 

(b) Suppose now the sampling rate is chosen to be 24 samples/s and the continuous time input is given 

as 𝑥(𝑡) = 3 + 𝑐𝑜𝑠( 48𝜋𝑡 +
𝜋

3
)  for − ∞ < 𝑡 < ∞. The system is a 12-pt averager, i.e., N = 12. 

Obtain the output 𝑦(𝑡). Again, assume the sampling rates at C-to-D and D-to-C are identical. 

 
Answer: 

𝑥(𝑡) = 3 + 𝑐𝑜𝑠( 48𝜋𝑡 +
𝜋

3
)  for − ∞ < 𝑡 < ∞ 

𝑥[𝑛] = 3 + 𝑐𝑜𝑠( 48𝜋𝑛/24 + 𝜋/3) = 3.5 

𝐻(𝑒𝑗𝜔̂) |
𝜔̂ = 0

= 𝑒−𝑗
11
2

𝜔̂
𝑠𝑖𝑛(

12
2 𝜔̂)

12 𝑠𝑖𝑛(
1
2 𝜔̂)

= 1      

 
𝑦[𝑛] = 3.5 × 1 = 3.5 

 

𝑦(𝑡) = 3.5  for − ∞ < 𝑡 < ∞  

Ideal C-to-D 
Converter 

 Ideal D-to-C 
Converter 

  N-pt 
Averager 

)(ty)(tx ][nx

ss fT /1=

][ny

ss fT /1=

28ˆ 8
7

2 === sf
f

s


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PROBLEM Fall-25-Q.3.3: 

(a) Find the discrete-time sequence x[n], the Discrete Time Fourier Transform (DTFT) of which is given 

by 𝑋(𝑒𝑗𝜔̂) = 𝑒−𝑗5𝜔̂(2 + 4 𝑐𝑜𝑠2( 2𝜔̂)). Express your result as sum of delayed unit impulses. 

Answer: 

𝑋(𝑒𝑗𝜔̂) = 𝑒−𝑗5𝜔̂(2 + 4 𝑐𝑜𝑠2( 2𝜔̂)) = 𝑒−𝑗5𝜔̂(2 + 𝑒𝑗4𝜔̂ + 2 + 𝑒−𝑗4𝜔̂) 

= 𝑒−𝑗𝜔̂ + 4𝑒−𝑗5𝜔̂ + 𝑒−𝑗9𝜔̂ 

 

𝑥[𝑛] = 𝛿[𝑛 − 1] + 4𝛿[𝑛 − 5] + 𝛿[𝑛 − 9] 

 

 

 

(b) Based on the code: 

n=1:1000; yn = conv( [1 0 0 -1], cos(pi*n) ) 

give the value of yn(6). 

 

Answer: 

𝑐𝑜𝑠( 𝑛𝜋) = (−1)𝑛 = [−1,  1, −1,  1, −1,  1, −1, ⋯ ] 

 

After n>3, the output alternates between 1 × 1 + (−1) × 0 + 1 × 0 + (−1) × (−1) = 2 for n = 

4, 6, 8, … and −1 × 1 + 1 × 0 + (−1) × 0 + 1 × (−1) = −2 for n = 5, 7, 9, … 

 

yn(6)=2 

 

 

 

(c) Given  

𝑥[𝑛] =
𝑠𝑖𝑛(𝜋𝑛/6)

𝜋𝑛
∗ (𝛿[𝑛 − 1] +

𝑠𝑖𝑛(𝜋𝑛/4)

𝜋𝑛
) where * denotes convolution, evaluate x[n] at n = 1.  

 

Answer: 

𝑥[𝑛] =
𝑠𝑖𝑛( 𝜋𝑛/6)

𝜋𝑛
∗ (𝛿[𝑛 − 1] +

𝑠𝑖𝑛( 𝜋𝑛/4)

𝜋𝑛
) =

𝑠𝑖𝑛( 𝜋(𝑛 − 1)/6)

𝜋(𝑛 − 1)
+

𝑠𝑖𝑛( 𝜋𝑛/6)

𝜋𝑛
 

 

𝑥[𝑛] |
𝑛 = 1

= 𝑙𝑖𝑚
𝑛→1

𝑠𝑖𝑛( 𝜋(𝑛 − 1)/6)

𝜋(𝑛 − 1)
+

𝑠𝑖𝑛( 𝜋/6)

𝜋
=

1

6
+

1

2𝜋
=

𝜋 + 3

6𝜋
= 0.3258 

 

 


