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Name:        Regd. No.     
 
Course Title: Signal & Systems      Course Code: ETSS-314 

Solution 
FINAL TERM EXAMINATION – Spring 2018 

Program: B-Tech (Electrical) 
 

SECTION-II: 40 MARKS 
Time Allowed: 2hr 10 min 

Attempt all questions. Marks are mentioned against the questions.  
Note: Please attach the question paper at the end of the answer sheet. 

 
Q2.   

a) Find the Fourier Series Coefficients of the following signal:  

𝑥 𝑛 = 1 + 3cos
2𝜋𝑛
𝑁

 
(05 Marks) 

Solution: 

𝑥 𝑛 = 1 + 3cos
2𝜋𝑛
𝑁

 

 

𝑥 𝑛 = 1 +
3
2
𝑒!

!!"
! + 𝑒!!

!!"
!  

 

The Fourier series coefficients are: 

𝑎! = 1, 𝑎! =
3
2
, 𝑎!! =

3
2

 

 
 

b) Evaluate 𝑦 𝑛 = 𝑥 𝑛 ∗ ℎ[𝑛]. Using Graphical Method. 

 
(08 Marks) 

 

Solution: 
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Q3.   

a) Compute the Discrete-Time Fourier Transform of the following signals: 
i. 𝑥 𝑛 = !

!

!
𝑢[𝑛] 
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ii. 𝑥 𝑛 = 2 !
!

!
𝑢 𝑛  

(08 Marks)  

Solution: 

i. 𝑥 𝑛 = !
!

!
𝑢[𝑛] 

𝑋 𝑒!" = 𝑥 𝑛 𝑒!!"#
!

!!!!

=
1
4

!
𝑢 𝑛 𝑒!!"#

!

!!!!

 

𝑋 𝑒!" =
1
4

!
𝑒!!"#

!

!!!

=
1
4
𝑒!!"

!!

!!!

 

               Applying the transform pair: 𝑎 !𝑢 𝑛
!"#" !

!!!!!!"
 

𝑋 𝑒!" ⟹
1

1 − 14 𝑒
!!"

 

 
 

ii. 𝑥 𝑛 = 2 !
!

!
𝑢 𝑛  

𝑋 𝑒!" = 𝑥 𝑛 𝑒!!"#
!

!!!!

= 2
3
4

!
𝑢 𝑛 𝑒!!"#

!

!!!!

 

𝑋 𝑒!" = 2
3
4

!
𝑒!!"#

!

!!!

= 2
3
4
𝑒!!"

!!

!!!

 

Applying the transform pair: 𝑎 !𝑢 𝑛
!"#" !

!!!!!!"
 

𝑋 𝑒!" = 2
1

1 − 34 𝑒
!!"

⟹
2

1 − 34 𝑒
!!"

 

 

 

b) Consider the linear constant coefficient difference equation: 

𝑦 𝑛 −
1
4
𝑦 𝑛 − 1 = 𝑥 𝑛  

Which describes a linear, time-invariant system initially at rest. Determine 𝐻 𝑒!" . 

(06 Marks)  

Solution: 

 The difference equation 𝑦 𝑛 − !
!
𝑦 𝑛 − 1 = 𝑥 𝑛 , which is initially at rest, has a system 

transfer function that can be obtained by taking the Fourier Transform of both sides of the equation. 
This yields: 
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𝑌 𝑒!" −
1
4
𝑒!!"𝑌 𝑒!" = 𝑋 𝑒!"  

 

𝑌 𝑒!" 1 −
1
4
𝑒!!" = 𝑋 𝑒!"  

𝐻 𝑒!" =
𝑌 𝑒!"

𝑋 𝑒!"
⇒

1

1 − 14 𝑒
!!"

 

 

Q4.  
a) Determine the z-transform (including the ROC) of the following sequences. Also sketch the 

pole-zero plots and indicate the ROC on your sketch: 

1
3

!

𝑢[𝑛] 

(05 Marks)  

Solution: 

1
3

!

𝑢[𝑛]
! 1

3

!

𝑧!!
!

!!!

 

= 3𝑧 !!
!

!!!

=
1

1 − 13 𝑧
!!
=

𝑧

𝑧 − 13
 

Therefore, there is a zero at z = 0 and a pole at z = 1/3, and the ROC is: 

1
3𝑧

< 1     𝑜𝑟    𝑧 >
1
3

 

 

 

b) Using partial fraction expansion and the fact that: 

 𝑎 !𝑢 𝑛 ↔ !
!!!!!!

  , 𝑧 > 𝑎  

Find the inverse z-transform of: 

 𝑋 𝑧 =
!!!!!

!!

!!!!! !!!!!!
 , 𝑧 > 2 

(08 Marks)  
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Solution: 

Using partial fraction expansion: 

𝑋 𝑧 =
1 − 13 𝑧

!!

1 − 𝑧!! 1 + 2𝑧!! =
𝐴

1 − 𝑧!! +
𝐵

1 + 2𝑧!! → 𝑒𝑞 1  

Cross multiplication gives: 

1 −
1
3 𝑧

!! = 𝐴 1 + 2𝑧!! + 𝐵 1 − 𝑧!!   

Putting 𝑧!! = 1, gives: 

1 −
1
3 1 = 𝐴 1 + 2 1 + 𝐵 1 − 1  

3 − 1
3 = 𝐴 1 + 2 + 𝐵 0  

2
3 = 𝐴 3 ⟹ 𝐴 =

2
3×

1
3 =

2
9 

Putting 𝑧!! = − !
!
, gives: 

1 −
1
3 −

1
2 = 𝐴 1 + 2 −

1
2 + 𝐵 1 − −

1
2  

1 +
1
6 = 𝐴 0 + 𝐵 1 +

1
2  

6 + 1
6 = 𝐵

2 + 1
2  

 

7
6 = 𝐵

3
2 ⟹ 𝐴 =

7
6×

2
3 =

7
9 

Putting values of A and B in eq(1) gives: 

𝑋 𝑧 =
2
9

1 − 𝑧!! +
7
9

1 + 2𝑧!!  

Taking the inverse z-transform, we obtain: 

𝑥 𝑛 =
2
9
𝑢 𝑛 +

7
9
−2 !𝑢 𝑛  
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Formula Sheet 
 
 

S. 
No. Continuous-Time Discrete-Time 

1. 

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 ∶  𝑓 =
1
𝑇 

𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 ∶  𝜔 =
2𝜋𝑘
𝑁  

𝐹𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙 𝑃𝑒𝑟𝑖𝑜𝑑 ∶
𝑁
𝑘 =

2𝜋
𝜔  

𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 ∶  𝜔 = 2𝜋𝑓 =
2𝜋
𝑇  𝑜𝑟 𝑓

=
𝜔
2𝜋 

𝐹𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙 𝑃𝑒𝑟𝑖𝑜𝑑 ∶  𝑇 =
2𝜋
𝜔  

2. 

Convolution Integral 

𝑦 𝑡 = 𝑥 𝑡 ∗ ℎ 𝑡 = 𝑥 𝜏 ℎ 𝑡 − 𝜏 𝑑𝜏
!

!!

 

Convolution Sum  

𝑦 𝑛 = 𝑥 𝑛 ∗ ℎ 𝑛 = 𝑥 𝑘 ℎ 𝑛 − 𝑘
!

!!!!

 

Fourier Series 

 𝑥 𝑡 = 𝑎!𝑒!"!!!
!

!!!!

 , 𝑆𝑦𝑛𝑡ℎ𝑒𝑠𝑖𝑠 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 

Fourier Series 

𝑥 𝑛 = 𝑎!𝑒!"!!!
!! !

 , 𝑆𝑦𝑛𝑡ℎ𝑒𝑠𝑖𝑠 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 

3. 𝑎! =
1
𝑇 𝑥 𝑡 𝑒!!"!!!𝑑𝑡
!

 ,𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑎! =
1
𝑁 𝑥 𝑛 𝑒!!"!!!

!! !

 ,𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 
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Properties of the Discrete Time Fourier Transform 
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Basic Pairs of Discrete Time Fourier Transform 
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Z-Transform Pairs 
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Z-Transform Properties 
 

 


