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Q1. a) Sketch and label the even and odd components of each of the signals shown in the Figure. b) Find the energy in each 
of these signals in the Figure. Hint: The energy in 𝑥ሺ𝑡ሻ and 𝑥ሺെ𝑡 ൅ 2ሻ is same. 
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The energy in  

i)  𝐸 ൌ ׬ |𝑥ሺ𝑡ሻ|ଶ
்
଴ 𝑑𝑡 ൌ 𝐸 ൌ ׬ 𝑡ଶ

ଶ
଴ 𝑑𝑡 ൌ ௧య

ଷ
ሿ ଶ଴ ൌ

଼

ଷ
 

ii) 𝐸 ൌ ׬ |𝑥ሺ𝑡ሻ|ଶ
்
଴ 𝑑𝑡 ൌ ׬ |4𝑒ି଴.ଶହ௧|ଶ

்
଴ 𝑑𝑡 

ൌ 16න |𝑒ି଴.ହ௧|
்

଴
𝑑𝑡 ൌ

16𝑒ି଴.ହ௧

െ0.5
ሿ
2
0

 

ൌ െ32ሺ𝑒ିଵ െ 1ሻ ൌ 20.2 

iii) 𝐸 ൌ ∑ |𝑥ሾ𝑛ሿ|ଶஶ
௡ୀିஶ ൌ 5 ൈ 4 ൌ 20,               iv) 𝐸 ൌ ∑ |𝑥ሾ𝑛ሿ|ଶஶ

௡ୀିஶ ൌ 1ଶ ൅ 2ଶ ൅ 3ଶ ൌ 14 



Q2) Find the convolution of the waveforms given in figure. Write down the convolution sum and solve the 
summation for critical values of discrete time n. Draw the convolution of 𝑦ሾ𝑛ሿ ൌ 𝑥ሾ𝑛ሿ ∗ ℎሾ𝑛ሿ. 

 

 

 

 

 

 

Solution:  
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Q3.a) If the state variables are the outputs of the unit delays, label the figure below by placing the state variables 
for the current state and the next state. b) Write down the state equations and the equation giving the 
output. Find the state variable description of the system shown. Please give details of your derivation. 

S S
x[n] y[n]

4 -2

3 2

2

 

-2

 

Solution a) 
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Solution b) The block diagram indicates that the states are updated according to the 
equation 

𝑞ଵሾ𝑛 ൅ 1ሿ ൌ 3𝑞ଵሾ𝑛ሿ ൅ 0𝑞ଶሾ𝑛ሿ ൅ 3𝑥ሾ𝑛ሿ       (1) 

𝑞ଶሾ𝑛 ൅ 1ሿ ൌ 1𝑞ଵሾ𝑛ሿ ൅ 2𝑞ଶሾ𝑛ሿ ൅ 4𝑥ሾ𝑛ሿ             (2) 

And the output is given by 

𝑦ሾ𝑛ሿ ൌ െ2𝑞ଵሾ𝑛ሿ ൅ 1𝑞ଶሾ𝑛ሿ െ 2𝑥ሾ𝑛ሿ       (3) 

We need to convert these equations into  

𝑞ሾ𝑛 ൅ 1ሿ ൌ 𝐴𝑞ሾ𝑛ሿ ൅ 𝑏𝑥ሾ𝑛ሿ          (4) 

𝑦ሾ𝑛ሿ ൌ 𝑐𝑞ሾ𝑛ሿ ൅ 𝐷𝑥ሾ𝑛ሿ        (5) 

Rearrange (1) and (2) to have  

𝑞ሾ𝑛 ൅ 1ሿ ൌ ൤
𝑞ଵሾ𝑛 ൅ 1ሿ
𝑞ଶሾ𝑛 ൅ 1ሿ

൨ ൌ ቂ3 0
1 2

ቃ ൤
𝑞ଵሾ𝑛ሿ
𝑞ଶሾ𝑛ሿ

൨ ൅ ቂ3
4
ቃ 𝑥ሾ𝑛ሿ     (6) 

And  

𝑦ሾ𝑛ሿ ൌ ሾെ2 1ሿ ൤
𝑞ଵሾ𝑛ሿ
𝑞ଶሾ𝑛ሿ

൨ െ 2𝑥ሾ𝑛ሿ       (7) 

Comparing (4)  and (6) then (5) and (7) we get 

𝐴 ൌ ቂ3 0
1 2

ቃ, 𝑏 ൌ ቂ3
4
ቃ,  𝑐 ൌ ሾെ2 1ሿ,  𝐷 ൌ െ2 

 
 


