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Question 1:          /4 
Determine if the following systems are: causal or non-causal, stable or instable, time invariant or time 
variant, and linear or nonlinear. Justify your answers. 
 
(1) [ ] )()4sin()( txtty =  
 
Solution:  
 
(a) It is causal, since the output depends on the input at the same time. 
 
(b) It is stable. Assume Mtx ≤)( , M is a finite number, [ ] Mtxtxtty ≤≤= )()()4sin()( , that is, if 
the input is bounded, the output is also bounded. The system is stable. 
 
(c) The system is not time invariant. Assume input is experienced a time delay of 0t , the new output 
should be [ ])()4sin()(' 0ttxtty −= . While ( )[ ] )()(4sin)( 000 ttxtttty −−=− . Since )()(' 0ttyty −≠ , 
the system is not time invariant. 
 
(d) The system is linear. Assume we have two different inputs, )(1 tx  and )(2 tx , the corresponding 
outputs are )()4sin()( 11 txtty =  and )()4sin()( 12 txtty = . If a new input )()( 21 tbxtax + , the new output 
is [ ][ ] )()()()4sin()()4sin()()()4sin()(' 212121 tBytaytxtbtxtatbxtaxtty +=+=+= . The system is 
linear. 
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(2)  [ ] [ ] [ ]22 +−+−= nxnxny  
 
Solution:  
 
(a) It is not causal, since the output depends on the future input. For example, when n = 0, 
[ ] [ ] [ ]220 xxy +−= , it is clearly seen at  n = 0, the output depends on the future input at n = 2. 

 
(b) It is stable. Assume Mtx ≤)( , M is a finite number, Mty 2)( ≤ , that is, if the input is bounded, 
the output is also bounded. The system is stable. 
 
(c) The system is not time invariant. Assume input is experienced a time delay of 0n , the new output 
should be [ ] ( )[ ] ( )[ ] ( )[ ] ( )[ ]2222' 0000 ++−+−−=−+−+−−= nnxnnxnnxnnxny . While 
[ ] ( )[ ] [ ]2)(2 000 +−−+−−=− nnxnnxnny .  Since )()(' 0ttyty −≠ , the system is not time invariant. 

 
(d) The system is linear. Assume we have two different inputs, )(1 tx  and )(2 tx , the corresponding 
outputs are [ ] [ ] [ ]22 111 +−+−= nxnxny  and [ ] [ ] [ ]22 222 +−+−= nxnxny . If a new input 

)()( 21 tbxtax + , the new output is 
[ ] [ ] [ ]{ } [ ] [ ]{ } [ ] [ ]nbynaynxnxbnxnxany 212211 2222' +=+−+−++−+−= . The system is linear. 
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Question 2:          /3 
Consider an LTI system whose response to the signal )(1 tx  in Fig. 1 (a) is the signal )(1 ty  shown in 
Fig. 1 (b).  
(1) Express x2(t) using x1(t). 
(2) Sketch the response of the system to the input deposit in Figure (c). 
 

 
 

 
(c) 

 
(1) )2(4)(2)( 112 −+= txtxtx  
(2) Since the system is LTI system, so the output is )2(4)(2)( 112 −+= tytyty . 
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Question 3:          /5 
Find the output response of the LTI system. The impulse responses of the system is 

)2()()( 3 −δ+= − ttueth t , the input to the system is )5()2()( −−−= tututx . 
 
Solution: 
 

)()()2()()( 21
3 ththttueth t +=−δ+= − , where )()( 3

1 tueth t−=  and )2()(2 −δ= tth  
The output is  

[ ] )()()()()()()()()()()()( 212121 tytythtxthtxththtxthtxty +=∗+∗=+∗=∗=  
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Question 4:           /5 
Consider a causal LTI system whose input [ ]nx  and output [ ]ny  are related by the difference equation 

[ ] [ ] [ ]nxnyny =−− 1
2
1  

(1) Find the impulse response of the system (without using any transform). 

(2) Determine [ ]ny  using convolution if [ ] )(
3
1 nunx

n

⎟
⎠
⎞

⎜
⎝
⎛= . 

 
Solution:  
 
(1) when [ ] [ ]nnx δ= , [ ] [ ]nhny = , so we have  

 

[ ] [ ] [ ]nnhnh δ=−− 1
2
1  or [ ] [ ] [ ]nnhnh δ+−= 1

2
1  

• [ ] [ ] [ ] 110
2
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(at 1−=n , no input is applied, so the output is zero or [ ] 01 =−h ) 
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Question 5:          /4 
Calculate the Fourier series coefficient of the function shown below. 
 

x(t)

t
0 1-1 2-2

1

-1

3-3

 

Solution 1: using the definition directly (note that ∫ −= )1(2 ax
a
edxxe

ax
ax  from the formula sheet) 
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Solution 2: Using the differentiation property: katx ↔)( , kajk
dt

tdx
0

)(
ω↔  

 
 
 
 
 
 
 
 
 
 
 
 
 
Let  dttdxtg /)()( = , and kk cbtg +↔)( , where kb  is the Fourier series of the square wave and kc  is the Fourier 
series of the impulse train function.  
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Question 6:          /4 
Suppose we are given the following information about a signal [ ]nx  
1. [ ]nx  is real and even 
2. [ ]nx  has a period 8=N  and Fourier series coefficients ka  
3. 49 =a  

4. [ ] 32
8
1 27

0

=∑
=n

nx  

Show that [ ] )cos( CBnAnx += , and specify the numerical values for the A, B and C. 
 
Solution:  
 
From Condition 3, 41189 === + aaa  
From condition 1, [ ]nx  is even, ka  is also even, so we have kk aa −= , so 41 =−a  

From Condition 4, [ ] 32...44...
8
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So 0543210 ====== aaaaaa  
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A = 8, B = 
4
π , C = 0. 
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Summations: 
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Convolutions : 

∫
∞
∞− −== τττ dthxthtxty )()()(*)()(  
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Continuous-time Fourier Series: 
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Discrete-time Fourier Series: 
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Other: 

∫ −= )1(2 ax
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