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Homework No. 3 Solution 
 

1. [ ] [ ] [ ]2
k

y n x k g n k∞

=−∞
= −∑ . g[n] = u[n] – u[n – 4] 

(1) [ ] [ 1]x n nδ= − . 

[ ] [ ] [ ] [ ] [ ] [ ]1 2 2 2 6
k

y n k g n k g n u n u nδ∞

=−∞
= − − = − = − − −∑  

(2) [ ] [ 2]x n nδ= − . 

[ ] [ ] [ ] [ ] [ ] [ ]2 2 4 4 8
k

y n k g n k g n u n u nδ∞

=−∞
= − − = − = − − −∑  

(3) If the system S is time invariant then the system output obtained in part (2) 
has to be the same as the system output obtained in part (1) shifted by 1 to 
the right. Clearly, this is not the case. Therefore, the system is not LTI. 

(4) [ ] [ ]x n u n=  

[ ] [ ] [ ] [ ] [ ]0

1, 0,1
2 2, 1 2 1

0,otherwise
k

n
y n g n k n u n n nδ δ∞

=

=⎧
⎪= − = > = − − −⎨
⎪
⎩

∑  

 
2.  

(1) [ ] ( ) [ ]1 2 2n ny n u n= − ∗ − + . 
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( ) ( ) ( ) ( ) ( )
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n

n n

y n u k∞ −

=−∞

− −

=−∞ =−∞

=−∞

− −

−

= − + −

= − = − −

= − −

⎡ ⎤= − − + − + + − + − +⎣ ⎦
⎡ ⎤

= − + − + = −⎢ ⎥
− −⎢ ⎥⎣ ⎦

∑
∑ ∑

∑  

(2) [ ] [ ] [ ] [ ]( ) [ ]10 2 4 ,  1ny n u n u n u n u nβ β= + − + − ∗ < . 

For 10n < − , [ ] 0y n = . 

For 0n < , [ ]
11

10 10

1
1

n
n nn k n k
k k

y n ββ β β
β

+
− −

=− =−

−
= = =

−∑ ∑  
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For 3n ≤ , [ ]
11 1 1

1

10 0

1
1 1

n n n
nn k n k

k k
y n β β ββ β β β

β β

+ + +
− − −
=− =

− −
= − = −

− −∑ ∑ . 

For 3n > ,  

[ ]
11 1 1 3

1 3

10 0 1 1

n n n n
n k n k

k k
y n β β β ββ β β β

β β

+ + + −
− − −
=− =

− −
= − = −

− −∑ ∑ . 

[ ] [ ] [ ]10 2 4u n u n u n+ − + −

 
3.  

(1) ( ) ( ) ( ) ( )22 1 1 2 2y t t u t u t u t⎡ ⎤= + − − ∗ +⎣ ⎦ . 

For 2 1t + < − , 3t < − , ( ) 0y t = . 

For 2 1t + < , 3 1t− < < − , ( ) ( )
2

2 32 3

1
1

4 42 2 2 1
3 3

t
t

y t d tτ τ τ
+

+

−
−

⎡ ⎤= = = + +⎣ ⎦∫ . 

For 2 1t + ≥ , 1 t− < , ( ) [ ]
1

1 2 3

1
1

4 4 82 2 1 1
3 3 3

y t dτ τ τ
−

−

= = = + =∫  

( ) ( )22 1 1u uτ τ τ⎡ ⎤+ − −⎣ ⎦

τ

( )2 2u t τ− +

2t +

τ

 

(2) ( ) ( ) ( )t ty t e u t e u tγ β−= ∗ − . 

( ) ( ) ( )
0

ty t e e u t dβ τγτ τ τ
∞ −−= − +∫  

For 0t < , ( ) ( ) ( ) ( )
0 0

t t ty t e e d e e d eβ τ γ β τγτ β βτ τ β γ
∞ ∞− − +−= = = +∫ ∫ . 

For 0t ≥ , 

( ) ( ) ( )

( ) ( ) ( )

t t

t t

tt t

y t e e d e e d

e e e

β τ γ β τγτ β

γ ββ γ

τ τ

β γ β γ

∞ ∞− − +−

− + −

= =

= + = +

∫ ∫  

4.  
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- The system is memoryless if and only if ( ) ( )h t c tδ=  or [ ] [ ]h n c nδ= . 

- The system is causal if and only if ( ) 0h t =  for t < 0 or [ ] 0h n =  for 0n < . 

- The system is stable if and only if ( )h t dt
∞

−∞
< ∞∫  or [ ]k

h k∞

=−∞
< ∞∑ . 

(1) ( ) ( )cosh t tπ=  

Has Memory. Not causal ( ( ) ( )1 cos 1 0h π− = − = − ≠ ). Not sstable. 

( ) ( )

( ) ( )( )
( )

0

1 2 1

0 1 2

1 2

0

cos 2 cos

2 lim cos cos

4 lim cos 4 lim 1

N

N N

t dt t dt

N t dt t dt

N t dt N

π π

π π

π

∞ ∞

−∞

→∞

→∞ →∞

=

= +

= = ⋅ = ∞

∫ ∫

∫ ∫

∫

 

(2) ( ) ( )2 1th t e u t−= −  

Has memory ( ( ) ( )h t c tδ≠ ). Causal. Stable. 

(3) [ ] ( )1 2 nh n =  

Has memory ( [ ] [ ]h n c nδ≠ ). Not causal ( [ ] ( )1 1 2h − = ). Stable. 

(4) [ ] [ ]1
2

p
h n n pδ∞

=−
= −∑  

Has memory ( [ ] [ ]h n c nδ≠ ). 

Not causal ( [ ] [ ]1
2 2 2 1 0

p
h pδ∞

=−
− = − − = ≠∑ ). 

Not stable. 
[ ] [ ]1 1

1
 is even.

2 2

1

k p k p

k
k

k p k pδ δ∞ ∞ ∞ ∞

=−∞ =− =−∞ =−

∞
=−

− = −

= = ∞

∑ ∑ ∑ ∑
∑

 

5.  

(1) [ ] ( ) [ ] [ ]{ }1 2 3nh n u n u n= − + − − . The step response is 

[ ] [ ] [ ] [ ]n

k
s n u n h n h k

=−∞
= ∗ = ∑  

For 2n < − , [ ] 0s n = . 
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For 2 2n− ≤ ≤ , [ ] 1, 2,0
0, 1

n
s n

n
= ±⎧

= ⎨ = ±⎩
. 

For 3n ≥ , [ ] 1s n =  

(2) ( ) th t e−= . The step response is 

( ) ( ) ( ) ( )
t

s t u t h t h dτ τ
−∞

= ∗ = ∫  

For 0t < , 
t te d eτ τ
−∞

=∫ . 

For 0t ≥ , 
0

0
1 1 2

t t te d e d e eτ ττ τ− − −

−∞
+ = + − = −∫ ∫  

 


