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Example 5

Given:

* Obtain the output of the LTI system y[n], with impulse response h[n]  
Namely, y[n]=? 

* Write the corresponding linear difference equation of this system (with 
constant coefficients and null initial conditions)  

 

<latexit sha1_base64="4nLBWZzla43ADWtZp+Sev1yC/xw="></latexit>

x[0] = 2, x[n] = 0 otherwise

h[�3] = �1, h[n] = 0 otherwise



Example 5
Then, in this example: 
- start of x[n] at  0,  start of h[n] at  -3 
- end of x[n] at 0,  finish of h[n] at  -3 
- the length of x[n] is 1 
-  the length of h[n] is 1 

(1) y[n] starts at = 0+(-3)=-3 
(2) y[n] finishes at = 0+(-3)=-3 
(3) the length of y[n] = 1+1-1=1 

 



Example 5
Solution of first point (try to do at home as the previous one):

<latexit sha1_base64="sdChJ0yiCw0604Yw+tiN1pKZ+BU="></latexit>

y[n] = 2h[n] or y[n] = �x[n� 3]

<latexit sha1_base64="WAql/fq5WeXm+kCMbkjzDRxXiIM="></latexit>

y[�3] = �2, h[n] = 0 otherwise<latexit sha1_base64="ZCQkdHp+7ajQb00+aii6ubCjGOY="></latexit>y

<latexit sha1_base64="ifLQHn3AGkRnnEkPyMQ5P1XxR50="></latexit>

y[n] = �x[n+ 3]



Example 5
Solution of second point:

<latexit sha1_base64="ifLQHn3AGkRnnEkPyMQ5P1XxR50="></latexit>

y[n] = �x[n+ 3]



Example 6

Given:

* Obtain the output of the LTI system y[n], with impulse response h[n]  
Namely, y[n]=? 

* Write the corresponding linear difference equation of this system 
(with constant coefficients and null initial conditions) 

 

<latexit sha1_base64="2EfEycWfmwKBMEbXN5esrlQ4c3Q="></latexit>

x[0] = 2, x[1] = 2, x[n] = 0 otherwise

h[�3] = �1, h[n] = 0 otherwise



Example 6
Then, in this example: 
- start of x[n] at  0,  start of h[n] at  -3 
- end of x[n] at 1,  finish of h[n] at  -3 
- the length of x[n] is 2 
-  the length of h[n] is 1 

(1) y[n] starts at = 0+(-3)=-3 
(2) y[n] finishes at = 1+(-3)=-2 
(3) the length of y[n] = 2+1-1=2 

 



Example 6
Solution of first point (try to do at home as the previous one):

<latexit sha1_base64="R7usGE7xj2Q78m4qanWSQG9DonM="></latexit>

y[n] = 2h[n] + 2h[n� 1] or y[n] = �x[n+ 3]

<latexit sha1_base64="DlwmDx1f6G3JJrczzDySzhX1Kxo="></latexit>

y[�3] = �2, y[�2] = �2, y[n] = 0 otherwise



Example 6
Solution of second point: (again as Example 5)

<latexit sha1_base64="ifLQHn3AGkRnnEkPyMQ5P1XxR50="></latexit>

y[n] = �x[n+ 3]



Example 7

Given:

* Obtain the output of the LTI system y[n], with impulse response h[n]  
Namely, y[n]=? 

* Write the corresponding linear difference equation of this system (with 
constant coefficients and null initial conditions)  

 

<latexit sha1_base64="KQEQeh4it1GGBIdzTW9VxnAew5Q="></latexit>

x[0] = 2, x[n] = 0 otherwise

h[�3] = �1, h[0] = 2, h[n] = 0 otherwise



Example 7
Then, in this example: 
- start of x[n] at  0,  start of h[n] at  -3 
- end of x[n] at 0,  finish of h[n] at  0 
- the length of x[n] is 1 
-  the length of h[n] is 4 

(1) y[n] starts at = 0+(-3)=-3 
(2) y[n] finishes at = 0+0=0 
(3) the length of y[n] = 1+4-1=4 

 



Example 7
Solution of first point (try to do at home as the previous one):

<latexit sha1_base64="shGmx4Sf6aNWYwotftluaOK2eWo="></latexit>

y[n] = 2h[n] or y[n] = �x[n+ 3] + 2x[n]

<latexit sha1_base64="qFApMhdpvWu70669817xWvdGtEo="></latexit>

y[�3] = �2, y[�2] = 0, y[�1] = 0,

y[0] = 4, y[n] = 0 otherwise



Example 7
Solution of second point:

<latexit sha1_base64="Zj3PmFNu8Eq86IpOel16VK2ZQ0U="></latexit>

y[n] = �x[n+ 3] + 2x[n]



Example 8

Given:

NOW WE CONSIDER SIGNALS with INFINITE LENGTHS

Obtain the output of the LTI system y[n], with impulse response h[n]  

Namely, y[n]=? 

 

<latexit sha1_base64="RnpSypbXqL4q3on/N3ExdmFBjWg="></latexit>

x[n] = anu[n]

y[n] = bnu[n] with a 6= b

<latexit sha1_base64="3+l5p1OMo9f5pAIkMEoWCuQvIqs="></latexit>

x[n] = anu[n]

h[n] = bnu[n]



Example 8
We know that:  

 
<latexit sha1_base64="KIx7D5qrXs6do/EOY0jEc5QnhmQ="></latexit>

y[n] = x[n] ⇤ h[n] =
+1X

k=�1
x[k]h[n� k]

y[n] = h[n] ⇤ x[n] =
+1X

k=�1
h[k]x[n� k]



Example 8
Then we can write :  

 

<latexit sha1_base64="u+sl7xXMqgbBz6tTlY4Vd3Qvv+U="></latexit>

y[n] = x[n] ⇤ h[n] =
+1X

k=�1
x[k]h[n� k]

y[n] =
+1X

k=�1
aku[k]bn�ku[n� k]

<latexit sha1_base64="TUMJ1iefgNcr7ITKbks/GS6TdT8="></latexit>

k

<latexit sha1_base64="yPLPappr6fhJfnbU+ZD97M4UvPw="></latexit>

u[k]

<latexit sha1_base64="TUMJ1iefgNcr7ITKbks/GS6TdT8="></latexit>

k

<latexit sha1_base64="HgS368GN+niHddBMJ1yIVWbeROo="></latexit>

u[n� k] with n > 0
<latexit sha1_base64="3u7DAnzKav0gsJFb1oPtoRZt6cI="></latexit>

(in the figure u[2� k])

<latexit sha1_base64="HsxPnfZfnPBBECsz/+bCI2W4SgA="></latexit>n

<latexit sha1_base64="TUMJ1iefgNcr7ITKbks/GS6TdT8="></latexit>

k

<latexit sha1_base64="tbC2a1sLV6lbUUr4XaI62YpdW2E="></latexit>

u[n� k] with n < 0
<latexit sha1_base64="uqXTqjfx2Tb+EU9mkBs9JzHqnAc="></latexit>

(in the figure u[�2� k])

<latexit sha1_base64="HsxPnfZfnPBBECsz/+bCI2W4SgA="></latexit>n



Example 8

Looking this two   
figures: 

 
<latexit sha1_base64="TUMJ1iefgNcr7ITKbks/GS6TdT8="></latexit>

k

<latexit sha1_base64="yPLPappr6fhJfnbU+ZD97M4UvPw="></latexit>

u[k]

We have:  

 

<latexit sha1_base64="peuigtc1Nsf/IdR/p37bqFXwQqg="></latexit>

y[n] =
+1X

k=�1
akbn�ku[k]u[n� k]

y[n] = 0 for all n < 0

<latexit sha1_base64="TUMJ1iefgNcr7ITKbks/GS6TdT8="></latexit>

k

<latexit sha1_base64="tbC2a1sLV6lbUUr4XaI62YpdW2E="></latexit>

u[n� k] with n < 0
<latexit sha1_base64="uqXTqjfx2Tb+EU9mkBs9JzHqnAc="></latexit>

(in the figure u[�2� k])

<latexit sha1_base64="HsxPnfZfnPBBECsz/+bCI2W4SgA="></latexit>n



Example 8

Looking this :  

 <latexit sha1_base64="TUMJ1iefgNcr7ITKbks/GS6TdT8="></latexit>

k

<latexit sha1_base64="yPLPappr6fhJfnbU+ZD97M4UvPw="></latexit>

u[k]

We have:  

 

<latexit sha1_base64="yqKO0ETxdDi/eQD8ArucIg//XLs="></latexit>

y[n] =
+1X

k=�1
akbn�ku[k]u[n� k]

y[n] =
+1X

k=0

akbn�ku[n� k]



Example 8

Looking this :  

 

We have:  

 

<latexit sha1_base64="0Fkc9ETplS0CuLuTkJoEId+oXNU="></latexit>

y[n] =
+1X

k=0

akbn�ku[n� k]

y[n] =
nX

k=0

akbn�k

<latexit sha1_base64="TUMJ1iefgNcr7ITKbks/GS6TdT8="></latexit>

k

<latexit sha1_base64="HgS368GN+niHddBMJ1yIVWbeROo=">AAAC+HicfVLLbtQwFHXCqwRop7BkYzGaCsHMKBlaYBNUwYZlkZi2UuIZOR6nsZI4qR90hihfwoYFCLHlU9jxNziZIEqLeiXLx/eec3z9iMqMSeW6vyz72vUbN29t3Hbu3L23udXbvn8oCy0InZIiK8RxhCXNGKdTxVRGj0tBcR5l9ChK3zT1ow9USFbw92pVUpTjE85iRrAyqfm2tTnYWQYu8idDGJ5qvIDLwEP+6NnfJUe+C8M8KpYVLFRCxRmTtIZh6Ax2kmA0Qb43NLNR7ZnZWLlDmPwx6VySK11WTbXZ6EnLC6XO51Xqj0LGY7WqZ9XTDpluU mQ4oxSdU17Bx7NUG0k0q4ym1q3SGaTQ0Z3JuqEzphJYQ/7Knff67thtA14GXgf6oIuDee9nuCiIzilXJMNSBp5bKlRhoRjJaO2EWtISkxSf0MBAjnMqUdU+XA0HJrOAcSHM4Aq22fOKCudSrvLIMHOsEnmx1iT/Vwu0il+iivFSK8rJeqNYZ1AVsPkFcMEEJSpbGYCJYKZXSBIsMFHmrzjmEryLR74MDidj7/l4991uf/91dx0b4CF4BB4DD7wA++AtOABTQCxtfbK+WF/tj/Zn+5v9fU21rU7zAPwT9o/fGFjn0g==</latexit>

u[n� k] with n > 0
<latexit sha1_base64="3u7DAnzKav0gsJFb1oPtoRZt6cI="></latexit>

(in the figure u[2� k])

<latexit sha1_base64="HsxPnfZfnPBBECsz/+bCI2W4SgA="></latexit>n



Example 8

With more rearrangements:  

 

<latexit sha1_base64="mjezQdxW+ghmZnOppdxoo4R2hvw="></latexit>

y[n] =
nX

k=0

akbn�k

y[n] =
nX

k=0

⇣a
b

⌘k
bn

y[n] = bn
nX

k=0

⇣a
b

⌘k



Example 8

Recalling:  

 

with: 

 

<latexit sha1_base64="25sJXg2YIp9Et+3zb9fyUsIOsW4="></latexit>

r =
a

b

We finally obtain:  

 

<latexit sha1_base64="frqIJEXAAz+Y4v1HXZvZY9X/2qY="></latexit>

y[n] = bn
nX

k=0

⇣a
b

⌘k
= bn

1�
�
a
b

�n+1

1�
�
a
b

�

<latexit sha1_base64="lJ/PcG0KxmAypY8FdLXjIb1dMTY="></latexit> nX

k=0

rk =
1� rn+1

1� r



Example 8

This is ALMOST the solution:  

 

<latexit sha1_base64="kjTDLZ1wPWquQ9VOub7Qs8w2q+s="></latexit>

y[n] = bn
1�

�
a
b

�n+1

1�
�
a
b

�

with some rearrangements: 
(just for make it more “pretty”)  

 

<latexit sha1_base64="XZ8sn9yL3PurMlU85px4jM2xcvM="></latexit>

y[n] =
bn � an+1 1

b
b�a
b

<latexit sha1_base64="j+PoYtjzXipcM6289ZjcL1WaWPk="></latexit>

y[n] =
bn+1 � an+1

b� a



Example 8

The complete solution is:  

 

<latexit sha1_base64="bjH0KjelNkpeqES4RvMdROGUdHo="></latexit>

y[n] =
bn+1 � an+1

b� a
n � 0

<latexit sha1_base64="mM2IEXWgnOoDHzr0720pnLWMBMk="></latexit>

y[n] = 0 n < 0

<latexit sha1_base64="wwyeQz05SN0f7avJLPbjeuFlu7A="></latexit>

{
That can be summarized as:   

 

<latexit sha1_base64="YyFoSVw8epRooZ96wd1Tpe1fwYM="></latexit>

y[n] =
bn+1 � an+1

b� a
u[n]

Note that with a=b… we have a indeterminate form….  

 



Example 9

Given:

Obtain the output of the LTI system y[n], with impulse response h[n]  

Namely, y[n]=? 

 

NOW WE CONSIDER SIGNALS with INFINITE LENGTHS

<latexit sha1_base64="R9iVitz/FbIH2btw/AbyDtjnAv4="></latexit>

x[n] = anu[n]

h[n] = anu[n]



Example 9
Following  Example 8, we can easily arrive to: 

 
<latexit sha1_base64="GYYB1qwIfYRgbWUyRyYciy6rlcU="></latexit>

y[n] = 0 for all n < 0

and: 

 

<latexit sha1_base64="p3jCPME3VryGYanhclF+xSrX81M="></latexit>

y[n] =
nX

k=0

akan�k

<latexit sha1_base64="W3uVb1SZNhWXBivw+LGqsd/8pBs="></latexit>

y[n] = an
nX

k=0

1



Example 9
Then, thinking to sum (n+1)-times “1”: 

 

<latexit sha1_base64="W3uVb1SZNhWXBivw+LGqsd/8pBs="></latexit>

y[n] = an
nX

k=0

1

<latexit sha1_base64="4Y+INWWN0g9LSv/a7urwmjVLaYY="></latexit>

y[n] = an (1 + 1 + 1...+ 1)| {z }
(n+1)�times

<latexit sha1_base64="qvYRaNl3qq06fbDX+IW20P/NS1g="></latexit>

y[n] = an(n+ 1)



Example 9

The complete solution is:  

 
<latexit sha1_base64="mM2IEXWgnOoDHzr0720pnLWMBMk="></latexit>

y[n] = 0 n < 0

<latexit sha1_base64="wwyeQz05SN0f7avJLPbjeuFlu7A="></latexit>

{
That can be summarized as:   

 

<latexit sha1_base64="7XdpHip6r598L8cZ09oEnfEIVjQ="></latexit>

y[n] = an(n+ 1) n � 0

<latexit sha1_base64="M1MI8uhVhm2/HI6OIKHoRJq+xA0="></latexit>

y[n] = an(n+ 1)u[n]



Questions?


