
Homework #9 — Chapter 6 — Convolution

Problem 6.2
The convolutiondurationpropertyimplies that ���������
	������
������� for ����������������� and ���������� !� .

For ���"�#�$�%� , the convolution produces� � �
���&	'� � �����(� )+*-,./ ) ��0213���4 5�
For �6�#�$�7� , the convolution produces� � �
���&	'� � �����(� )./ )8*-, �90213���:�;�

Problem 6.4
By the convolutiondurationproperty,we havethat < ) �����&	 < ����������� for ������ ������ and ���=�( 5����> .

In the time interval �?���3�@� , the convolution is given by< ) �
���
	 < �A�
���(� , / ). B 1C�8��1D���( E���8021���� �F�G�5�9�+H>  �F�'�I�9� �� �
�G�!�J�(� �K �
�G�!�J�+H
In the time interval �L���3�@> , the convolution is given by< ) �����
	 < �������(� )., / ) 1-�8��1D�!�( M���N0O1��P� �>  �� �F�'�I�9�
 �
�G�Q�R� H> � �
�G�Q�S� �� �F�'�I�9�

Problem 6.5
By the convolution duration property, we have that the convolution is equal to zero for �T�U�� ��5�V� and�T�W�X ��I�Y> .

In the time interval �L���3�7� , the convolution is given by< ) �
���&	 < �������'� ,. B �N�Z1X ��J�8021���� � ��  [�
In the time interval �?���3�@� , the convolution is given by< ) �����&	 < �������'� )., / ) �8��1� !���8021X ,. ) �\1D�I���8021��5� � �Q>]�C #^�
In the time interval �L���3�@> , the convolution is given by< ) �����
	 < ���F���'� �., / ) �\1D�!�J�_0213� ��Z` ��� �  "a��G�6>Ab

Thecontinuitytest: at ���!> theconvolutionis equalto zero. Also at �(��� bothexpressionsproduce�dc ^ . Similarly,
we can checkthat the convolution is continuousat �e�@� and �e�f� .
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Problem 6.6
By the convolution duration property, the convolution of thesetwo signalsis equal to zero for gih%jXk�jLl7j
and gTmUn�k�n5lpo .

In the time interval jLh�g3h7q , the convolution is given byr2sJt g�u&v rAw�t g�u'l xy z|{2}2{ l g wn
In the time interval q?h�g3h@n , the convolution is given byr s t g�u
v r w t g�u(l sy z {d}2{ k xy s t8~ { k5nAu }O{ l ~ g wn k5n�g ~ q
In the time interval nLh�g3h@� , the convolution is given byr s t g�u
v r w t g�u'l sy

x�� w
{d}2{ k wy s t_~ { kQnSu }2{ l ~ g wn k5n�g ~ q

In the time interval �Lh�g3h#o , the convolution is given byr s t g�u&v r w t g�u�l wy
x�� w

t8~ { kQnSu }2{ l g wn ~ oAg&k5�
Problem 6.9*
The systemtransferfunction and its impulseresponseare given by� t�� u�l q� w k5� � k"o l�� q�
� q� k�q ~ � q�4� q� k[o � � t g�u(l7� q�&� ��x ~�q��� �-��x ��� t g�u
The signal in Figure 4.13 can be representedin termsof elementarysignalsasr4t g�u�l � t g�u ~Q�St g�u
k �St g ~ nRu
k � t g ~ �Au
so that we needto find only via the convolutionintegral the systemstepand rampresponsesand then to usethe
linearity principle. The systemstep responseis given by�2� x��
� t g�u'l � t g�u
v � t g�u�l xy z � t { ud� q�
� �&��x������ ~@q�
� ���J��x��
�J� � }2{ l q��� q ~ � �-x�� ~�qq9n�� q ~ � �-��xF�2� g�m�j
The systemramp response,via the convolutionprocedure,is obtainedfrom�S���¡  � t g�u(l �St g�u
v � t g�u'l xy z { � q� � �C�¢x��C�J� ~ q� � ���J��x��
�J� � }2{ l q� t g ~ qJu�k q� � ��x ~ qq9n � g4k qo&� k qo2� � ���_x � g�m�j
The systemzero-stateresponseis given by�A£ � t g�u(l � � x¤��� t g�u
k � � x¤��� t g ~ �Ru ~ �A���¡  � t g�u&k �A�_�_  � t g ~ nRu
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Problem 6.12
The signals ¥§¦9¨ª©S« and ¥A¬A¨ª©S« are given by¥ ¦ ¨ ©S«
­�®°¯²± ©i­�³´ ± ©i­ ¯µ ±7¶R·N¸d¹9ºN»�¼¾½N¹ ± ¥ ¬ ¨ª©S«C­�¿ ³ ± ©i­ µµ ±%¶S·8¸d¹Àº8»�¼�½8¹
By the convolutiondurationproperty,the convolution ¥&¨ª©S«C­�¥ ¦ ¨ ©O«OÁ�¥ ¬ ¨ª©S« is equalto zerofor ©ÃÂ µ and ©ÃÄ�Å .

The sliding tapemethodproduces¥�¨�³_«Æ­ ¯iÇ ³�­ ¯ and ¥&¨ ¯ «Æ­ ´ Ç ³3­ ´ .In summary,the following convolutionresult is obtained¥�¨ ©O«C­�¥ ¦ ¨ ©O«§Á�¥ ¬ ¨ ©S«C­ ® ¯²± ©i­|³´ ± ©i­ ¯µ ±È¶R·8¸²¹Jº8»�¼�½8¹
Problem 6.14
The sliding tapemethodproduces¥�¨ª©S«G­�¥ ¦ ¨ ©O«§Á�¥ ¬ ¨ ©O«G­ µ for ©LÂ µ sincethe signals ¥ ¦ ¨ É�« and ¥ ¬ ¨ªÊ�ÉÃ« do not
overlap. For other valuesof © , we obtain the following results: ¥�¨Ë³¡«Ì­ ¯?Ç ³i­ ¯ , ¥�¨ ¯ «Ì­ ¯$Ç µ�Í ³ Ç ³Î­f³ ,¥�¨ Å]«�­ ¯?Ç ³ Í ³ Ç µ ­ ¯ , ¥&¨ ´ «�­7³ Ç ³�­7³ , and ¥&¨¾©O«�­ µ

for ©[Ä�Ï .
In summary,the following convolutionresult is obtained

¥&¨ª©S«C­�¥ ¦ ¨ ©S«dÁ�¥ ¬ ¨ ©S«C­ÑÐÒÒÒÒÒÓ ÒÒÒÒÒÔ
µ ± ©iÂ µ¯²± ©3­�³³ ± ©3­ ¯¯²± ©3­�Å³ ± ©3­ ´µ ±pÕ Ä�Ï

Problem 6.15
Using the sliding tapemethod,the requiredconvolutionresult is given by

¥�¨¾©S«
­�¥ ¦ ¨ ©S«dÁ�¥ ¬ ¨ ©S«C­ ÐÒÒÒÒÒÒÒÓ ÒÒÒÒÒÒÒÔ

µ ± ©?Â�Ê�³³ Ç Å�­!Å ± ©i­ µ³ Ç µ Ê!³ Ç Å�­�Ê�Å ± ©i­|³³ ÇLÖ Ê ¯R× Í Ö Êe³ ×�Ç µ�Í ³ Ç Å�­�³ ± ©i­ ¯Ö Ê�³ ×�ÇMÖ Ê ¯R× Í ³ Ç µ ­ ¯d± ©i­�Å³ ÇLÖ Ê ¯R× ­�Ê ¯d± ©i­ ´µ ± Õ Ä�Ï
Problem 6.16
The sliding tapemethodproducesthe following convolutionresult

¥�¨ ©O«C­�¥ ¦ ¨ª©S«OÁ�¥ ¬ ¨ ©O«C­ ÐÒÒÒÒÒÒÒÒÒÒÒÒÒÓ ÒÒÒÒÒÒÒÒÒÒÒÒÒÔ

µ ± ©iÂ�Ê ¯Ö Ê ¯R×ZÇ ³�­�Ê ¯²± ©3­PÊ�³Ö Ê ¯R×ZÇØ¯ Í ¯�Ç ³�­=Ê ¯²± ©3­ µÖ Ê ¯R×ZÇ Å Í ¯�ÇØ¯ Í ³ Ç ³:­�Ê�³ ± ©3­�³Ö Ê ¯R×ZÇØ¯ Í ¯�Ç Å Í ³ ÇØ¯ Í Ö Êe³ ×�Ç ³Ì­�Å ± ©3­ ¯¯�ÇÙ¯ Í ³ Ç Å Í Ö Ê�³ ×�ÇØ¯ Í ´ Ç ³�­!Ú ± ©3­�Å³ ÇÙ¯ Í Ö Ê�³ ×ZÇ Å Í ´ ÇØ¯ ­!Û ± ©3­ ´Ö Ê�³ ×ZÇØ¯ Í ´ Ç Å�­P³ µ ± ©3­�Ï¯�Ç ´ ­�Ü ± ©3­�Ýµ ± Õ Ä�Û
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