
Solutions to Homework Problems from Chapter 2
Problem 2.4
The requiredsignalsare presentedrespectivelyin Figures2.4a,b,c,d.���������
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Figure 2.4

Problem 2.6
Thesignal JLK=MONQPSRTK=MLUWV'NXUYRZK[M]\^V'N_\a`bKcMd\^V'NeUf`bK=Md\hgiN is presentedin Figure2.6 with dashedlines
denotingparticular signals.
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Figure 2.6

Problem 2.8
Seecommentsmadein the solutionsto Problem2.7. In this problem,oneof possibleseveralsolutions
is given by ���=�O�Q�W�Z�[�)� �h� �[� �¡  �L¢ � �c� �¤£ �L¢¡�T�=� �h¥ �
The correspondingsignalsare lotted in Figure 2.7 using dashedlines.
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Figure 2.7
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Problem 2.20 ÑÒ
Ó ÑÕÔ�ÖØ×ÚÙ¡Û=Ü|ÝLÞcÖ�ßLÙáà Ó ×ãâ[äæå�çbÞ=ÖOßLÙáèbçbÞØé'Ö]ê^ë'ßTÙ¤ìíçbî|ïØðñÞ[Öòêhéóß[ô'õöÖ

÷ ÑÒ
Ó Ñùø�Þ[Ö)ß å çbÞ[Ö)ß�Ù¤èöçbÞãé'Ö]êúëûßLÙhìíç î|ïOð Þ[Ödêüébß ô õbÖ

÷ ø�ÞØýóßTÙáè ëé øÿþ ëé�� Ù¤ìyÞOê ëûß[ø î|ïOð Þãéóß ÷ ë Ù èé þ ëì Ù¡Û=Ü"Ý þ ëé�� Ù¤à Ó ï � êhìæÔcì Ù����íÛXÞØéiß�êhébà Ó�� ä
Problem 2.21ÑÒ

Ó Ñ ÔcÖãÛ=Ü ÝTÞ[Ö)ßZÙáà Ó âØädå�çbî
	Að=Þ=ÖOß]ê¤çbî|×Oð=Þ=Ödêhéóß=ôöõbÖ ÷
ÑÒ

Ó Ñ øLÞ=ÖOß å"çbî
	�ð=Þ[Ö)ßLêüçbî�×)ð=Þ[Ö]ê¤éiß[ô'õbÖ÷ Þ�ê ë ß 	 øLî�	AðãÞãýóßLê¡ÞAê ë ß × øZî|×Oð=Þãéóß ÷ ê ÔOêÿè ÛØÜ"Ý Þãýóß]êhý����óÛTÞ[ýóß]ê¤à�
ä ê Ôcé����óÛTÞ[éóß]ê¤éÚÛ=Ü"ÝÿÞØéiß_Ùáà Ó ×�ä÷ ë êhé����íÛTÞ[éißZÙ¡éQÛØÜ"Ý ÞãéóßLê¤à Ó ×
Problem 2.22

Þ��óß �ÒÓ 	 à Ó�� â�� Þ[Ö)ßØçbÞ=Ö�êhì ßØõbÖ ÷ à Ó������ � Þ[ì ß ÷ à Ó ï��
Þ��Tß �ÒÓ 	 à Ó â[çbÞ=Ö]ê��óßãõbÖ ÷ ý ÛØÜ"Ý��� WçbÞ[Ö]ê!�óß ÜcÛ"��#�$AÛØÜ&%� '�)(�$+*� ¡Ü Ý,$+ .-0/1�2$ñÜ3�bÝ54ÄÜ36 Ü&$AÛ
Þ�� ß �ÒÓ 	 à Ó ×ãâ ÛØÜ"ÝÿÞ[ÖòêhèóßØçbÞ=Ö�ê!7óßãõöÖ ÷ �ÒÓ 	 ø�Þ[Ö)ßØçbÞ[Ödê87ißØõbÖ ÷ ëé ø�Þ�7iß ÷ ëé à Ó ï� ÛØÜ"Ý Þ[éóß

Þ�%_ß �ÒÓ 	 à Ó â çbÞOê Ö�Ù¤èißØõbÖ ÷ �ÒÓ 	 ø�Þ=ÖOßãçbÞAê ÖZÙáèißØõbÖ ÷ ø�ÞØèiß ÷ à Ó 	
Problem 2.26
(a) The scaledand shifted rectangularpulsesignalsare definedby9 × Þ[èûÖ�ß ÷;: ë�< ê ë>=WèûÖ?= ëA@ ê ëCB'èD=^ÖE= ë2B'èý�<F .4 Û� CGH*� I/J < 9 × Þ[è'Öòêhéóß ÷;: ë0< ê ë>=úèûÖdêhéK= ëA@ ëLB èM=¡ÖE= ëýN<F �4 ÛO IGA*N I/+ 9 � Þ[ì ÞcÖdê87óß)ß ÷ : ë�< êÿéD= ìyÞ[Ö]ê!7óß�=úéP@ êÿý�QR7 Ù�7M=úÖE=úýNQS7 Ù�7T@ ì�QS7M=¡ÖE=U7NQS7ý�<F �4cÛ� IGH*� I/J 
The plots of thesesignalsare presentedin Figure 2.10.
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Figure 2.10

(b) The analyticalexpressionsfor the scaledandshifted stepsignalsare given by�����2�Y�8�,�������2� �2���!�M�U�>���A�'�,���� �F�������I�A�N�C�+� � � ���¡�L��¢����£�¤�¥��� �¦�2�§¢��K�'�T�¨�E©'������ �F�������I�H���I�J�
Graphicalpresentationsof thesesignalsare given in Figure 2.11.ªI«
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Figure 2.11

Problem 2.29
Using the derivative product rule and the property of the delta impulse function, which statesthatÅÇÆÉÈJÊ�Ë0ÆÉÈ£Ì"È�Í2ÊMÎÏÅÇÆÐÈÉÍ2Ê�Ë0ÆÉÈÇÌÑÈÉÍ2Ê

, we obtainÒ Å§Æ�È+ÊÒ È ÎÔÓ ÆÐÈ�Ì�Õ,Ê§Ö�ÆÐÈ�Ö�Õ�Ê�Ë0ÆÐÈÇÌ!Õ,Ê�Ì8×ÐØ3ÙÚÆÉÈJÊ�Ó�ÆÉÈ£Ì8Û,Ê§Ö�Ü�ÝÞ×�ÆÉÈJÊ�Ë0ÆÐÈßÌ8Û�Ê�Ì8àÞáLâ�ã+ä�×ÐØ3Ù>ÆÐÈ+Ê§ÖåáLâ�ã+äÞÜ�Ý,× Æ�È+ÊÎ5Ó�Æ�È£Ì!Õ,Ê Ö�à,Ë0ÆÉÈ�Ì�Õ�Ê�Ì8×ÐØ3Ù>ÆÐÈ+Ê�Ó ÆÐÈßÌ8Û�Ê§ÖåÜ�Ý,×�Æ�Û,Ê�Ë0ÆÉÈÇÌ!Û,Ê§Ö�áLâ�ã+ä�Æ�Ü�Ý,×æÆÐÈ+Ê�ÌÑà?×ÐØ&Ù¡ÆÐÈ+ÊJÊ
Problem 2.30
The graphsare presentedin Figures2.13 and 2.14
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Figure 2.13
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Figure 2.14

The correspondinggeneralizedderivativesare given by

VXWZYT[]\�^V_\ `
abbbbbbbbc bbbbbbbbd
egf \ihkjl [m\onpjq^ f \ ` hrjegf hsjutv\wt ex5y{z}|�~�y5|Tz f \ ` eh�� f e t�\wt�jl [m\�h�jq^ f \ ` j� f \���j

f V�W���[�\�^V_\ `
abbbbbbbbbbbbc bbbbbbbbbbbbd

h�� f \�t�hrjx5y�z}|�~�yg|�z f \ ` je5f hsj�t�\wt�h��l [�\�n��Z^ f \ ` h��e e tv\wt�jl [�\ihkj}^ f \ ` je5f j_tv\wt��x5y�z}|�~�yg|�z f \ ` �h�� \����
Problem 2.38 VV_\����T�Z��� [m\�^1� `�  �¡�¢��� [m\�^�n �¡�Z� l [m\�^ `�  �T�Z��� [�\�^£n l [�\�^V �V_\ � � � �Z� � [m\�^ � ` VV_\�¤ VV_\�� � �¢� � []\�^ ��¥ ` VV_\¦��  � �Z� � [m\�^§n l []\�^ � `�  � � �Z� � [m\�^§n   l [�\�^£n l©¨ Y�ª [�\�^V_«V_\ « �Z�T�Z��� [m\�^�� ` VV_\ ¤ V �V_\ � �¬�T�Z��� [�\�^1� ¥ ` VV_\¦   � �T�Z��� [�\�^{n   l [�\�^§n l ¨ Y�ª [m\�^¡®`�  « � �Z� � [m\�^§n   � l [�\�^§n   l ¨ Y�ª [m\�^§n l ¨ ��ª [�\�^V_¯V_\ ¯ � � �¢� � [m\�^ � ` VV_\ ¤ V_«V_\ « � � �Z� � [�\�^ � ¥ ` VV_\�   « � �Z� � [�\�^§n   � l [�\�^on   l ¨ Y�ª [�\�^§n l ¨ ��ª [m\�^ ®`�  ¯ �¡�¢��� [m\�^§n   « l [�\�^on   � l ¨ Y�ª [�\�^§n   l ¨ ��ª [m\�^on l ¨ « ª [�\�^
Following the samepattern,we haveV_°V_\ ° � �T�Z�±� [�\�^ � `�  ° �¡�¢��� []\�^£n   °�² Y l [m\�^�n   °©² � l ¨ Y�ª [�\�^£n�³T³¡³Tn   l ¨ °�² �´ª [�\�^§n l ¨ °�² Y´ª []\�^ f   � e
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Answers to Problems Similar to Homework Problems from Chapter 2

Answer 2.5
The graphsof the requiredsignalsare plotted respectivelyin Figures2.5a,b,c,d.µ¬¶�·�¸

¹º�»½¼@º�¾�¿5À(Á

Â
Ã1Ä�Å�Æ@Ç�ÈÉ Ê

ËZÌ�Í�ÎÏ
ÐÑ�Ò1Ó�Ô�Ñ�Õ�Ö

×�Ø�Ù�Ú�Û�Ü
ÝßÞáàãâä

å æßç
è¬é�ê�ëì í�î�ï�ð

ñ1ò�ó�ô�õ�ö ÷ ø ùßú ûýü
þ�ÿ�����þ������	�
���������

��������

����� �����

 "! #%$'&

(

)
*

+ ,-

.0/

Figure 2.5

Answer 2.71�24365�781�9�3;:=<>1�9?3A@CBD<>109E@GFH3JIK<>109L@MBN3�O 1QPR3Q5�S81�9?3T:=<>109E@CBN36@U<>1�96@CVN36@UWX1�9L@YF�31QZ83658[�1�9?3T:=<>109E@\F�3J@M<>1"96@MBN36@UWX1�9L@MB>3
Answer 2.23 Given in the textbook.

Answer 2.24]�^ S`_�a 1`B�96@YFH3JI bc^ bed
f�g 1`hi1�96@\F�3?3kj a>l�S`m 1"96@YFH3JI a 1�9L@MB>3�nDo>9JIqp Sc^ Ssr�t g 1�B�9�3

a 1`B�9E@vuw3Qo>9JI xc^ [zy
a 1�9iIMBN3Qo>9

: ]�^ SN{| a 1`B�9E@GFH3JI~}?@�h S'� 1'@�FH3 S
d
f�g 1QhE1'F�@\F�3�3JI FB

d
f�g 1QhE1'F�@GF�3�3JI FB r't g 1�u�3XI y: ] ^ 7 a 1QBH9A@\F�3JI FB r't g 1�u�3XI y
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Note that the first term was evaluatedusing the following result�i�0�'�`�>���>�L�U�����;�=��� �"���� �>�`�>�i�������
Answer 2.25 Given in the textbook.

Answer 2.27
The rampsignal is defined by � �"���T���Q�X���?�?�����Y�

and � �"���T���w�L���Y�
. Using this definition, we have

� �'���w���J�G�N�?�E� � �R�w�0�6�G�>�Q�X�'�R���0�A�M�N����� �����0�6�M�N���\�s¡¢���������� £�¤0¥`£�¦�§w£©¨?£ �ª� �R�>�A�C«w�¬���������� £�¤0¥`£�¦R§w£�¨?£
Note also that ��������0�A�M�®���L� �°¯ �¢�R�w�"�X�G�N�T�Y��¡±���²����w�¬£�¤0¥`£�¦R§w£�¨?£ ��������6�U�N�
The scaledandshifted stepandrectangularpulsesignalsare analyticallygiven by�X�'��³��L� ¯ �T� �°¯ �¢�´³H�6� ¯sµ ��¡±��¶²� ¯©· ³���¬£�¤¸¥¹£�¦�§�£�¨�£ �eº¼»8�������6�U���E�½�¾¯ �¿� ¯ ¶������6�v�¾¶ ¯ ¡À�´Á · �z¶G��¶���³ · ����Â£�¤0¥`£�¦R§w£�¨?£
The abovesignalsare plotted in Figure 2.12.
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Figure 2.12

Answer 2.28
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`.a Y2bOcedf W�Yhg<diZ a Y [ ced`.a cjdkbEY#bldf W�Y8c4diZ a Y [ dcjd a debEY#b4mn&oqp*r,s-o&r�p a Y [ m`.a Y2tJm
Answer 2.35 Given in the textbook.

Answer 2.36 TT�YBu Y�vqW�Y�Z�w [ Y f W6YLZxgEvqW�Y�Z [ ` f W6YLZxgEvqW�Y�Z [ vxW6YLZT�yT�Y y u YzvqWzYLZ�w [ TT�Y-{ TT�Y u Y|vxW6YLZ�w.} [ TT�Y u vxW6YLZ�w [ f WGY�ZT�~T�Y ~ u Y|vxW6YLZ,w [ TT�Y { T�yT�Y y u YzvqWzYLZ�w-} [ TT�Y!u f W�Y�ZLw [ fC���z� W6YLZT��T�Y � u YzvqW�Y�ZLw [ TT�Y { T�~T�Y ~ u Y|vxW6YLZ,w&} [ TT�Y-� fC����� W�Y�Z�� [ fC� y � W6YLZ
Answer 2.37 TT�Y u����!� W6YLZ|vxW6YLZ�w [ c ��� o WGYLZ�vxW6YLZxg ���B� W6YLZ f W6YLZ [ c ��� o W�Y�ZzvqW�Y�Zxg f W6YLZT yT�Y y u>�,�B� W6YLZ|vxW6YLZ�w [ TT�Y { TT�Y!u��,�*� W�Y�ZzvqW�Y�ZLw } [ TT�Y!u c �|� o W6YLZ|vxW6YLZxg f W6YLZ�w [ c �,�B� WGYLZ�vxW6YLZxg fC����� W�Y�ZT ~T�Y ~ u����B� W6YLZ|vxW6YLZ�w [ TT�Y { T yT�Y y u>�,�B� W6YLZ|vxW6YLZ�w } [ TT�Y(� c �,�*� W�Y�ZzvqW�Y�Z8g fC����� W�Y�Z�� [���� o W6YLZ|vxW6YLZ�c f WGY�ZLg fC� y � W6YLZT �T�Y � u��,�*� WGYLZ�vqW�Y�ZLw [ TT�Y { T ~T�Y ~ u��,�*� W�Y�ZzvqW�Y�ZLw } [ TT�Y �-�|� o W6YLZ|vxW6YLZXc f W6YLZhg f � y � W6YLZ/�

[��,�*� W�Y�ZzvqW�Y�ZHc fC���L� WGYLZ8g fC� ~ � WGY�Z
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