
Solutions to HW#3, Chapter 3, Problems on Fourier Series

Problem 3.1
For the periodicsignal in FIGURE 3.191, the trigonometricFourierseriescoefficientsareobtainedasfollows
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Note that in the precedingderivations,we haveusedthe standardresultstakenfrom a tableof integrals) *�0`BXC?�+cS*,�^57*8� Uc = 0`BYC?�2cS*,�RP *c -6."0R�+cS*7�J� ) *�-/."0��^cS*7�^57*;� Uc = -6."0R�+cS*7�� *c 0`BXC?�+cS*7�
The real coefficient trigonometricFourierseriesrepresentationof this signal is given by
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Answer 3.2:

i � � U� # � �T�3W j k F i � F �T�3Wlj,�Sm i � �n�,�i $o� U� �2#"$8Pqp [ $r���nP p [ $� � p� 1 ! k F i $ F � U� 1 ! �sm i $t� !� ��1&�VU"� � �JWXW W
�������S� i ��� � df$ IRg F i $ F -/."0��^13�����
�um i $ ���T�3Wljv� d

f$ IRg
U1 ! -/."0�wx13���6��Z! �Ay

1 Note that “FIGURE x.y” denotesa figure from the textbookand“Figure x.y denotesa figure from the solutionmanual.
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Figure 3.1

Problem 3.3
The requiredFourierseriescoefficients for the signalgiven in FIGURE 3.20 areobtainedfrom
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Figure 3.2

Problem 3.6
Since ¼r½�¾�¿ is a evenfunction then À6ÁtÂaÃ and Ä;ÁbÂTÃ3Å Æ]½QÇ:Á;ÈÊÉ"À6ÁN¿�ÂaÃ3ÅlÆ"Ç:Á . Note that Ë�Ì_ÂTÍ:Î�Ï"Í:ÎÐÂÒÑ .

Ç Á Â ÍÓÕÔÖ Ìa×�Ø6Ù:Ú ½+Û3Ë Ì × ¿6Ü ×�Ý ÍÓ\Þ6Ô
Ö
Ô
½+Í:ÎtÈ × ¿ Ø/Ù"Ú ½2Û3Ë Ì × ¿^Ü × Â ÍÓTß Ø6Ù"Ú ½+Û × ¿Û Þ Ý ×AÚ6àâá ½+Û × ¿Û ãGä åLæ ÔåLæ Ì

Ý�ç ÎÓ Û Ú`àXá ½@Û × ¿ ä å�æ Þ�Ôå�æ Ô È ÍÓTß Ø6Ù"Ú ½+Û × ¿Û Þ Ý ×�Ú^àXá ½2Û × ¿Û ã ä åLæ Þ6ÔåLæ Ô Â ÑÎ�Û Þ Ø6Ù:Ú ½2Û�Î�¿RÈ ÑÎ�Û Þ È ÑÎ�Û Þ Ø/Ù"Ú ½2Í"Û�Î�¿ Ý ÑÎ�Û Þ Ø6Ù:Ú ½+Û�Î�¿Â ÑÎ�Û Þè Í Ø6Ù:Ú ½2Û�Î�¿RÈéÑ�È Ø6Ù"Ú ½+Í:Û�Î�¿KêëÂìÈ ÍÎ�Û Þè Ñ�Èu½^È�Ñx¿ Á ê+í ÛÐÂìÑ"í6Í,í^î3íxÅXÅXÅ
Ç4Ì�Â ÍÓ ÔÖ Ì × Ü ×_Ý ÍÓ Þ6Ô

Ö
Ô
½+Í"ÎïÈ × ¿^Ü × ÂTÎ

The coefficient Ä Á is given by

Ä;Á&ÂnÃ,ÅlÆ:Ç"Á8ÂZð Ô Þ í ÛbÂTÃÈ ÞÔ Á4ñ í�ÛbÂZÑ:í�î3í�Æ3í^ÅXÅXÅÃ3í ÛbÂTÍ3í ç í2ò,íJÅYÅXÅThe frequencymagnitudeand phasespectraare given by

ä Ä;Á ä Â¹ð Ô Þ í ÛbÂnÃÞÔ Á7ñ í�ÛbÂVÑ"í6î,í6Æ,í`ÅYÅXÅÃ3í ÛbÂnÍ,í ç í6ò,í`ÅYÅXÅ
í óSÄ8Á&ÂZô Ã3í ÛbÂ	Ã,í6Í,í ç íJÅXÅ ÅÈ�ÑJõ"Ã%ö:í�ÛbÂaÑ"í6î,í6Æ,íJÅXÅ Å
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Fourier Series in Linear System Analysis
Problem 3.37
The systemtransfer function is given by÷ùø�ú%ûvü�ý þø�úJûAü6ÿ����7ø�úxû�ü���� ý þ� ø��	�Êû ÿ ü ÿ ��
%û ÿ� ������������� �Jû�	�Êû���� ÷Êø��:üSý�þ�
The periodic input in FIGURE 3.19 hasthe Fourierseriescoefficientsdeterminedin Problem3.1 as�! ý þ!� �#" ý$� �&% ý þ#� � �(')'*'*�,+ " ý-� �. % û  ý/� þ%�0 1 2 " øQú % û  ü�ý3� ' 4 ø �#" ��ú + " ü�ý65 þ!� % ý3�7ÿ "!8 �9% ý þ#� � �:' '*'
The complexFourier seriescoefficients of the systemoutput are; " ø�ú % û  üGýn÷Êø�ú % û  ü 2 " ø�ú % û  üAý=< ÷Êø>�"üSý �? � % ý$�÷Êø�ú % û  ü 7ÿ "@8 ý �ø ? �A "CBEDGFIH&J 7 ÿ "CBED ü 7ÿ "K8 �9% ý þ!� � �L'*'*'
whosemagnitudeand phaseare obtainedasM ; " ø�ú % û  ü M ý < �? � % ý$��ÿ "@8 �N ø ? �OA "�BPD&FIH ü H J A ÿ "�BPD>FIH �9% ý þ!� � �L'*' '� ; " øKú % û  ü�ý < � � % ý$�8 ÿ �Q���C� ���	R ÿ "CB D? �OA "�BPD&F HCS �9% ý þ!� � �L'*'
The steadystatesystemresponseisT!UGU øWV�ü�ý þ� �YXZ"@[ � þ%�0 þ\ R �	��ø % û  ü ÿ S ÿ � ø�� % û  ü ÿ^](_#`�a % û  Vb�c0 � �Q�(�����d� a � % û  �	�uø % û  ü ÿfe�e
Answer 3.38: 2 " ý úCg� %�0 ø^ø(� þ ü " � þ ü �9% ý þ!� � �L'*'*' � 2  ý g �; " ø�ú % û  üSýn÷Êø�ú % û  ü 2 " ø�ú % û  ü�ý6< ÷Êø��:ü�h ÿ ýih j � % ý3�÷Êø�ú % û  ü 7 hÿ "K8 ø^ø&� þ ü " � þ ü�ý AIAk�d� Fkl ��� Fø ? �OA "�B D F H J 7 ÿ "�B D ü 7 hÿ "@8 �9% ý þ#� � �:'*' '

M ; " ø�ú % û  ü M ý < h j � % ý$�hbAIAk�d� Fkl ��� Fÿ "@8 �N ø ? �OA "�B D FIH ü H J A ÿ "�B D FIH �m% ý þ!� � �L' ')'� ; " øKú % û  ü�ý6< � � % ý$�8 ÿ �Q���C� ��� R ÿ "CBED? �OA "�B D F HCS �9% ý þ!� � �L'*'T U&U øIV�üSý�þ� �nXZ"K[ � g8ø^øG� þ ü " � þ ü%�0 þ\ R �	�uø % û  ü^ÿ S ÿ �éø�� % û  ü6ÿ ](_!`�a % û  V��o0 � �Q�(�����d� a � % û  �	��ø % û  ü ÿEe�e
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Answer 3.42:p(qsrutvxwy z-{�|I}�~E�&�*��|��f� z }�~(��} r�ttn�y z/�&�*�	|��f� z }�~&�C}!� tt��y �
�G�)�	|&�f� z }�~G�C} r ����f� z����� |>�f� z }�~:� �k� ����

z�� ��f� z����� |��f� z }�~L� ��� ���� �r ������ ���(�#��|����d~ � �(�#��|>�!~ � �(�!��| t ����~����(�#��|>����~k  r ������ t � t �¡�!��|>����~k  r t����� � �¢|&� � ~ q  r6£m¤q!¥§¦ � r � ¦&¨f¦�©*©)©� � r t ¦>ª«¦:©*©*©¬ q |I!�f� z ~ r � © ® |�¯ q �� p q ~ r � �k°q@¥ ¦ � r � ¦(¨P¦(®P¦L© ©*© and
¬ q |I!�f� z ~ r � ¦ � r � ¦ t ¦Gª¦L© ©*©± q |WC�f� z ~ r � ± q |kC�f� z ~��>²�³G´¶µ ± q |I!�f� z ~(· r$¸ |I!�f� z ~ ¬ q |WC�f� z ~r � ¸ |I!�f� z ~:� ¹ºµ ¸ |WC�f� z ~¡·E� ¬ q |I!�f� z ~:� ¹»µ ¬ q |I!�f� z ~(· ¦ � r � ¦(¨P¦(®P¦G©)©*©

� ± q |I!�f� z ~:� r � ¸ |I!�f� z ~:�¼� ¬ q |WC�f� z ~L� r �½ � � � � � � t���¹»µ ± q |WC�f� z ~¡· r ¹ºµ ¸ |I!�f� z ~(· � ¹ºµ ¬ q |WC�f� z ~¡· r �¿¾�²���À � |&����~d� � t ¦ � r � ¦(¨P¦(®P¦L© ©*©
Á�ÂGÂ |�}�~ r tÄÃÅq � �

� ± q |kC�f� z ~��>�(�!�d|��f� z } � ¹»µ ± q |WC�f� z ~¡·Æ~ r tÄÃÅq � �
�½ � � � � � � t���

�(�!�ÈÇ:���f}b�É¾�²C� À � |>����~�� � t�Ê
Answer 3.43: ¬ q |kC�f� z ~ r ��Ë��º t���ÈÌ r  t��� ¦ � r � ¦(¨P¦(®P¦L© ©)©*¦ v r t ¦ � z r �± q |�!�f� z ~ r3¸ |I!�f� z ~ ¬ q |I!�f� z ~ ¦ ¸ |W:�Í~ r � � L�L�»| t � :�»~� ¸ |IL�Í~:� r � � � L�Î�� :���Ï� t � L�Î� r ½ � � � �� ½ ª � � � ¦

¹ ¸ |IL�»~ r ¹º| � � L�Ð~Æ�Î¹dL���Î¹º| t � L�»~ r ¾(²���À � |��Í~L� � t ��¾(²��dÀ � Ç � t Ê� ± q |WC�f� z ~L� r t��� ½ � � � � � �|>����~ ½ ª � � � � � ¦
¹ ± q |�!�f� z ~ r ¹ ¸ |I!�f� z ~ � ¹ ¬ q |I!�f� z ~ r ¾(²���À � |&����~(�¶¾�²C��À � Ç � � t Ê � � t

� � tÁ ÂGÂ |I}�~ r t ÃÅq � �(Ñ Ò:ÑÔÓÔÓÔÓ
t|����d~ �

½ � � � � � �½ ª � � � � �
�(�!� Ç ���f} � ¾�²C��À � |>����~��Q¾(²���À � Ç � � t�Ê�Ê
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