
Sample Exam 1: Chapters 1, 2, and 3

#1) Considerthe linear-time invariant systemrepresentedby����������	� 
�� �
�������������
���������
Find the systemresponseand its zero-stateand zero-inputcomponents.What are the responsesteady
stateand transientcomponents.

#1b) Using the linearity and time invarianceprinciple (note that you haveto assumezero initial
conditions)find theresponseof thesystemdefinedin #1a)dueto theinput signalequalto � ������� � ��� � � � .

#2a) Using the propertiesof the impulsedelta function simplify the following expressions��!"�$#&%('�)�*	��� � � ��� ��!�!+� ,-% ,
��� 
�� �+*	��� ����.0/	���	�

��!�!�!��21-% ,
#�%43+)�5�6879��:(����*	; 1+< ���=� � ���	�>� �+!�?�� '-%
' #&%@'+)BA>C�5(������/	��*	���=�D/��+���

#2b) Plot the graphof the signal representedin termsof unit stepandunit rampsignalsasE �����F� � ���G� 
H� � 
 � ��� 
�� � 
JI �K�G�=�HL��
and find its generalizedderivative.

#3a) Find the Fourier seriesof a periodic signal representedbyE �����F� E ��� 
J� �=�NM L	�O�PL9QH�RQS�� �2�TQH�UQVL
#3b) Find the systemresponsedue to the periodic input signal given in #3a) of a linear system

whosetransferfunction is W �YX&ZU�[� 11�\�]K^ .

#3c) Usingthetablesof commonpairsandpropertiesof theFouriertransformfind Fouriertransforms
of the following signals:

��!+�_�+# %@3a` )�` � �+!�!��b# %@3+) �@c ���K�BA>C�5(������� ��!�!�!�� )-% , d 3
����ef����e��g��!�?�� �@c ��� � � �

#3d) Find the inverseFourier transformof the signals��!"� LL 
 X	Z A>C�5(� � ZU��# % ] ' ^ ��!�!"�
d
h
��Z�� � �
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Sample Exam 2: Chapters 1, 2, and 3

#1) Considerthe linear-timeinvariant systemrepresentedbyiBj
k�lKmi�l n j
k�l�mFoqp�rYs9k�l�t�u	m�vgj
kxwymFoqw
Find the systemresponseand its zero-stateand zero-inputcomponents.What are the responsesteady
stateand transientcomponents.

#2a) Using the propertiesof the impulsedeltasignalsimplify the following expressions

k�z+m�k�l t�{�m�|�}	k�l=tH{�m�vHk�z�z+m�~�� ~����
pfk���lKm+}����"�"k�l tS{&m+i�l>vHk�z�z�z+m |�� ~

p�rYs9k+�(l�m�}	k�u&l=t��	m+i�l
k�z���m ��� ~��

�4��� p�r�s9k�u&l>m�}	k�l=tDu�m+i	l�v k��
mq��� ��� k�l�m�}	���K�"k�l nH� m�i	l
#2b) Plot the graph of the signal representedin terms of unit step, rectangular,and unit ramp

signals as � k�l�mFoq�	k�l�tDu�m n ��� � k���l�t � m tD��k�tU�	l n �ym
and find its generalizedderivative.

#3a) Find the Fourier seriesfor the sawtoothsignal with � o {	vK¡�oN{
. Note it is an odd signal.

Hint: � lyp�rYs9k�¢�l>m�i	l�o {¢ | p�rYs9k�¢�l�m�t l¢ �>�
p(k�¢�l>m

#3b) Find the liner systemresponsedue to the periodic input signal definedin 3a). The system
transfer function is £ k�¤Um¥o ¦�§�K¨ ¦�§ .

#3c) Usingthetablesof commonpairsandpropertiesof theFouriertransformfind Fouriertransforms
of the following signal:k�z"m©p�rYs9k+����lKm"ª«�f¬�k�l=t­�	m t��f¬�k�l=tS{®m�¯�vgk+z�z�m_l |

�
� � � �@¬	k�lKm>v°k�z�z�z�m$p�r�s

�
k�u&l=tD��m

#3d) Find the inverseFourier transformof the signal± kY²	¤³mFoq�´� � k�¤Um tµ� | k�¤�t�{�m
#3e) Find the responseof the systemdefinedin 3b) dueto the input signal � �>�

pF¶"{aw�l n¸·�@¹ .
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Sample Exam 3: Chapters 4 and 5

1) Find the Laplacetransformof the following signalsº¼»®½�¾K¿FÀV½�¾ ÁHÂ�¿�Ã�Ä�Å�Æ�½�¾ ÇSÈ&¿�É�º&Ê®½�¾�¿FÀqË>ÌBÍ�½�Î(¾>¿�Æ�½�¾=Ç�Â	¿>É2º®Ï&½�¾K¿FÀqÐ�¾�Ã�Ä Ê ÅyÍ�Ñ8Ò9½�Ó�¾K¿+Æ(½�¾K¿
2) Find the inverseLaplacetransformof the following functionÔ ½�Õ�¿FÀ Â	ÕUÁ�Ã Ä4ÖÕ Ê ½�ÕGÁqÈ®¿
3) Find the × -transformof the following signals

º »&Ø«Ù�Ú ÀqÓ	Û�Ü Ê ½ Ù ÁHÂ�¿�Æ Ø«Ù ÇDÂ Ú É�º Ê&Ø0Ù�Ú À Ù Ë>ÌBÍÞÝ Ù Î Â�ß Æ Ø«Ù�Ú É_º Ï�ØàÙ�Ú Àâáã ä Â
É Ù Àqåæ É Ù Àqçè É�Ì&éKê@ë�ì�í³ÑîÍ"ë
4) Find the inverse × -transformof the following functionÔ ½Kï�¿�À æ ½�ï9Á�Â�¿½�ï9Á�È�¿K½�ïÞÁJÓy¿+½�ï9Á�åy¿

Using the initial and final valuestheoremsverify the valuesobtainedfor
º Ø è Ú

and
º Ø�ð�Ú

.

5) Considera continuous-timesystemñ Ê>ò ½�¾�¿ñ ¾ Ê Á�Ð ñ ò ½�¾K¿ñ ¾ ÁJç ò ½�¾�¿FÀqÓ ñ º�½�¾K¿ñ ¾ ÇDº�½+¾�¿�É òôó è Ä õ ÀöÈ	É ò�÷ »Kø ó è Äùõ À è É�ºù½�¾K¿FÀ�Ã Ä�Å Æ�½�¾�¿
Find its transferfunction (1pt), impulseresponse(1pt), stepresponse(1pt), zero-state(1pt), and zero-
input (1pt) responses.

6) Considera discrete-timesystemò Ø0Ù�Ú Ç ÈÐ ò Ø0Ù ÇSÈ Ú Ç ÈÐ ò Ø0Ù Ç­Â Ú Àqº Ø«Ù ÇHÈ Ú Á�º Ø«Ù ÇDÂ Úò Ø ÇÞÂ Ú À©ÇÞÂ�É ò Ø ÇúÈ Ú À è É�º Ø0Ù�Ú Àû½KÇPÈ&¿ Û Æ Ø«Ù�Ú
Find the systemtransfer function (1pt), impulse response(1pt), zero-state(1pt), and zero-input(1pt)
responses.What is the systemsteadystateresponsedue to

º Ø«Ù�Ú Àöå�Æ Ø«ÙyÚ
(1pt)?

Hint:
Ë>ÌBÍ(½�üþý�ÿ�¿úÀ Ë>Ì�Í(½�ü�¿yË>Ì�Í@½�ÿ�¿ � Í�Ñ�Ò ½+ü�¿yÍ�ÑYÒÞ½�ÿ�¿ .
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Sample Exam 4: Chapters 4 and 5

#1a) Find the Laplacetransformof the following signals�������
	���
�����������������	�� ��!����"	#�%$
&(')��*��"	,+-���.�/	��0�)���1��23	�4�� ��5����"	#�768� !:9%;�< �)���1� ; 	
#1b1) Find the time domaincomponentof the inverseLaplacetransformthat correspondsto the

pole locatedat the origin = ����>�	#� 
 � !/?>��@> 9A; 	"��> 9 23	@��> 9 �3	/�@> 9 ��	@�@> 90B 	
#1b2) Find the inverseLaplacetransformof the function= !���>�	#� 
 � 5�?>���> ! 9A; 	
#2a) Find the C -transformof the following signals����+ED34F�G�IHKJ ! ��D 9 2L	@�M+-DL4��N��!�+-DL4F��$
&('POQD * 2�R �M+-DS� ; 4��T��5I+UDL4M�WVX Y ��� DZ� ;[B�\�]�NDZ�%2I^_ � &a`/b�cKd/egf�'@c
#2b) Find the inverse C -transformof the following function= �/hL	�� B ��h 9 2L	��h 9A; 	 ! ��hi� ; 	

Canyou apply the initial andfinal valuestheoremsto the function
= �@hL	

. If yes,find
�j+ _ 4

and
�j+lkm4

.

#3a) Considera continuous-timesystemn !Ko ���"	n � ! 9pB n o ���/	n � 9 � o �.�/	#�%�q���"	�� o 6 _ � < �G2�� o�r �@s 6 _ � < � _ � �q���"	�� B �����"	
Find its transfer function, impulse response,step response,zero-state,zero-input, and steady state
responses.

#3b) Considera discrete-timesystemo +EDL4 9 o +EDt� ; 4 9 ;� o +UDu��2�4M�G��+-Dt� ; 4 9 �j+-Dv�m2�4o +w�x2�4)�G2�� o +l� ; 4F� ; � �j+EDL4M�Tyj� ;�Mz H �M+-DL4
Find the systemtransferfunction, impulseresponse,zero-input,and zero-stateresponses.

Hint:
$
&('���{}|0~�	i�7$
&L'���{�	3$
&L'��.~�	#�A'.fQ���@{�	3'.fQ�x��~�	

.
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Sample Exam 5: Chapters 6, 8, and 12

1) Convolvegraphicallycontinuous-timesignals �������/� and ���K�.�1�p��� .
2) Using the sliding tapemethodfind the discrete-timeconvolution �I���E�L���g�����E�L� , where

� � �U�3�)�
�������� �������
� �Z�%���� �Z�%�� �Z� ���� �Z�A��x� �Z�%�� �a /¡�¢[£@¤g¥§¦,¢

3) Considerthe continuous-timelinear systemrepresentedin the statespaceform by¨L©ª �����"�©ª � ���"�I« � ¨ � �� � �P��« ¨ ª �����"�ª � �.�/��«u¬ ¨ � �)« �q���"��­ ¨ ª �����L®��ª � �@� ® �I« � ¨ ����]«¯ ���"���°�E� ��� ¨ ª �����"�ª �����/�I«
a) Find the systemtransferfunction.

b) Find the systemimpulse response.

c) Find the systemtransitionmatrix using the Laplacetransform.

d) Find the systemoutput response( ¯ ���"� ) due to the systeminput �q���"�±�³² ®�´/µ�¶ �.�/� .
4) Considerthe discrete-timelinear systemrepresentedin the statespaceform by¨ ª ���U� ¬ �·�ª ���U� ¬ �·� « � ¨ � ���� �x� « ¨ ª ���E�L�ª ���E�3� « ¬ ¨ � � « ���-�L��­ ¨ ª ���E���ª ���-��� « � ¨ �� «¯ �-�L�F�°�w� �j� ¨ ª ���U�L�ª � �U�L�K«
a) Find the systemtransferfunction.

b) Find the systemtransition matrix.

c) Find the systemoutput response( ¯ �U�L� ) due to the systeminput ���-�L���¸�@��¹E�a��º ¶ �E�3� .
5) The open-loopsystemtransferfunction is given by» �8¼��#� �¼ ¬p½

Assumingthe unity feedbacksystem,find the sensitivityfunction of the closed-loopsystemwith respect
to parameter½ .

Hints:² ®F¾/µ ¶ ���"�:¿ �¼ ¬pÀ ­Á��² ®�¾/µ ¶ ���"�:¿ ���¼ ¬ÂÀ � � ­ À º ¶ �E�L��¿ ÃÃ � À ­ � À º ¶ �U�L��¿ À Ã� Ã � À � �
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Sample Exam 6: Chapters 6, 8, and 12

#1a) Convolvegraphicallycontinuous-timesignals Ä�Å[Æ�Ç�ÈpÉIÊ-ËLÌ and Ä�Í�Æ.Ç/ÌjÎÂÏ�Í�Æ�Ç"Ì .
#1b) Using the sliding tapemethodfind the discrete-timeconvolution Ð�Ñ�ÒUÓ�Ô�Õ±Ð Í ÒEÓ3Ô , where

Ð Ñ ÒEÓLÔ�ÖØ×ÙÙÙÚ ÙÙÙÛ
É ÓÜÖ%ÝÞ ÓÜÖ Þß ÓÜÖ ßÞ ÓÜÖAàÝ áIâ/ã�ä�å�æèç§é@äMê Ð�Í�ÒEÓLÔ�ÖØ×ÙÙÙ

Ú
ÙÙÙÛ
Þ ÓÜÖ Þß ÓÜÖ ßÈ Þ ÓÜÖAàÈ�É ÓÜÖ%ËÝ áIâ"ã�äKå"ægç�é@ä

#2A) Considerthe continuous-timelinear systemrepresentedin the statespaceform byëLìí Ñ Æ.Ç/Ììí Í�Æ.Ç/Ì�î Ö ë Ý ÉÈ Þ È ß î ë í Ñ Æ�Ç"Ìí Í�Æ�Ç"ÌIî Î ë Ý É)î ÐMÆ.Ç/Ì ê
ë í Ñ Æ�ÝLï�Ìí Í�Æ�Ý3ï�Ì�î Ö ë ÞÝjîð Æ�Ç"Ì�Ö°Ò ß ÝjÔ ë í Ñ Æ�Ç"Ìí Í Æ�Ç/Ì î

a) Find the systemtransitionmatrix ñ\Æ�ò�Ì , andobtain ñPÆ�Ç"Ì using the Laplaceinversetransform.

b) Find the systemtransferfunction.

c) Find the systemstateresponsefor ÐqÆ�Ç"Ì\Ö³óaÆ�Ç"Ì and the given initial conditions.

d) Find the systemoutput response( ð Æ�Ç/Ì ) dueto ÐqÆ�Ç"Ì#Öõô ï Å/ö�÷ Æ.Ç/Ì andthe given initial conditions.

#2B) Considerthe discrete-timelinear systemrepresentedin the statespaceform byë í Ñ ÒUÓvÎAÉ·Ôí Í�ÒUÓtÎAÉ·Ô î Ö ë Ý ÉÈ Ñø Èúùø î ë í Ñ ÒEÓLÔí Í�ÒEÓ3Ô î Î ë ßÝ î Ð�Ò-ÓLÔ ê
ë í Ñ ÒUÝ�Ôí Í�ÒUÝ�Ô î Ö ë ÉÞ îð Ò-ÓLÔFÖ°ÒEÝ Þ Ô ë í Ñ ÒUÓLÔí Í ÒUÓLÔ î

a) Find the systemtransitionmatrix ñ\Æ�û3Ì . Obtain ñxÒEÓ3Ô via the ü -transform

b) Find the systemtransferfunction.

c) Find the systemoutputresponse( ð ÒEÓ3Ô ) dueto ÐjÒEÓLÔMÖ7ý"È Ñþ(ÿ�� ÷ Ò-ÓLÔ andthegiven initial conditions.

d) Given the systemrepresentedbyð ÒEÓ�ÎÂË�Ô�Î ð Ò-ÓiÎmàIÔ�È ð ÒEÓ�Î ß Ô�È ð ÒEÓtÎ Þ Ô�Î Þ ð ÒUÓiÎGÉKÔ�È Þ ð Ò-ÓLÔMÖ%ÐjÒEÓ�Î ß Ô(Îmà(ÐjÒEÓLÔ
Find the systemstatespaceform.

#3) The systemopen-loopsystemtransferfunction is given by
� Æ@ò�Ì#Ö �ò�Æ�ògÎGÉ�Ì"Æ�ò\Î Þ Ì"Æ�ò\Î0Ë3Ì

Assumingthe unity feedbacksystemand the systemasymptoticstability for somevaluesof the static
gain

�
, find the steadystatestep,ramp,and parabolicerrors in termsof

�
.

Hint: Some common pairs:÷ Æ.Ç/Ì�� Éò ê ô ï��
ö ÷ Æ�Ç"Ì�� ÉògÎ
	 ê Ç@ô ï��

ö ÷ Æ�Ç"Ì�� ÉÆ�ògÎ
	�Ì Í ê 	 �
÷ Ò-ÓLÔ�� ûû�È�	 ê Ó�	 �

÷ Ò-ÓLÔ�� 	LûÆ@û�È�	�Ì Í
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