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� �⁄ � �
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1 �⁄ 	 �1 �⁄ � +

���� �⁄ � �⁄
� �⁄ � �
����� �⁄ ���� ��⁄ �0

1
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�9Wو �

���� =
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���� = � ���������� �⁄ ���� ��⁄ � +
�������� �⁄ ���� ��⁄ ��������� �⁄ ���� ��⁄ � +
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�.�����.�" 

�� 
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� �
���� = �1 − 0.277 
 .! � − 0.723 
�.�" �

0.723 
�.�" � + 0.277 
 .! � 	 !���  

� �
�7אًX�
���LM[Jد�א�Cm��++3~אم����د���א�&ج��א.ن�"ZM[��y(t)=Cq(t)+Dx(t)K 

� �
���� = � = �0 1
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� � + �0
0
� � = �0 1
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� �1 − 0.277 
 .! � − 0.723 
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y�t� � �0.723e��.���� � 0.277e��.���2.169e��.���� � 0.831e��.���� u�t�  
 

   ١٦.١مثال 
  ن ان وخرجالحالة لنظام له دخلا فضاءتحليل 

�א �א4&3{ ���#�0م �א���� FHد�
E� l�56�F� ��8١٦K٣EKل��&C"��� �א�#�0م F� �G�$א� �!و]" �ذ�^ "
 
x1(t)=u(t)و��x2(t)=δ(t)����)א"� Hوط�א	nذא��5���א�r�+�q1(0

q2(0و��2=(-
q3(0و��0=(-

�؟1-=(- �

 
 ) نظام له دخلان وخرجان١٦.٣( رقم شكل

 
��N5�-�J4א�VE�(	8��Eא������FHد�
E�� ��5��##�YW��\� �&′���� � 0.5)*� � 2.4&���� � 3.5�&���� � 1.2�0.7&���� � *������,�� � &′���� � 1.5�0.7&���� � *������� � &′���� � 0.9&������ � -���� � &������ �-���� � &���� � 1.2�0.7&���� � *������� �

�FHد�
�E���&BPE�(<&aW�efא�Fא�����א�����UD+�M3& 6���$א4 � &���� � .&��� � /*��� -��� � �&��� � 0*��� 
S�TW� �

. � 1�1.47 �1.2 �1.751.05 0 00 0.9 0 2 , / � 10.5 �2.10 1.50 0 2  

 
� � � 0 1 00.84 0 1� , 0 � �0 00 1.2� , *��� � �*����*����� , -��� � �-����-�����  
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Ф��� = ��� − ��
� = "� + 1.47 1.2 1.75
−1.05 � 0

0 −0.9 0

#
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∆= � �� + 1.47� − 1.2�−1.05�� + 1.75�0.945� = �� + 1.47� + 1.26� + 1.65375�� �

� �

Ф��� =

$ �� �.�%� �.&#%
�. �
�.%�% �����.#�� �.&���.� �
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�."��% ����.#����. !'
�

����.#�����. !���.!%��%�� �
� �

Ф��� =

$ �� 
�. �
�.%�% 
�.�%��.�%� �����.#�� 
�."��%�.&#% �.&���.� � ����.#����. !'����.#�����. !���.!%��%�� �
� �

���� = �1 �⁄
1

� , ��0
� = " 2
0

−1
#�� �

� ����� = Ф��������� + ��0
���� �
� �

���� =

$ �� 
�. �
�.%�% 
�.�%��.�%� �����.#�� 
�."��%�.&#% �.&���.� � ����.#����. !'����.#�����. !���.!%��% $"0.5 −2.1
0 1.5
0 0

# �1 �⁄
1

� + " 2
0

−1
#%�� �

 

���� =

$ �� 
�. �
�.%�% 
�.�%��.�%� �����.#�� 
�."��%�.&#% �.&���.� � ����.#����. !'����.#�����. !���.!%��% "0.5 � − 0.1⁄
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#�� �
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$ �.%�
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=
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 � ��� =
�.���� .��
 .�! %����.#�����. !���.!%��% = −

�.�! "���.#�& +
 . �!�
�.�#�����.!��!��.��#�� �

� ������ =

�.�����.#%�
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����� = �1 − 1.04 
�.#�""� + 1.2181 
�.���%�&�	&'��1.083� + 0.425��!����� �� ��� = �−0.76283 
�.#�""� + 2.4843 
�.���%�&�	cos�1.083� + 0.42547��!����� �
� ������ =


��
�.� ����.!����.#� %������.#�����. !���.!%��%� =
�.#&%����.#�& +

�. "%�� −
�.&�&&�
�."��%����.!��!��.��#�� �

� ������ = �−0.49509 
�.#�""� + 2.28571 
�.���%�&� + 0.98066 
�.���%�&�	&'��1.083� + 2.5085��!����� �
� ����� = ����� + ������� �
� ������ = � ��� = �−0.76283 
�.#�""� + 2.4843 
�.���%�&�	&'��1.083� + 0.42547��!����� �
� �(���� = ����� + 1.2�0.7����� + �������� �( ��� = −

�.#&%����.#�& +
�. "%�� −

�.�&�!�
�.!�#�����.!��!��.��# + 1.2 )0.7 � 
�.�#���.#�& +
�.&�&&�
�."��%����.!��!��.��#� + 1*  

� �( ��� = −
�.�!"����.#�& +

�. "%�� −
�.�����
�.��!�����.!��!��.��# + 1.2�� �

� �� ��� = �−1.3687 
�.#�""� + 0.2857 + 0.0708 
�.���%�&�	&'��1.083� + 1.5863��!����� �
� �

�"+?�
J�S������3�ن�?/����7����c,&Uא�����א��R�(��SMא��<��'��Q,&�7א��� M'#9"�א��&ق���t=0+�Q�
�l�M9ن����C� 
�م�`��+��� &u� 6א� &
+���K�� ��yא"M�Jوط�א&Tא�fF�q1(0

-)=2�� q2(0و
-)=0�� q3(0و

-)=-1K�� ��"+?t=0ن���X
��"���X�N�Aن�א�17�am��L�M�����LM[Jא�����1،א]�17�amf����'����LMא���K���R�(��36�1א���R�1 "�9و�"��א�

�"+?t=0+و���RO�&�HًאK�N�A�،��17�umن��3R�
J�Vن��)�א�X(��36ن�،'&ج�m���#�9���l�2YR�/��1�#�����Oא��
��u"�1א��"����17�amfא��"���AFt=0+K���R�(��36א�א�+
�م�?+"���F�1���1و#��Lא���'����LM[אKم�����
AFא�א�+

���"��،TM+R��af&�'�ل������א�LM	��Qא�����،��1.2و��I&8R،'�ل������א�LM	��Qא��]�TM+Rx2(t)=δ(t)�P&�א�
�I&8Rא���&��،3.5-��و� Q�	LMא�� �?/��c,&Uא��36)�،��0.5وTM+R��a،��I&8R&�'�ل����� �4���3R��M,��a�

�1����"�א]����LMא��M��&�,�אd���4א��&>��M,��0.7،���4�&>��M,و�P�[�و��"�ذ�TM+R�N&�'�ل������א�LM	��Qא�
��1.2�P��א��	�kو���9P�?���M+Rא��XOAن�א��"����2zRא��36)��`���א��K�����lوTM+R&�'�ل������א�LM	��Qא��

1��'� ���LM[א،���Mlو��"�� Nو�)�ذ�Kن���X�N�A�q1�� ��yא"M�Jא� �4M	�l�/��2YMR9ن���Cdو�א���RO�2��7א"�}
1.2x(-3.5)x0.5=-2.1��(�Eq1(0+)=-0.1Kא�������������SMא���y�M+א��/�W� �

q��0 +� = −1.04 + 1.2181cos�0.68951� = −0.1�� �
��	�lq2����yא"M�J��4אM	�lن��3R9ن���Cdو�א���RO���X�>D���&���O,��و�א��pmOAא���L�M��2YMא��"���א�

1.5K��(�0������SMא���y�M+א��/�P�?W� �
� �

q �0 +� = −0.76283 + 2.4843cos�0.42547� = 1.5�� �
� �
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��N�jq3����)א"� Hא��N�����'�&ن�C	��S�T�O�gr[؛ "ون�'1�e�f-�1'.�و�א��l�c!ن�'�&ن�א���ً�LًE��E�
H��E"Pوא������r��P���X�E��Eل�LC�	n�#'ن�!�" ،����jو��+ef'ن�!�V�Y�H��E"Pوא�K�H����]��^�D���
�� "�!ن�'
��N��
�VEא�#��(��א��������2א�.� ���1K����PQ-�#"�א���W� �q��0 �� � �0.49509 � 0.28571 � 0.98066cos��2.5085� � �1�� �

� ��Z\� H� �א�����2 ��>+Dא�Cא� �'�&ن ���و��# �	C!� �#Eز!� "#�� �2�2a� �'�&ن �א�������2 �א�#��(� �אً]�"�אً!ن
��N5�y��Cgא�V��dn���6�F���8١٦K٤EK� �

 
 .الدخلين والخرجين ي) الحالات والاستجابات للنظام ذ١٦.٤( رقم شكل

  ١٦.٢مثال 

  يتحليل فراغ الحالة لنظام ميكانيك

gא���4������א��N0����(e�nאع�א�&�gא�VEو�!������!و�T��&B�E�� �5&`��و���\��א�T�ME�(<א���א�"وא&�$
� ��a&E� �'�&ن 
א��� ����g� O�\	�� |&��E� ��
���$!<� M3&E� �r� �B$g� �دو>אن���!و {\	�� V�� |&��E

��N5���א&�$H6א�F���8١٦K٥EK� �
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  العكسيةمع التغذية  ي) نظام إلكتروميكانيك١٦.٥(رقم شكل 

 
\"و>��א��M3&E1Dא�\��N��sא����V��O���s�2	\}���0م�'E��\Df	'")�\��&ن���(<"j�p�E�VE�Df\��א4&'&>�

��ز�����س�א�M3&4א�	!$�،אH$�&א���א�"وא>)[���N2��،س�����E�VE�"�m�8>)�אr�X ق�	Bد�א���>�M�Nk����و�
�"�א�M3&����ZN4א4������N2��vp(t)V��|&א�M3&4א�	!$mوאvs(t)VKق��	Bא�� �"��D+6אmאva(t)V��O����'�s�\
���
�(<"��&م� [دא>)�אH$�&א����א��p�E1Dא�\6�t�hא�"�[�����
��Kא�U�kHא4��&|���\�(<"��"����p�Eא�mאvm(t)=-

kmva(t) V�<&'&4א��rK� �
�
\���ًEW�� ��א4&'&> U<א"�Eτ(t)=kmvm(t) N.mK�� M3&4אvm(t)��
\��EW��ً�6�����.א�� |<���� U�kא� ���


���gא��א&�$K�gא���	אو\��و$Wא����G

�}�א�
Wم� ���\��Nא�����&א���و5�$�����א���jL
�� W� �
τ�t� � 9:; � <�=���t� � >�ω�

���t��� �
�S�TM��+אم��	[&����� ��Nא�����5kg،و��g��+�F���3<gذ ���א�m9.80665=� ��א m,s-2E،و��r��+��	�j�dP�

gא�A4� �(<א���א�"وא&�$m،و��kf��+��$�#'�� �=�FN.m.s�E1Dא���DCt\6��.#א��"�Bن�א����+���wd،א����6��jא�.
��>|�א�.���$6�E�&א��� ��	אد\�ن�W\Fدאد����1א�M3&4א�Wאو��U�kو��،����אId��+�'אDא��<&P�W���FN.m.s2�Eم�א�

�ً
E���א&�$Hوא�<&'&N��K� �

�����0م���jس�א�M3&4א�	!$\���"�mאvp(t)=kpx(t) V���B$g��� ��r�	Z5!F��Nא��M3&E�ME�l$�#�4ً�א
�'�

� S�T� E-�JN��kp��+��$�#'� � �=�� Fא"T&�� V.m-1K�� �E"#�F� �jL
�א�Wאوt>0א� M3&4א� X � E1���א&�$���
�\������N2���+���N5Wوא�M3&4א�	!$ �
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x�t� = −rω(�t��� �
� �

�א���و��<�QאV	)��א����Eא�,�&����A'rRא�17�uDא���� ���[Jزאو,��א�k���lن�א���� �VאK� �

�א�+
�م�J�#ض�9ن�x�+[fFא��אو��Q>��א��وא��&?��א��אو,���،O�wd(t)א6�[=��vd(t)=w’d(t)Kض��x�+[

�Q>���45"�א6Fم��
�xض�9ن�'&ج�א�+
�م�]�3�ن���<�QאV	Mu(t)K��(و����MאV	9vs(t)��(ن�א�"')���++[x(t)K�
�
Jא��6دdن�א��3M[����MZ6م�א�
�7�um���x[Wא
�א�+ �

� �

v(�t� = v��t� − v)�t�			v*�t� = −k+v+�t�		τ�t� = k*v*�t��� �
� �

τ�t� − Mgr − k,ω�d�t� = I(ω(
���t��� �

� �

x�t� = −rω(�t�				v)�t� = k)x�t��� �
� �

�(�0�
Jא��6د�@AF�����k����&���P�?W� �
� �

τ�t� = −k*k++v��t� + rk)ω(�t�,�� �
� �


�א�+
�م��	��Jد�������M���++3~����>��Mא��6د���א��Q���L�M+א��@AF���&�Wf�,� �
� ��ω�d�t�

v′(�t� 	 = � 0 1
−rk*k+k) I(⁄ k, I(⁄ 	 �ωd�t�

v(�t� 	 + � 0 0
−k*k+ I(⁄ −gr I(⁄ 	 � v��t�

m	u�t�	�� �
�9Wو ����t� = ���t� + B��t��� �

��#W� �
q�t� = �ωd�t�

v(�t� 	 , A = � 0 1
−rk*k+k) I(⁄ −k, I(⁄ 	�� �

 
B = � 0 0

−k*k+ I(⁄ −gr I(⁄ 	 					x�t� � v��t�
m	u�t�	�� �

� �
�,��������M�Wfد���א�&ج��	���8,9ً�~3++�� �

x�t� = �−r 0� �ω(�t�
v(�t� 	 + �0 0� � v��t�

m	u�t�	�� �
�9Wو ���t� = Cq�t� + Dx�t��� �

���#y(t)=x(t)،و��C=[-r		0�،و��D0�0		0�K� �
�(����Xא�+
�م�0���5��P�?W&א>���,)���Jس���6د���� �
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sQ�s� − q�0
� = AQ�s� + BX�s��� �
��#W� �

q�0
� = �ω(�0��
v(�0�� 	�� �

5����2YRد���&ض�?"م�و5� ����"+?���yא"M�Jوط�א&Tא�t=0K� �
�AF�(#W@�א��6د���]�3�ن ���s� = ��� − ��
��BX�s� + q�0
���� �

� �

�sI − A�
� =
- ��.� /�⁄ �
0.�.�.	 /�⁄ �1����.� /�⁄ ���
0.�.�.	 /�⁄�� �

� �

Q�s� =
- ���.� /�⁄ �2�3�
4
�0.�.� /�⁄ �5����
670 �/��8�3�
4⁄30.�.�.	 /�⁄ 42�3�
4
��.�.� /�⁄ �5����
670 /���8�3�
4⁄ 1

����.� /�⁄ ���0.�.�.	 /�⁄�� �
� �

M��a�Q>���XWن�����t=0،��f��M"�א���/��m�ًذא�����������א� �
v��t� = v�u�t� £↔ v� s⁄�� �

�f��M��Wو� �

Q�s� = 12�3�
4���9.�2�3�
4 /�: �8�3�
4;�
<�.�.� /�⁄ �5��670 �/�⁄ =�9����.� /�⁄ ���0.�.�.	 /�⁄ ;8�3�
4�
930.�.�.	 /�⁄ 42�3�
4��.�.� /�⁄ �5�
670 /�⁄ ;����.� /�⁄ ���0.�.�.	 /�⁄
2�� �

� �
3�نאM[م��
�xXWض�9ن������
�א�+ �

M = 50	kg, r = 0.4m, k* = 100N. m V⁄ , k+ = 10	 V V⁄ 	�� �
� �

k) = 1	V m⁄ , I( = 20	N. m.		s , k, = 250N. m. s	�� �
� �

��אxXض ��yא"M�Jא� �א�T&وط 9fF�ωd(0ن
+)=-8،�� vd(0و

+)=-2�����zא�L7אد,�ن،��Q>��א6 ����� �9ن وאxXض
3�ن�M[Vs=6V،و��f��M��W� �

Q�s� = �
"��
�� �
����<���� .%�� �=
 �
�%����� .%�� �
� = �−

�.�"&����.! +
"."""���.""# −

�%.%��#.�#����.��! −
�!.�#���.""#

��� �

�fWو��5&א>���,)���Jس�א���3 �
� �

q�t� = �ω(�t�
v(�t� 	 = �−1.389e
��.! > + 8.888e
�.""#> − 15.5

14.74e
��.! > − 16.74e
�.""#> � u�t��� �
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�W$��&ن�x(t)אh	ج� �
x�t� � ��r 00 0� �ω��t�v��t� � � �0.556e���.��� � 3.556e��.���� � 6.2�u�t��� �

 
��F���8١٦K٦EKא�0	 �
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� �
����א�&��6m�M3و��.��א��6.2mא�����Nא�#��(����M3&4א���N$��&ن���"�[�{\	��V����&3&4אK��e��'

� ���אh�tدא�����&>�א�� ��5ن�� 6��VEK��ًo\!���E��E�XNoא�V�N4!ن�\����+Dא �rذא 	BPא���r� t�hא�����$���א��
�	אً�.E��0�$א�#�0م�K� �

  دوال العبور 

�&>��"د���-���YK##��א$�J"אم��	\���������	אغ�א�����<��د�BPE&���دא�����&>�א�#�0م
'5D	�!ن�دא���א�
	Baא������� �G�$HKد����
4� �!"�#$W� �
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sQ�s� − q�0
� = AQ�s� + BX�s��� �
���yא"M�Jא����Vن�א�3R9ن����U�Q�q(0-)و���RO�&�Hًد��א�CD�(V3++��א~Q(s)���	�Wf�,� �

� �
Q�s� = �sI − A�
�BX�s� = Ф�s�BX�s��� �

�f��M�������LM[Jن�א�3M[Y(s)و���ROW� �
Y�s� = CQ�s� + DX�s� = CФ�s�BX�s� + DX�s� = �CФ�s�B + D�D�s��� �

N�A�،�� ��#mو��R� �א�+
�م ���LM[א� ��Oن �א�+
�م 7� ?� �دא�� I&>� (H�#م���
�א�+ �ABא 17�aDن��،א�X
3�نM[�7����Xدא���א�� ���W� �

H�s� = CФ�s�B + D�� �
�@AFم��/�'�ل�

�א�+���LM[و�)�א�
�Wא�"א����Q8Rא����k���lא7�aDא �

Y�s� = H�s� + X�s��� �
�Wنmو#��� �

Ф�s� = �sI − A�
��� �
��XWن �

H�s� = C�sI − A�
�B + D�� �
� �S��[sI-A]-1�� 3�س��� �4�9� "L+[[sI-A]،��X�N�Aوو���R� �4�O��
����	��� �� ��Eא� �X���دو7אن�א6

� �X���	��[sI-A]،�� ������P�?و�� �X����א6 ���fF�|sI-A|K"د1 &�+?� (�� ��Xن N�A���[sI-A] -1�� �א��6م `�|sI-A|K�
�pو�א�I&8�����C��&'¢6א�I&8א���a��B����#�����Vא�@AF�/��2Y,�Jm�ًن����/�Cو��B�fFא����a�
�X����K�
��X�����2/������
�?+�H&�א����X�>mDא6Y,�J��H(s)א�����a��X������4���ً8,9K��&�אل�����X�N�Aن����م��)�?+

H(s)�� 3�نM[|sI-A|�E7��H9و� I��l9� <�Y�m� £� �mذא JmFKא��� &H�+?� (���H(s)،و��f��M����(�� /�� 7��א��  �دوאل (�
Jא�(��pm�
3�ن���Bא�I��lא7�aDאM[�
���LM[���א�&5K�P�?��","��/���j"א4��1&3X�pmً	���OوAFא�,¢د�،�`�

17�aDوא�&�H����Vא����LM[א�k��� �+��4א��r��7�
�م�,�XO��c,&U�/?��F","���Mن��9�I��l9،دא���א�� +���7�دא���? 
`��
�،א�+
�م�����LM[J9و�א�
���7אل��AFfF@�א�K��I��lو��¤�?/��c,&Uא7�aDאH9|sI-A|،�7אل����H9و|sI-A|�fF�

���AKא�����א6	�����1 �
  ١٦.٣مثال 

  إيجاد دالة العبور للنظام

5�د��
�م�א6+���7����Xدא���א�� ����z�١٦K١Kل���9و5"�� �
�7����Xدא���א�� ���WfF� �

H�s� = CФ�s�B + D�� �
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��١٦K١/���zل� �� �

B = "0.5 −2.1
0 1.5
0 0

# , C = � 0 1 0
0.84 0 1

� , D = �0 0
0 1.2

��� �

� �

Ф�s� =

$ �� 
�. �
�.%�% 
�.�%��.�%� �����.#�� 
�."��%�.&#% �.&���.� � ����.#����. !'����.#�����. !���.!%��%�� �
� �

�Wو��X�N�Aن �

H�s� = � 0 1 0
0.84 0 0

� $
�� 
�. �
�.%�% 
�.�%��.�%� �����.#�� 
�."��%�.&#% �.&���.� � ����.#����. !'����.#�����. !���.!%��% "0.5 −2.1

0 1.5
0 0

# + �0 0
0 1.2

��� �

� �
�R�/3~P�?�17 ���`��א�dو��Wא� �

H�s� =
� �.% %� �.%���.# ����.#� % �. ��
�.!�#%���.&"#%�����.#�����. !���.!%��%   

� �
���LM[Jא� �
�و��# �א6"א') "#9� "+?� ��"H� c� �R� c,&U� /?� ���5Dא� @AF� �������� 7� M'א� �++3~K�

�xض�+[x1(t)=δ(t)و��x2(t)=0،و��f��M������M���++3~W� �

Y�s� =
� �.% %� �.%���.# ����.#� % �. ��
�.!�#%���.&"#%�����.#�����. !���.!%��% �1

0
� =

� �.% %��.# ����.#� %�����.#�����. !���.!%��%  

� �
Y��s� =

�.% %�����.#�����. !���.!%��%  

 
y��t� = �0.17087e
�.#�""> + 0.27656e
�.���%�&>	cos�1.083t − 2.2368��u�t��� �

� �
�y1(0،�/�¥���א�+
�م

+)=0�&�Hن��3R���yא"M�Jوط�א&T9ن��)�א��&�ARFًאEK������SMא���L�M+א��@AF�/�W� �
� �

y��0�� = 0.17087 + 0.27656	cos − 2.2368 = 0�� �
� �

Y �s� =
�.# ����.�# %����.#�����. !���.!%��%  

� �
y �t� = �0.425e
�.#�""> + 0.017964e
�.���%�&>	cos�1.083t − 1.8588��u�t��� �

�y2(0،�/�¥���א�+
�م
+)=0.5x0.7x1.2=0.42،و��f��M������M���++3~������SMא���L�M+א��/�W� �
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y �0�� = 0.4251 + 0.017964cos�1.8588� = 0.42�� �
� �

�f��M��Wو��،x1(t)=0و��،x2(t)=δ(t)א.ن�אxXض�9ن� �
� �

Y�s� =
� �.%���. ��
�.!�#%���.&"#%�����.#�����. !���.!%��%�� �

� �
y��t� = �0.969e
�.#�""> + 0.92752e
�.���%�&>	cos�1.083t − 0.96214��u�t��� �

� �
y �t� = �1.44δ�t� − 1.551e
�.#�""> + 1.6171e
�.���%�&>	cos�1.083t − 3.0394��u�t��� �

� �
� �9ن �א�+
�م ��¥� /�� 1&u� �� �&�� �9ن �++3~y1(0

+)=1.5،�� y2(0و
+)=1.2x(-3.5)x0.5x0.7x1.2=-1.764K��/�

���M���++3~������SMא���y�M+א�W� �
� �

y��0�� = 0.969 + 0.92752cos�0.96314� = 1.5�� �
� �

y �0�� = −0.1551 + 1.6171cos�−3.0394� = −1.764�� �
  اختيارات بديلة لمتغير الحالة 

�1&yل�א�"א�z��(#�/3	6ن��/�א��RLC����Vא�
����/��2YMא�M¥��?�	gאم�"ZM[��K��z	X،�7א��6و������R
iR(t)،��G�6�7א��RوiL(t)����#�
3�ن���f��Mو����Kن��/�א6	3/�א'F7��M	���	2YMאR9�/3ن�	א6�/�����Vن����د���א�XW� �

� ��i?� �t�
i
� �t�	 = �−G C⁄ − G C⁄

1 LG⁄ 0
	 �i?�t�

i
�t�	 + �G C⁄
0

� �i���t��  
� �

3�ن����د���א�&ج��	��R9�/3ن�	و�/�א6Wf�,� �
� ��i@A>�t�

i?�t� 	 = �1 C⁄ 0
1 0

� �i?�t�
i
�t�	 + �0

0
� �i���t���� �

�
�Wא�����V"�9ن���CD�(Vد��2YMא �
� �

Ф�s� = �sI − A�
� = �s + G C⁄ G C⁄
−1 LG⁄ s

	
� =
� � 
� �⁄� 
�⁄ ��� �⁄ �
����� �⁄ ���� 
�⁄�� �

� �

و�/��،������4	���������Qא�	�?��א�و2YM��/��pא
�אsI-A|�fF����V|�/�אF��46+��9ن���#¦�9ن�א�"د�
3�ن�#���,�N9ن�ذ��v>��Kא'2YM��7��Mא
�אM�R�JP�?����V	9�P+�}|sI-A|��"ن�א�"د��Kא��	�م�?��Pً��א6	9�/3ن��
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��X����ل���X�N�A�|sI-A|��ً��u"د���2YMR|sI-A|�2YM,�JKو�3/�א�"د��Aא6�R��ً�[�[9�`��و��¤�?/��،?/�א�+
�م��
�Kא'���k���7��M&,������)�א�+
�م �

  تحويلات متغيرات الحالة 

9O��'� (,��� �'�ل /�� �&'9� �?�	g� pm� �4�,��� /3~� ���Vא� 
��2YMא /�� �?�	gfK���+�9� אxXض
4LM�� ��ZM���ً"م ���Vא� 
��2YMא /�q1(t)�� &'o� ���#� 
��2YMא `LM�� ���ZM"م �9ن ��7&lوq2(t)�� `LM6��� c��M�q1(t)�

�l�����W� �
q2(t)=Tq1(t)� ��������������������������������� ���l7א��6د����F١٦K٥���������������������������������������E

���#T�fF��(,�SMא���X����dא��LM��k���lא����c��f4����Vא�
�f��M��Wو��2YM�Kא �
� �

q � �t� = Tq�� �t� = T3A�q��t� + B�x�t�4 = TA�q��t� + TB�x�t��� �
� �

F�١٦/�א��6د���K٥E����M���++3~Wq1(t)=T-1q2(t)،و��f��Mن����XW� �
� �

q � �t� = TA�T
�q �t� + TB�x�t� = A q �t� + B x�t��� �
� �

���#A2=TA1T
�)��B2=TB1Kو��،1-S+[P�?����f�,د���א�&ج������W� �

� ����� = ������ + ������ = ��5
�� ��� + ������ = � � ��� + � ������ �
� ��#C2=C1T

-1،�� ��D2=D1Kو ��� �א6	��1 �א�+
�م�A1א���� c,&U� /?� �F","�� �M,K��/�� ���M¥� �?�	�� ��7��M'א� "+?
�(,�SMא���X����?��9�pm'&���/�'�ل��	g�(,���c,&U�/?����Vא�
�2Y��J��+��X،����X��+�mא�+
�م�،2YM�Tא

�א�+
�م�א��2Y�dא��&,��� �4��(�0K�� ��� A2=TA1Tو�������X�N�A�A1א6	��1
3�ن��1-R9ن���CfF��4���K��
� am�/3~

��	��Nא�+��ش���ذ�f��Mא�K�����Mא��I&8א�����	ض�?xXאW� �
� �5��� − ���5
� = � 5�5
����� − 5��5
������B�

= �� − � �� �� �� ��l7א��6د����F١٦K٦�����������������������������������E

�k ��Eد�א�"د3��1)��/�א�C����F١٦א��6د���K٦EW� �
� �|5��� − ���5
�| = |�� − � |�� �� �� �� �� ��l7א��6د����F١٦K٧�����������������������������������������������������������E
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�אE}�א���,&
��/��
�א.ن�א]ZM"אم�'����kM�H	S"دא �++3~fK���F�kMX�����I&>�(H�Vא�"د�
���I&>�(H�#Rf�kMX"د����O��X"د���3�س�9و��،א6�����I"د�AF@�א6�����F��X����K���,&
��c� �Mא�+

�pو�אP�?�F١٦א��6د���K٧�(�0�EP�?W� �
� �|5||��� − ���||5
�| = |�� − � |�� �

� �

��[��l� 
��	�� /?� 17� ?� 3�نR� 
�R �د��،א�"دא 3�ن,� 
�א�"دא I&>� (H�#� ��Xن N�A���ًא���&Rً��و،�
�f��M������M���++3~Wو� �

� �|5||5
�|������ |�� − ��| = |�� − � |�� �
� �

�P�?Wא�+0��,�4�)���و �|�� − ��| = |�� − � |�� �
� �	F�/,#���9ن�א�"د�	4��3�ن��،�M[��	F7وA5ن��X�ً8,9�fF��4���,z ��9ن�א�����א6	���1��،� �;O�

�4R���LM[وא����Vא�

�م��2YM��2YMR�Jא'2YM��7��Mא�K� �
  القطرية (جعل المصفوفة قطرية)

�� �א6	��1 �א���� ����� ���mOذא�M¥و� 1��;� 
�م�،��(�¨� ��,&��� ���Vא� 
��2YMא 7�M©� �9ن �א6	3/ /�� `��X
���Xא�+
�م����A��,&�lK���X���3�ن��،mA��,&�lذא������א6R��4��XP�?��(3Tא�f��Mא�W 

A = 1a�� 0 … 0	
0 a  … 0
⋮ ⋮ ⋱ ⋮
0 0 … aCC

2     

���#N�fFم��
3�ن�|�X|sI-Aن�א�"د����K��f��Mد��57א�+�[W� �
� �|sI − A| = �s − a����s − a  �… �s − aCC��� �

���#m� 17���א� @AFن�fF��&�� �א�)��	�?�pm�����،ن���3M[� �F7وA5ن��Xa11،و��a22،و�Kو��،KKaNNK�
� �X����א6 ����� �mذא N�A�A��,&�l،�� 3�نM[� �א���& &H�+?� �?/���XfFن 2 �Mא�� �و~3/ �X���	��� �א6	��1 א����

��X����P�?�17א6��AFW@�א� �

A = Λ 1λ� 0 … 0	
0 λ … 0
⋮ ⋮ ⋱ ⋮
0 0 … λC

2� 


�م����X����א���&,��و�Cm�",&��/0د���,)��?�A������Pא.ن�אxXض�9ن��",+��� 17��T��@AF�(�Cא�
�,&�l��X����K��f��M������M���++3~Wא6 �
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Λ = TAT
−1

 

 �I&8���TWא��&��kX/�א�+�#���א���&��

T=TAΛ� �� �� �� �F��l7١٦א��6د���K٨E 

���#m�/��(ن��Λو��Aن��Xد��،��&و�CDא��6د����@AF�(#�/3~�`��XTK��(#د��Cm�",&���+ذא��m�`�9�¦#JT�
Fد�����	��١٦K٨�I&8���+	lو�ET����[א�������	3���K���&'9�(,����X�����"���M�T2=KTل�����XW`�~3++��א�� �

ΛT
2

= ΛKT = KΛT  
 

0�)�ZM[����aF١٦K٨"אم�א��6د����EP�?W 

ΛT
2

= KTA = T
2

A  
�U�� 9و��W� �

ΛT
2

= T
2

A  

�١٦����4א��6د����fF�Fא�dوK٨E،�(,�SMא���X������Xאz,��;�(V ��9ن��،�X	��?"א�א]������T�1",&X�����K� �
� �+����,)��?�L}P&د�#SMא�OAم��א��
�א�+ �X�����Q8,א���&,���~9�/3ن�� 17��3�ن��",+���،א�,�`��X

�
Jم��/�א��6د�
�P�?�����M�17א����Wא� �
� �

1q (t)��
q (t) �

⋮
q (t)C�

2 = 1λ� 0 … 0	
0 λ … 0
⋮ ⋮ ⋱ ⋮
0 0 … λC

2 1q�(t)

q (t)
⋮

qC(t)

2 + Bx(t)� 

���#m�ًن����/�Bو��x(t)ن��X��3،��&وR���X����?��� �XXن�AF@�א��6د���א6	gN�����>��Mא��
Jא��6د�/�
��� R&6�2אjد���"?N��(�Fא���/�q1و��q2و�Kو�� KKqNK��&'�א�
Jא��6د�pmع���K~3/�#)��)����د���دون�א�&5

N�A�،ل�#)�?"د�����17א���&,�������Xא�+
�م��pmא�����(,���<������XNن�?	�����Mא��
Jא�+���/��/�א��6د�M6א
�pm�pو�א�"��57אN����M�6ل�א��Vא�/�،�K1"#وא����>��R��6��4د���+��(�� �

� �
   ١٦.٤مثال 

  الصورة القطرية في Aوضع المصفوفة 

��X���
�م��`�א6�A�P�?�17���Wא� �
� �

A� = � 2 −1
−3 4

��� �
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��X����B�P�?�17وא6��Wא� �
B� = � 4 0

−2 1
��� �

��X�������Xא�9T�dو5"�א6�����Xא���&,���A¨�)�א6����lAK&,��و�2YMא
�א����VאE","�1א��������6	 �
�9Wو�sI-A1|=0|#)�א��6د����fFא�����א6	���1 �

� �7s − 2 1
3 s − 4

7 = 0 ⇒ λ� = 1, λ = 5  

� �
����Xא�f��M��،�����Mو������XW+���&,"�#)�א��6د���א6 �

ΛT = TA
1
⇒ �1 0

0 5
� �t

11
t
12

t
21

t
22

� = �t
11

t
12

t
21

t
22

� � 2 −1

−3 4
�  

� �
�(�0�
�X���
�א��I&8�P�?������Mא6Jد����Q�7�����79א��(�F�gW� �

t�� = 2t�� − 3t� ,			t� = −t�� + 4t�   
5t�� = 2t � − 3t  , 5t  = −t � + 4t  �� �

� �
�Wא��	���א��6د��Mن�א���Mن� �

t�� = 2t�� − 3t� 			و				t� = −t�� + 4t�   

pm��	4��� R�/3~W� �
−t�� + 3t� = 0�� �

� �
�¤�א�4��XK�T	��f��M������'�k��M���2jو��f�kMא��6د��Qن���3�[�<����	4��� R�/3~ن��Mوא���(�א�]

����M�17א�����pmWא� �� � + �  = 0�� �
� �

N�A�،���X���	���",&X�(#�"5�,�J�`��XTK���y�4��Jد�"?���+F�����Vאfل���Vא�/�K�9�7��M'3++��א~O�
�&H�+א���/��k+aא����X����xض��0��aK"د�א��+�&,/�א�k�� M6א'T��ً,7��Mא6+[t11=aو��t21=bو��f��M����(�0P�?W� �

� �
t� = a 3⁄
t  = −b

⇒ T = �a a 3⁄
b −b

��� �
� �
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���7��M'Jن�א��f��M��Wو��،t21=b=1و���W�t11=a=3+�] ً��א'7��Mאً�א�AFf��M@�א�����V/�א6	9�/3ن�,3 �
T = �3 1

1 −1
��� �

���Xא���&,�����AKא.ن�~3++��9ن���2YM��"5א
�א����Vא��������6	 �
q = Tq� = �3 1

1 −1
� q��� �

3�نM[�1","Eא����Vא�
Jو���دW� �
� �

q � �t� = TA�T
�q �t� + TB�x�t� = A q �t� + B x�t��� �
� �

q � �t� = �3 1
1 −1

� � 2 1
−3 4

� �3 1
1 −1

�
� 	q �t� + �3 1
1 −1

� � 4 0
−2 1

� x�t��� �
� �

q � �t� = �1 0
0 5

� 	q �t� + �10 1
6 −1

� x�t��� �
� �X����א6 ��CDد I�R��� �א]ZM"אم /3~TK��M�O�� I�R��P�?�� �א6	����1א�eig،�OAא��& �א���� "5�,

�4
�א6	��1LM6وאK��&��א�אAB�17א���������WfFא� �
[V, L] = EIG(A)� �

���#L�fF�� �א���&,� �X�����א�dא6 �א6	��1 �4	�lن��3RfF�� �و ��V�fFא���& �X�����א�dא6 �4R"	?9fF�
�4
�א6	���1א���������6LM6אW� �

� �

AV = VL� �
��X����9�c [��;�&�ART�c��Wن�א6 �

� �

ΛT=TA9و��������TA=ΛT� �
��Xو����T�fF�1��	6א� 
�4LM6אK�� I&8א�� ���	?� ��R&R� ¤3?� £� "��P�?�&U��� �א��6د�� ���m� �Vن

������I�R���/���¨�+א�fF�T�dא���F",&�K��7و�/�א�����k	א���/��kX&ذא�<&�+��א��m������Mא��6د���א�W� �
TA=ΛT� �

� �

��T-1�[�(�S+P�?W� �
AT-1=T-1Λ� �

����fFو 17����4��א���(z�AV = VL��Q�T-1=V9و��T=V-1K�� 5"���3�س��،�CD�N�A�Tد��� �+��XV��/�� א�+�¨�
I�R��K� �

   ١٦.٥مثال 
  جعل معادلات الحالة قطرية باستخدام ماتلاب

�ZM���I�R��K"��z��(#�"?9١٦K٤��ًل� �
� �
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�����א���   א! ��א��وא

>> A1 = [2 -1 ; -3 4] ; B1 = [4 0 ; -2 1] ; 
>> [Tinv,L] = eig(A) 
Tinv = 

-0.7071 0.3162 
-0.7071 -0.9487 

L = 
1.0000 0 
0 5.0000 

>> T = inv(Tinv) 
T = 

-1.0607 -0.3536 
0.7906 -0.7906 

>> A2 = T*A1*inv(T) 
A2 = 

1.0000 0.0000 
-0.0000 5.0000 

>> B2 = T*B1 
B2 = 

-3.5355 -0.3536 
4.7434 -0.7906 

��X����ل�?��A4���4@�א��&,����א�T�dא6�Vא�£WfF� ��−1.0607 −0.3536
0.7906 −0.7906

��� �
��X����ل�?�����4א�z������T�d)�א6�Vل���£�א�z6١٦א� J٤�dא������W� �

� ��3 1
1 −1

��� �
��X���
�Tو�3/�א6�l�1وא���",&X�����W� �

� �

t� = t�� 3⁄�� �
t  = −t ��� �

� �

� �X���	���/,7��M'Jא�/��(��c,&U�/?��4�����/3~TKو�P�?�Nن��9،ذ��X,�ً��kMX����9ن�¨�)���T/�א6 �4+3~
�,&�l��X����Kא6 �

  الحالة  فضاءماتلاب لتحليل  فيأدوات 

�M�O��1&	Mذج����ªم��
4�م���F�/?�I�R"_�א�+���8>�ز�+�ً�����	
�=�����VאK����[�[�א�"א���אfF�ss�
�B�17א����������WfF،وא� �

� �

sys=ss(A, B, C, D)     ; 
� ��#A،و�B،و�Cو�،D�fF�� (�z|� 
�X����<�8X�� ���Vא�[J������`K�� ssdata����ZM�Rא�"א��

������X�3����,&م����

�X&אغ�א�����V/�و�GHא�+�X����zpkdataو��tfdataKא�"א����ss2ss�����#אغ�&Xذج��ª�/ل����
&'o����#אغ�&Xذج��ª�pmK�17א����������WfFא� �

� �
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sys�ss2ss�sys,	T�						;� �
�S�TT��+��\&2�א����&BPEK�� �

>> A1 = [2 -1 ; -3 4] ; B1 = [4 0 ; -2 1] ; 
>> C1 = [1 0 ; 0 2] ; D1 = [0 0 ; 0 0] ; 
>> sys1 = ss(A1,B1,C1,D1) ; 
>> T = [3 1 ; 1 -1] ; 
>> sys2 = ss2ss(sys1,T) 
>> [A2,B2,C2,D2] = ssdata(sys2) ; 
>> A2 
A2 = 

1 0 
0 5 

>> B2 
B2 = 

10 1 
6 -1 

>> C2 
C2 = 

0.2500 0.2500 
0.5000 -1.5000 

>> D2 
D2 = 

0 0 
0 0 

  

  زمنياً الأنظمة المتقطعة  )١٦.٣(

  معادلات النظام والخرج 

�ً����T�	Eg�5ن�א� �N5��(	N�.4א��#Eزgא�ME�ً�#Eز،�� �
��א���e)�\�&ن��زE#�ً��[ن�!���N0����������oא4�
��E�0����\	� ،��ZEWאغ�א�����	���������\	�،���
��1��ًE�z��ME\�&אز�ز��N5�ً�#E!ن�������	אغ�א����������N0א4�

(	N�.4א��N0�אغ�א�������	������Kא������Fאef�E2"\"��"د��ج�����1،$#2Dد>]��א�#�0م�1\.�و�א�Kل���Z��!"�#$
���6�F���8١٦K٧EK#�0م�א4&3{� �

 
 زمنياً الأنظمة المتقطعة  على) مثال ١٦.٧( رقم شكل
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���و���������
���
   א%$�#א"�وא! ����א���

��C�M�Nk�(<&a��\6��sوE�FL3�B'�M3�efא�Fא������،زE#�ً�א��N0�gא.4�N	��D�B#'6��(	אغ�א������6
Fא�����وא<=�>א�Fאef�E�VEK�6אغ�א������	��D�B#'6���
���E�s.�وא)�א����sא�������4�efא�Fא�����'�،زE#�ً�א��N0�gא4�

�C�M�Nk�MEא��������Fא�����א������وא<=�>א�Fאef�E�s�j�VEK&ن���ج�$	hא�#�0م�وא�FHد�
EW� �
� �q�n � 1� � Aq�n� � Bx�n��� � y�n� � Cq�n� � Dx�n��� �� �� �� �� �� �� �sj<د����
��F١٦K٩���������������������Eא4 �


�،\��sאC���E�<�efא�Fא����� t .-�א��	ق���eCt�א��F�5&����F� �G�$Hא����!K� ��������Fאef�Eن�&��$
�F��&BP4א�����وא
���(<&Pא�W� �

� �

q�n� � �q��n�q��n�� , A � �1 3⁄ 1 4⁄1 2⁄ 0 � , B � �1 00 1� 	and	x�n� � �x��n�x��n���� �
� �y�n� � Ky�n�L,			C � �2 3�,				D � �0 0�  



�د�FHא�����'�&ن����V	\}�א���	א>�א���� E����(	8��E����&�UD+�}3א�
K���������N!و�א<��د)���	\

$#ABض�E��OGא<=�>)����(<&Pא�W� �

x�n� � �u�n�δ�n���� �
�	אً�.E� �$��&ن �א�#�0م �!ن ��و$#ABض S��r� �א���� 
�q[0]=[0]Kن � ����	א> �&م#$� �ذ�^ "
 ���VE� 	8��א4

F� 
١٦K٩E،���P2#$�S�Tא4
�د������ ��א�P&ل��א�cא���FHوא$H�١٦K١K��F� �G]"ول��6א����sא4&�23

�������23����VEא���	א>�א���� &E6�F���8١٦K٨EK� �

� �

  الحالات والاستجابات الناتجة من التكرار التتابعي). ١٦.١جدول رقم ( 
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  .زمنياً ) الحالات والاستجابات للنظام المتقطع ١٦.٨(رقم شكل 

  



����N��s�Nא���	א>�א���� '��##�Y�K�Fد����
�\���VE١٦K٩��N5�EWא4 �
� �q�1� � Aq�0� � Bx�0� q�2� � Aq�1� � Bx�1� � A�q�0� � ABx�0� � Bx�0� q�3� � Aq�2� � Bx�2� � A�q�0� � A�Bx�0� � ABx�0� � Bx�0� 

Kq�n� � A�q�0� � A���Bx�2� � A���Bx�1� � ⋯� A�Bx�n � 2� � A�Bx�n � 1��� �
�o\!Wً�و �y�1� � Cq�1� � Dx�1� � CAq�0� � CBx�0� � Dx�1��� �y�2� � Cq�2� � Dx�2� � CA�q�0� � CABx�0� � CBx�1� � Dx�2��� �-�3� � �&�3� � 0*�3� � �.�&�0� � C.�/*�0� � �./*�1� � C/*�2� � 0*�3��� � -�n� � �.�&�0� � �.���/*�0� � �.���/*�1� � ⋯� �.�/*�n � 1� � Dx�n� 

� �� �

�Wא�P&>�א���������
5�V�Y�� ��ذ�^� �&�O� � .�&�0� � ∑ .��������
��� /*�Q�  

�o\!Wً�و �
-�n� � CA�q�0� � C∑ A��������

��� /*�m� � 0*�n� ������� �sj<د����
 �����������������F١٦K١٠Eא4

6�Fد����
�q[0]Kא�#�'���VEא�����אH �"א(�����#�0م��1א$��G ��א�"��Cא�BP	�Anq[0]��+א��١٦K١٠E،����Nא4
���&BP4אAnو��<&�

�����T���&BPEא�N.'6��WE	�� ��`�WE	א��s�\�(د�
�&>�אD+s$Hא���\�[n]K�'tא�
�،���VE	)�!ن�א�

� ��&BP4� � ��&a&4א� �א�#�0م ����E�#\د� {\	�� V�� ����� s�2�א�� s�\� �	Cg� ���T� VE� ��ل��Hא� א��An=�[n]K����N!و
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�����zא�∑ �D
E
���[:]D
�EF��fFم��
+���&�H����Vא����LM[אK��3R���	3א��@AFX ���M�Jع�א��،א���/�א����Q��M6א�	
An-1u[n-1]*Bx[n]u[n]אض�א���د�xXJ9و����אO������Vא�
�&�9x[n]ن��،���)��2YMאHن��3Rًא��������M6ز�+��א�א

�Kא���� � �∑ �D
E
�D
�EF� ���:� = �D
�!�; − 1� ∗ ���;�  
� �

�,���EWf	��١٦K٨~m�/3?�د����M��1א��6د���f��M���Fو� �
��n� = <�n�q�0��������


�	�	א���
	א��������
+ <�n − 1�u�n − 1� ∗ ���n������������������

א��
�	�	א����	���
 ����� �� ��l7א��6د����F١٦K١١E��������������� 

Fא��6د�������M��1د�?m��++3~��4��T����,&��١٦K١٠��	��EWf�,� �
� ���n� = �<�n�q�0� + �<�n − 1�u�n − 1� ∗ ���n� + ���n�������� ��l7א��6د����F١٦K١٢E��������������� �

ML�M+א��R2'�א� ��ن ���Fن kM١٦א��6د�K١١F� �و E١٦K١٢� Q��M6א� �א�+
�م �ل�#� �	F� E�ً�+ز���
J�V

�א�+
�م���LM[وאK�� �

��++3~�ً8,9��(,�
�א�c,&U�/?����Vא]ZM"אم��Jد����(#z#�د��אO����EאK��(,���5��z�P�?�&U&א>��
F١٦א��6د���K٩�(�0�EP�?W� �=��z� − =��0� = ���z� + B��z��� �

�(V3++��א~��	�����Vא�
�,�2YM��`LM6Wfא �
��z� = �zI − A�
�+B��z� + =��0�, = �zI − A�
�B��z������������

א��
�	�	א����	���
+ �zI − A�
���0����������
א��
�	�	א���
	א�����

��� ��l7א��6د����F١٦K١٣����������E� �

F١٦{�����7א��6د���K١٣Fא��6د����Q��E١٦K9ن١١�v8M,�EW�� �
ϕ�n� G↔ z�zI − A�
� 

� �
�א�cXوא6+��M6א�/	X�N�A�f��(,����Xא�� ���7	���9zن�0"د����6Wf�,� �

Ф(z) = z�zI − A�
� 
� �

��Ф(s)=[sI-A]-1Kز�+�X�ً&אغ�א�����V=ز�/�אM�6	J���1&#¦�א��Q��`��TMא�+��L�Mא������6 �
3�f��ً#�k ��	l7��ً،��17�aDא�`LM���&'9�1&ض��x�+[f��Mא�W� �

x�n� = �u�n�
δ�n�	 � �

� �

�f��M��Wو��،��P+�}q[0]=[0]،א� "א,����א�9�����zن�א�+
�م�,3�ن����M&אًو]+�xض���	&�1 �

Q�z� = �z − 1 3⁄ − 1 4⁄
− 1 2⁄ z

	
� �1 0
0 1

� > GG
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1
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�WQ�z!و � U ���� �⁄ �� �⁄

������ �⁄ �!� ���� �⁄⁄

���!� �⁄ �� �⁄

������ �⁄ �!� ���� �⁄⁄

V � U ���� �⁄ �� �⁄

"���#"���.!!$!#"���.����#

���!� �⁄ �� �⁄

"���#"���.!!$!#"���.����#

V  

� �

�M3&�� 6����\W[�<&.5�(<&aW� �

Q�z� � U�.������
� �.!$�

���.!!$!
� �.���

���.����
�.%��

���
� �.!�%

���.!!$!
� �.!%�

���.����

V  

� �

��\&��yא	[] z���PQ
��W� �

&�n� � W 1.846 � 0.578�0.5575�"���# � 0.268�0.2242�"���#0.923 � 0.519�0.5575�"���# � 0.596��0.2242�"���#X Y�n � 1��� �sj<� ���������F١٦K١٤Eא4
�د��

 ���� �

"���rد�א���4�E�OG�efא�Fא���� ،��� �G�$Hא�OG�E�"[&�ن�!��##�Yًא<&����N5W��\� �

-�O� � K6.461 � 2.713�0.5575�"���# � 1.252��0.2242�"���#LY�O � 1���� �sj<د����
������F١٦K١٥Eא4 �
����� �

�s�� ��\&
��� n�6�Fد����
��ME\�&א�}�E�zً��א��1D،١٦K٢]"ول����
�E١٦K٥��PQ�Eوא4
�د���١٦K١٤Fא4
���!ن��	\��c،١٦K١]"ول�Z\����

���ن�א�#��z��Gو�&\����א��� �$�J"אم�א���	א>�א���� \�.B���K�� �

� �
  ). الحالات والاستجابات المحسوبة من حلول الصورة المغلقة ١٦.٢جدول رقم (

� �
  

  دوال العبور وتحويلات متغيرات الحالة 

� ���rد �##�Y� 
�د��FH	אغ�א����E�VE�<&�
�א� �دא�� ��&BPEcא��F��5א<=�>א�ME�F� �G�$H��5א�- 	'K�
"��� y�Fد����
��ME١٦K٨EWא4 �zQ�z� � zq�0� � AQ�z� � BX�z��� �
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�Y##��!ن���Q<��د��،دא�����&>�$��1�E�+"\"��s$��&ن��gא�Fcو�אBaً	�1وو�M3א�����אH �"א(���'.�و
Q(z)���N5W��\� �[�z� � �\> � .���/]�z� � \��Ф�z�B]�z��� �

�� �G�$H&ن�א��و$Y(z)���N5W��\� �
� �_�z� � �[�z� � 0]�z� � \��CФ�z�B]�z� � D]�z��� �
� �

<&�
���א$H���r�� �Gא<=�>)�+��א��c،و$��&ن�دא���א�.�،���N5W��\� �`�z� � \��CФ�z�B � 0 � ��\> � .���/ � 0 � �
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   ١٦.٦مثال 
  الحالة ضاءباستخدام طرق ف زمنياً استجابة الحالة صفر لنظام متقطع 
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 زمنياً ) نظام متقطع ١٦.٩( رقم شكل
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  أدوات ماتلاب لتحليل فراغ الحالة 
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٧� J 9ذא���ن�mO��M��Jم��
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  تمارين مع إجاباتها 

F��E��yא�T?���,&���� R&��
���5Dن�א�3R�/,&|�(�� �
  زمنياً معادلات الحالة المستمرة 
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���T�Fאef�N5�FLE��4؟א 

 
  ) نظام٤-(ت رقم شكل

 :الإجابة

U&���t�&�� �t�&�� �t�V � 1 0 1 0�2 �8 10 0 02 U
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� �
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   زمنياً استجابة الأنظمة المستمرة 
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  الوصف بالمعادلات التفاضلية

٩� J ����agא�����א�FHد�
4���.#�� 6��V\	zא�٨Baو�l�5�ً����3�B�א��FHد�
 ؟��#�0م� �4

�Wא<]� � �-����� � �4-���� � �3 4⁄ �-���� � 6*���� � 3*���� � *������� � -����� � 4-���� � 4-���� � 4*���� � 4*������ �
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 )١٥-(ت رقم شكل

� �
  زمنياً استجابة الأنظمة المستمرة 

١٦� J )�א4&��23א	א�������"א(�FHد�
E�l�56�FF���8� J١٦�S�T�Eن��r"�[1��XBZ�4אvc1(t)و��vc2(t)�
�E�efא�Fא���� �N+،���C"א��"#��"�mوאvi(t)�(<�=>ج��،+&�א	hא�"#��"�mوאv0(t)�� �G�$Hא�&+K��"
 

�"�א$H��G ��<=�>)�وT")�אh���ME�(&	ض�א�n	وط�אH �"א(���א������[�s$<ض�!و]"�وא	B �^؟ذ� 

�����0�����0�� � � 2�1�  

� �
 )١٦-(ت رقم شكل

  زمنياً معادلات الحالة المتقطعة 

١٧� J א��FHد�
E�VE���&Ni�l�5F������א��<&�

���+��א�cوא�����א4�� ����"وאل�א����E��<وA �F�28	4
�ً�#EزE؟ 

f!g 		`�\� � �.��$�*���.���%���.��$��

*���.���*��.����
� 

f|g 		`�\� � �.����*���.����*���.����

*���.!�%�*���.����*���.��!%*��.����
� 

١٨� J א�������#�0م�א4&]&د�א��FHد�
E�l�56�FF���8� J١٨EK 
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 )١٨-(ت رقم شكل

١٩� J ��M���E�0م���ً�#E�5ز�O� �G�$و�5���א�("T&א��M ��� �O'<�=r��z������W -�O� � �8 � 2�1 2⁄ ���� � 9�3 4⁄ �����Y�O � 1�  

�د�FHא�����`Dא�א�#�0مאE�l�5K� �

   زمنياً استجابة الأنظمة المتقطعة 

٢٠� J ��}3&4א�#�0م�א�� �G�$6!و]"�א�FF���8� J١٨�(<�=���Ex[n]=u[n]K��	��.Eض�!ن�א�#�0م�Aא�F6�
E�\א"� ؟א�

٢١� J א������ FHد�
E� VE� ��&Nא�� UD� � �&a&4א� �א�#�0م � �G�$א� ��K!و]" 	��.E� �א�#�0م �!ن �F6א�Aض
E�\א"� ؟א�

�q��O � 1�q��O � 1�� � ��1 2⁄ �1 5⁄0 7 10⁄ � �q��O�q��O�� � �2 �31 1 � � u�O��3 4⁄ ��u�O���� �
� �

-�O� � �4 �1� �q��O�q��O�� � �1 0� � u�O��3 4⁄ ��u�O���� �
 

  القطرية (جعل المصفوفة قطرية)

٢٢� J ��T�"د����\	��
�د�FHא�����א�E�VE���&Ni��rא������FHد�
E�VE���&Nא��UD+ل�&��("\"[�FH�T
("\"mא�����א�FHد�
E�l�5؟وא 

Uq��O � 1�q��O � 1�q��O � 1�V � 1�0.4 �0.1 �0.20.3 0 �0.21 �0.1 �0.32 U
q��O�q��O�q��O�V � 12 �0.51 00 3 2 �0.1 cos�2πn 16⁄ � u�O��3 4⁄ ��u�O� �  

� �

�y��O � 1�y��O � 1�� � �1 0 �10 0.3 0.7� U
q��O�q��O�q��O�V�� �

� �
� �

o b e i k a n d l . c o m



٩٨٠� 
	��و��������

	��������אم�א���ق�א��
�����א���   א! ��א��وא

 

 

o b e i k a n d l . c o m



٩٨١ 
 

  

�א����ق� �

  علاقات رياضية مفيدة) أ(ملحق 

e� = 1 + � +
��

�!
+

��

�!
+

��

�!
+⋯  

sin��� = � −
��

�!
+

��

�!
−

��

�!
+⋯  

cos��� = 1 −
��

�!
+

��

�!
−

��

	!
+⋯  

cos��� = cos�−�� 		���	 sin��� = −sin�−��  
e
� = cos��� + � sin���  
sin���� + cos���� = 1  
cos��� cos�	� = �

�

cos�� − 	� + cos�� + 	��  �
���� sin�	� = �

�

cos�� − 	� − cos�� + 	��  �
���� ����	� = �

�

sin�� − 	� + sin�� + 	��  

cos�� + 	� = cos��� cos�	� − sin��� �
��	�  �
��� + 	� = �
���� cos�	� + cos��� �
��	�  � cos��� + 	�	 �
���� = √A� + B� 	cos�� − ������� �⁄ ��  
�

��

��������� = �

�
��
  ��	�� = �� − ��	��  � �� sin��� 	�� = −�� cos��� + � � ���� cos��� 	��  � �� ������ 	�� = �� sin��� − � � ���� sin��� 	��  � ����� 	�� =

���

�	
�

����� − �������� + ��� − 1�������� +⋯+ �−1�����! ���� + �−1���!�,� ≥ 0  

� ��� sin������ =
��


��
��

�	�
����� − 	�	��������  

� ��� cos������ =
��


��
��

�	������� + 	�	�
������  � ��

��
�����
=

�

��
tan�� ���

�
�  

� ��

���±���
�
�

= �� �� + ��� ± ������  
� �������

�

�
� �� =  ! 2⁄ " > 0

0, " = 0

− ! 2⁄ " < 0

# = �

�
sgn�"�  

|%|� = %	%∗  

∑ '����
��� = (����

���
, ' ≠ 1), ' = 1

  

∑ '��
��� =

�

���
, |'| < 1  
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∑ ���
��� � ��

���
, |�| � 1  

∑ ����
��� � �

	���
�
, |�| � 1  

����

���� ��⁄ 	�
� � �

��
, 
�� � ���

�n�, �	��			
�		��������  
	�
� � �


���
, 2� � 1� � �
����n�, �	��			�		��������  
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  جداول تحويل لابلاس) و(ملحق 

*��� ℒ↔ 1, �,,	�  ���� ℒ↔ �

 
, -�	��� > 0  

������ = ���� ∗ … ����.///0///1
�����	"#�$#%&'(#� 

ℒ↔ �

 	
, -�	��� > 0  

�	���� ℒ↔ �

 �
, -�	��� > 0  

��)'	���� ℒ↔ �

 
)
, -�	��� > −2  

��	���� ℒ↔ �!

 	
�
, -�	��� > 0  

���)'	���� ℒ↔ �
� 
)��

, -�	��� > −2  
����)'	���� ℒ↔ �!

� 
)�	
�
, -�	��� > −2  

sin�3��� ���� ℒ↔ *�

 �
*�
� , 	-�	��� > 0  

cos�3��� ���� ℒ↔  

 �
*�
� , 	-�	��� > 0  

e�+,sin�3"�� ���� ℒ↔ *�

� 
)��
*�
� , 	-�	��� > −2  

e�+,cos�3"�� ���� ℒ↔  
)
� 
)��
*�

� , 	-�	��� > −2  
e�+, 4�	 cos�3"�� + �-�.)

/
� sin�3"��5 ���� ℒ↔ . 
-

� 
)��
*�
�  

e�+, 67�� + �-�.)

*�
��		��� �3"� − tan�� �-�.)

.*�
��8 ���� ℒ↔ . 
-

� 
)��
*�
�  

e
��

�
, 6�	���79 − �"

�
�� �	 + �-�.0

1�2�0�
�
� :79 − �"

�
�� �	;8 ���� ℒ↔ . 
-

 �
0 
2
  

e
��

�
, <=�� + > �-�.0

1�2�0�
?�		��� :79 − �"

�
�� �	– tan�� > �-�.0

.1�2�0�
?;@ ���� ℒ↔ . 
-

 �
0 
2
  

−��−�� ℒ↔ �

 
, -�	��� < 0  

−�)'��−�� ℒ↔ �

 
)
, -�	��� < −2  

−����−�� ℒ↔ �!

 	
�
, -�	��� < 0  

��)|'| ℒ↔ �

 
)
−

�

 �)
, −2 < -�	��� < 2  

'������ ℒ↔ ��� �⁄ ��� �⁄

 
,�,,	�  

�'
��� ℒ↔��� �⁄ ���� �⁄

 
�� ,�,,	�  
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 تحويل أزواج زد ) ذ(ملحق 

*
�� 4↔ 1, �,,	ȥ  �
�� 4↔ ȥ

ȥ��
=

�

��ȥ��
, |ȥ| > 1  

2��
�� 4↔ ȥ

ȥ�)
=

�

��)ȥ��
, |ȥ| > |2|  

��
�� 4↔ ȥ

�ȥ����
=

ȥ��

���ȥ����
, |ȥ| > 1  

���
�� 4↔ ȥ�ȥ
��

�ȥ����
=

�
ȥ��

ȥ���ȥ���
, |ȥ| > 1  

�2��
�� 4↔ ȥ)
�ȥ�)��

=
)ȥ��

���)ȥ����
, |ȥ| > |2|  

��2��
�� 4↔−A� ��

�4�
� ȥ

ȥ�)
� , |ȥ| > |2  

�����������…����
��

�!
2����
�� 4↔ 4

�4�)��
�
, |A| > |2  

sin�Ω��� �
�� 4↔ 4	���	�Ω��

4���4	"# �Ω��
�
=

���	�Ω��4��

���	"# �Ω��4��
4��
, |A| > 1  

cos�Ω��� �
�� 4↔ 4	56�78�	�Ω��9

4���4	"# �Ω��
�
=

��78�	�Ω��4��

���	"# �Ω��4��
4��
, |A| > 1  

α�sin�Ω��� �
�� 4↔ 4)	���	�Ω��

4���)4	"# �Ω��
)�
=

+���	�Ω��4��

���)	"# �Ω��4��
)�4��
, |A| > |2|  

α�cos�Ω��� �
�� 4↔ 4	56�+	78�	�Ω��9

4���)4	"# �Ω��
)�
=

��+	78�	�Ω��4��

���)	"# �Ω��4��
)�4��
, |A| > |2|  

−�
−� − 1� 4↔ 4

4��
, |A| < 1  

−2��
−� − 1� 4↔ 4

4�)
, |A| < |2|  

−�2��
−� − 1� 4↔ )4
�4�)��

, |A| < |2|  
2|�| 4↔ 4

4�)
−

4

4�� )⁄
, |2| < |A| < |1 2⁄ |  
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 א�
	ط��������
  
 إنكليزي  – أولاً: عربي

  

�� �

�����	 	excitations 


��
�	
���	�����	 	complex exponential excitation 


	א�����	א��و�� 	periodic excitation 

��	א�������	E
	Fא����� 	sampling 

	א� ���	����ل 	signal transmission 


	א%�$�م	א�"��!� 	binary numbers	 	


	�زא& 	shifting 

	�زא&
	א�(دد 	frequency shifting 

*	
	א�,
אغ	�زא& 	space shifting 

	.אزدوאج	&
א� 	Thermocouples 

	אزدوא�4
	א�3
2	وא0�1,�/ 	multiplication-convolution duality 

	א���5�60 	responses 


	�789א��
	א�5�60
	א%ذن	א��: 	human ear, response to sounds 

	א�5�60
	א�(دد 	frequency response 

	א�5�60
	א�70א<= 	harmonic response 


��?4	
	א�5�60 	voltage response 

�7@Aא	
	א�5�60 	step response 
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,Cא�	D�	.א�5�60
	א�� 	zero-input response 

	
	א����3
א5�60�1 	impulse response 


	א5�60�1
	א�@���� 	natural response 


	��E�Fم�FGא�	
	א5�60�1 	total system response 


	א5�60�1
	א70Hאز� 	parallel response 

F��I0א�	7لJא	

$Kא�	Kא�5�60	 	ADC response	 	


L7@MHא	
���"Hא	
	א�5�60
	א���3 	truncated ideal impulse response 

	א�5�60
	א���Eم 	system response 


�@M0Hא	א� ��א�	
IEN%	م�Eא��	
	א�5�60 	discrete-time system response 

	

א5�60�1���M0N1א	 	transient response 

	א5�60�1
	OP	א�Jود� 	unbounded response 

�7@Aא	و&��	
	א�5�60 	unit-step response 


א�M0�1א	 	stability 


א�	M0ودא��Jא	ج
Aوא	ود�Jא	D�
א�	א��M0א�	7،���א�	 	BIBO stability	 	


א�	א���EمM0א�	 	system stability 

:��Rא	א�
M0�1אK	 	marginal stability 

S�%א	 	exponentials 

�IG0א�	א��� �
	 	quantizing signals 

D�	� ��א�	א�� 	input signals 


	א� ��א�	א��و�� 	periodic signals 

	א�@�$
	� ��א� 	energy signals 


	א� ��א�	א��:7א!� 	random signals 


����Mא�	א� ��א�	 	standard signals 

�Jא	د�وא� ��א�	 	deterministic signal 

	ز���ً�א� ��א�	א�Jود�	 	time limited signals 

�
I0UHא	א� ��א�	 	continuous signals 

o b e i k a n d l . c o m



  ��

	 '&%�א$#� 	١٠٠٥ 

 
 

	�
I0UHא	ز���ً�א� ��א�	 	continuous-time signals 


���Uא��	א� ��א�	 	left-sided signal 


	א� ��א�	OP	א��و�� 	aperiodic signals	 	

	א� ��א�	�Xود�	א�Wل 	bandlimited signals	 	

Y@Aא	��� �	 	error signal 


87CMHא	א� ���	 	clipped signal 

�ً�I0���P7�	�ZGHא	א� ���	 	log-amplified signal 


	� ���	\]	���ل	א����� 	undersampled signal 

	��Lد�	[:D�G	א� ��� 	signal reconstruction 

	Fא�����
E	�D$	���ل	%��	א������ 	minimum sampling rate 

	א0�1,�/ 	Convolution 

	�و�.א0�1,�/	א� 	periodic convolution 


$א0�1,�/	א�IK	 	numerical convolution 


		.א0�1,�/	א���دI0UHز���ً�א		 	continuous-time numerical convolution 

	�و�.א/�,0�1	OP	א� 	aperiodic convolution	 	

	�_�ق	א8%,�� 	zero padding 


�U�`��aو�
?Gא�	
	א0N:��	א�@�$ 	electromagnetic energy propagation 


�M�M_א	
IEN%א	 	real systems 

b�7:0א�	c�	
���Aא	
IEN%א	 	distortionless system 


�@Aא	
IEN%א	 	nonlinear systems 

	

	א�"�05�@Aא	
IEN%ز���ً�א	 	LTI systems 

dא%و	

	א���4IEN�	 	first-order systems 


�N�"א�	

	א���4IEN�	 	second-order systems 



	א�@����IEN%א	 	physical systems 


�G�N�G�Hא	
IEN%א	 	mechanical systems 


���G�N1א	 	invertibility 
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f$7א�	��05	 	stop bits 

�gUG�א�	 	pixels 

=�M\	م�Eא��	 	system realization 

=�Mh0א�	Ei���א�F	 	realization 

	א����ول 	pendulum 

� 
	[j5�0	א�7&�� 	unit sequence 


��7>	j5�0]	 	Fourier series 

�g"א�	
��7>	j5�0]K	k��Hא	 	compact trigonometric Fourier series 

	
I0UHא	l�
Hא	
��7>	j5�0]�ًز���		 	complex CTFS 

SN�60א�	 	homogeneity 

j�I60א�	 	Superposition 

	j�Im	א� ��א� 	acquisition of signals	 	

n�6h0א�	 	Scaling 

	.א�n�6h0	א�(دد 	frequency scaling 

	.א�n�6h0	א�MHא� 	amplitude scaling	 	

	D�F\
	א��وא! 	circuit analysis 


�o�pqא	�7UGא�	D�F\	 	partial-fraction expansion 

�1�C]1א	م�EN	D�F\	 	communication system analysis 

D�7h0א�	 	transformation 

!���	D�7h0א�K	
�@Aא	 	bilinear transformation	 	

	\D�7	زد 	z transform 

UGא��	زد	D�7\K	 	inverse z transform 

	\D�7	زد	א70Hא<= 	matched-z transform 


	D�7\K	زد	���!�@Aא	 	bilinear z transform	 	
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��7>	D�7\	 	Fourier transform 


	א%����@M0Hא	
��7
	א%ز��>	D�7\K	UGوא��K	 	forward and inverse discrete-time Fourier	transforms 

j�
Uא�	
��7>	D�7\	 	fast Fourier transform (FFT) 

��7
	א���م>	D�7\	 	generalized Fourier transform 

j@M0Hא	
��7>	D�7\	 	DFT (discrete Fourier transform), 

UGא��	j@M0Hא	
��7>	D�7\K	 	inverse DFT 

	
I0UHא	
��7>	D�7\�ًز���	 	continuous-time Fourier transform 

UGא��	
�@M0Hא	
��7
	�9ز��>	D�7\K	 	inverse DTFT 

	\D�7	g51س 	Laplace transform 

	אlN�q	D�7\.	g51س	�&�د 	unilateral Laplace transform 

	אt�m1	D�7\K	g51س	���! 	bilateral Laplace transform	 	

	אl�q	D�7\K	g51س	���! 	two-sided Laplace transform, 

	��h 
Hא	�g�7\	 	filter transformations 

	�g�7\
�UGوא��	
	زد	א%���� 	forward and inverse z transforms 


�UGوא��	
	\�g�7	g51س	א%���� 	forward and inverse Laplace transforms 

@uK	D���0א�	 	over	modulation 

��	א�������	
�FIL	v�,u	 	Down	sampling 

i�w73א�	c�	xFy0א�	 	noise removal 

D�	א��0א 	interference 

I0���P7Fא�	k���0א�K	 	logarithmic scale 

cא�p0Hא	OP	Dא�(א�	 	asynchronous transmission	 	

n�א�(א	 	accumulation	 	

	א�(دد 	frequency 


دد	א�
אد�7]	 	radio frequency 

	Kא%���	�و�.א�(دد	א� 	fundamental cyclic frequency 

z�
	א�(دد	א� 	corner frequency 
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z�N
		א�(دد	א� 	resonant frequency 

	.א�(دد	א�pאو 	radian frequency 

	Kא%���	.א�(دد	א�pאو 	fundamental radian frequency 

	Kא�@���	.א�(دد	א�pאو 	natural radian frequency 

EhFא�	א�(ددK	 	instantaneous frequency 

[U�7G�N	دد
]	 	Nyquist frequency 


	א�(ددא�	א�73!� 	light oscillation 

	i�,�0�Eא�(��n	Fא�	 	interpolation 

i�,�0א��	��"HאK	 	ideal interpolation 


	א�p0و� 	aliasing	 	

l�
U0א�	 	leakage 

	F	p��)א�O,:0א�E	 	encoding 

b�7:0א�	 	distortion 

M>א�70א	b�7:0א�K	FGא�K	 	total harmonic distortion 

	[:b�7	[��د	א��UHא� 	multipath distortion 

	| 
Hא	n�IC]FIR	��"HאK	 	optimal FIR filter design 


وق	א�Jد�,��5	n�IC0א�	 	finite difference design 

��h 
Hא	��,��C]	 	filter classifications 

	א�����0 	Orthogonality 

z�pא�	א���0د	 	time multiplexing 

	Dא����0 	modulation 

	.א�D���0	א�(دد 	FM (frequency modulation) 

	א��3=	א�Wل	.א�D���0	א�(دد 	narrowband FM 

	.א�D���0	א�MHא� 	amplitude modulation	 	


F��_א	
47Hא	jI$	j�	lN�qא	
�!���	D���0א�	 	double –sideband suppressed carrier  

F��I0א�	f:Gوא�	D���0א�K	 	analog modulation and demodulation	 	
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	.א�(ددא���0د	 	frequency multiplexing 

	
��a0א�
�UGא��	 	feedback 

	
��a0א�
�UGא��	
���Uא�	 	negative feedback 

7qא	~a3א�	א�Oa].	 	air pressure variations	 	

Dw�,0א�	 	differentiation 

�gw�,0א�	 	derivatives 

2��M0א�	 	donvergence 


�p�
Hא	وق

�l	א�,M]	 	central difference approximation 

n�UM0א�	 	decimation 

I�א�(א	D��G0א�K	 	cumulative integral 


$Kא�D��G0	א�	 	numerical integration 

p�
	.א�D��G0	א� 	symbolic integration 

	א�D��G0	א�Jود 	definite integral 

	א�D��G0	OP	א�Jود 	indefinite integral 

�g��G0א�	 	integrals 

�?qא	O�G]	 	voltage gain 

n�IG0א�	 	quantization 

z�pא�	د�I0א�	 	time expansion 

	[7א�4	7Xل	زد 	existence of z transform 

	Kא�D�870	א70Hא� 	cascade connection 


IEN%א	�g�87]	 	system connections 


	א��g�870	א70Hאز� 	parallel connections 

fFHא	���]	 	inductor current 

� 
c�pא�	5]��	 	time constant 

z�pא�	���א�"	 	time invariance 
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��Cא�	���א�"K	 	impulse invariance 

 ج
	Kאipq	א�(��5 	quadrature part 


	���Eم	.אnUq	א��: 	human body as a system 

��Uא�	م�I0א�	l�4	 	causal cosine 

	�
 ��Hא	
		IIא_�� 	Direct Form II 

� 

	\]	א���د	��&F|�Gא�E	 	underdamped case 

@u	
��&K	|�Gא�	 	overdamped case 


$Kא_2�U	א�	 	numerical computation 


�:0UHא	و�	س�U_א	 	sensor 

� 

���pא�	
�8
	א�زא&��	 	time shifting property 

z�pא�	n�6h0א�	
�8��	 	time-scaling property 

z�pא�	SGא��	
�8��	 	time reversal property 

�
M0UHא	
�@Y	א_��	 	steady-state error 

2��M0א�	7ط@�	 	asymptotes	 	

�7אص	\D�7	زد	 	z-transform properties 

 د
	دא�
		دא�
א�	 	dirict function 

	دא�
	א� ��� 	signum function 


�M>א�70א	
	א��א� 	harmonic function 


��L�C0א�	
�@Aא	
	א��א� 	ramp function 

j>א��	
	دא� 	forcing function 

���	
	دא� 	sinc function 
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	دא�
	א����7 	transfer function 

O��0א�	
	دא�
	א����7	���!� 	biquadratic transfer function	 	


�
UGא�	
	א��א� 	rational function 

�p�IHא	
	א��א� 	eigenfunction 

	دא�
	א���<�� 	window function 

	
	א�7&��دא� 	unit function 


@Mא��	0:��Nא	
	دא� 	point spread function 

D�U�5	
	دא� 	Bessel function	 	


�7Nو
G�	�0د�	
	دא� 	Kronecker delta function 


MF_א	�7�L	
	دא� 	loop transfer function 


 |	א�,�H	�Wل	[
ددHא	�7�L	
		.دא� 	bandpass-filter transfer function	 	

[�F]��5	��>�N	
	دא� 	Bartlett window function	 	

	دא�
	��>�N	�I�g5ن 	Blackman window function	 	

�p��	��>�N	
	دא� 	Kaiser window function 

k����	��>�N	
	دא� 	Hamming window function 

k�N��	��>�N	
	دא� 	hanning (von Hann) window function 

	�
	RLCدא! 	RLC circuit 

	.א�D��G0	א���ددوאل	 	numerical integration functions 

	
I0UHא	
��7>	j5�00�	
�M>א�70א	ز���ً�א��وאل	 	CTFS harmonic function 


	א��وאل	א��و�� 	periodic functions 

n�
	دوאل	א� 	graphing function 

j@M0Hא	c�pא�	دوאل	 	discrete-time functions 


	א��وאل	א�pو�4
	وא�,
د� 	even and odd functions 


���Uא�	א��وאل	 	causal functions 


	א��وאل	א�,
د� 	odd functions 


FC0Hא	OP	א��وאل	 	discontinuous function 
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D�Uא���	 	decibel 

� 
��	א����
	j>�F	���ل	�
	Eא����� 	Upsampling 

�IyHא	OP	�N
	א� 	undamped resonance 

 ز
j@M0Hא	c�pא�	 	discrete time 

	
I0UHא	
��7>	D�7\	ز���ً�زوج	 	CTFT pairs 

 ش

��Cא�	�� 	 	strength, of an impulse 

�
	א�:, 	code 

	אx$��0H	Kא�:DG	א%� 	decaying exponential shape 

f�:��� 	 	Chebyshev 

 ص
�7Cא�	 	sound 

	א��7C	א�H@7ق 	voiced sound 

 ض
	aw~	א�(دد 	frequency compression 

c�pא�	~aw	 	time compression 

i�w73א�	 	noise 

 ط
	
	א� ���`�$ 	signal energy 


���Uא�	א� ���	
$�`	 	causal energy signal 


�]7Cא�	
	א�@�$ 	acoustic energy	 	

	א�@�$
	OP	א�Jود� 	infinite energy 

z�pא�	א��@�ق	ق
`	 	time-domain methods 
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�7Cא�	
q���	ق
`	 	image-processing techniques 

	א�@�7	 	phase 

47Hא	א�@7لK	 	Wavelength 


�v	א�Wل	.`�f	א�D���0	א�(ددL	 	wideband FM spectrum 

� 
S��4	�
���	 	Gibbs phenomenon 

�ع �


א�M0�1א	م�L	 	instability 


ض	א�WلL	 	bandwidth	 	


,Cא�	ل�Wא	ض
L.	 	null bandwidth 

=F@Hא	ل�Wא	ض
L	 	absolute bandwidth	 	

���Mא�	fCN	ل��	ض
L	 	half-power bandwidth 


�5�U_א	وא����0	�?qא	��$gL	 	mathematical voltage-current relations 


	�5	D�7\	زد	و\D�7	g51س$gא��	 	z-transform-Laplace-transform relationships 

	
�@M0Hא	א��� ��	
��7>	D�7\	�5	
$gز���ً�א��	
	j@M0Hא	
��7>	D�7\ز���ً�و	 	

CTFT-DFT relationship 

D����	/�,0�1א	 	convolution operator 


א�G0א�	و�	
	א��7د� 	Recursion 

�U�	
	א���� 	sample-and-hold 


IE0�Hא	
	א����� 	uniform sampling 

� 

	א�,
وق	א%���� 	forward difference 


�UGא��	وق
	א�, 	backward difference	 	


��N�qא	7صC,א�	 	side lobes 

 ق
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�?qא	n��Mא�.	 	voltage divider 

	n��Mא�F	Z�%א	�):HאnEL%אE	 	greatest common divisor 

	$�7Nن	�وم 	Ohm’s law 

	$���	א� ��� 	signal power 


�
	$�7Nن	� 	Cramer’s rule 

�?6F�	/7:]O�	7نN�$	 	Kirchhoff’s voltage law, 

	$�7Nن	��0�57ل 	L’Hôpital’s rule 

�IUא�	ص
Mא�K	k��Hא	 	audio compact disk	 	

	��@$��3�N	 	impulse train 

	א�l@M	א�7&��	א�Jد 	one-finite-pole 


�
@Mא�	 	diagonalization 


�
@Mא�	 	difference equation 

	א�7�Mא� 	channels 


I�Mא�	 	value 

� 
	אghIw1ل	 	attenuation	 	

	א�G�|	א_
ج 	critical damping 

	f�`	
>�"�
	א�@�$ 	energy spectral density 

	f�`	
>�"����Mא�	 	power spectral density 

	lUGא�	 	gain 

D���0א�	�>	 	demodulation 

*gaא�	f:Gא�	 	envelope detector 

cא�p0Hא	f:Gא�	 	synchronous demodulation 

	א�f:G	cL	א�@�7 	phase detector 

G�
	�0��دل	א���7F�H		Kא����M	Kא�7Gد	א%� 	American Standard Code for Information Interchange 
(ASCII) 

� �
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 מ
 uncertainty principle א�cM�0	�Lم	����

M�0Hא	b60�K	 	residues vector 

�����0Hא	��L�Mא�	60?���	 	orthogonal basis vectors 

DM0UHא	Oa0Hא	 	independent variable 


אOa0Hא�	�N�GHא		 	spatial variables 

�
I0UHא	
FM0UHא	א�Oa0Hא	 	continuous independent variables 


	��ل	א��א� 	domain of a function 


و�Hא	ل��	 	passband, 

f$7א�	ل��	 	Stopbands 

��L�Mא�	ل��	 	baseband 


�I$
	א�J���	א� 	digital simulation 

��qא	DJא.		 	root locus 

���Rא	DJאK	nI0Hא	 	complementary root locus 

	KאDFJ	א�@�, 	spectrum analyzer 

F��I0א�	7لJאK	א�$
IK	 	analog-to-digital converter	 	


$א7Jل	א�IK	F��I0א�K	 	digital-to-analog converter (DAC), 

	�@~	א%$@�2	وא8%,�� 	pole-zero diagrams, 

	�@~	75د 	Bode plot	 	

	.�@~	75د	א�@�7 	phase Bode diagram 


�I0���P7Fא�	��@@yHא	 	logarithmic graphs 

	�@@��	75د	��MIFא�	 	magnitude Bode diagrams 

���	
	א��א� 	range, of a function 

�w7Hא	2�5�HאK	 	local oscillator 

D�
Hא	 	Transmitter  

	| 
HאRC	 	RC filter 
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 ��h	5(و��	 	Butterworth filters  


 |	א����3وHא.	 	Elliptic filter 

F��I0א�	| 
HאK	 	analog filters 	 	

n���0א�	| 
�	 	smoothing filter  


 |	א�Hא$
IK		 	digital filters  


 |	א�Hא$
IK	
M0UHא	OP	 	unstable digital filter 


�	א�h0Hא	�70~Hא	| 
�K$
	 	moving-average digital filter 

��"Hא	| 
HאK	א�(ددא�	c�	ل�W	�,�Hא	 	ideal bandpass filter  



 |	א�3Hد	�p0Fو�Hא	 	anti-aliasing filter	 	

�1�Wא	c�	����F�	7ق�Hא	| 
Hא	 	multiple bandstop filter 


 |	א7�Hق	�Wل	[
ددHא.	 	bandstop filter	 	


 |	א�,�H	�Wل	[
ددH.א	א�	5]���	k		 	constant-K bandpass filter 


 |	5(و���	 	Butterworth filters 	 	

iא�70א	nEL%א	5(و��	| 
�	 	maximally flat Butterworth filter 


3,y�Hא	ددא�)F�	�,�Hא	5(و��	| 
�	 	lowpass Butterworth filter 

F���	| 
�K	دد
	.5(و��	��,�	�Wل	[ 	bandpass Butterworth analog filter	 	

	| 
�K$�	دد
	.5(و��	��,�	�Wل	[ 	bandpass Butterworth digital filter	 	


 |	 ���:�f	�c	א��7ع	وא&��	 	type-one Chebyshev filter 

��Uא�	OP	| 
Hא	 	noncausal filter 

S�א���	OP	| 
Hא	 	noninverting amplifier  

	j@M0�	| 
	.��,�	�Wل	[
دد	ز���ً�� 	bandpass discrete-time filter 	 	

��h 
Hא	 	filters 


 ��h	א�5�60
	א���3
	א�Jد��	 	FIR filters 


 ��h	א�5�60
	א���3
	OP	א�Jود��	 	IIR filters  


�I$

 ��h	א�Hא	 	digital filters 


�FIא��	��h 
Hא	 	practical filters 

o b e i k a n d l . c o m



  ��

	 '&%�א$#� 	١٠١٧ 

 
 



 ��h	א�,���Hא	 	active filters 	 	



 ��h	א�,���
	א��,�H	�F(ددא�	א�����Hא	 	highpass active filters 


�,]
Hא	ددא�)F�	��,�Hא	

 ��h	א�,���Hא	 	active highpass filter	 	


���"Hא	��h 
Hא	 	ideal filters  

	�
I0UHא	��h 
Hز���ً�א	 	continuous-time filters 

	�
I0UHא	5(و��	��h 
	ز���ً�� 	continuous-time Butterworth filters 



 ��h	OP	א�,���Hא	 	passive filters 

��UHא	 	trajectory 



	א%������a0א�	א���U�	 	feed	forward paths  

D�M0UHא	 	receiver 

70U�.	i�Hא	 	water level 


	دא�
	א����7>7,C�	 	matrix transfer function 

j�CHא	 	plant 

fL�3Hא	F��I0א�K	 	analog multiplier	 	


	א��Hد�1�Fw�,0א� differential equations 

DG:א�	و�	n�
	���دل	א� 	graphic equalizer 

	���د�1	א���Eم 	system equations 


�
	���د�
	א_ 	equation of motion 


�$
	وא�(א�n	א�, 	differencing and accumulation 


	�� ��א��I$

	א�q��Hא	 	digital signal processing 

�7CF�	
�I$

	א�q��Hא	 	digital image processing 

	Dل����ghIwא�	 	damping factor 


	א��Hو$ 	impedance 

	���ل	���	א������ 	sampling rate 


	א�����
	א�(دد�&�UHא	���7F�Hא	 	high-spatial-frequency information 


�L7א��	n���,Hא	 	qualitative concepts 
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f�@א�	א��M�	 	magnitude spectrum 


	��Mא�	[���D	א���3 	pulse amplitude modulation 

	אD��GH	א�,��ل 	active integrator	 	

ZGHא	 	amplifier	 	

�IUא�	ZGHאK	 	audio amplifier	 	

SGא��	ZG�	 	inverting amplifier 

��"Hא	���FIא��	ZG�K	 	ideal operational amplifier 

���FIא��	א�ZG�	 	operational amplifiers 

��,"GHא	 	capacitors	 	

2��M0א�	
M@��	 	region of convergence 


F��_א	
47Hא	 	carrier 

��IyHא	
F��_א	
47Hא	 	suppressed carrier 


�5
Hא	
47Hא	 	square wave 


F��Gא�	
47Hא	7&��	 	full-wave rectifier 

 ن

L��	 	clock 


"F"Hא	��3�א��	 	triangular pulses 


�5
Hא	��3�א��	 	rectangular pulses 


&�UHא	

	�&�د�F�@0UHא	
	א���3 	unit-area rectangular pulse 

i�w73F�	��� א�	
�UN	 	signal-to-noise ratio 

70UHא	c�	c�%א	fCא��.	 	right half-plane 

	NS@�ق	 	s-domain 

	N@�ق	א�(دد 	frequency domain 


�L��Cא�	��I$%�5	�1�C]1א	م�EN	 	satellite communication system 

	א�H		�EN–م	א%ذن	 	ear-brain system 

p�?60א�	م�EN	 	instrumentation system 
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�IUא�	
�FU0א�	م�ENK	�p�HאK		 	home-entertainment audio system 

	�ENم	א���0دل 	equalization system 

	
��a0א�	م�EN
�UGא��	د�&�.	lUGא�	 	unity-gain feedback systems 

	
��a0א�	م�EN
�UGא��	G�N�Gو��
?Gא�K	 	electromechanical feedback system, 


MFaHא	
MF_א	م�EN	 	closed-loop system 


&70,Hא	
MF_א	م�EN	 	open loop system 

@Aא	م�Eא��K	 	linear system 

@Aא	م�Eא��K		[5�"ز���ً�א�	 	linear time-invariant system 


ج	א%&�د	.�ENم	א���D	א%&�دAوא.	 	single-input single-output system 

�4
Aوא	�F�	�ENم	א�� 	two-input two-output system 

	�G��Kא���Eم	א���� 	dynamic system 

c��Uא�	م�Eא��	 	static system 

	�ENم	א���7אن	א���م 	public address system 

SG�F�	D5�Mא�	م�Eא��	 	invertible system 

	�ENم	א�l@M	א�7א&� 	one-pole system 

��@Mא�	م�EN	 	two-pole system 

cد��Jא	��@Mא�	م�EN	 	two-finite pole system 

SN�60Hא	م�Eא��	 	homogeneous system 


جAא	ود�Xو	D�
	�Xود	א��M0UHא	م�Eא��	 	bounded-input-bounded-output (BIBO) stable system 


�G�N�G�Hא	j!7אHא	م�EN	 	fluid-mechanical system 


,Cא�	א��7ع	م�EN.	 	type 0 system 

|�Gא�	\]	م�EN	 	underdamped system 

����Uא�	=�F�]	م�EN	 	automobile suspension system	 	

SN�60Hא	OP	م�Eא��	 	inhomogeneous system 

	
��a0א�	��5�5��	م�EN
�UGא��	 	oscillator feedback system 

@Aא	Zqא	
�
ENK	 	linear algebra theory 
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	א�051א!�I�Mא�	
�
EN	 	initial value theorem 



	א��?�!�I�Mא�	
�
EN	 	final value theorem 


	����5,�ل�
EN	 	Parseval’s theorem 


F8و	j�I60א�	 	summing junction 

5�U_א	7ذجIא��K	 	mathematical model 

kN
	�7ذج	�7&
	א�:@ 	checkerboard pattern 

	א��7<�� 	windowing 

 و
 Unit ramp  א��1א�	و&��

 Unit impulse  א���3
	و&��

  

 

  

  

 

  

 

� �

� �
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  عربي –ثانياً: إنكليزي 

A 
=F@Hא	ل�Wא	ض
L	 	absolute bandwidth	 	

n�א�(א	 	accumulation	 	


�]7Cא�	
	א�@�$ 	acoustic energy	 	

	j�Im	�و	$
א�i	א� ��א� 	acquisition of signals 



 ��h	א�,���Hא	 	active filters	 	


�,]
Hא	ددא�)F�	��,�Hא	

 ��h	א�,���Hא	 	active highpass filter	 	

	אD��GH	א�,��ل 	active integrator	 	

F��I0א�	7لJא	

$Kא�	Kא�5�60	 	ADC response	 	

7qא	~a3א�	א�Oa].	 	air pressure variations	 	


	Fא��7C	אE����0UH	א�p0و� 	aliasing	 	

G�
	�0��دل	א���7F�H		Kא����M	Kא�7Gد	א%� 	American Standard Code for Information Interchange 
(ASCII) 

ZGHא	 	amplifier	 	

	.א�D���0	א�MHא� 	amplitude modulation	 	

	.א�n�6h0	א�MHא� 	amplitude scaling	 	

F��I0א�	| 
HאK	 	analog filters	 	

F��I0א�	f:Gوא�	D���0א�K	 	analog modulation and demodulation	 	

F��I0א�	fL�3HאK	 	analog multiplier	 	

F��I0א�	7لJאK		dא��$
IK	 	analog-to-digital converter	 	



 |	א�3Hد	�p0Fو�Hא	 	anti-aliasing filter	 	

	�و�.א/�,0�1	OP	א� 	aperiodic convolution	 	


	א� ��א�	OP	א��و�� 	aperiodic signals	 	

2��M0א�	7ط@�	 	asymptotes	 	

cא�p0Hא	OP	Dא�(א�	 	asynchronous transmission	 	

	אghIw1ل	 	attenuation	 	
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�IUא�	ZGHאK	 	audio amplifier	 	

�IUא�	ص
Mא�K	k��Hא	 	audio compact disk	 	

����Uא�	=�F�]	م�EN	 	automobile suspension system	 	

B 

�UGא��	وق
	א�, 	backward difference	 	

	א� ��א�	�Xود�	א�Wل 	bandlimited signals	 	

F���	| 
�K	دد
	.5(و��	��,�	�Wل	[ 	bandpass Butterworth analog filter	 	

	| 
�$�IK	دد
	.5(و��	��,�	�Wل	[ 	bandpass Butterworth digital filter	 	

	j@M0�	| 
	.��,�	�Wل	[
دد	ز���ً�� 	bandpass discrete-time filter	 	


 |	א�,�H	�Wل	[
ددHא	�7�L	
		.دא� 	bandpass-filter transfer function	 	


 |	א7�Hق	�Wل	[
ددHא.	 	bandstop filter	 	


ض	א�WلL	 	bandwidth	 	

��L�Mא�	ل��	 	baseband 

[�F]��5	��>�N	
	دא� 	Bartlett window function	 	

D�U�5	
	دא� 	Bessel function	 	


ج	א�JودAوא	ود�Jא	D�
א�	א��M0א�	،	7���א�	א�
M0א�	 	BIBO stability	 	

	אt�m1	D�7\K	g51س	���! 	bilateral Laplace transform	 	

!���	D�7h0א�K	
�@Aא	 	bilinear transformation	 	


	D�7\!���K	زد	�@Aא	 	bilinear z transform	 	


	א%�$�م	א�"��!� 	binary numbers	 	

O��0א�	
	دא�
	א����7	���!� 	biquadratic transfer function,	 	

	دא�
	��>�N	�I�g5ن 	Blackman window function	 	

	�@~	75د 	Bode plot	 	


جAא	ود�Xو	D�
	�Xود	א��M0UHא	م�Eא��	 	bounded-input-bounded-output (BIBO) stable system�

h 
	5(و��	��� 	Butterworth filters	 	

C 
��,"GHא	 	capacitors	 	
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F��_א	
47Hא	 	carrier 

	Kא�D�870	א70Hא� 	cascade connection 

��Uא�	م�I0א�	l�4	 	causal cosine 


���Uא�	א� ���	
$�`	 	causal energy signal 


א��وאل	���Uא�	 	causal functions 


���Uא�	 	causality 


�p�
Hא	وق

�l	א�,M]	 	central difference approximation 

	א�7�Mא� 	channels 

f�:��� 	 	Chebyshev 

kN
	�7ذج	�7&
	א�:@ 	checkerboard pattern 


	\D�F	א��وא! 	circuit analysis 


87CMHא	א� ���	 	clipped signal 


L�Uא�	 	clock 


MFaHא	
MF_א	م�EN	 	closed-loop system 

	א�7Gد 	code 

�1�C]1א	م�EN	D�F\	 	communication system analysis 

�g"א�	
��7>	j5�0]K	k��Hא	 	compact trigonometric Fourier series 

���Rא	DJאK	nI0Hא	 	complementary root locus 

	
I0UHא	l�
Hא	
��7>	j5�0]�ًز���		 	complex CTFS 


��
Hא	
	א�����	א%�� 	complex exponential excitation 


 |	א�,�H	�Wل	[
ددH.א	א�	5]���	k		 	constant-K bandpass filter 

�
I0UHא	
FM0UHא	א�Oa0Hא	 	continuous independent variables 

�
I0UHא	א� ��א�	 	continuous signals 


 ��h	5(و���		�
I0UHز���ً�א	 	continuous-time Butterworth filters 

	�
I0UHא	��h 
Hز���ً�א	 	continuous-time filters 

	
I0UHא	
��7>	D�7\�ًز���	 	continuous-time Fourier transform 

o b e i k a n d l . c o m
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		.א0�1,�/	א���دI0UHز���ً�א		 	continuous-time numerical convolution 

	�
I0UHא	ز���ً�א� ��א�	 	continuous-time signals 

2��M0א�	 	Convergence 

	א0�1,�/ 	Convolution 


	א0�1,�/�FIL	 	convolution operator 

z�
	א�(دد	א� 	corner frequency 


�
	$�7Nن	� 	Cramer’s rule 

	א�G�|	א_
ج 	critical damping 

	
I0UHא	
��7>	j5�00�	
�M>א�70א	ز���ً�א��وאل	 	CTFS harmonic function 

	
I0UHא	
��7>	D�7\	ز���ً�زوج	 	CTFT pairs 

	
�@M0Hא	א��� ��	
��7>	D�7\	�5	
$gز���ً�א��	
	j@M0Hא	
��7>	D�7\ز���ً�و	 	

CTFT-DFT relationship 

I�א�(א	D��G0א�K	 	cumulative integral 

D 
|�Gא�	D����	 	damping factor 

	אx$��0H	Kא�:DG	א%� 	decaying exponential shape 

D�Uא���	 	decibel 

n�UM0א�	 	decimation 

	א�D��G0	א�Jود 	definite integral 

D���0א�	<�	و�	،	f:Gא�	 	demodulation 

�gw�,0א�	 	derivatives 

	א� ��א�	א�Jد� 	deterministic signal 

j@M0Hא	
��7>	D�7\	 	DFT (discrete Fourier transform) 


�
@Mא�	 	diagonalization 


�Fw�,0א�	د�1��Hא	 	difference equation 


�$
	א��Hد�
	א�, 	differencing and accumulation 
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n�وא�(א	ق
	א�, 	differential equations 

Dw�,0א�	 	Differentiation 


 |	א�Hא$
IK		 	digital filters 

�7CF�	
�I$

	א�q��Hא	 	digital image processing 


	�� ��א��I$

	א�q��Hא	 	digital signal processing 


�I$
	א�J���	א� 	digital simulation 

I$

 ��h	א�Hא�
	 	digital filters 


$א7Jل	א�IK	d�	F��I0א�K	 	digital-to-analog converter (DAC) 

	�
 ��Hא	
		IIא_�� 	Direct Form II 

	دא�
		دא�
א�	 	diric function 


FC0Hא	OP	א��وאل	 	discontinuous function 

j@M0Hא	c�pא�	 	discrete time 

j@M0Hא	c�pא�	دوאل	 	discrete-time functions 


�@M0Hא	א� ��א�	
IEN%	م�Eא��	
	א�5�60 	discrete-time system response 

b�7:0א�	 	distortion 

b�7:0א�	c�	
���Aא	
IEN%א	 	distortionless system 


	��ل	א��א� 	domain, of a function 

D���0א�	
�!���	lN�qא	j�	jI$	
47Hא	
F��_א  
double –sideband suppressed carrier  

��	א�������	
�FIL	v�,u	 	downsampling 

	�G��Kא���Eم	א���� 	dynamic system 

E 
	א�H		�EN–م	א%ذن	 	ear-brain system 

�p�IHא	
	א��א� 	eigenfunction 


�U�`��aو�
?Gא�	
	א0N:��	א�@�$ 	electromagnetic energy propagation 

	
��a0א�	م�EN
�UGא��	G�N�Gو��
?Gא�K	 	electromechanical feedback system, 


 |	א����3وHא.	 	Elliptic filter 
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O,:0א�	 	encoding 


	� ��א�	א�@�$ 	energy signals 

	
>�"�
	`�f	א�@�$ 	energy spectral density 

*gaא�	f:Gא�	 	envelope detector 

	�ENم	א���0دل 	equalization system 


�
	���د�
	א_ 	equation of motion 

Y@Aא	��� �	 	error signal 


	א��وאل	א�pو�4
	وא�,
د� 	even and odd functions 

	א����� 	excitations 

	[7א�4	7Xل	زد 	existence of z transform 

S�%א	 	exponentials 

F 
j�
Uא�	
��7>	D�7\	 	fast Fourier transform (FFT) 

	
��a0א�
�UGא��	 	feedback 



	א%������a0א�	א���U�	 	feed forward paths 

��h 
Hא	��,��C]	 	filter classifications 

	��h 
Hא	�g�7\	 	filter transformations 

��h 
Hא	 	filters 



	א��?�!�I�Mא�	
�
EN	 	final value theorem 


وق	א�Jد�,��5	n�IC0א�	 	finite difference design 


 ��h	א�5�60
	א���3
	א�Jد��	 	FIR filters 


	א���4
	א%و�IEN�K	 	first-order systems 


�G�N�G�Hא	j!7אHא	م�EN	 	fluid-mechanical system 

	D���0א�(ددא�.	 	FM (frequency modulation) 

j>א��	
	دא� 	forcing function 


	א%����@M0Hא	
��7
	א%ز��>	D�7\K	UGوא��K	 	forward and inverse discrete-time Fourier	transforms 
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�UGوא��	
	\�g�7	g51س	א%���� 	forward and inverse Laplace transforms 

	

\�g�7	زد	א%�����UGوא��	 	forward and inverse z transforms 


	א�,
وق	א%���� 	forward difference 


��7>	j5�0]	 	Fourier series 


��7>	D�7\	 	Fourier transform 

	א�(دد 	frequency 

	.א�a3~	א�(دد 	frequency compression 

	.א��@�ق	א�(دد 	frequency domain, 

	.א���0د	א�(دد 	frequency multiplexing 


	א5�60�1
	א�(دد� 	frequency response 

	.א�n�6h0	א�(دد 	frequency scaling 


	א�زא&
	א�(دد� 	frequency shifting 


F��Gא�	
47Hא	7&��	 	full-wave rectifier 

	Kא%���	�و�.א�(دد	א� 	fundamental cyclic frequency 

	Kא%���	.א�(دد	א�pאو 	fundamental radian frequency 

G 
O�G0א�	و�	،	lUGא�	 	gain 

��7
	א���م>	D�7\	 	generalized Fourier transform 

S��4	�
���	 	Gibbs phenomenon 

DG:א�	و�	n�
	���دل	א� 	graphic equalizer 

n�
	دوאل	א� 	graphing function 

nEL%א	א���م	n��Mא�	 	greatest common divisor 

H 
	fCN	ل��	ض
L���Mא�	 	half-power bandwidth, 

k����	��>�N	
	دא� 	Hamming window function 

k�N��	��>�N	
	دא� 	hanning (von Hann) window function 
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�M>א�70א	
	א��א� 	harmonic function 


�M>א�70א	
	א5�60�1 	harmonic response 



 ��h	א�,���
	א��,�H	�F(ددא�	א�����Hא	 	highpass active filters 


	א�����
	א�(دد�&�UHא	���7F�Hא	 	high-spatial-frequency information 

�IUא�	
�FU0א�	م�ENK	�p�HאK		 	home-entertainment audio system 

SN�60א�	 	homogeneity 

SN�60Hא	م�Eא��	 	homogeneous system 


	���Eم	.אnUq	א��: 	human body, as a system 


	�789א��
	א�5�60
	א%ذن	א��: 	human ear, response to sounds 

I 
��"Hא	| 
HאK	א�(ددא�	c�	ل�W	�,�Hא	 	ideal bandpass filter 


���"Hא	��h 
Hא	 	ideal filters 

��"Hא	n��)א�K	 	ideal interpolation 

��"Hא	���FIא��	ZG�K	 	ideal operational amplifier 

	��h 
	א�5�60
	א���3
	OP	א�Jود�� 	IIR filters 

�7Cא�	
q���	ق
`	 	image-processing techniques 


	א��Hو$ 	impedance 

��Cא�	���א�"K	 	impulse invariance 


���Cא�	
	א5�60�1 	impulse response 

����Cא�	��@$	 	impulse train 

	א�D��G0	OP	א�Jود 	indefinite integral 

	Oa0HאDM0UHא	 	independent variable 

fFHא	���]	 	inductor current 

	א�@�$
	OP	א�Jود� 	infinite energy 

SN�60Hא	OP	م�Eא��	 	inhomogeneous system, 



	א�051א!�I�Mא�	
�
EN	 	initial value theorem 
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D�	� ��א�	א�� 	input signals 


א�M0�1א	م�L	 	Instability 

EhFא�	א�(ددK	 	instantaneous frequency 

p�?60א�	م�EN	 	instrumentation system 

�g��G0א�	 	integrals 

D�	א��0א 	interference 

	�i�,�0א� 	interpolation 

UGא��	j@M0Hא	
��7>	D�7\K	 	inverse DFT 

UGא��	
�@M0Hא	
��7
	�9ز��>	D�7\K	 	inverse DTFT 

UGא��	زد	D�7\K	 	inverse z transform 


���G�N1א	 	invertibility 

SG�F�	D5�Mא�	م�Eא��	 	invertible system, 

SGא��	ZG�	 	inverting amplifier 

K 
�p��	��>�N	
	دא� 	Kaiser window function 

�?6F�	/7:]O�	7نN�$	 	Kirchhoff’s voltage law 


�7Nو
G�	�0د�	
	دא� 	Kronecker delta function 

L 
	\D�7	g51س 	Laplace transform 

�p�Fא�	 	laser 

l�
U0א�	 	leakage 


���Uא��	א� ��א�	 	left-sided signal 

	$�7Nن	��0�57ل 	L’Hôpital’s rule 


	א�(ددא�	א�73!� 	light oscillation 

@Aא	م�Eא��K		[5�"ز���ً�א�	 	linear, time-invariant system 

@Aא	Zqא	
�
ENK	 	linear algebra theory 
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	KאA@א���Eم	 	linear system 

�w7Hא	2�5�HאK	 	local oscillator 

�ً�I0���P7�	�ZGHא	א� ���	 	log-amplified signal 


�I0���P7Fא�	��@@yHא	 	logarithmic graphs 

I0���P7Fא�	k���0א�K	 	logarithmic scale 


MF_א	�7�L	
	دא� 	loop transfer function 


 |	5(و���	
3,y�Hא	ددא�)F�	�,�Hא	 	lowpass Butterworth filter 

	

	א�"�05�@Aא	
IEN%ز���ً�א	 	LTI systems 

M 
	�@@��	75د	��MIFא�	 	magnitude Bode diagrams 

f�@א�	א��M�	 	magnitude spectrum 

:��Rא	א�
M0�1אK	 	marginal stability 

	\D�7	زد	א70Hא<= 	matched-z transform 

5�U_א	7ذجIא��K	 	mathematical model 


�5�U_א	وא����0	�?qא	��$gL	 	mathematical voltage-current relations 


	دא�
	א����7>7,C�	 	matrix transfer function 

iא�70א	nEL%א	5(و��	| 
�	 	maximally flat Butterworth filter 


�G�N�G�Hא	
IEN%א	 	mechanical systems 

�
	א��א� 	memory 

	�$D	���ل	%��	א������ 	minimum sampling rate 

	Dא����0 	modulation 


�	א�h0Hא	�70~Hא	| 
�K$
	 	moving-average digital filter 

	[:b�7	[��د	א��UHא� 	multipath distortion 

�1�Wא	c�	����F�	7ق�Hא	| 
Hא	 	multiple bandstop filter 

	2
	وא0�1,�/אزدوא�4
	א�3 	multiplication-convolution duality 

N 
	א��3=	א�Wل	.א�D���0	א�(دد 	narrowband FM 
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	Kא�@���	.א�(دد	א�pאو 	natural radian frequency 


	א5�60�1
	א�@���� 	natural response 

	
��a0א�
�UGא��	
���Uא�	 	negative feedback 

i�w73א�	 	noise 

i�w73א�	c�	xFy0א�	 	noise removal 

��Uא�	OP	| 
Hא	 	noncausal filter 

S�א���	OP	| 
Hא	 	noninverting amplifier 


�@Aא	
IEN%א	 	nonlinear systems 


,Cא�	ل�Wא	ض
L.	 	null bandwidth 


$Kא_2�U	א�	 	numerical computation 


$Kא0�1,�/	א�	 	numerical convolution 


$Kא�D��G0	א�	 	numerical integration 

 Numerical integration functions א���د.	א�D��G0	دوאل

[U�7G�N	دد
]	 	Nyquist frequency 

O 

	א��وאل	א�,
د� 	odd functions 

	$�7Nن	�وم 	Ohm’s law 

	א�l@M	א�7&��	א�Jد 	one-finite-pole 

	�ENم	א�l@M	א�7א&� 	one-pole system 


&70,Hא	
MF_א	م�EN	 	open loop system 

���FIא��	א�ZG�	 	operational amplifiers 

	| 
Hא	n�IC]FIR	��"HאK	 	optimal FIR filter design 

�����0Hא	��L�Mא�	60?���	 	orthogonal basis vectors 

	א�����0 	Orthogonality 

	
��a0א�	��5�5��	م�EN
�UGא��	 	oscillator feedback system 

@u	
��&K	|�Gא�	 	overdamped case 
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@uK	D���0א�	 	Overmodulation 

P 

	א��g�870	א70Hאز� 	parallel connections 


	א5�60�1
	א70Hאز� 	parallel response 


	����5,�ل�
EN	 	Parseval’s theorem 

�7G,�	
�o�pqא	�7UGא�	 	partial-fraction expansion 


و�Hא	ل��	 	passband 

	OP	��h 
Hא
	א�,��� 	passive filters 

	א����ول 	pendulum 

	�و�.א0�1,�/	א� 	periodic convolution 


	א�����	א��و�� 	periodic excitation 


	א��وאل	א��و�� 	periodic functions 


	א� ��א�	א��و�� 	periodic signals 


	א�@�7	�و	א�pאو� 	phase 

	.�@~	75د	א�@�7 	phase Bode diagram 

cL	f:Gא�	א�@�7	 	phase detector 



	א�@����IEN%א	 	physical systems 

�gUG�א�	 	pixels 

j�CHא	 	plant 


@Mא��	0:��Nא	
	دא� 	point spread function 

	�@~	א%$@�2	وא8%,�� 	pole-zero diagrams 

	א� ��א�	$��� 	power of signals 

	f�`	
>�"����Mא�	 	power spectral density 

	��h 
Hא
�FIא��	 	practical filters 

	�ENم	א���7אن	א���م 	public address system 


	��Mא�	[���D	א���3 	pulse amplitude modulation 
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Q� �
	Kאipq	א�(��5 	quadrature part 


�L7א��	n���,Hא	 	qualitative concepts 

n�IG0א�	 	quantization 

n�IG0א�	א��� �	 	quantizing signals 

R 
	.א�(دد	א�pאو 	radian frequency 


دد	א�
אد�7]	 	radio frequency 


��L�C0א�	
�@Aא	
	א��א� 	ramp function 


	א� ��א�	א��:7א!� 	random signals 

��.	
	א��א� 	range, of a function 


�
UGא�	
	א��א� 	rational function 

	| 
HאRC	 	RC filter 


�M�M_א	
IEN%א	 	real systems 

=�Mh0א�	و�	i���א�	 	realization 

D�M0UHא	 	receiver 


�5
Hא	��3�א��	 	rectangular pulses 


א�G0א�	و�	
	א��7د� 	Recursion 

2��M0א�	
M@��	 	region of convergence 

M�0Hא	b60�K	 	residues vector 

z�N
		א�(دد	א� 	resonant frequency 

	א��5�60�1 	responses 

c�	c�%א	fCא��	70UHא�	 	right half-plane 

	�
	RLCدא! 	RLC circuit 

��qא	DJא.		 	root locus 
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	��������אم�א���ق�א��
����Wא����    א"!� א��وא

S� �
�UHوא	
	א���� 	sample-and-hold 

��	א�������	E
	Fא����� 	sampling, 

	Fא�����
E	���ل	���	א������ 	sampling rate 


�L��Cא�	��I$%�5	�1�C]1א	م�EN	 	satellite communication system 

n�6h0א�	 	Scaling 

	Sא��@�ق	 	s-domain 


�N�"א�	

	א���4IEN�	 	second-order systems 


�:0UHא	و�	س�U_א	 	sensor 


	א�زא& 	shifting 


��N�qא	7صC,א�	 	side lobes 


	א� ���$�`	 	signal energy 

	��Lد�	[:D�G	א� ��� 	signal reconstruction 

	����ل	א� ��� 	signal transmission 

i�w73F�	��� א�	
�UN	 	signal-to-noise ratio 

	دא�
	א� ��� 	signum function 

��Uא�	
	دא� 	sinc function 


ج	א%&�د	.�ENم	א���D	א%&�دAوא.	 	single-input, single-output system 

n���0א�	| 
�	 	smoothing filter 

�7Cא�	 	sound 

*	
	א�,
אغ	א�زא& 	space shifting 

	
�&�UHא	א�Oa0Hא	 	spatial variables 

	KאDFJ	א�@�, 	spectrum analyzer 


�5
Hא	
47Hא	 	square wave 


א�M0�1א	 	stability 


����Mא�	א� ��א�	 	standard signals 

o b e i k a n d l . c o m



  ��

	 '&%�א$#� 	١٠٣٥ 

 
 

c��Uא�	م�Eא��	 	static system 

�
M0UHא	
�@Y	א_��	 	steady-state error 

�7@Aא	
	א�5�60 	step response 

f$7א�	��05	 	stop bits 

f$7א�	ل��	 	Stopbands 


��Cא�	�� 	 	strength, of an impulse 

j�I60א�	
@MN	 	summing junction 

j�I60א�	 	Superposition 

��IyHא	
F��_א	
47Hא	 	suppressed carrier 

p�
	.א�D��G0	א� 	symbolic integration 

cא�p0Hא	f:Gא�	 	synchronous demodulation 


IEN%א	�g�87]	 	system connections 

	���د�1	א���Eم 	system equations 

	i��5	א���Eم 	system realization 

	א�5�60
	א���Eم 	system response 


א�	א���EمM0א�	 	system stability 

 
T 

	.א1زدوאج	א_
א� 	Thermocouples 

z�pא�	~a3א�	 	time compression 

z�pא�	א�"�5]	 	time constant 

z�pא�	د�I0א�	 	time expansion 

z�pא�	���א�"	 	time invariance 

	ز���ً�א� ��א�	א�Jود�	 	time limited signals 

z�pא�	א���0د	 	time multiplexing 

z�pא�	SGא��	
�8��	 	time reversal property 
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���pא�	
�8
	א�زא&��	 	time shifting property 

z�pא�	א��@�ق	ق
`	 	time-domain methods 

z�pא�	n�6h0א�	
�8��	 	time-scaling property 

M>א�70א	b�7:0א�K	FGא�K	 	total harmonic distortion 


	��E�Fم�FGא�	
	א5�60�1 	total system response 

��UHא	 	Trajectory 

	دא�
	א����7 	transfer function 

D�7h0א�	 	transformation, 


	א5�60�1
	א��0$7 	transient response 

D�
Hא	 	transmitter 


"F"Hא	��3�א��	 	triangular pulses 


L7@MHא	
���"Hא	
	א�5�60
	א���3 	truncated ideal impulse response 

cد��Jא	��@Mא�	م�EN	 	two-finite pole system 

�4
Aوא	�F�	�ENم	א�� 	two-input two-output system 

��@Mא�	م�EN	 	two-pole system 

	אl�q	D�7\K	g51س	���! 	two-sided Laplace transform, 


,Cא�	א��7ع	م�EN.	 	type 0 system 


 |	 ���:�f	�c	א��7ع	وא&��	 	type-one Chebyshev filter 
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	א5�60�1
	OP	א�Jود� 	unbounded response 

cM�0א�	م�L	�������	 	uncertainty principle 

	�N
	OP	א�IyHא� 	undamped resonance 

|�Gא�	و�	א���د	[\	
��&	 	underdamped case 

|�Gא�	\]	م�EN	 	underdamped system 


	� ���	\]	���ل	א����� 	undersampled signal 


IE0�Hא	
	א����� 	uniform sampling 
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	אlN�q	D�7\.	g51س	�&�د 	unilateral Laplace transform 

	دא�
	א�7&�� 	unit function 

	[j5�0	א�7&�� 	unit sequence 


&�UHא	

	�&�د�F�@0UHא	
	א���3 	unit-area rectangular pulse 

�7@Aא	و&��	
	א�5�60 	unit-step response 

	
��a0א�	م�EN
�UGא��	د�&�.	lUGא�	 	unity-gain feedback systems 


 |	א�HאK$
	
M0UHא	OP	 	unstable digital filter 


	�<j	���ل	א����� 	Upsampling 

	א��1א�	و&�� 	Unit ramp 

	א���3
	و&�� 	Unit impulse 
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I�Mא�	 	value 

	א��7C	א�H@7ق 	voiced sound 

�?qא	n��Mא�.	 	voltage divider 

�?qא	O�G]	 	voltage gain 


��?qא	
	א5�60�1 	voltage response 

 
W� �

70U��	i�Hא	 	water level 

	Kא47Hא�@7ل	 	Wavelength 

	א�7زن 	weight 


�v	א�Wل	.`�f	א�D���0	א�(ددL	 	wideband FM spectrum 

	دא�
	א���<�� 	window function 

	א��7<�� 	windowing 
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	�_�ق	א8%,�� 	zero padding 
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	א�� 	zero-input response 

�7אص	\D�7	زد	 	z-transform properties 


	�5	D�7\	زد	و\D�7	g51س$gא��	 	z-transform-Laplace-transform relationships 
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