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7.2 ก�	
��	�����0� Mesh analysis 
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Example Find VO at angle velocity of 10 rad/s. 

 
Mesh analysis (in Phasor)  
 The Capital letters preset phasors. 
Loop1 is a supper-loop cover the current source of 4 A 
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( ) ( ) 001585648 321 =∠+−++− jIIjIj  Then substitute I2  
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Loop2 
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(1)x8+(2)x(14+j) 
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7.3 Superposition 

��ก�3&4&'"���#@@A���2ก!1��"$�������$#@@Aก�2����)1��กก"���('��������$ ��$ก��"/����2,"����)F��24-�4&�2
�������$��$4&'�������$!='��2�%ก���!!ก��ก"������"�4�4&'��"$ SC ����������$4&'���!!ก�)F���<��������$����)� ��2 �4�4&'
��"$ OC ����������$4&'���!!ก�)F���<��������$ก�2��#@@A� ���"�-�H�ก��"/����2,4&'#����ก�5��2�������$���"�ก)���<����4&'
5�!�ก����ก"����"� (0('��2�I�#��"��ก��"/����2,��ก�3&4&'�&�������$��&$"�2�2�"ก��2���$ก"��ก�3&4&'�&�������$��$����
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�5��& �!�)��ก5!$%�"������&�������$4&'�&����"���&'5���ก)�0('��2��<�H���$5��5�!��� Reactance  !� Impedance 4&'���H)�
5��ก)1�"���&' 0('�กI�&�-����!$%�"��������#���.�"/+&ก��"/����2,�&F���"����2�&"/+&ก��!='�!&ก#�4&'�2����5���^ ��"��� �&'��<� �!�&��ก^ 
 !�ก��"/����2,"���#@@A��11 Superposition �)�5)"!$���4&'���� ��������&F 

 
Example Using superposition to determine IO     

 
'''

OOO III +=  

Find IOM from the voltage source with opening the current 
source; 

Z = (8+10j)//(-2j)+(-2j)+4 
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Calculate I;;O by using KVL 2 loops (Shorting the voltage source) 
 Loop I2 ( ) 0)2(05)2(44 12 =−−∠−−− IjjIj  
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 ��ก"���0��$�=! �2�I�#��"��"/+&4&'
����2���2��4&'�J��=! Superposition 
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 �ก�2��H����"��5���4��ก�!� 
�5��& �!�)��ก5!&ก"�� �������$4)F��!��)F��&
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ω =5 rad/s XL = 5j XC = -j 
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��������ก��������������	�����������������������ก����ก���������	
�������� ��!����������������"��� Superposition 

 �2�I�#��"��1��5)"!$���"/+&ก��"/����2,��"$ Superposition กI#��#��4-���ก��"/����2,�&�"�����$ (F��.��5)"!$�����ก�)F�
�2�I�"��5�!��&ก��"/����2,��"$ Mesh 2 meshes 0('���ก��"/����2,��5)"!$���ก�!����กI"/����2,��"$ )F�5!�4&'��!$ก"�� �)��)F� �(�
��<��('��� �!��2�-�"�� ก��"/����2,"���#@@A��)F�#��#���&"/+&��&$"�5�!$���#��2�&"/+&!$�����!$�('�"/+&4&'�2���$�=!���2��ก)1�5�
�2"��� 0('�������"�����"�2�%�#��!$���#� �-�5!1กI�=!��2�1ก��3,��ก��4-���4$, 0('����4-���4$,��ก*! �*&$��I�"���กI�2������
��=!กก��"/����2,#��!$������2����$!)5���)5/�)'��!� 
 
7.4 Source Transformation 

 ก�������������$�)F��*='!!-��"$�"���2�"ก��ก��"/����2,"���#@@A� 5)"!$����.�� �����<�ก��"/����2,�11 Mesh 
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Example  

 Determine VX 
 
Mesh analysis can be ignored by easier method such source 
transformation 
 First voltage source is transformed to be a 
current source paralleled to R 5 Ohms and a series of 3 and 
4j. Then the current source is converted into voltage source 

series with the paralleled loads. Finally only one loop is obtained. This process suits this circuit because the answer is at the right 
end of the circuit similar to the above example. The calculations are shown in the followings: 
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7.5 
��	�BB0���
�!�!���!,	���! (TheveninEs and Norton equivalent circuits)  
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 ��ก"����./�������^ �������4���"$�������$�����)�#@@A�ก)1���4&'�4&$1��&$�#��ก)1����"��5���4��}�$�� !�
"��� 0('�"����4&$1��&$��&F�&.='!��&$ก"�� TheveninMs equivalent circuit �)��%�0��$�=! ��2��4-��!���&$"ก)� กI�������4���"$
�������$ก�2���('�����ก)1������4&'�&����4��ก)�ก)1������ !� TheveninMs equivalent circuit "����4&$1��&$�4�� "��=!�&.='!
"�� NortonMs equivalent circuit 0('�4)F��!�"����&F����������ก�)1#���#����ก�)กก�� !� Source transformation ��$�&
�"���)�*)�+,�)��&F 

NTHTH IZV =   NTH ZZ =  
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7.6 
��	 Op-amp 

 ��ก��"/����2,"���4&'��2ก!1��"$ Operational amplifier (Op-amp) �)F���<��)กD324��ก�$}�* !��������$4&'#����<�
!/��2 �*��2 Output �)F��2��<�ก�� $�$�=!��<�H��%3ก)1���4&' � Input ��2��"���#@@A�ก�2����)1�)F�กI$)�!�6)$�)กก�� !�
ก��"/����2,4&'������"���&'��=!�ก)15)"!$���4&'#��ก���"�����"��ก��"�ก�!�����&F ��2�*='!��<�ก���� )F�5!���2�"��0)10�!�
��ก��"/����2,"����2$(��)ก 2 ��2ก���=! Op-amp �2�%ก��2��3��"$ก��*/���3���<� Ideal Op-amp �=!4&'4)F��!� � inverter 
and noninverter �2#���&ก�2��#@@A�#�� ����2#���&�"��5���6)ก$,�2"���ก)� � Input 4)F��!� (��<�6%�$,) 
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��
,-.�� Determine voltage gain of the following circuit. 
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Example Determine the output voltage of the 
circuit on the left hand side. 
Using KCL at the inverter of the first op-amp (with 
the ideal op-amp V-1 = 0) 
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At the inverter of the second op-amp with KCL and ideal op-amp, V-2 = 0, then 
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