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¼p¤°¬9�s¬���� ���F��¤¯�������¬B� ��� } ������§�|���§Ã¹������F��§��#���F����� } ���+�3� � } ��|���|�� ��� ����� ��� ����� ���/¤¯� ��¡ ���3�Ù����|��´����_� ���s� |����V¬��k¹��V§��µ�����_� �0� �r��/�r��|��´�/¬¥�����_�F����¬9�k¹��V� ���������r��§�|����«� �Ú� ���r�����|¢�µ�����¢¤·��¬��²¬9�����������k¹��¡#���F�������7¶�� } � ���#��������ý��C¤�à9��¤?�F�����¬��k¹����=����|��E|��9¡�������������|������ ���¬¥�s�3�s� ��������|���§K� �����|����F��� } �H���7�·¬9�����|������´� | } ��������������������� } ���Ã���²¡²����� ���F���Ú���7�·¬9���������3� } ���F� ������������|���§#����|��´�F�«���Ã�F���£§��F�����C�°�����²����§�� ���¡#���F���¥���Ú�F���£����� |¦º����´�F���C��¶�|��H��¤=� ���£§��µ�����Ú�F�����F��� ���´�¥� ���V����¡���|��Ã��¤=� ���£� �F|�§�������¡²��� �F| } � |����/¤¯��� } � |����C����r�v����� �²� ���K����§�������������� |¢�F|����v��¤!�����°� |�¡�������·¬���Æn�������/����� ���F����� ���¥� ���¤ä�°����|¢�°�F���µ�� ����×
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one wave cycle

Alternator shaft
position (degrees)

0
þ

90
ÿ

180 270 360
(0)

90
ÿ

180 270 360
(0)

¨3|�� } ���F���/����� |¦º������µ���?�¶�|��¥��¤!� ��|��¥§��F����� } ���0¡#���F�s�F���/�����F�F��§����¤!� |�¡��K���¥¬9���������¥������¤ä�°�r�´��|�� |����Ú|������§��F�������´� ���K��|�¡����r��|����Ú¡#���F�����#¤¯���H����� } � } ��� } ���v���K¡���������� ���s|��Ú�²����|¢�H��¤��F|�¡����r¡���������¤ä� ���Ú� � } ����������%¤¯�F� } � |����r�;��¤C�K� � } �����?�!»X�����s�7¶����F���F���������%�/¡������ ��� ��¡����´����� ��|��%|��%��¤ä� ��� } ���������²� ������àC�Lâ�æ;�H��¤C�/¬��k¹����������r��� |�������¤��V¬9�k¹��H|��0����§��F�����E|��
¢)¤�Ñ3¢$ýE¶��������´������� ������¡������´����¤C�F|�¡�������������F|����v� }�} ����|����9����������������v� ���/�F��� ��¹����¢�µ��§��|��°����� ��� ����� |���§²��� } ��������¤¯��� � �C�¸ ¡����F���r�����������/¡����������F�²¤¯���K����� } � |���|���§Ú� ���s����� ���F����� |���§Ú�F��� ����¤¥��� ¸ Ç ¹������F��§������ } ��� �F���´�/¬��k¹��� �r������àC�Lâ�æ;�²|��«� ���#� �r��������¤%� �r������ } �´ÆÛ�����3Æn¤¯��� � �Ù����� ���F����� |����C�/����|��|�� } ���������våy� à��7é�à�ã(�Cý�£�����²¡��������F�����|��£¤¯���K¤¯�F��ç´����� } � |��K� ���v½°��� �¼º Ü �������F��¹3|���� ��� ½|º�Þ7�;¬¥��| } ��|��K��ç´�����E� �������s¬��k¹�� } � } ���s�����²��� } ���r�+��¤� |�¡���� Ê �F|����� �Ú� ��� } ��������|¦º���� |���� ��¤9� ���v½°��� �¼º#����|¢���!¤¯� ��ç������ } ��¬9���K� |�¡������_��¶3��� ��� � ��� ��� � } � } ������������ � } �����?� � ¾«�������/¡²��� ���F�/�����_����� } �F� ����| } ��ç´��|���¡����´�K��¤ä� ���+�����F�£¤¯�F��ç´����� } �_����|��F�/��¤ �´Ç Ê ¨ � Ü Ç � } ����� Ê ���¨3� } ���r��Þ9|��r�·�F�����v��¤;½�º��
Ê ���F|��3�v������¤¯�F��ç´����� } ����� �¡#�� ����¡#��F| } ���?�F� } |����F� } ��������¤������/������� �������;�������¥|����F�#� �k���´|�¤;�V¬��k¹��������²�r��� |����0��¤�������� } ���r������|��F�¥¤¯� ��ç������ } �s¬¥|����?���K������½|º������/�k±����²� } � } ��������«��� } ���r�?×

Frequency in Hertz = 
1

Period in seconds¸ �²|����·�F� ��¡²���´� } ���������£���Úæ)¶���â�¤�¤�æ)¶��µæ���àE|��!��¶3��� ��� � ���K����� |�§������K� �/��|��������k�K� } ������§�|���§H¹������F��§��E�¹����!� |�¡��������§��F������| } ���C� } � �����C�������K�F������F|���������|��Ú���7�·¬9�����Ã�����F|��3�Ã�����0¤¯�F��ç´����� } ��|��°¹����F����� �7¤¯���C� ���´���¬®¬¥�������|��������k�3|���§���� ¸ Ç ¹������F��§��K��� } ���F�F���´�«¬��k¹���¤¯���F¡ ���_���Ã��� } |�������� } ���r�V� } � �����C� È �0¡������ ���F|���§#� ���V�r��� |������¤E� ����¬��k¹��£�����F���������F|»º����´�F���!��¶�|����¤E� ������� } |������´� } �����V� } �F�����Ù�����Ù� � } |����F� } ��F|���§s� ������F|�¡���¹������� Ü |��� � } �������µÞL������� } ���Ú����� ���F¡�|������ ����¤¯�F��ç´����� } �s|��Ã½°�����Âº��
�;�����F��§��/���r� } ���F� �����H��� �/�3�v���#¡������r��� ���£�����������3��� | } ���?¹���F|����������°� ����Ý·� } �¥� ��¹k��� |���F|����v�¹������F|�¡����ÄÃ� } �²¡����F� } ��¡�¡����£� �������=��¹����F�����k���7¶������F|���� } �9|���¶�æ�é�ã(���¬¥��| } �²|�������� ��|���§�¡����F��� �����£�F���¥����� ���F����� |���§} ��¡���� ��� � |����#�����#��� } ��¡���� ��� � |���� Ü ���F���F����� �°¬��k¹����FÞ���¤?��|���¡������ } ����������|��´� ��� ��� ��� �����3�²�����E�����µ�%���E�/���3����Æ| } ���C� ���r� ��� |����C� È � } ����� �/����� ���F����� |���§ } ���F� ���´��|��¥�²¬9�k¹��«����������¡��������C��|��H������� ���9¡����3�s��¤!� ���/��� ���r�����F|������¤!���F������¬��k¹��H����������¡�����������|����/� �������C�=É����9� ��|����F���������C����������� Ü ��� �r� } |��������v�·�F� � } � ���F���v¡£�r��| } Þ����F�¹3|���������0�7¶ } �����������H����������§��²¤¯���¥�F������ |���§ ¸ Ç } ��� } �����F���¼Û�_¡V��� | } ���!� ��� ¡#���?¤¯� ��ç´����� } �Ã|����ç���|�¹�������´��� ����â��·�yÁ3�#ªC�¬�Æp��|�� } ������� ���� � } �+���«� ����� �V���F����� } �����3��²� ���������°�r���F���3��� } ����� |����¥��¤%��|��¥¡������ } �����/¹3|����F��� |������9�F�������F��F������F|�¹�������� ���¬ Ü ���¬]¤¯�F��ç´����� } ��Þ7�E½°|�§���Æ��|�� } �+����� ���/� � } �+����F����� ����� ����� } ���Ù�3�_�B�����F�#���/¬¥��|��·�F��� } ����� |����/��¤9� ���s�F��¡��V�·�3�r�#��¤9¹3|����F��� |������|��� ���£��|�������������¹3|����F��� |���§s��H��¡V� } �0¤������ ���¥�µ��F� Ü ��|�§������¥¤¯�F��ç´����� } ��ÞL�9½°��� �/|��°�²�F�������K�����¬¥|���§²� ���£� } � �����¤¯�F��ç´����� } |����9¤¯���°�²�µ����§�����¤ } ��¡�¡����0¡£��� | } ���?����� ����×
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C (middle)

Note Musical designation

C

C sharp (or D flat) C# or Db

D D

D sharp (or E flat) D# or Eb

E E

F F

F sharp (or G flat) F# or Gb

G G

G sharp (or A flat) G# or Ab

A A

A sharp (or B flat) A# or Bb

B B

C

B

A sharp (or B flat) A# or Bb

A A1 220.00

440.00

261.63

Frequency (in hertz)

B1

C1

293.66

233.08

246.94

277.18

311.13

329.63

349.23

369.99

392.00

415.30

466.16

493.88

523.25¸ ��� ��� �²����� ���F¹����F�¥¬¥|����!����� | } �£� �����������!����� ���«���_� ���V�F�������£�������F|���§s�F���²�F��¡��V������� �������� |�§�����F|����_���F��F������ ���+�3� �Ú¤¯�F��ç´����� } � �µ�� |��Ã��¤H(�×����ÚÉ����V�7¶���¡��������!� ���#³��µ�·�K¤¯�F��ç´����� } �+� ���¬¥� Ü ������|�§��r�� ���+¬¥|¢�F��� ������7���F��� � ¸ � Þ=|���(�(��/½�º��;�����H����¶3����|�§������·� � ¸ � �����F�°��������¤¯�F��ç´����� } �²��¤¬���´�/½�º��V�7¶�� } � ���K�·¬¥| } ����%¡#���´�� �������Ú¬��k¹�� } � } �����¥�����«� � } �����C�������£� ��¡��£(�×��/�F��� |��#���������¥�F� ���/¤¯���¥�F���K³r�F��� ¸ � �����F� Ü (������ ����½|º�Þ¥������ ���/���7¶3� ¸ � �����F� Ü �&���������V½|º�Þ7�������v¤¯���°�����?�����F��r��|��F�9¤¯�������0|��0�F�����F���������¸ �r��|��������C�·¬9�0����� ����¬¥����� �V¤¯� ��ç������ } |����/���F�V��¶�� } �F���_�����������#��� } �_��� �����K���������Ù� ��¡���� ���������� |�¡²|������������|��%� |�¡�|������ |��·�K|���� �������²|��;¡V��� | } �������K�F� } ��§���|»º����?�k�F���H� ����� � ���·�%� �����²���#��¡V����| } ����� } �����¥���������µ��F|���§�� � } ������ �/����|��µ���r��|���§ } ���������Ú����æ;�C�·¢)Òà7�9É��������¬¥|���§²�F��|��°� ��������� ���K���7¶3�°��|�§������·� � ¸ � �����F� Ü �����/� } �F�k¹�����r�¹�����´�£½|º�Þ�¬¥|����?���@�&���V½�º��3�F�������7¶3�����¬9����� � ¸ � Ü ������ } �F�k¹��H�������¬®(�(��£½�ºkÞ�¬¥|����?�r�������£½|º�� ¸ ¹3|���¬���¤!���|������������3�r�´���µ�s�������r��� �������¥�F��|��°� } ������|��´� �������µ����� } � |�¹���×

C D E F G A B C D E F G A BC D E F G A B

C#

Db
D#

Eb
F#

Gb
G#

Ab
A#

Bb
C#

Db
D#

Eb
F#

Gb
G#

Ab
A#

Bb
C#

Db
D#

Eb
F#

Gb
G#

Ab
A#

Bb

one octave�

¸ �C����� } ���K� �����������;� } �F�k¹��;|��?��ç´������F�Và�âÄÃ�ÁD��¬¥��|�� �E�������;¡7¬9��� � ����¤���|��·�µ��� } �%���/�¥��|������¥�����3�������F�?�C�����
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¤���¡�|���|����/¡V��� | } ���=¡�����¡�����| } Ü ���3�7Æp�F�k�´Æp¡²���7Æn¤�����ÆÛ� ��Æp������Æg�F����Æp���3�kÞ	�Ú�������?� ���s�F��¡���������� ��� � |�¡²¡������µ����|»º����|��#� ���¬¥��|�¡#��| } ���r�¥����§����µ�E���r�s½H��¡²¡����F��� ��|���� ����§£������§K|�� � ������¨3�������#��¤�Ä�����| } � � } �¹����µ�;�����°� } �F�k¹��¤¯�F��¡ Ç � � Ç �»X��|����«����� } � �F��¡�� } ������| } ���r����� ���F����� ���µ�%������¡#���3�V��� ���������´��� | } ���r����������¡������K����F���F�������²��� ����� } �H� |����¬��k¹������!� ��|��²|��²�����V�F���0���������3|���� ��¤«���¢�F���F����F|���§_¬��k¹��s|�� ��¶3|���� ��� } ��� ¾H�F����� � ¬��k¹���¤¯���F¡#� � ��¤ ¸ Ç ���F�
} ��¡�¡²������� ��� ����� } ��� ¬¥|¢�F��|��©����� } � �F����| }�} |�� } ��|¢�F� ��� ½°���F�v��� �v�����s�_¤¯��¬2�F��¡������v¬��k¹���¤¯���F¡#�K����� � ����|��
} ��¡�¡²���0����� |�§�����F|�������×

Square wave Triangle wave

Sawtooth wave

one wave cycle one wave cycle

���������²¬9�k¹��7¤¯��� ¡#�H��� �²�3�Ã���0¡²�������«�F�����������Ã�3|���������¤E¬��k¹���¤¯���F¡��«|��_�7¶�|��·�F��� } ���²�������"¡ � ����|�¡��������¤¯��¬�� �����¥��� � } ��¡²¡����s��������§��s� �²���k¹��«�r������§�|�¹����0��|���� |�� } �9����¡������=ÅE¹����s|�� } |�� } ��|��F��� ��������� ��������r�´������ �V¡#����|�¤¯����� � �����F� � � |�������� ç´����� �����F� |�����§������������F�k¬�� �3���F�#¹����¢�µ��§��± } ��� �F���´�;¬��k¹��7¤¯��� ¡#�����F���H�F�����¢Æp��|�¤¯�°�F��� �����|��«��¤ä� ���Ù����|���� �����F����¹����µ��|����Ã��¤%� ���²|��´� ���������_¬9�k¹���� ���������/¨3��¡²�V¬9�k¹��7¤¯��� ¡#�H��� �²��� } ��¡²������¶Ã� �����«�F���������¤¯� } �����F��|�³ } �� |����V���!�H�������F| } ������� � �·�3��� � Ü |�� } ������|���§�¬9�k¹��7¤¯���F¡#����� � � } |��� ���/¬¥|�� �²¡����3�/�´|������!��¤r¡£�r��| } ���|����·�F� ��¡²���´�F�µÞL��
�������µ�������0���������´|���§r�r���3�v¬9�k¹���� �������/�r�����F|���§ } ����� �/� ������¡£������� } ��� ���s�r����¤¯� } �� |����K¬��k¹��|��;� ��� ¡����H¶Lâäã�é:¶�æâ �&¢)¤ �����´�´�F��|���§£��|»%���� �����9�r��|���§K�����r�������s���Hã�æ�ã� ¶Lâäã�é:¶�æâ �&¢)¤ � È ��|���§K� �����E� ���H¬��k¹��7¤¯��� ¡ ��¤��� ¸ Ç ¹������F��§��K��� } ��� �F���´�H|�� } � � } |������F�s|��F�«|�¡���� } �«|��_� } |�� } ��|¢���r¬9�£�������Ã� �����V�k¬����F�/��¤;�F���K¤�� } �«� �����¸ Ç ¬9�k¹���� } ��¡���|��Ú�²¹���F|��7�·�s��¤=� �����������
Ö Í�
��vÎ7
�JÆÅ
Ö ¸ Ç ���F����� } �����3�0���0����� } �F� ��¡�� } ������| } ���?����� ��� �r�� ���9¤¯�������¬°��� ���/§��µ������| } ���?�������r�/��¤!��� |����/¬��k¹����
Ö ¾«�����Cý���¤�àH��¤E�s¬��k¹��K|��«����� } ��¡������7�F�V��¹��������F|����Ã��¤%|��F��� �������£���´�F|��!� ���V����|��´�H� �r���|¢��|��«�F���������F�� ���r����¥|¢�µ�����¢¤·�
Ö ��������àC�Lâ�æ;�/��¤;�V¬��k¹��|���� ���K��¡������´�¥��¤�� |�¡²�/|��¥�F�������9� � } ��¡²������� �/����� } � } �����
Ö�� � à���é�à7ã"��ý«|��9�F�����3��¡£�����¥��¤ } ��¡������7� � } � } �����9� �����°�V¬��k¹�� } ��¡�������� ����|��Ú�²§�|�¹����0��¡��������¥��¤��F|�¡����¿H� ����������¡²����� ���F���s|��Ã½°�����Âº Ü ½�ºkÞL�C�K½|º��r��|���§#��ç´�����[�F�#����� } ��¡�������� ��¬��k¹�� } � } ���/�r���°��� } �����?�
Ö É��F��ç´����� } ��É �k± Ü �r��� |�����|��Ã��� } �������µÞ
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®,-��C/�°���1 ���
mKn�� � z�q
u2�H{6z|Ï z|}�r8uLÎKÍä� � ÏÐq
�0}�s r2����z

¨3��¤����H¬9�K�3���¬Ë�F���� ¸ Ç ¹������F��§��K���¢�F���F����F���°|������������F|¢�·�Ú���r� ¸ Ç } ���F� ���´�«����� ��� ����� ���°|��_��|�� � } � |������H» ������ �#�´���¬]�F���� ¸ Ç } ��������� ��� �r�� �/|����#¹���F|��7�·����¤=��|Ä%[���F���´�H¬��k�����������Ú�3���F�F� } |���§�� ���£����� ��� ����� |����Ú�¹����� |�¡��«¬9� } ���v��������|��°���9� � ¬��k¹���¤¯���F¡Ú� � » � } ���s¡������ ��� �°� �����µ�� �H��¤����¢�F���F����F|����s�3�²¡������ ��� |���§£� ���«� |�¡��|��/�F�������«¤¯���K�Ú¬��k¹��£� �Ã��¹�����¹��²���7¤¯���F��|¢�K�F���������F��|��F� ����¤ Ü � ��� � �r��� |���� � Þ7�����r�_��¶3��� ��� ��F��|��/��� } � } ���������������|��H�F|�¡����r��� � ¤¯�F��ç´����� } ��� � ¼Û�Ã¡V��� | } ��¤¯�F��ç´����� } �0|��°� ���²� ��¡��£�����[â�� �yÁ3�[¬¥��| } ��|��¥�F���£��� � ���´� |�������� ���r�����·���|��·�F|���§���|�����|���§������/�����F�¤¯� ��¡2������� �������
½°�¬9��¹������r¬9�²��� } �����´� ����v¡����������F��¡����������F��������¡ |�¤�¬9�K�F� ��� �0�7¶����F���F�H���¬ ����� §��£����� ¡������;��� ¸ Çç´�����´�F|¢�·�Ã|����V»X|¢�F��¦ Ç �?¬¥����� ��ç´�����´�F|¢�F|����«��¤�¹������F��§��V����� } ���F� ���������F�V§��������F�������Ã�·�µ����������¬��²���k¹��V��|����F���� �F���������V�7¶����F���F��|���§s���¬J¡£� } ��¹������F��§��K��� } ��� �F���´�¬��V���k¹��K|��Ù���3�0�r��� �«��¤E� } |�� } ��|���� È ������¬ ���������§��µ���´�¥�#��|���§�����¡����������F��¡���������¤=¡#��§���|¢�F������ �s� ��¡���� ��|���§²� �����°|�� } �������F���´� ��� } ������§�|���§´þ
¾«���9¬9�k���F���7¶����F���F���F����¡#��§���|¢�F����� Ü ���|¢)¹��(¤ â��né���àFÞ!��¤[��� ¸ Ç ç´�����´�F|¢�·�/|��!� ��¡����������F�9|¢�µ�;�r�����/����|�§��´����Ú�²¬9�k¹��7¤¯��� ¡ §��F�����C�;����|���|��¥�3���¬¥�Ú���9�F������àÂ¢�����K�C� à�¶ �?¹k�������/��¤!��� ¸ Ç ¬��k¹��7¤¯��� ¡Ú×

Time 

Peak

¸ ����� ������¬��k�©|���� �P¡²����� ���F�Ã� ���Ù� ���F���«����|�§��´�v���7�·¬9�����]��������� |¢�F�_�������3���ö����|��v|��v�3���¬¥������� ���
��àÂ¢����·�Ûæ�����ày¢�� Ü Ê Æ Ê Þ�¹����������¤;��� ¸ Ç ¬��k¹���¤¯���F¡Ú×

Time 
Ó

Peak-to-Peak

¿°��¤¯��� � ������� ����������|�� �����£�����#��¤9� ����� �#�7¶����F���F��|���������¤9¬��k¹���¤¯���F¡ ��¡�����|�� ����� } ���+���s¡�|�� ��������|���§Ã¬¥�����} ��¡������F|���§��·¬��£��|Ä%[���F���´�%�·�3��������¤?¬9�k¹�������É����E��¶���¡��������3�K� ç´����� �¥¬��k¹��¥�������3|���§V��«����¹����¢�µ�%|��E���´¹3|������ �����§��F����� ���°��¡������´�°��¤!¹������F��§��¤¯���H��§�� ���� ���°��¡��������°��¤=� |�¡²�K� �����Ú�²�F� |�����§����/¬9�k¹���������3|���§s���K����¹������F��������/�C%�� } �F����¤��F����� ���·¬9� ¸ Ç ¹����¢�µ��§����9�r�¬9���F|���§²�²�������v¬9�����������Kç´��|�� �K��|»%���� ���´��×
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Time 
Ó

10 V

10 V
(peak)

10 V
(peak)

more heat energy
dissipated

dissipated
less heat energy

(same load resistance)

¾«���K¬��k����¤;�7¶����F���F��|���§#�F���£��¡�����|�� �����V��¤E��|»%[���F���´�«¬��k¹����������r����|��Ù�#¡����F�/��ç´��|�¹k�������´�H¤���� ��|����Ã|��¥�F�¡#��F����¡#��F| } ���������k¹����µ��§��/� ���#¹�����������¤9�����=�F�����r�´��|�� |�¹��²��������§���� |�¹��²�r��|��´�F�����Ù�0¬��k¹��7¤¯��� ¡H¡ �°§��F�������F��_� |���§������%��§�§��F��§´��F�#�´��¡£�������+����|��²��¡�����|¢�F�����0¡������ ���F���%� |�¡��������3���¬¥� ���K�F��� ¢$ÒkàC�¼¢;Ã�à��E|��K�F���0¹k������������ ���µ��������|�����| } ��� ���P�3� ���P����� } �F� ��¡²� } ������| } ���9¡²��� ���#¡²�¹���¡����´���������Ú�F� � ���Ã�k¹����F��§�|���§_�C%�� } �#��¤� ���������������¡ ��|������ � |����%�������������°¬9�k���F�#�7¶����F���F�E�F���K��¡�����|�� ����������¤ ¸ Ç ¬��k¹���¤¯���F¡�����ç´��|�¹�������´� ���������¬���¹������´|��� �0�µ�� �V� ����¡ |��_�F���F¡#����¤%�F����|��>¢�ê�â�¤ â��¥ý��pæ ��à��¯å7æ$� ¹ é:¶�àgåµéD¤2ÑEæ)�!�������r�Ã� ���²¡#��� ����¡���� | } ���=�k¹����µ��§��K��¤����¸ Ç ¬9�k¹��7¤¯���F¡ ���3��� �¬¡ �°� ����� �������´���F������

¸ �3�������H¤���¡�|���|�����¬¥|¢�F�v¡�������� �v¬��3����¬9���F�´|���§V��ç´��|���¡����´�¥�´���¬°�E¬¥�����°�£���������F�k¬������v�«Ý·|�§´� �k¬���� ���È ���F���·�´�����E��¤C�F�k¬°� } ���9¬¥|¢�F�s��� ��|��C��� �3���F�����C��¡����F��� Æn���¬9���F���V¡²���F�������������°� � } ���E¬9�´���?� È ���E¬¥��|����°� ������������F�k¬ ��� ���%� } ���´� |��3�����r�;¡���� |�������¤r�F���°�����������F� } �������F���;Ý·|�§��F�k¬ ��� ���E����� } �´ÆÛ�����3Æn¤¯��� � �²¡����F|����C�!�����} ��¡������F|�� ���v��¤;����� ��� ����� |���§ } ���F�F���´� Ü ¸ Ç Þ�� �s��|��F� } � } ���F� ����� Ü ¦ Ç Þ } ���0�r�£��|������������ ���F��� } ��¡²�r���F|�� ���v��¤� ����� ���·¬���� �k¬]�·�3�r����×
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blade
motion

wood being
cut

(analogous to DC)

blade
motion

wood being
cut

(analogous to AC)

Bandsaw

Jigsaw

�����²���F��������¡ü��¤E� �F�´|���§v� �0����� } �F|����V� ��� } ������§�|���§�ç´�������F|¢�F|������¤ ¸ Ç ¹������F��§��K��� } ���F� �����|�� �v� |���§����¡����������F��¡�������|��9�������£��� �������´�E|���� ��|��9� �k¬X���r������§��[×����¬º¡²|�§��´�9¬��«�7¶����F���F�;� ���«� �r�����#��¤��¥Ý·|�§��F�k¬©����������þ¸ �r�������F�k¬º���������°¡��¹����%¬¥|�� �v� } �����·�µ���´��� �r�����?��� |�¡�|������%�F�/� ���«¬9�k��¦ Ç ¹������F��§��¥���r�������E����¦ Ç } ���F�F���´�¡��¹�����¬¥|¢�F� � } ���r�·�µ���´�/¡���§���|�� �r����� ¸ Ý·|�§´� �k¬ö���������������Ù�F���s��� �����K�����r�?��¡��¹������� } � �����Ù¤¯�����F�C��|��F����������/� �r����� } �����·�µ���´� ��� } ������§�|���§��=»X�����¥|���¡����F���´�F���/��� } �´ÆÛ������Æg¤¯�����F�s¡���� |����0��¤=���3���·¬9�HÝ·|�§��F�k¬°�9¡��k������%�r�¥��¤r�F���°� ��¡����·�3�����3���������r��|���§/���V� ���°¡�� } ������| } ��������� |�§��²��¤�� ���°�F�k¬°���;¾«���=Ý·|�§��F�k¬ ¡�|�§����%¡��¹��9|��F����������£¬¥|¢�F�_�s� |�����Æn¬��k¹���¡����F|����C��¬¥��|����£�������F�����«¬¥|¢�F�_�²� �F|�����§����7Æp¬��k¹���¡���� |������°���s�µ��F�K��Ý·|�§��F�k¬ �r��� ������0|��F����ày¢������������� �������0¬9�������v�r�/ç´��|�� �/¡�|�� ��������|���§�¬¥����� } ��¡������ |���§²�����/�F�k¬�� �#�������F����� Ü ���°�«Ý·|�§´� �k¬¬¥|�� �v�V���������F�k¬
¸ Þ7�=¦«��� ��|�� �«� ���«¤�� } ���F������F����� ���|Ä%[���F���´�¥� �k¬°�E¡²�¹��°�F����|��������������9|��v��|»%[���F���´�9¡#���������µ���� ���������F�¥��ç´������|��#�����¥� ������� } ��×�� �����²����� } ���E¬9�3���?�������#��¡������ ���F��¡����´�%��¤��F��|��%��ç´������¤¯��� } � |���� } ���#����� ¹�����¥� } ��¡�¡����0����� |��9¤¯���¥¬¥��| } �v�F���F��� �����������/� �r�����?�

Ê | } �F���F����Ý·|�§��F�k¬ù���������������F�k¬ ��|����7Æp�3�´Æp� |������=��ç´��|���������¬¥|�� �P|������´� | } ��������������� Ü � ��¡²��� �3���F� ��|�� } �C�����§���������� } � Þ7�!��ç´��������� } ��������������¤ } ����� |���§Ã�F�����F��¡���� ��| } �3����� �/��¤��F�����F��¡����·�3�r����¤�¬��3���+��K�F�����F��¡���µ�� ���=»Ù��¡�|�§��´���F�k�²� �����9�F����·¬��²� �k¬°��¬9���F�«��ç���|�¹�������´�����9��ç´������|��v� ����|�� } ����� |���§ } ����� } |¢�·���;ÄÃ|�§��´���F��|��} ��¡������F|�� ���+������� ����� �_��� � |�§�� � � �r�������F�k¬B��ç´��|�¹k�������´� � ���������v� �r�����+�F�Ã� ���VÝ·|�§��F�k¬
¡ �/�r� } �´Æp�����3Æn¤¯��� � ����������/¡���� |���� Â � �s�F������F��� ���K¬9�3���3Æ } �����F|���§#��%[� } �F|�¹�������� �°��¤=�������F�#� ���£��� �����Lþ_����|��°|����F���K§��������µ���?|��������� ���v� �s��� � |�§��Ú� � ¦ Ç ��ç���|�¹�������´� � ¡������ ��� ��¡����´��� �s���3� ¸ Ç ¹������F��§��«��� } ���F�F���´��×;¬¥����� ��¹����¥¡#��§���|�� �������¤H¦ Ç ¹����¢�µ��§��²��� } ��� �F���´�£¬9�������+���F����� } �#� ���0� ��¡�����¡��������V��¤°������£�������F§��+��|�� � |��r�� |����+�F���F����§��+�����ç´�����?� ����|����F��� } ��×
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RMS

power
dissipated

power
dissipated10 V

10 V

2 Ω

2 Ω

50 W

50 W

5 A RMS

5 A RMS

5 A

5 A

Equal power dissipated through
equal resistance loads

¼Û��� ���¥�·¬�� } |�� } ��|¢�µ�%�����¹�����¬9�°���k¹����F���«�F��¡��°��¡²�����´�E��¤?�������V�F��� |��·�µ��� } � Ü (#"¥ÞE��|��F� |������ |���§�� ���«�F��¡����¡������´�9��¤����¬�����|����F���¤¯���F¡ ��¤!������� Ü ���V¬9�����µ�FÞ7�´�������r�¬9���F���s�´� ¸ Ç ������� ������ �������´�s¦ Ç � È � } ����� �� ��� ¸ Ç ¹����¢�µ��§��£������� } �K��| } �F���F�������r�¹��/|��«��ç´��|�¹�������´� Ü |��_� ���F¡#�°��¤%�r�¬9���������|�¹����F���0�F�v�s��������Þ9�F�v�����¹����¢��¦ Ç ���� � ���F���?¬9�£¬9������� } �������F��|��� � ���#¹����¢� � ¸ Ç � ����� } ����ÄÃ���F�£� �r� } |�³ } ���������?¬9�£¬9�����������������F�V|��F�¹����¢�µ��§���¹�������¥���!����|���§#���«¹����¢�µ�%$ëÚèr�������¥ç´������|�³���� � �°Ä_¨ � ���F���r���!¤¯���	$«æ�æ$�Cë_ày¢ãsè&�7é�¢$� à���¬¥��| } �²|��!� ���¡#��F����¡#��F| } ���C¡���� �����Ú��¤;����� |�¹3|���§��F���£¦ Ç ��ç´��|�¹k�������´�°¹k�������/¤¯� ��¡2����|��´�F�¥���Ú��§��F����� Ü ��� � ���´� |������������F��|��¡��7�F����� } ������|����F�C��¤�� ç´����� |���§°������� �����r�´��|�� |�¹��9����������§���� |�¹��%����|��´�F�C���£�¥¬��k¹���¤¯���F¡]§��µ�����C���k¹����µ��§�|���§�� ����� ��Fç��r���F���v¹k������������� �����0�F���3|���§�� ���K� ç´����� ���F�´���¥��¤!� �����«�k¹����F��§��°�F�#�����µ��|��0� ����³��r����������¬9���LÞL�E¨���¡��7�F|�¡����� ��������� ��� ����� |�¹��²� ��� ¡#��à���é�â�ÒE¢$¤�à�ã��E���('�)Jà���é�â�ÒE¢$¤�à�ã������ ����� ���+|������ ����� ��¤ � �°ÄÙ¨[� � �����K� ���s|������Ú|��/� ����F��¡�����°Ä_¨���¡�����|¢�F������¡����������F��¡������9|��9�F����r���·�¥¬��k�V�F�V�F������F� ¸ Ç ç��r���´� |�� |������ ��¦ Ç ç´�����´�F|¢�F|������3������� �����¸ Ç ç´�������F|¢�F|����9��¤���|»%[���F|���§²¬��k¹��7¤¯��� ¡ù� �����������3¬¥�����0��������|���§£¬¥|�� �0¡����������F��¡������µ�E��¤������ } � �F| } ���¬������=É�������F����� } ����� |������µ�� |����r���´�r�����#���9�������´Æg�F��Æp�r������¡������ ���F��¡����´�µ��¡#�k�#���� �����������9�F�V��¡���������;É�����|������F��� } ���¬¥�����P����� ���F¡�|���|���§_� ���0���F����������|¦º��v��¤H¬¥|��F� Ü ��¡���� } |¢�·��Þ��F� } ������� } ������� } �F� | } ���¬9���K¤¯�F��¡ �Ù������� } �#�F��Ã�������?���°ÄÙ¨ } ���F�F���´�K¡������ ���F��¡����´�K|��/�F���s�������£� �_����������� } ����� �#�F���s���F|�� } |������ } ��� } ���F�+¬¥|¢�F� } ���F�F���´�|��«�¹����F������� |���§s��¤E� ���V¬¥|�� ���?¬¥��| } �_|��/�s¤¯��� } � |���� ��¤��r�¬9������|�� � |��r�� |���� } �����������3� } ��� �F���´�H�F���F����§���� ����F��� |����F��� } ����¤�� ���/¬¥|��F���%½°�¬9��¹������3¬¥�����Ú�µ�� |���§�|������������ ���µ�9¤¯���°� ���F¹3| } �«|��Ã��|�§���Æp¹����¢�µ��§�� ¸ Ç ��������| } ��F|���������������£¹������F��§���¡����������F��¡������µ�=���F���F���¥¡������E������� ����� |���F������ } ����� �9� ���¥���F|�� } |������ } ��� } ���F�V�����F�9|��;|���� ������� ���� ����� ���¹���� � } ����� ���v�3�����F|��7¤!� ��|���������¤=¹������F��§����´|��F� ������� } � |�¹����¤!� |�¡²���Ê ����������K�������´Æg�F��Æp�r������¡������ ���F��¡����´�µ����� ���r���·�;����� ¤¯���F¡²���/¬¥|�� �����£�´� } |�������� } �������k¬¥��| } � } ��� } ����� ���F�� ��� } �F�����F�K��¤�� ����¬9�k¹��7¤¯���F¡ ¬¥|�� � ����|�§�� ����§�� ���#��¤°� }�} ���µ� } �_������� �Ã�F���#¤����·�V� } �F|�������¤�� ��� } ��� ��������Æ�µ�k��Æn� ���r�Ù|��®� ����������� ���F� } ������§�����|��]¹������F��§����BÉ����0�°ÄÙ¨�¡���������� ��¡²���´�F���H����������§ ¡��7�F���0¡²�¹���¡����´�µ�Ü ¦0¡ ¸ �µ�����´¹���g��» ����� ���C��|�� ���V¹������������� } �F� �����3����¡²��¡��7� ���µÞ�¬¥|�����¬9���F�K����������§����!�F�����£���k¹��9�r����� } ����|����µ��F���|��]�°Ä_¨X³�§����F����� �¥��¡���¡£�����v� �r��Ã����������§�¡²��� ���v¡��¹���¡����´�F������F���F�������©|�����| } �� �_� ���S¢)ÒàC�¼¢CÃ´àv¹k���������¤/�+¹����¢�µ��§��0����� } ��� �F���´��� ¸ } ����|����µ�� |����P¤�� } � ���#¤¯�����HÄ_¨º���F����¡²���#�+����� � | } �������#¬9�k¹���� �������Ú¬¥�����F�� ���v�F������F|���������|�� ���7�·¬9�����P�k¹����µ��§��s����� �HÄ_¨�|��²�´���¬¥�C��Å%��� } �F� ����| } ¡��7�F���µ�²� ��� } |�³ } ��������������|�§�������¤¯����°Ä_¨Ã¡²����� ���F��¡����´�«��� �K�������H¤¯���H�F���K�µ��� �[�«¨3��¡��K|������ �F��¡����´�«¡#���´��¤�� } �F���F���µ�°���k¹��K����� |�§�������|���§�����|����r�¡��7�F�������9¤¯���°����� ��� ¡�|���|���§£�F���K�°Ä_¨�¹����������¤����´��¬9�k¹��7¤¯���F¡Ú�=¾«���/� � } ��¡#���´��¤�� } �F���F�������F�3��� } ��� � ���F����Æ�°Ä_¨ � ¡��7�F���µ�9¬¥|¢�F�v�£� |��´�#�F��� |��·�F|�¹��H������ |���§²������¡����´���r�¬9���F���s�´�s�V¹����¢�µ��§��°���F������� � |����������F�£�F������r��|���§¡����������F���C�9�����£������� |���§s��%[� } �H��¤=�F����H�F��� |��·�µ��� } �/������¡����´�H|��°¡���������� �����F�����F¡#��������� �s§�|�¹��K��� �F���£�HÄ_¨¹�������H¬¥|�� �v���£¡#��� ����¡���� | } ��� } ��� } ������F|������%¬¥�����F� �3��¹�������Ý·�������F���H���k¬°����¤C���3����| } ��|��v� } � |����#|��s¤¯����³�����¡������
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®,-��C/�°���1 �E�
��¤!� ���K���7³���|¢�F|����0��¤!�°ÄÙ¨[�É���� � ����� � � ¬9�k¹��7¤¯���F¡#����� |�¡²����� } ���3¹����F� |���� } �3��� } |����´�F� } ������� } ��� } ������ ���²¬¥��| } ����ç��r�� � Ê �����[� Ê �����´Æ� ��Æ Ê �����[� ¸ ¹����µ��§����´�����Ú�°Ä_¨v¡����������F��¡������µ���

RMS = 0.707 (Peak)

AVG = 0.637 (Peak)
�
P-P = 2 (Peak)

RMS = Peak

AVG = Peak
�
P-P = 2 (Peak)

RMS = 0.577 (Peak)

AVG = 0.5 (Peak)
�
P-P = 2 (Peak)

È �����/|���¡�|���� � �����K� ��� } ���´¹����µ��|���� } �������F���´�µ�/�����¬¥�����r�¹���¤¯���£�°ÄÙ¨+�����+�k¹����F��§��²¡������ ���F��¡����´�µ��������Ú�F� ���£�������v¤¯������éD� àH¬��k¹���� �����r�����¥�����²�°Ä_¨������Ã�k¹����F��§���¹���������«��¤E��|���� �����F���Ú¬��k¹���� �����r���°���F�K������F������ �����3�#�F���K�F��¡���¡£����� |�����|����°¹����������×
RMS = ???

AVG = ???

P-P = 2 (Peak)

����|��C|����¥¹����F�H|�¡��r�����µ���´� } ��� } �������F�°���������µ�·�µ������¬¥�����/��� |���§«���£����������§�¡��7�F����¡��¹���¡����´�C�F�°¡������ ���F�¸ Ç ¹������F��§��%��� } ���F� ������� ¸ �²����������§«¡²�¹���¡����´��� } ����|����F��� ���/� �|�����| } ��F�¥�°Ä_¨[�¬¥|����3�������£�r�¥� }�} ���µ��F�E¬¥�����¡����������F|���§«����� �¥� |����¥¬9�k¹������C¼p¤r�F����¬9�k¹��7¤¯��� ¡J��¤�� ���¥¹������F��§��9��� } ��� �F���´�;�r��|���§¡������ ��� ���K|��%���3�´� ��|���§������/����� �H� |����H¬��k¹����� ���«|��r��| } ��F|����s§�|�¹����²�3�²� ���°¡��7� ����¬¥|����r�����E���°� ���°� �F���H�HÄ_¨�¹�������H��¤[� ���«¬9�k¹��7¤¯���F¡Ú������K��¡²�����´�°��¤=�����������£�����r� } �F|����Ú|��Ã���Ã����������§�¡��7�F���°¡��¹���¡����´�¥|��¥��� ���r�����F|��������[�F��� ���>¢$ÒkàC�¼¢CÃ´àH¹k���������¤��F���s¬��k¹��7¤¯��� ¡Ú�C�����K�F���v�°ÄÙ¨[���°ÄÙ¨ ¡²��� ��� } ����|����µ��F|���� |��/�����F��|������+�3� � � ����¬¥|���§ � � ���v����������¤�� ���¡��7�F���£� �Ú� �����£|��£��|�� �����k���K�0³�¶���� ���F������� � |���� ��¤9� ���v�k¹����µ��§��V¹�������#�3���¬¥�Ù� �_�r���F�����°Ä_¨ ¹�������Kå7æ$�¢*��¢)� �nâ ��éD¤»¢)��Ñ3¢$Òkà�¶¼ÁÈ¢+��à��v¨3|�� } ���F���s��|�����Æn¬��k¹��²�������r��|��/¡������ } ��¡�¡���� |��Ù����� } � �F| } ���;¡������ ��� ��¡����´�F���C|��|��°�F���£¬��k¹����������r�K��� � ��¡����Ã¤¯���«����������§#¡���� ��� } ����|����µ��F|����C� ¸ �3�Ú���F�����«¬9�k¹���� �������/¬¥|����=���k¹��K����|»%���� ���´����F������� � |����v�r���·¬������Ú|¢�µ�¥�k¹����F��§��«�����0�°Ä_¨v¹�����������������0� ���²¡��7�F��� } ����|����µ��F����¤¯���°� |����7Æp¬9�k¹��H¹����¢�µ��§��«���} ��� �F���´�¥¬¥|����C�����¥|�����| } �� ���F� �����HÄ_¨v¬¥�����Ú�F������|���§#�²������Æp� |��´�r����|������[¬9�k¹����
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Ö Í�
��vÎ7
�JÆÅ

Ö �����x¢)¹��(¤ â��né���à=��¤���� ¸ Ç ¬9�k¹��7¤¯���F¡Ë|��!|��F�;����|�§��´�=���;������| } � ���V�����§��µ�����£�¹����!�F|�¡���� ¸ �#��¡²����|�� �����¡²����� ���F��¡����´� } ���0�µ�����«� ����¤¯���F¡2��¤!�r�����[����������Æn� ��Æn�������[�3�k¹����µ��§����´���¥�°Ä_¨0ç´�����´�F|¢�·���

Ö�, ày¢��9��¡�����|�� �����9|����F��������|�§��´�=��¤r��� ¸ Ç ¬��k¹���¤¯���F¡ ���!¡²����� ���F����¤¯�F��¡Ë�F���Iº����F�H¡#���F��� �«� ������|�§���������r�´��|�� |�¹����������¬����·�¥����§���� |�¹���r��|��´�°���Ã�²§��µ�����C� ¸ ��� �#�3���¬¥�Ú���9� ���>��� à�¶ �C��¡�����|¢�F�����/��¤!��¬��k¹����

Ö�, ày¢��-�·�pæ-����ày¢�����¡�����|�� �����v|��K� ����� ���F��������|�§��´�£��¤°��� ¸ Ç ¬9�k¹��7¤¯��� ¡ ���K¡���������� ���_¤¯�F��¡ ¡#�¶�|�¡£��¡�r�´��|�� |�¹��� ��¡#�¶�|�¡£��¡ ����§´��F|�¹��«�������3�����Ã�V§��F�����C�%¾H¤ä� ���Ú�������F��¹3|��� ���v��� � Ê Æ Ê � �

Ö�. ÒkàC�¼¢CÃ´àv��¡�����|¢�F�����_|��#�F���_¡#��� ����¡���� | } ��� � ¡������ � ��¤K�����H����� |¢�F|�¹������0�����H����§���F|�¹�������|����µ�s�����¬9�k¹��7¤¯���F¡ù§��µ�������

Ö � �°Ä_¨ � ���F���r���%¤¯����$Hæ�æ)�;ë_ày¢ãÚè&�7é�¢$� à7�������#|����£¬��k�V��¤��7¶����F���F� |���§²��� ¸ Ç ç��r���´� |��·�#��¤�¹������F��§��°���
} ���F� ���´��|����F���F¡���¤¯��� } � |����r�������#��ç���|�¹�������´��� ��¦ Ç ��É�������¶���¡��������[���V¹������F� ¸ Ç �HÄ_¨#|��9� ���/��¡²�����´���¤;¹����¢�µ��§��K� �����«¬9�������Ú���F�3��� } �£� ���²� ��¡²�²��¡��������«��¤%��������|��F��|������ |������ } � �´� �H�s�F��� |���� ���°��¤%§�|�¹����¹k�������H�����s����¹������9¦ Ç �r�¬9����������������� ¸ �����V�´���¬¥�s���;�F��� � ��ç´��|�¹�������´� � ��� � ¦ Ç ��ç´��|�¹�������´� � ¹k���������¤!��� ¸ Ç ¹����¢�µ��§��«��� } ���F� ���´���

mKn0/ 1Bs;Ï32�w�z � � ��s�{6����s rv�,qxw�����wCq�r2sCÎ0}Hu

¾«¹����°�F��� } �����F� �K��¤E� ���²���7¶3�¤¯��¬ } �r�����F���µ���[������¬¥|����=�������F�Ã�F���� ¸ Ç } |�� } ��|��«¡���������� ��¡²���´�F������ } ��� } ��Æ���� |����r� } ���_§��7��¹���� � } ��¡�����| } ��� ���������V� �v� ��� } ��¡������7¶Ã����F���F�V��¤������ ��� ����� |���§ } ���F� �����|�� } |�� } ��|��F�¬¥|¢�F�|������ } �F��� } �����r� } ����� } |��F��� } ���º½H�¬���¹�������¬¥|¢�F�º� |�¡²����� } |�� } ��|��F��|��3¹�����¹3|���§+�����F��|���§�¡²��� �0�F�����X��� ¸ Ç���¬������ ����� } �������v� ����|��·�µ��� } ���3�F���K� ��¡�����k¬°�������0�F����������¤=¦ Ç ���������0��|�¡������������Ú��|��F� } �F�����

10 V

R
4

1

R2

R
4

3

100 Ω

500 
5

Ω

400 
6

Ω
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R
4

total = R1 + R2 + R3

R
4

total = 1 kΩ

I
�

total = 
E
8

total

R
4

total

I
�

total =
10 V

1 kΩ

I
�

total = 10 mA

E
8

R1 = ItotalR1 E
8

R2 = ItotalR2 E
8

R3 = ItotalR3

E
8

R1 = 1 V E
8

R2 = 5 V E
8

R3 = 4 V¨3��� |������F��� |����F��� } ���#�·�F|����H�����?�������µ���������¥�F��� |����F��� } ���²��� |����«��|�¡�|���|�� �C�¥�����P� ���_ª��k¬°����¤���|�� } �����$%]�����¾«��¡ù�·�F|������������²� �F����� ¸ } � �����������3���E¬��H¬¥|����r��|�� } �¹����;����� ���E������� ����� �°� �������E���r�����k¬°�|¢$¤�Ñ3¢)ýE¶%�������²� �F�����´|¢��¡ �Ý·�����/� �����/¬������k¹��£�F�Ã�7¶����F���F�H�F���#ç´�����´� |�� |�������¤�¹������F��§���� } ��� �F���´���������Ù�����r�´��|�� |����Ù� � } ��� �F���´��|��+¡����F�����¹k��� } ����¡#�� ����¡#��F| } ���r¤¯���F¡����!»X|¢�F�������F������� ����|���� |�¹�� } |�� } ��|��F�������¬���¹��������F����� � } ��¡������7¶�|�� |����%��¤ ¸ Ç ���F���¤?���/���F� } � | } ��� } ����� ��ç´����� } ���������#� �/¬�� } �����F� ����;� ���°�3��¡£�����µ�%���;� ������§��#¬9�¥¬���� �°��������|���§/¬¥|¢�F�s��|�¡������¦ Ç ç´�������F|¢�F|������È � } ����� �v�����9� ����� �v¡#��F����¡#��� | } ���9�F������ |����r����|�������� |������������ � �F�����%¬9� } ���P¡#�����v��� �v��¤H�����²¤���¡²|���|����� �µ������� � ¡��7�F�����0��¤���� §´����|¦º�|���§ } |�� } ��|���¹���������!Ý·�����«����¬¥|�� �Ã¦ Ç ×

E

I

R

Volts

Amps

Ohms

1

100

R1 R2 R3 Total

10

400500
5

10m 10m 10m 10m

1k

5
5

4

¾«����¡#�Ý·��� } �k¹�����¥�����������F�#�r�/§�|�¹����0�����F��×������C¡������ ���F��¡����´�µ����¤ ¸ Ç ¹������F��§������� } ���F�F���´�¥¡£�����H����7¶����F���F� ���²|��s� ���H�F��¡��¥�F���F¡#� Ü �������[����������Æn� ��Æn�������[���k¹����F��§�������E�°ÄÙ¨�ÞL�´¼p¤?� ���«������� } �°¹����¢�µ��§��9|��%§�|�¹����#|��������� ¸ Ç ¹����¢�µ���k�F�����#����� } ���F�F���´�F�=���r�K¹����¢�µ��§����!�����r����ç������´� ��� } ��� } ������ ���£��� � } ���·�=|��V� ��� ¡#�!��¤��r�����K����|¢�µ���¼p¤��F���/������� } �H¹������F��§��H|��9§�|�¹�����|�� ¸ Ç �HÄ_¨#¹������F�����F�����Ú����� } ��� } ������� ��� } ��� �F���´�F�������s¹������F��§��������F� } �����9|��¸ Ç �°Ä_¨s����|��F������¬9�����g�;����|��E���������%�F� ���°¤¯���
¢ã�ý } ��� } ������ |���������� �������Ú¾«��¡H¡ ��ª��k¬°���´��|�� } ������%.¡ �9ª��k¬°����7� } �=¿°�������F�!���F�����F¬¥|�� �����F��� ���?�������3¹������������¤�¹������F��§��E����� } ���F� �����!|�� ¸ Ç } |�� } ��|��F�=��� ��§��������µ�������/���F� ��¡������F������°Ä_¨/�F��� �����C� �r���K����������k¹����µ��§����������������´Æn� ��Æn���������?¼Û�V����¡²�9���F�����?��¤������ } � �F����| } ���k�r�����¡������ ���F��¡����´�µ����F�/���F����¡²���?�������°|��Ú¡������¥��������| } ��F|������ Ü ������� } |��������s|���������� �F|����?����� } � �F����| } �µÞE� ���K��� � ��¡���� |����0|��°�°Ä_¨[�
Ö Í�
��vÎ7
�JÆÅ
Ö ¸ ����� ���¥�����²�F�������;���r�V���k¬°�=��¤?¦ Ç Ü ��|�� } ������%.¡ �6�;���¢�µ��§��¥����� Ç ��� �F���´�%ª��k¬°���´¾«��¡H¡ �%ª��k¬HÞ!��� |������������
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� �F���9¤¯��� ¸ Ç ��½°�¬9��¹������k¬¥|¢�F�²¡���� � } ��¡�������¶ } |�� } ��|��F����¬9�9¡#�k�K�������£� ���F�����F��� ���´�!� ��� ¸ Ç ç´�����´� |�� |����|��0¡����F� } ��¡������7¶s¤¯��� ¡Ú�%ÄÃ��� �������F��|��°����� ������¼E��� ��¡²|�� ��¸

Ö ����� � �F������� � ¡��7� ���3�0��¤����F§�����|¦º�|���§ } |�� } ��|¢�¥¹���������°|��¥��� |������V¹����|��Ú����������� |���� �3���?¤¯��� ¸ Ç } |�� } ��|¢�µ���
mKn:9 �t� 2�pHq
u8z
����|���§��;���F�����=�F�/§��7� } ��¡�����| } �� ���²¬¥�����²¬��¥�������£� �/�F������F�9�·¬������;¡���� � ¸ Ç ¹������F��§����!��� } ���F� ���´�F��� �����E���F������9��¤��·�F����¬¥|�� �v��� } �#��� ������� È � � ��������¤���� ����� � ¼;¡²������� �������F���°�·¬9�£¬��k¹���¤¯���F¡��E���F�H�����9� �´� } ��� ����|¦º����C×� �r��°�F����|��H�������3�H������º���� �#����|��´�F�°���#�����H¡#��� } �Ã���Ã��H� ���£�F��¡��/����|��´�F�°|��0� |�¡����¥�����/¤¯�������¬¥|���§²§��F�����|���������� �µ�� ���¥���0�7¶���¡���������¤!� ��|���×

A B

A B

A B

A B

A B

A B
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BDCFEHG!CFIKJML(NOEPLRQSE�EPTUL!CFE�G0EVLRQ�W�Q�XZY[E\J]W[^!_HG�I�G#X`NOW[abL ���dc E�e`^+EPE�G�f&L+CFE �`g�h Q�XZY[E(NiEPI�TFejX-CE�X c W-J�L!CE
h`kDh QDXZY`E[l g G!X`_VmFnoI�TFepW`J c IoqiE�^!E�TrL�mFCX[G0E*G0CIKJML�G�IsG�e`I�Y`EPTtIoT�L+CFE(J]W`n�noW�Q�I�TFepe[^+X`mFCG�L+WdNiE\L!L!E�^�I�non�aG0L!^�X�L+E
L!CI�G�uPW`TuPEPmbL�v
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A
}

B

Phase shift = 90 degrees

     A is ahead of B

(A "leads" B)

B A
}

Phase shift = 90 degrees

B is ahead of A

(B "leads" A)

A
}

B

Phase shift = 180 degrees

A and B waveforms are
}

mirror-images of each other

A
}

B

Phase shift = 0 degrees

A and B waveforms are 
}

in perfect step with each other

k E�u�X-aG!EDL!CFE�Q�XZY[E\J]W[^!_HG~I�THL!CFE�X-NiW�Y`E�EP�bX`_VmFnoE�G�X-^+E�X-L�L!CFE�G!X`_VE�J]^!E ç aFEPTuP�`f[L!CFE��(Q�I�n�nONiE�W[abLSW`J&G0L!E�m
N��HL!CE#G!X`_*E�X`TFe`aFnsX-^�X`_VW`aFTrL�X�L�EPY[EP^+�pmiW`I�T[L�I�T�L!I�_*E[l	�FW[^DL!CFIsG�^+E�X[G0W[T�f�QSE�uPX`T�E\�bmF^+E�G+GSmCX`G!E�G0CFIoJML�J]W[^
LRQ�W�W`^�_VW`^+E(QDXZY`EPJ]W`^+_HG�W-J�L+CFEHG!X`_VE#J]^+E ç aFEPTOu\�jX`G�X�u\W`TOGRL�X-TrL ç aX`T[L+IKLR��J]W[^�L+CFE*EPTrL!I�^!E*QDXZY`E`f�X-T c TFW`L
� aG0L�X-T�EP�bmF^!E�G!G!I�W`T�W-J%G0CFIoJML�NiE\LRQ�EPE�T�X-T��pLRQ�WHmX-^!L!Isu\an�X`^�mOW[IoTrL+G�X-n�W`TFe*L+CFE#QDXZY`E�G�l	BDCX-L�IsGPfFIoL�IsG�G+X�J]E�L+W
G+XZ��G!W`_VE\L+CFI�TFepn�Io�[E`f h Y`W[nKL�X-e[E ¡ g ¡ IsG���� c E�e`^+EPE�G�W`abL�W-J�mFCOX`G!E#Q�IKL+CjY`W[nKL�X-e[E ¡ k ¡ l hp� CFI�u�CEPY`E�^�QDXZY`EPJ]W`^+_
IsG�X-CFE�X c IoT�IoL+G�E�Y`W`n�abL+IoW[TdIsG�G!X`I c L!WHNiE ¤o�y¢��-�M��Ã X-T c L!CFE�W[TFE�NOE�CFI�T c I�G�G+X-I c L!WHNiE ¤»¢CÃ�Ã-�M�:Ã l
��COX`G!E�G0CIKJML�frn�I��`E�Y[W`noL+X`e`E`frIsGSX`noQDXZ�bG�X#_VE�X[G0a^!E�_*E�TrLS^+EPnsX�L!I�Y`E�NOEPLRQSE�EPTpLRQ�W�L+CFIoTe[G�l~BDCEP^+E ¡ G	^+E�X`non��(TW

G!au�C�L!CFI�TFe�X[G�XHQDXZY`EPJ]W`^+_�Q�IKL+CtX-T ¢`��¶P�)¤ éD��� mFCX`G!E�_VE�X[G0aF^+EP_VE�T[L�NiE�u�X-aG!E�L+CFEP^+E ¡ G�TFWH��TFW�Q�T�aFTIoY[EP^�G!X`n
^+E\J]EP^+EPTOu\EHJ]W[^(mFCOX`G!E`l�B	��mFIsuPX`non���I�T�L+CFEdX`TX-n��bG0IsG#W`J g�� u\I�^�u\aFIoL+G�f~L!CFEdY`W[nKL�X-e`E�Q�XZY[E\J]W`^+_�W`J�L!CE�miW�QSE�^
G!aFmFmFn���I�G�aG!E c X[G�X�^!EPJ]EP^+EPTuPE�J]W`^�mFCX[G0E[fL+CX�L�Y`W[nKL�X-e[E GRL�X�L+E c X[G h �r����Y`W[nKL�G�X-L�� c EPe`^+EPE�GPl hHg T���W`L!CFE�^
g�� Y`W[nKL�X-e`EVW[^ u\aF^+^+EPTrL I�T�L!CX-L(u\I�^+uPaFIoL Q�Ion�n	COXZY`EHIoL+G#mCX`G!E�G!CFIKJML(E\�bmF^+E�G+G0E c I�T�L!E�^!_HG ^!E�n�X-L!I�Y`EVL!WjL!CX-L
G!W`aF^�u\E�Y`W[nKL�X-e`E[l
BDCFIsG�IsG�Q�CX�L�_VX`�`E�G g�� u\I�^�u\aFIoL�u�X-nsu\aFnsX�L+IoW[TG�_VW`^+E uPW`_VmFn�I�u�X�L!E c L!COX-Tt� � l � CFEPTUX-mFmFn���IoTe���CF_ ¡ G

��XZQ X`T c�¡ I�^+u�CCFW-q ¡ G(��XZQ�GPf ç aX-TrL+IKL+IoE�G W`J g�� Y`W[nKL�X-e`EdX-T c u\aF^+^!E�TrL _ aG0LV^!E � E�u\L(mFCX[G0E�G0CIKJMLHX`G(QSE�non
X`G�X-_VmFn�IKL+a c E[l�¢jX-L!CFE�_HX�L!IsuPX`n�W[mOE�^+X-L!I�W`TG�W-J	X cFc IoL!I�W`T�f�G0aNbL!^�X`u\L!I�W`T�fi_ aFnoL!I�mFn�I�u�X�L+IoW[T�f&X-T cjc IoY�IsG0I�W`Tj_(aG0L
W`miEP^�X�L+E�W`TVL+CFE�G!E ç aX`T[L+IKL+IoE�G�W`J�mFCX`G!E�G!CFIoJML�X`G	QSE�noniX`GSX-_VmFn�IKL+a c E`l%�W`^!L!aFTX-L!E�no�[f`L+CFEP^+E�IsG	X�_HX�L+CFEP_HX-L!IsuPX-n
G!��G0L!E�_£W-J ç aX-TrL+IKL+IoE�G�uPX-n�n�E cQ�+�$¹��"¤o�+¤t�réD¹V���C�y¶ I c E�X`non��tG!aFIKL+E c J]W`^�L+CFIsG�L+X[G0�jW`J�^+EPm^!E�G0E�T[L+IoTe�X`_*mnoIoL!a c E
X-T c mFCOX`G!E`l
k E�u�X-aG!E�L+CFE�G0aN � E�u\L�W-J¥uPW`_VmFn�E\��T�aF_(NOE�^+G�IsG�G0WVE�G!G!EPTrL!IsX-niL+W(L+CFE�aFT c EP^�GRL�X-T c I�TFe*W-J g�� uPIo^�u\aFIoL+G�f�L!CE
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TFEP�rL�u�COX-mbL+EP^�Q�I�non&NiE c EPY[W-L+E c L!WVL!COX�L�G!aFN � E�u\L�X-n�W`TFE[l

ª¬«��®d¯\�° Å
ª�, ÁÈ¢)¶\�K¶¼Á�� ±y� I�G�Q�CEP^+E�LRQ�WVW`^D_VW`^+E�Q�XZY[E\J]W`^+_HGSX`^!E�W[abL�W-J%GRL+EPm�Q�IKL+C�E�X`u�C�W-L+CFEP^�l
ª BDCFE�X-_VW[aFTrL#W-J�mFCX[G0EpG!CFIoJML(NiE\LRQ�EPE�T�LRQSW�QDXZY`E�G#uPX`TUNiE�EP�bmF^!E�G!G!E c I�T�L!E�^!_HG#W`J c EPe[^!E�E�G�f¥X[G c E\²
³ TFE c N��jL+CFE c E�e`^+EPEVaFTFIoL+G W`TUL!CFEHCW`^+I º W`TrL+X`n~X-�bI�G�W`JSL+CFEHQDXZY`E\J]W[^!_´e[^+X`mFCUaG0E c IoTµmFn�W-L!L!I�TFe�L!CE
L!^+Ioe[W`TFW[_*EPL!^+I�u�G!IoTFE�J]aFTOu:L!I�W`T�l

ª g ¤��Â¢&���M�:Ã QDXZY`E\J]W[^!_´IsG c E ³ TFE c X[G�W`TFEVQDXZY`E\J]W[^!_¶L+CX�L#IsG#X-CE�X c W-J�X-TFW`L!CFE�^�IoT�IoL+G�E�Y`W`n�abL+IoW[T�l g¤»¢CÃ�Ã-�M�:Ã QDXZY`EPJ]W`^+_·IsG�W[TFE�L!CX-L�I�GDNiEPCFI�T c X`TFW-L+CFEP^�l%¸%�FX-_VmFn�E`v

ª
A
½

B

Phase shift = 90 degrees

A leads B; B lags A
¹

ª � X-nsu\aFnsX�L+IoW[TG�J]W`^ g�� uPIo^�u\aIKL#X-TOX-n���G!IsG�_(aG0L�L+X-�[E(I�TrL!W�u\W[TG!I c E�^+X-L!I�W`T�NOW`L!CµX-_VmFn�IKL+a c EHX-T c mCX`G!E
G0CFIoJML�W-J�Y`W[nKL�X-e[E X-T c u\aF^+^!E�TrL�QDXZY`E\J]W[^!_HGDL+WdNiEVu\W`_VmFn�E\L+EPn���X`uPuPaF^�X�L!E[l�BDCFIsG�^!E ç aFIo^+E�G�L!CFE*aG!E W`J	X
_VX-L!CFE�_HX�L!IsuPX`n�G0�bG0L!E�_ºuPX`non�E c�»���¼�½i¾o�+¤���éb¼H���\¿�À l

Á Â�Ã ÄÆÅ�ÇPÈ�É�ÇPÊ�ËPÌ�ÍÏÎ ÐÑÅ%Ò�ÓjÇPÎ

��TFE�W-J�L!CFE�_VW`^+EdJÔX`G+u\I�TX�L+IoTFe�X-mmFnoIsuPX-L!I�W`TG*W`J�EPn�E�u\L!^+I�uPIKLR�µIsGVI�T¬L+CFE�e`E�TFEP^�X�L+IoW[T�W-J�IoT�Y�I�G!I�NFnoE�^+IommFnoE�G*W-J
EPTEP^+e`��uPX-n�n�E c�¿!Õ[Ö��Ô��×	Õ-ØZ�\À l�BDCFE(noI�_VIKL+E c G+u\W[mOE(W-J~L!CI�G�n�E�G+G0W[T�W`TjX-noL!E�^!TOX�L!I�TFe�uPaF^+^!E�T[L c W�E�G�TFW-L�mOE�^!_VIoL
J]aFn�n�E\�bmFn�W`^�X�L+IoW[T�W`J�L+CFE#u\W[Tu\E�mbL�fFG!W`_VE�W-J¥L!CFE�NOX`G!I�u�mF^+IoTOu\I�mFnoE�GDQ�Ion�n�NiE#u\W�Y[EP^+E c l
� IoL!CÙ��EP^�G0L!E c�Ú GHX[uPu\I c E�T[L�X-n c I�G+u\W�Y[EP^+��W-J�EPn�E�u\L!^+W`_HX-e[TFE\L+I�G!_�fSIoL�QDX`GH^+E�X`noI�ÛPE c L+CX�L�E�noE�u:L+^!Isu\IoLR�ÜX`T c

_HX-e[TFE\L+I�G!_�QSE�^!E�^!E�n�X-L!E c L!W*E�X[u�C�W`L!CFE�^�l � CFE�T�X`T�EPn�E�u\L!^+I�u�u\a^!^+EPTrLSQDX`G�mX[G!G!E c L!CF^+W`aFe[CdX*u\W[T c au\L!W`^�f�X
_HX-e[TFE\L+I�u ³ EPn c Q�X[G%e`E�TFEP^�X�L+E c mOE�^!miEPT c I�uPaFnsX-^�L+W�L!CE�X��bIsG%W-J�ÝW�Q�l%��Io�[EPQ�IsG0E[f`IoJ&X u\W`T c au:L+W`^�QDX`G	E\�bmiW[G!E c
L!WµX�u�CX`TFe`EdIoTÞ_HX-e[TFE\L+I�u�Ýab�¬miEP^+miEPT c Isu\an�X`^VL!WUL!CFEjuPW`T c au:L+W`^�f	XUY`W`noL+X`e`EdQ�X[G(m^!W c auPE c X-n�W`TFe�L!CE
n�EPTFe`L!CtW`J%L!CX-L�uPW`T c au:L+W`^�l�ß�W�JÔX-^�f&G!uPIoE�T[L+I�G0L+G���TFEPQàL+CX�L�EPn�E�u\L!^+I�uPIKLR��X`T c _HX-e[TFE\L+I�G!_´X-n�Q�XZ�bG�G!EPE�_VE c L+W
X�q�E�u\LSE�X`u�CVW-L+CFEP^�X�LS^+I�e`CrLSX-Te`n�E�G�l¥á�W�QSE�Y`EP^�f`X�_HX � W`^ c IsG+u\W�Y`E�^!�(n�XZ�*CFI cFc E�T � aG0LSNiEPTFE�X�L!CpL!CFIsGSG!EPE�_VIoTFe[no�
G!Io_VmFn�Eju\W[Tu\E�mbLpW-J�^!E�n�X-L!E c miEP^+mOE�T c Isu\aFnsX-^+IoLR�`fDX-T c IoL+GHaFT�Y[EPI�noI�TFe�Q�X[GVW`TFE�W`J�L+CFE�mFI�Y`W`L+X-n�_VW[_*E�TrL+GHI�T
_VW c EP^+T�G+u\I�EPTOu\E`l
BDCFIsGHNF^+E�X`�[L+CF^+W`aFe[CÜI�TÞmFC���G!IsuPGHIsGpCX`^ c L!W¬W�Y`EP^�G0L+X�L+E`lÑBDCFEt_VX`TÞ^!E�G0miW`TG!I�NFnoE�J]W[^HL!CI�Gdu\W`TOu\EPmFL!aX`n

^+EPY`W[noaFL!I�W`T�QDX`GSL+CFE ßbu\W`L0L+I�G!CdmCr�bG!I�uPI�G0L�â[X`_VE�G � noE�^!�d¢jX��bQ�EPn�n~ã {�ä[åF{ ² {�ä�æ�|rç f`Q�CW h aFTFI ³ E c h L+CFE#G0L!a c ��W-J
EPn�E�u\L!^+I�uPIKLR�pX`T c _HX`e`TFEPL!IsG0_�I�TpJ]W[aF^D^!E�n�X-L!I�Y`EPn��*L!I c �pE ç aOX�L!I�W`TOGPl¥è�TdE�G!G!EPTOu\E`f�Q�CX-L�CE c IsG+u\W�Y`E�^!E c QDX`G	L!CX-L
EPn�E�u\L!^+I�u(X-T c _VX`e`TFEPL!Isu�é �P¾oÖ�À QSE�^!E#I�TrL!^+IoTOG0IsuPX`non���^!E�n�X-L!E c L+W�W[TFE(X`TFW-L+CFEP^�fOQ�IoL!C�W`^�Q�IKL+CFW`abL�L!CFE*mF^+E�G!EPTuPE
W-J%XVu\W[T c au\L!I�Y`E�mX�L+C�J]W`^�EPn�E�u\L!^+W`TGSL+WVÝW�Q�l�ßrL+X-L!E c _VW`^+E�J]W`^+_HX-n�no�[fF¢jX��bQ�EPn�n Ú G c I�G+u\W�Y[EP^+�HQ�X[GSL!CFIsGPv
êìëZí�îFï¥ðiñÔï¥ðµòróôò�ë-õPö�ñôë�÷~ò�óÔøÞù¥öZú�ø�û¥ë`ò�üVîtùSò[öZù	ò�ï¥ø�ñôë`û¥óÔîbödý�îFðiï�òrõ�ñôëp÷~ò�óÔø fFX-T c
êìëZí�îFï¥ðiñÔï¥ðµý�îFðiï�òrõ�ñôëp÷~ò�óÔø�ù�ö�ú�ø¥û¥ë`ò�üHîtùSò[öZù	ò�ï¥ø�ñôë`û¥óÔîböpò�óôòrë`õPö�ñÔë�÷~ò�óÔø l
g n�n�W`J~L!CFIsG�u�X-T�L+X`�`E#mn�X[u\E�I�TjW`miEPTjG!mX`uPE`fL!CFE X`nKL+EP^+TX�L+IoTeHEPn�E�u:L+^!Isu#X`T c _HX-e`TE\L!Isu ³ E�n c G�G!aFmFmiW`^!L!I�TFe

E�X[u�CHW-L+CFEP^�X`G%L+CFEP�*L+^+XZY[EPnbL+CF^!W[aFe`CpG!mX[u\E�X-L	L!CE�G!mOE�E c W`J�n�I�e`CrL�l%BDCFIsG c �rTOX-_VI�u�GRL+^!au\L!aF^+E�W`J�EPn�E�u:L+^!Isu�X`T c
_HX-e[TFE\L+I�u ³ E�n c G�mF^!W[mX-erX�L+IoTFe L!CF^+W`ae`C�G0mX[u\E�IsGDNOEPL0L!E�^���TFW�Q�T�X`G�X-T �P¾o��»\þÿ¿!�-¼VÕ��-���\þÿ�Ô»#×	Õ-ØZ� l



�������	��
���*x�������zSyt©��	
������P© ¦F{

BDCFE�^!E�X-^+Ed_HX`Tr�¬�rI�T c GVW`J�TX-L!aF^�X-n�^�X c I�X-L!I�Y`E�EPTFE�^!e[��u\W`_VmiW[G!E c W-J�E�noE�u:L+^!W[_VX`e`TFEPL!Isu�QDXZY`E�GPl�¸�Y[EPT
n�Ioe[C[L�I�G�E�noE�u:L!^+W`_HX`e`TFEPL!Isu�IoT�TX�L+aF^+E`l#ß�WdX`^!E���² ^+XZ�bG�X-T c h e[X`_*_HX h ^+XZ��^�X c IsX�L+IoW[T�l�BDCE(W[TFno� c Ioq�EP^+EPTuPE
NiE\LRQ�EPEPTdL!CE�G!E���I�T c G�W-J¥EPn�E�u\L!^+W`_HX-e[TFE\L+I�u�^+X c IsX�L!I�W`T�I�G�L+CFE�J]^!E ç aEPTuP�pW-J�L+CFEPI�^�W[G+u\I�n�n�X-L!I�W`T�ãôX-noL!E�^!TX-L!I�W`TdW-J
L!CE�EPn�E�u:L+^!Isu�X-T c _HX-e[TFE\L+I�u ³ EPn c G�NX[u���X-T c J]W[^0L+CdI�T�mOW[n�X`^!IoLR� ç l k �paG!I�TFepXVG0W[aF^+uPE�W-J g�� Y[W`noL+X-e[E�X`T c X
G!mOE�u\IsX-n c EPY�Isu\EVuPX`non�E c X-T Õ-�þ��\�O�iÕ f&QSEVuPX`T�u\^+E�X-L!E*EPn�E�u\L!^+W`_HX-e[TFE\L+I�u Q�XZY[E�G ãÔW-JDX�_(au�Ctn�W�QSE�^�J]^+E ç aFE�Tu\�
L!COX-T�L!CX-L�W-J¥noI�e`CrL ç Q�IoL!C�E�X`G!E`l

g THX`T[L+EPTFTOX�IsG%TFW`L!CFI�TFe�_VW`^+ESL+CX-THX c E�YrIsu\EDNFaIonoL%L!W�mF^+W c auPEDX c IsG!mOE�^+G!IoTe�E�noE�u:L+^!Isu�W`^%_HX-e[TFE\L+I�u ³ E�n c l
BDQ�W(J]aT c X-_VE�T[L�X-n�LR��miE�G�W`J~X`T[L+EPTFTOX-E�X-^+E�L+CFE Ö�� ½��¾�� X`T c L+CFE ¾o���+½ v

DIPOLE LOOP

Basic antenna designs

� CFI�noE�L+CFE c IomiW`n�E�n�WrW[�bG(n�I��`E�TFW-L+CFIoTeU_VW[^!EdL!CX`T�X`TÜW[mOE�T�uPIo^�u\aIKL�fSX-T c L+CFE�noW�W[mÜX�G0CW`^!LVuPIo^�u\aFIoL�f
L!CE�G!E(mFI�E�uPE�G�W-J�Q�I�^+E*X`^!E(E\q�E�u:L+IoY[E(^�X c I�X-L!W`^�G�W`J�EPn�E�u\L!^+W`_HX-e[TFE\L+I�u ³ EPn c G�Q�CFEPTUu\W[TFTFE�u\L!E c L!W g�� G!W`aF^�u\E�G
W-J&L+CFE�mF^!W[mOE�^�J]^+E ç aFE�Tu\�[l~BDCE�LRQ�W#W`miEPTpQ�I�^+E�GSW-J&L!CE c I�mOW[noE�X`u\LSX`G�X G!W`^!L	W`J�uPX-mOX`u\IoL!W[^�ã]LRQSW uPW`T c au:L+W`^�G
G!EPmX`^+X-L!E c Nr�µX c IoE�noE�u:L+^!Isu ç f�Q�IKL+C¬L+CFE�EPn�E�u:L+^!Isu ³ EPn c W`miEPT¬L!W c IsG0miEP^�G!X`nSI�TG0L!E�X c W`J�NOE�IoTeUuPW`TuPEPTrL!^�X�L+E c
NiE\LRQ�EPEPTjLRQSW�u\n�W[G!EPn��[²�G!mX`uPE c mFnsX�L+E�G�l�BDCFE*u\n�W[G!E c Q�I�^+E mX-L!CjW`J�L!CFE(noW�W[mtX-TrL!E�TFTXdX`u:L�G�n�I��`E(X`TjI�T c au\L!W`^
Q�IoL!CÜX�nsX-^+e`E�X`Io^Vu\W[^!E[f�X-e[X`IoTµm^!W�Y�I c IoTe�X-_VmFn�E�W`mFmiW`^!L!aFTIKLR�UJ]W`^(L!CE ³ E�n c L!W c IsG0miEP^�G0E�XZQ�XZ��J]^+W`_ìL!CE
X-TrL+EPTFTX*I�TG0L!E�X c W`J¥NiEPI�TFepuPW`TuPEPTrL!^�X�L+E c X`T c u\W[T[L�X-I�TFE c X`GDI�T�X(TW`^+_VX`n&IoT c au:L+W`^�l

g G�L+CFEVmOW�Q�EP^+E cjc IomiW`n�EV^+X c I�X-L!E�G�IoL+G�u�CX`TFe`I�TFedEPn�E�u:L+^!Isu ³ EPn c I�TrL!W�G0mOX`u\E[f�Xdu�COX-TFe[IoTFed_HX-e`TE\L!Isu ³ EPn c
IsG#mF^+W c au\E c X�L#^+Ioe[C[L X`TFe`n�E�G�f�L+C�aG G!aG0L+X-I�TFI�TFe�L!CEpEPn�E�u\L!^+I�u ³ E�n c J]a^0L+CFEP^(IoTrL!WjG!mX[u\E`f~X-T c G!W�W`T�X[G�L!CE
QDXZY`E�m^!W[mX-erX�L!E�GSX-LDL!CFE�G!mOE�E c W-J�n�I�e`CrL�l g G�L+CFE�miW�QSE�^!E c noW�W[m�X`T[L+EPTFTOX ^�X c IsX�L+E�G�IoL+G�u�CX`TFe`I�TFe*_VX`e`TFEPL!Isu
³ E�n c I�TrL!WtG!mX`uPE`f~Xju�CX`TFe`I�TFe�EPn�E�u\L!^+I�u ³ EPn c I�G mF^+W c au\E c X�L ^+Ioe[CrL X-TFe[noE�GPf¥Q�IKL+C�L!CFE�G!X`_VEHEPT c ² ^+E�G!aFnKL(W-J
XpuPW`TrL!I�T�aFW`aG�EPn�E�u\L!^+W`_HX-e[TFE\L+I�u�QDXZY`E#G!EPTrL�XZQDXZ�pJ]^+W`_¶L+CFE(X`T[L+EPTFTOXFl�¸	IKL+CFEP^�X-TrL!E�TFTXpX[u�CFIoE�Y`E�GDL!CFEVG+X-_VE
NX[G0Isu�L+X`G!��v¥L!CFE#uPW`TrL!^+W`n�noE c m^!W c au\L!I�W`T�W-J~X-T�EPn�E�u\L!^+W`_HX-e[TFE\L+I�u ³ EPn c l

� CFE�T*X-L0L+X[u�CFE c L!W�X�G0W[aF^+uPE	W`JOCFI�e`Cb²ÿJ]^+E ç aFEPTOu\� g�� miW�QSE�^�f-X`T*X`TrL!EPTTX�X[u:L�G¥X[G~X þÿ¿!Õ��À:¼(�Mþÿþô�M����c EPY�Isu\E`f
u\W[T�Y`EP^!L!I�TFe g�� Y`W[nKL�X-e`E�X`T c u\aF^+^+EPTrL�IoTrL+W#EPn�E�u\L!^+W`_HX-e[TFE\L+I�u�QDXZY`EDEPTFE�^!e[�`l g TrL!E�TFTX[G	X-nsG!W�COXZY`EDL!CE�X-NFI�n�IKLR�
L!W�I�TrL!EP^�u\E�mbL#EPn�E�u\L!^+W`_HX-e[TFE\L+I�u(QDXZY`E�G�X-T c uPW`T�Y`E�^0L�L!CEPI�^�EPTFE�^!e[�jIoTrL+W g�� Y`W[nKL�X-e`EVX-T c uPaF^!^+EPTrL�l*è�TUL+CFI�G
_VW c E`fX`T�X`TrL!EPTTXVX`u:L�G�X`G�X ¿!��»��\�MØ��M��� c EPY�Isu\E[v
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AC voltage
produced

AC current
produced

electromagnetic radiation electromagnetic radiation

Radio receivers

Radio transmitters� CFI�noE#L!CFE�^!E#IsG ¼²é»$# _VW`^+E�L!CX-L�uPX`T�NOE(G!X`I c X`NOW[abL�X-TrL+EPTFTXHL!E�u�CTFW`n�W`e[�`fbL+CFI�G�NF^+IoEPJ~I�TrL!^+W c au:L+IoW[T�I�G
EPTW`aFe[CHL!W(e`I�Y`E��[W`aHL+CFE�e[EPTFE�^+X`nFI c E�X W-J�Q�CX-L Ú G	e[W`I�TFe#W[TtãÔX`T c miEP^+CX-mGSEPTW`aFe[CpIoTFJ]W`^+_VX-L!I�W`THL+W mF^+W�Y`W[�`E
X(J]EPQ E\�bmiEP^+Io_VEPTrL�G ç l

ª¬«��®d¯\�°&%
ª â[X`_*E�G	¢jX-�bQSE�non c IsG!uPW�Y`EP^+E c L+CX�LDu�CX-Te`I�TFe E�noE�u:L!^+Isu ³ E�n c GSmF^+W c au\E�miEP^+mOE�T c Isu\aFnsX-^�_HX-e`TE\L!Isu ³ EPn c GPf
X-T c Y�I�G+X�² Y`E�^+G+XFfrEPY[EPT�IoT�EP_VmbLR�dG0mX[u\E[l

ª g LRQ�IoTHG!E\L�W-J�EPn�E�u\L!^+I�uDX`T c _VX`e`TFEPL!Isu ³ EPn c G�f`W[G+u\I�n�n�X-L!I�TFe�X�L�^+Ioe[C[L�X`TFe`n�E�G¥L+W�E�X`u�C*W-L+CFEP^�X`T c L!^�XZY`E�noI�TFe
X�LDL!CFE#G!miEPE c W`J�n�Ioe[C[L�fu\W[TG0L!IoL!abL+E�G�X-T �P¾o��»\þÿ¿!�-¼VÕ��-���\þÿ�Ô»#×	Õ-ØZ� l

ª g T Õ��þ��P��iÕ IsGDX c EPY�I�uPE�_HX c E�W-J�Q�I�^+E`f c E�G0I�e`TFE c L+W*^�X c I�X-L!E�X(u�CX`TFe`I�TFe*EPn�E�u\L!^+I�u ³ EPn c W`^�u�CX-Te`I�TFe
_VX`e`TFEPL!Isu ³ EPn c Q�CFE�T�miW�Q�EP^+E c N��dXVCFI�e`Cb²ÿJ]^+E ç aFEPTOu\� g�� G!W`aF^�u\E[fFW`^�I�TrL!E�^+uPEPmbL�X`T�E�noE�u:L+^!W[_VX`e`TFEPL!Isu
³ EPn c X`T c u\W[TrY[EP^!L�IoL�L!WHX`T g�� Y`W[nKL�X-e`E�W`^�uPaF^+^!E�T[L�l

ª BDCFE Ö-� ½F�-¾o� X-TrL!E�TFTXÜu\W`TOG0IsGRL�GpW`J�LRQSWÜmFIoE�u\E�G�W`J#Q�Io^+EÜãÔTFW-LdL!W`aOu�CFIoTe ç f�mF^!I�_HX-^+Ion��Þe`E�TFEP^�X�L+IoTFe�X`T
EPn�E�u:L+^!Isu ³ EPn c Q�CFEPT�EPTEP^+e`I�ÛPE c fFX-T c G!E�u\W[T c X`^!I�no�VmF^+W c auPIoTFeHXV_HX-e[TFE\L+I�u ³ E�n c I�T�G0mX[u\E[l

ª BDCFE ¾o���+½ X`TrL!EPTTXHu\W[TG0IsG0L+G�W`J~XVn�W�W`m�W-J~Q�I�^!E[fFmF^+Io_HX-^+I�no�de`EPTEP^�X�L!I�TFeHXV_HX-e[TFE\L+I�u ³ E�n c Q�CEPT�EPTEP^!²
e`I�ÛPE c fFX-T c G0E�u\W[T c X-^+I�no�HmF^+W c auPIoTFeHX`TdE�noE�u:L!^+Isu ³ EPn c IoT�G0mOX`u\E[l
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èED�è�FHGIG�JKG�JMLON0JPGRQOSITOUWVXGYLOZKG[JPU\Q]L_^`FaSbGcVXGbL�d!GIGIFeL�d!N0SbU�LOUWG�Q�f�ègSbN�hKi\JMjHTONlk�U\JPGc^`Fm^`FHQOdnG�ToSbN�FHQ]U\Q]LOUWFKpqN`D^
QOU�FKp�i�GrF�hKstVXGITUWFusBUWiWG�Q�fPv�UWiWN�sYGbL_GIT$QIf�N�TQON�sYGrN`LOZHGIThKFKU�LN`D�i�UWFKG�^�T�sBGR^�QOhKT_GIsYGIF�L�w%á�NldnG�k�GITRf�UxD¥è�d!GIT_G�L_N
JPGRQOSITOUWVaG�ZKNldyLONtLOT$^zk�GIiKD{TON�s,N�FKG�SIUxL�|�LONB^`FKN�LOZKG�T�frè}d!N�hKi\JYZH^zk�G�LONtjHTONlk�U\JPG�sYN�T_G�UWFPD{N�T_sc^lLOUWN�FYL_ZH^`Fo~�hHQ�L
LOZHGoJPUWQ]L_^�FHSbGgVXGbL�d!GIG�FuLOZKN�Q]GrL�d!N[SbU�LOUWG�Q��Fènd!N�hHiWJu^`i\Q]NYZH^zk�GrLONcjKT_Nlk�UWJPG�UWFPD{N�T_sc^lL_U�N�Fu^�VaN�hPLLOZKG Ö`�M¿O��»\þ����l�LONBL_T_^zk�GIi�fK^�Q�d!GIiWi�w
��ZKGcv�UWFHJmN`D�U�FKD{N�T_sY^`LOUWN�FeLOZa^lLtGI��jHTOGRQOQOG�Qg^�QOU�FHp�iWG[JPU�sYG�FHQ]UWN�F�f�QOhHS$Z�^�QgiWUWFKG�^�TtJPU\Q�L$^`FHSIG�f�UWQoS�^`iWi�GRJm^

ÀP»�Õ�¾oÕ-¿�� hH^�F�LOU�L�|[U�Fqsc^lL_ZKGIsc^`LOU\SIQ�w%ßKSI^`i\^`TF�hKs�VaG�T_Q^�TOG�LOZHGgv�UWFHJuN`D�F�hKstVXGIT$Q�|�N�h Ú k�GrhHQ]GRJuU�FusYN�Q]L�^`iWi�N`D|�N�hKTsc^lL_ZKGIsc^lL_UWS�^`i�^`jKjKiWU\SI^lL_U�N�FHQQONYD�^`TRw!��ZKGgk�N�i�L_^�p�G�jKT_N�JKhHSbGRJ�V�|q^YVH^lLOLOG�TO|�fKD{N�T�Gb�K^`sYjKiWG�fKU\Q�^cQ_SI^�iW^�T
� hH^`F�L_UxL�|�w%ßPNcUWQ!L_ZKGgTOGRQ]U\Q]L_^`FaSbG�N`D�^�jHU�GRSbGgN`D�dU�T_Gpã{N�ZKscQ ç fPN�T�L_ZKGoSbhKT_T_GIF�L�LOZKT_N�hKp�Z�U�L ã�^�sYjHQ ç w
á�Nld!GIk�GITRfIdZKG�Ftd!G�VXGIp�U�FgL_Nr^�FH^`iW|�ÛIG�^�ixL_GIT_FH^lL_U�FHp�SbhKT_T_GIF�L�SbUWT$SbhKU�L_Q�fldnG��HFHJoLOZH^`L � hH^`F�L_UxL_U�GRQ�N�DHk�N�ixL$^`p�G�fSbhHTOT_GIF�L�f�^`FHJeGIk�GIFeTOGRQ]U\Q]L_^`FaSbG�ã�SI^�i�iWG�J �M¼�½K��Ö[Õl�i»$� UWF���� ç ^`T_GYFKN`L�LOZHGYD�^`sYU�iWU\^`TgN�FHGb��JPU�sYG�FHQ]UWN�Fa^`i � hH^`FK�

LOU�LOUWG�Q�d!G Ú TOGchHQOG�JeL_N�sYG�^�Q]hHTOUWFKp�UWF����,SIU�T$SbhKU�L_Q�w0��^`LOZKG�T�f�LOZKGRQ]G � hH^`F�LOU�LOUWG�Q�f�VaGRSI^`haQ]GcL_ZKGI| Ú TOG�JP|�FH^`sYU\S
ã�^�ixL_GIT_FH^lL_U�FHpoU�FuJPUWTOGRS�LOUWN�F[^�FHJ[^�sBjHi�U�LOhHJKG ç fPjXN�Q_QOG�Q_Q�N`L_ZKGIT!JPUWsBG�FHQOU�N�FHQ�L_ZH^lL�sthaQ�L!VaG�L_^`v�GIF[UWF�LONB^�SISIN�hKF�LRw�KT_G � hKG�FHSb|e^`FHJejKZa^�QOG[Q]ZKU�D�Lt^`T_GYL�d!NuN�DnL_ZKG�QOG�JPUWsYGIFHQOUWN�FHQ�L_ZH^lLtSIN�sYGcUWF�L_N�jKi\^z|�w���k�GIFmdU�LOZmT_GIi\^lLOUWk�G�i�|
QOU�sYjKiWGo��� SIU�T$SbhKU�L_Q�fPdZKG�TOG�d!G Ú TOGrN�FKiW|�JPGR^`iWU�FHpBdU�LOZ�^YQOU�FKp�i�GrD{T_G � hKG�FHSb|�fPdnGgQ]LOUWi�i¡Za^zk�G�LOZKGoJPUWsYGIFHQOUWN�FuN`D
jKZH^�Q]GgQOZKU�D�LLON[SbN�F�LOGIFaJ�dU�LOZqUWFq^�JKJPU�LOUWN�FuLONBL_ZKGo^`sYjKiWUxL_hHJPG�w
è�F�N�T$JPG�ToLONMQ]hHS�SbGRQOQ]D{hKiWi�|m^`FH^�i�|�Û�G����,SbUWT_SIhKU�L_Q�f�d!G[FKG�G�JmL_N0d!N�T_vMdU�LOZ�sc^`LOZKG�sY^`LOU\SI^�i�N�VK~�G�S�L$Qt^�FHJ

LOGRS$ZKFKU � hKG�QYSI^�jH^`VHi�G�N`D�T_GIjKT_G�QOGIF�L_U�FKp0LOZKGRQ]GusthKi�LOU���JPU�sYG�FHQ]UWN�Fa^`i � ha^`F�LOU�LOUWG�Q�w�á�G�TOG�UWQBdZKG�TOGudnG�FKGIGRJ�L_N
^`Va^`FHJPN�F�QOS�^`i\^`TgF�hKstVXGIT$QgD{N�TtQON�sYGbL_ZKU�FHp0VaGIL]L_GIT�QOhKU�LOGRJ�¢ »$�-¼�½�¾��!¤e�réb¼Y£$�P¿�À w�â�hHQ]Lti�UWv�GYL_ZKG�GI�K^`sYjKiWGcN`Dp�UWk�U�FHpMJPUWTOGRS�L_U�N�FHQoD{T_N�s&N�FKG�SIUxL�|eLONm^`FHN`LOZHGITRf���� � ha^`F�LOU�LOUWG�Q�U�Fy^�QOU�FHp�iWGb��D{TOG � hHGIFHSI|eSIU�T$SbhKU�L�Za^zk�G�VXN`L_Z
^`sYjKiWU�LOhHJPG�ã�^�FH^`iWN�p�|¤¢!JPU\Q]L_^`FaSbG ç ^`FaJ�jKZH^�Q]GBQ]ZKU�D�LHã�^`Fa^`iWN�p�|¤¢�JPUWTOGRS�LOUWN�F ç w��¥SIN�sYjKiWGb��F�hKstVXGITrUWQr^�QOUWFKp�iWGsc^lL_ZKGIsc^lL_UWS�^`i � hH^�F�L_UxL�|�^`VKiWG�LONYGb�PjKT_G�Q_QnLOZKGRQ]G�L�d!NcJPUWsBG�FHQOU�N�FHQ�N`D}^`sYjKiWUxL_hHJPGo^�FHJ�jHZH^�QOGgQ]ZKU�D�L�^`L�N�FHSbG�w
�nN�sYjKiWGb�cF�hKs�VaG�T_Q!^`T_G�GR^�QOU�G�T�L_N�p�T_^�Q]jcdZKG�F[L_ZKGI| Ú TOGrTOG�jKT_G�QOGIF�LOGRJYp�T$^`jKZKU\SI^�i�iW|�w¥èED�è�JKT_^zd¦^ti�UWFKG�dUxL_Z

^0SIGITOL_^`UWF�iWGIFKp�LOZÑã{sc^�p�FKU�LOhHJKG ç ^�FHJ�^`FHp�iWGjã�JPUWTOGRS�L_U�N�F ç f~ègZH^zk�G[^�p�T$^`jKZHUWSYT_GIjKT_G�QOGIF�L$^lLOUWN�FeN`D�^�SbN�sYjKiWGb�F�hKstVXGITdZHUWS$ZqU\QSbN�sYsYN�FHi�|[v�FKNldFuUWFujHZ�|PQOUWS�Q^�Q^ Øl�+»Pþ���¿ ¢
¦-å
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length = 7
angle = 0 degrees

length = 10
angle = 180 degrees

length = 5
angle = 90 degrees

length = 4
angle = 270 degrees

(-90 degrees)

length = 5.66
angle = 45 degrees

length = 9.43

(-57.99 degrees)
angle = 302.01 degrees

�¡UWv�G�JKUWQ]L_^�FHSbGRQ�^`FHJcJKU�T_G�SbLOUWN�FHQ}N�F[^gsc^`j¡f�LOZKG�TOG�sthHQ]L�VXG�Q]N�sYG�SbN�sBsYN�F�D{T$^`sYG�N�DXT_GbD{G�TOG�FHSbG�D{N�Tn^�FKp�iWG
�Hp�hKTOGRQ¡L_N�Za^zk�Gn^�F�|rsYGR^`FKUWFKpHw�è�FoL_ZKUWQ�S�^�QOG�f`JPUWTOGRS�L_i�|gT_U�p�Z�L�U\Q�SIN�FHQOU\JPGIT_G�J�L_N�VXG³�´zf�^�FHJo^�FKp�iWG�Q�^`T_GnSIN�hKF�LOGRJ
UWFq^BjXN�QOUxL_U�k�GgJPU�T_G�SbLOUWN�Fup�N�U�FKpcSIN�hKF�LOG�T]��SbiWNPS$v�dUWQOG�¢

0
µ o

90
¶ o

180o

270o

(-90o)

The vector "compass"

��ZKG�U\JPGR^gN`D�T_GIjKT_G�QOGIF�LOUWFKpg^gF�hKs�VaG�T�UWFcp�T$^`jKZKU\SI^�iPD{N�T_s,UWQ�FKN`L_ZKU�FHpoFKGIdgw�·eG�^`iWiHiWG�^�TOFHG�JBLOZHUWQ�U�Fcp�T_^�JPG
Q_S$ZKN�N�i�dU�LOZuLOZKGo¸�F�hKstVXGIT�iWU�FKG�¢ ¸

0 1 2 3 4
¹

5 6 7 8 9 10

. . .

·eG!G�k�G�FtiWG�^`T_FKGRJoZKNldº^�JKJPU�LOUWN�FB^`FHJBQ]hHVPLOT$^�SbLOUWN�Ftd!N�T_vPQ�V�|oQOGIG�U�FKprZKNld�iWGIFHp`LOZaQ�ã�sc^`p�FHUxL_hHJPG�Q ç Q�L$^�S$v�G�J
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hKjuLONYp�U�k�G�^��HFa^`i�^�FHQ]d!GITR¢

0 1 2 3 4 5 6 7 8 9 10

. . .
5 3

8

5 + 3 = 8

��^`LOG�T�fzd!G�iWG�^`T_FKGRJrLOZH^`L�L_ZKGIT_G�d!GIT_G�d�^z|�Q¡LONrJPG�QOU�p�FH^lL_G�L_ZKGnkl^�i�hKGRQ £$�Pþô×��$�I� L_ZKG�dZKN�i�GnF�hKstVXGIT$Q�sc^�TOv�G�J
N�F�LOZHGgi�UWFKG�w���ZHG�QOGgdnG�TOG�D{T_^�S�L_U�N�FH^`i�N�T�JPG�SIU�sc^`i � hH^�F�LOU�LOUWG�Q�¢

0 1 2 3 4
¹

5 6 7 8 9 10

. . .

3-1/2 or 3.5

��^`LOG�T!|�GbL�d!G�i�GR^`T_FKG�J�LOZH^`LLOZKGgF�hKs�VaG�Ti�UWFKGoSIN�hKi\J�GI��LOGIFaJ�L_NBLOZKGgiWGbD�L�N�D�Û�GIT_NY^�Q�dnG�i�i�¢

0
¼

1 2
½

3
¾

4
¿

5
À

. . .. . .

-1-2-3-4-5��ZKGRQ]G��HGIi\JKQ�N�D�F�hKstVXGIT$QVã{dZKN�i�G�f¡U�F�L_GIp�G�T�f�T$^lL_U�N�FH^`i�f¤U�T_T$^lLOUWN�Fa^`i�fXT_G�^�i�f�GIL_S�w ç iWG�^�TOFHG�J0UWFep�T$^�JPGBQOS$ZKN�N�i
QOZH^`T_Gt^[SIN�sYsYN�FqLOT$^`U�L�¢�L_ZKGI| Ú TOG�^`iWi �`�X�IÁ0Öl�M¼c�b�À$���`�iÕ-¾ wr��ZHG�Q]LOT$^`UWp�Z�LOFKGRQOQ�N`D}LOZHGtF�hKstVXGITriWU�FKG�U�iWiWhHQ�L_T_^`LOGRQLOZHUWQ�p�T$^`jKZHUWS�^`iWi�|�wqÂ�N�h�SI^�F�sYNlk�GchKjºN�T�JKNldFmLOZKG�F�hHstVXGITBi�UWFKG�f}VHhPLB^�i�i!¸`sYN`L_U�N�FH¸0^`iWN�FHpqLOZH^`L�iWU�FKG�UWQ
T_G�Q]LOT_UWSbLOG�JºLON�^�QOUWFKp�iWG0^l�PU\Q�ã{ZKN�TOU�ÛIN�F�L$^`i ç w¬Ã�FKGI�EJKU�sYGIFaQ]UWN�FH^�i�f�Q_SI^`i\^`TYF�hKs�VaG�T_Qc^�TOG�jXGITOD{G�SbLOiW|	^�JKG � hH^lL_GD{N�TYSbN�hKF�LOUWFKp0VXG�^�JKQIf}T_GIjHTOGRQ]G�F�L_U�FHp0dnG�U�p�Z�L�f�N�T�sBGR^�QOhKT_U�FKpM���¥VH^`L]L_GIT_|ek�N�i�L_^�p�G�f�VKhKLtLOZHGI|mD�^`iWi�Q]ZKN�T]L�N`D
VXGIUWFKp[^`VKiWGrLONcT_GIjKT_G�QOGIF�LQ]N�sYGbLOZHU�FKpcsYN�TOGgSbN�sYjKi�GI��iWU�v�G�L_ZKGoJPU\Q�L$^`FHSIG Õl��Ö JPU�T_G�SbLOUWN�FuVaGIL�dnG�GIFuL�d!NYSIUxL_U�GRQIf
N�ToLOZKG�^�sYjKi�U�LOhaJPG Õl��Ö jKZH^�Q]GcN�D�^`F����Äd!^zk�GbD{N�T_sqw[��N�TOG�jKTOGRQ]G�F�LrL_ZKG�QOG[v�UWFHJKQgN�D � hH^�F�LOU�LOUWG�Q�f�d!GcFKGIGRJsthHixL_UWJPUWsYGIFHQOUWN�FH^�iaT_GIjKT_G�QOGIF�L$^lLOUWN�FaQIw¥è�F[N`L_ZKGIT!d!N�T$JKQIf�d!G�FKG�G�J[^tF�hHstVXGIT!i�UWFKG�LOZH^`L�S�^`F[jXN�UWF�LnUWF�JPU�ÅXG�TOG�F�L
JPUWTOGRS�L_U�N�FHQIfK^�FHJ�LOZH^`L Ú QGb�K^�SbLOiW|[dZH^`L�^�k�G�SbLON�T�U\QIw
ÆºÇ�È�É�ÊbÈ�Ë&%
Æ � ÀP»�Õ�¾oÕ-¿ F�hKs�VaG�T!U\Q!LOZHG�L�|�jXGrN�D�sc^lL_ZKGIsc^lL_UWS�^`i¤N�VK~�G�S�L!LOZa^lL�jaG�N�jKiWGr^�TOGrhHQOG�J[LONBhHQ]UWFKpBU�F�GIk�GIT_|�JH^z|i�U�D{G�¢�^BN�FHGb��JPU�sYG�FHQ]UWN�Fa^`i � hH^`F�LOU�L�|[iWU�v�G�LOG�sBjXGIT$^lL_hKT_G�fPiWGIFKp�LOZ¡fKd!GIUWp�Z�LRfPGbL_S�w
Æ � »$�-¼�½�¾��!¤u�réb¼Y£$�P¿ U\Q�^BsY^`LOZKG�sc^lLOU\SI^�i � hH^`F�LOU�L�|[T_GIjKT_G�QOGIF�L_U�FKp�L�d!NBJPUWsYGIFHQOUWN�FHQ�N�D�sc^`p�FKU�LOhHJPGg^�FHJJPU�T_G�SbLOUWN�F¡w
Æ � Øz��»PþE�-¿ UWQ�^�p�T$^`jHZKUWS�^`i�T_GIjHTOGRQ]G�F�L$^lL_U�N�FeN�D�^0SbN�sBjHi�GI�eF�hKs�VaG�T�w�èELtiWN�N�vPQoiWUWv�G�^�F�^`T_TONldgf�dUxL_Z�^Q�L$^`TOLOUWFKp�jXN�UWF�L�f�^�L_U�j¡f�^uJKGb�HFKU�LOGYiWGIFKp�LOZ¡f�^`FHJM^qJPGb�HFHUxL_G[JPU�T_G�SbLOUWN�F¡wVß�N�sYGILOUWsBGRQrLOZKGYd!N�T$J ½H#FÕZÀI�-¿
UWQ�hHQ]GRJqU�F�G�i�GRS�L_TOU\SI^�i�^`jKjHi�U\SI^`LOUWN�FHQdZHGIT_GgLOZKGB^`FKp�i�GgN�D�LOZKGok�G�SbLON�T�TOG�jKTOGRQ]G�F�L_QjKZa^�QOGoQ]ZKU�D�L�VXGbL�d!GIG�F
d!^zk�GbD{N�T_scQIw
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Ã�vl^z|�fHQONYZKNld«Gb�K^�SbLOiW|�SI^�F�d!GgT_GIjKT_G�QOGIF�L���� � ha^`F�LOU�LOUWG�QN�D�k�N�i�L_^�p�G�N�T�SIhKTOT_GIF�L�UWFuLOZKGgD{N�TOsÕN`D}^Yk�GRS�LON�T$Ö
��ZKGgiWGIFKp�LOZuN`D�LOZKGgk�G�SbLON�T�T_GIjKT_G�QOGIF�L$Q�L_ZKGgsc^`p�FKUxL_hHJPGpã�N�T�^`sYjKiWU�LOhHJPG ç N`D�LOZKGgd�^zk�GID{N�T_sqf�iWU�v�GrLOZKU\QI¢

Amplitude
Length

Waveform Vector representation

��ZKG�p�T_G�^lL_GIT�LOZKGc^`sYjKiWU�LOhHJPGBN`D�LOZKGBd!^zk�GbD{N�TOsqfKL_ZKGYp�T_G�^`LOGIT�LOZKGBiWGIFKp�LOZ�N�D�UxL$Q�SbN�T_T_G�QOjaN�FHJPUWFKp[k�GRS�L_N�TRw
��ZKGu^`FKp�i�G[N�DLOZKGuk�GRS�L_N�TRf�ZHNldnG�k�GITRf�TOG�jKTOGRQ]G�F�L_Q�L_ZKG�jHZH^�QOG�QOZKUxD�LYUWFºJPGIp�TOG�G�QtVaGIL�dnG�GIF�L_ZKG�d�^zk�GID{N�T_s×UWF
� hKG�Q]LOUWN�F¬^`FHJ¦^�FKN`L_ZKGIT�d!^zk�GbD{N�TOsØ^�SbLOUWFKpº^�Qu^º¸�TOGID{GIT_GIFHSIG�¸mUWF¦L_U�sYG�w�Ù�QOhH^�i�iW|�f�dZHGIF¦L_ZKGejKZH^�QOG0N�Dt^
d�^zk�GbD{N�TOsÄU�F�^gSIU�T$SbhHUxL�U\Q�GI�PjKTOGRQOQOG�J¡f�U�LnU\Q�T_GbD{GIT_GIFaSbG�J�L_NgLOZKG�jaNld!GITnQ]hKjHjKi�|Bk�N�ixL$^`p�Gd!^zk�GbD{N�T_sºã�^`T_VKUxL_T_^�TOUWiW|
Q]L_^lL_G�J�L_N�VXGn¸�^`L_¸�³�´ ç w��G�sBG�stVXGIT�LOZH^`L�jKZH^�Q]G�UWQ�^`iWd!^z|PQ�^ ¿O�\¾�Õ�þ��MØz� sYG�^�QOhKT_GIsYGIF�L�VXGbL�d!GIG�FgL�d!Nd!^zk�GbD{N�T_scQT$^lLOZHGIT�LOZa^`Fq^`F�^`VHQON�iWhPL_G�jKT_N�jXGITOL�|�w
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A
Ý

B

Phase shift = 90 degrees

     A is ahead of B

(A "leads" B)

B A
Ý Phase shift = 90 degrees

B is ahead of A

(B "leads" A)

A
Ý
B

Phase shift = 180 degrees

A and B waveforms are
Ý

mirror-images of each other

A
Ý

B

Phase shift = 0 degrees

A and B waveforms are 
Ý

in perfect step with each other

(of "A" waveform with
reference to "B" waveform)

B

A
Ý

B

A
Ý

BA
Ý

A
Ý

B

90 degrees
Þ

-90 degrees

180 degrees

Waveforms Phase relations Vector representations

BA
ß

B

A
ß

phase shift

angleà

��ZKG�p�T_G�^lL_GIT�LOZKG�jKZH^�QOG�QOZKU�D�LgU�F�JKGIp�T_GIGRQ�VXGbL�d!GIG�F0L�d!N[d!^zk�GbD{N�TOscQ�fKLOZHG�p�TOGR^lLOG�T�L_ZKGB^�FKp�iWGtJPU�Å¤GIT_GIFHSIG
VXGbL�d!GIGIFqL_ZKG�SIN�T_TOGRQ]jXN�FaJPU�FHpck�G�SbLON�T_Q�wánG�U�FHp�^cT_GIi\^lLOUWk�GgsYGR^�QOhKTOG�sYGIF�L�fai�UWv�G�k�N�i�L_^�p�G�fKjKZH^�Q]GtQOZKU�D�L*ã�k�G�SbLON�T
^`FHp�iWG ç N�FHi�|�ZH^�Q�sYG�^�FKUWFKpcU�F�T_GbD{G�TOG�FHSbGrL_N[Q]N�sBGoQ]L_^�FHJK^�T_J�d!^zk�GbD{N�TOsqw�ârGIFHGIT$^`iWi�|cL_ZKU\Q�¸`T_GbD{G�TOG�FHSbGR¸td�^zk�GI�D{N�T_s2U\Q�L_ZKG!sY^�U�FB���mjXNldnG�T�QOhKjKjKiW|ok�N�i�L_^`p�G�UWFtL_ZKG!SIU�T$SbhHUxLRw�èEDKL_ZKGIT_G!UWQ�sYN�T_G�L_ZH^`F�N�FKG����ek�N�i�L_^`p�G�QON�hKT$SbG�f
LOZHGIFqN�FKGgN�D�L_ZKN�QOGgQ]N�hKT$SbG�Q!U\Q�^`T_VKU�LOT$^`T_U�iW|[S$ZKN�Q]G�F�L_NBVXGgL_ZKGgjKZH^�Q]G�T_GbD{GIT_GIFaSbGrD{N�T�^�i�i¡N�LOZKG�TsYG�^�QOhKT_GIsYGIF�L$Q
UWF�L_ZKGoSbUWT$SbhKU�L�w
��ZKU\QoSbN�FHSbG�jPLtN�D^qT_GbD{G�TOG�FHSbGcjXN�UWF�LtU\QgFKN`L�hKFKiWU�v�GcLOZH^`LtN`D�L_ZKG�¸`p�TON�hKFHJK¸�jXN�UWF�L�U�F�^0SIU�T$SbhHUxLgD{N�ToLOZHG

VXGIFKGI�KL�N�D�k�N�i�L_^�p�GgT_GbD{GIT_GIFaSbG�w!· U�LOZM^cSIi�GR^`T_i�|uJPGb�aFKG�J�jXN�UWF�L�UWF�LOZKG�SbUWT_SIhKUxLrJPG�SIiW^�TOGRJuLON[VXGt¸`p�TON�hKFHJ�f ¸YU�L
VXG�SbN�sYG�Q�jXN�Q_QOU�VKiWG�LONoL_^`iWv�^�VaN�hPL�k�N�i�L_^`p�G�¸`N�FH¸rN�T�¸�^lL_¸gQOUWFKp�iWGjaN�U�F�L$Q�UWF[^oSbUWT_SIhKU�L�f�VXGIUWFKpohHFHJPGIT$Q]LON�NPJBLOZH^`L
LOZHN�QOG�k�N�ixL$^`p�G�Qpã�^`iWd!^z|PQgT_GIi\^lL_U�k�G[VaGIL�dnG�GIF þÿ×�� jXN�UWF�L_Q ç ^�TOG[T_GbD{G�TOG�FHSbGRJeLONe¸`p�T_N�hHFHJ�w ¸��nN�T_TOGRQ]jXN�FHJKU�FKp�i�|�f
dU�LOZ¦^mSbiWG�^�TOiW|ºJPGI�HFKG�JyjXN�UWF�L�N`D�TOGID{GIT_GIFHSIGuD{N�TcjKZH^�Q]G�U�L[VXG�SbN�sYG�QcjXN�Q_Q]UWVKiWGqLON�QOjaGR^`v�N�Drk�N�i�L_^�p�G�QY^�FHJ
SbhHTOT_GIF�L_Q�U�F[^�FY���	SIU�T$SbhKU�L�ZH^zk�UWFKpoJPGb�aFKUxL_G�jKZH^�Q]G�^`FKp�i�GRQIw��}�K^`sYjKiWG�¢�¸lLOZHG�SbhKT_T_GIF�L}LOZKT_N�hHp�ZYTOGRQ]U\Q]LON�T���ãUWQ
¦l§ w å sYU�iWiWUW^�sBjaQ^lL!� Ì�§ JPG�p�T_GIGRQIf ¸odZKU\S$ZusBGR^`FHQnL_ZKGoSbhKT_T_GIF�L!d�^zk�GID{N�T_s�iW^�p�Q Ì`§ ´�VXGIZKUWFHJ�LOZKG�sc^`UWFqQ]N�hKT_SIG
k�N�ixL$^`p�G�d�^zk�GID{N�T_suw
ÆºÇ�È�É�ÊbÈ�Ë&%
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Æ · ZKGIFuhHQOG�JcL_NBJKG�Q_SbT_U�VXGr^�F���� � ha^`F�LOU�L�|�f�LOZHGriWGIFHp`LOZ�N`D�^tk�G�S�L_N�T!TOG�jKT_G�QOGIF�L_Q�LOZKG�^`sYjKiWU�LOhHJPG�N�D�LOZHGd!^zk�G�dZKUWi�G�LOZHG�^�FKp�iWGrN`D�^�k�GRS�L_N�T!TOG�jKTOGRQ]G�F�L_Q�LOZKG�jKZH^�Q]G�^`FHp�iWG�N�D�LOZHGrd�^zk�G�TOG�iW^`LOUWk�G�LONcQ]N�sYG�N�LOZKG�T
ã{T_GbD{GIT_GIFaSbG ç d�^zk�GID{N�T_suw

?VÂ$ä ådÇ�Ô3Ê�Ë\ÌæÓ(Ì�É!A~Î Å´Ò�Ó�ÓjÇ�A~Ç\Î*È
�G�sBG�stVXGITYL_ZH^lLck�GRS�L_N�T$Q�^�TOGusc^lLOZHGIsc^lL_UWS�^`iN�VK~�G�S�L$Q�~�hHQ�LciWU�v�GqF�hHstVXGIT$Q�N�Fy^MF�hKstVXGITciWUWFKG�¢�LOZKG�|ºSI^�F
VXGq^�JKJPGRJ�fnQOhKVPL_T_^�S�LOGRJ�f�s�hKi�LOUWjKi�UWG�J¡f!^�FHJ	JKU�k�U\JPG�J�wç��JHJPUxL_U�N�FçUWQYjXGIT_ZH^`jaQtL_ZKGqG�^�Q]UWG�Q]Lck�G�SbLON�T�N�jaG�T_^`LOUWN�F
LONuk�UWQOhH^�i�U�ÛIG�f¡Q]NudnG Ú iWi�VaG�p�UWF�dU�LOZMLOZH^`L�w(èEDnk�GRS�L_N�T$Q�dU�LOZmSbN�sYsYN�Fe^`FKp�i�GRQ�^�TOGY^�JHJPG�J�f¤L_ZKGIUWT�sc^`p�FHUxL_hHJPG�Q
ã{iWGIFHp`LOZaQ ç ^�JKJ�hHj�~�haQ�L�iWUWv�G�TOG�p�hKi\^`TQ_SI^�iW^�T � hH^�F�L_UxL_U�GRQI¢

length = 6

angle = 0 degreesè length = 8

angle = 0 degreesè total length = 6 + 8 = 14
é

angle = 0 degreesè
ß�UWsYU�i\^`T_i�|�f�U�D����	k�N�ixL$^`p�G�QON�hHT_SIG�Q}dU�LOZcL_ZKG�Q_^`sYG�jKZa^�QOG�^`FKp�i�G�^`T_G�SbN�FHFKG�SbLOG�JcLON�p�GbL_ZKGIT�UWF�QOGIT_U�GRQIf�LOZKG�U�T

k�N�ixL$^`p�G�Q�^�JKJt~�hHQ]L�^�Q�|�N�husBUWp�Z�L�GI��jXG�SbL�dUxL_Z����¦VH^lLOLOG�TOUWG�Q�¢

0 deg
¼

0 deg
¼

0 deg
¼

- + - +

- +

- + - +

- +

6 V 8 V
ê

14 V 14 V

6 V 8 V
ê

ë�iWG�^�Q]G�FKN�LOGL_ZKG ãEì ç ^`FHJ�ã{� ç jXN�i\^`T_U�L�|tsc^`T_vPQ�FKGb��L�L_NgLOZKG�i�GR^�JKQ}N�D¤LOZKGL�d!No���ºQ]N�hKT_SIG�Q�w���k�G�FtL_ZKN�hKp�Z
d!Gov�FKNld2���íJKN�GRQ]F Ú LrZH^zk�Go¸�jaN�iW^�TOU�L�|P¸YU�F�L_ZKG�Q_^`sYGtQOGIFaQ]GgL_ZH^lLr���«JPN�GRQIfaLOZKGRQ]G�sc^`T_v�Q�^`T_GoG�Q_Q]G�F�LOU\^`i�L_Nv�FKNldUWFKp[ZKNld°L_N�T_GbD{GIT_GIFaSbGoL_ZKGBp�UWk�GIF�jHZH^�QOG�^�FKp�iWG�Q�N`D}L_ZKG�k�N�i�L_^�p�G�Q�w���ZKU\QrdU�iWi�VaGRSbN�sYGBsYN�T_Gt^`jKja^`T_GIF�L
UWF�L_ZKGgFKGI��L�GI�K^`sYjKiWG�w
èED�k�G�S�L_N�T$QnJKU�T_G�SbLOiW|cN�jKjXN�QOU�FHptG�^�S$Z[N`L_ZKGIT�ã]î ä ³�´N�hPL!N�D�jKZH^�Q]G ç ^�TOG�^�JHJPG�J[LON�p�GbL_ZKGITRf�L_ZKGIUWT�sc^`p�FHUxL_hHJPG�Q

ã{iWGIFHp`LOZaQ ç QOhKVPL_T_^�S�L�~�hHQ]L�i�UWv�GgjXN�QOUxL_U�k�Gg^`FHJ�FKGIp�^lL_U�k�G�Q_SI^�iW^�T � ha^`F�LOU�LOUWG�QQOhKVPL_T_^�S�LdZKGIF�^�JKJPG�J¡¢
length = 6 angle = 0 degrees

length = 8

total length = 6 - 8 = -2 at 0 degrees
ï

angle = 180 degrees

or   2 at 180 degrees
ß�UWsYU�i\^`T_i�|�fKU�D�N�jKjXN�QOU�FKp[���ík�N�i�L_^`p�GgQ]N�hKT_SIG�Q^�TOGoSIN�FKFKGRS�L_G�JuU�F0QOGIT_UWG�Q�fPLOZKG�U�T�k�N�ixL$^`p�GRQQ]hHVPLOT$^�SbL�^�Q|�N�h

sYU�p�Z�L�Gb�PjaGRS�LdU�LOZ0�g� VH^`L]L_GIT_U�GRQSbN�FHFKG�SbLOG�J�UWFq^�F�N�jKjXN�QOU�FKpBD�^�Q]ZKUWN�F�¢
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0 deg
¼

- + - +

- +

- + -+

-+

180 deg

180 deg

6 V 8 V
ê

6 V 8 V
ê

2 V
½

2 V
½

��GbLOG�TOsYUWFKUWFKpYdZKGbL_ZKGITN�T!FHN`L�LOZKGRQ]Ggk�N�i�L_^�p�G�QON�hHT_SIG�Q�^`T_G�N�jKjXN�QOU�FKpBG�^�S$Z�N�LOZKG�T�TOG � hHU�T_G�Q�^`FuGb�K^�sBUWFH^`�
LOUWN�F�N`DKL_ZKGIUWT}jXN�i\^`T_UxL�|�sc^`T_v�U�FKp�Q Õ`�iÖ LOZKG�U�T}jHZH^�QOGn^�FKp�iWG�Q�w�ó�N`LOU\SbG!ZKNld�L_ZKG!jaN�iW^�TOU�L�|gsc^`T_v�UWFKp�Q¡UWFtL_ZKG!^�VaNlk�G
JPU\^`p�T_^�sôQ]G�GIsôLONcUWFHJPU\SI^lL_Go^�JKJKUxL_U�k�Ggk�N�i�L_^�p�GRQ�ã�D{T_N�sôiWGbD�L�LONcT_U�p�Z�LRfKd!GoQ]G�G��n^`FHJ0ìÛN�FuLOZHG Ì k�N�i�L�QON�hKT$SbG�f�r^�FHJ�ìôN�FmLOZHG ä k�N�ixLtQON�hHT_SIG ç wq��k�GIFeLOZHN�hKp�ZmLOZKGRQ]G[jXN�i\^`T_U�L�|�sc^`T_v�U�FKp�Q�dnN�hKi\JmFKN�T_sc^`iWi�|0UWFHJPU\SI^`LOG�^�F
Õ`Ö[Öl�Mþ��MØz� GbÅ¤G�SbL�U�Fc^g�g��SIU�T$SbhHUxL�ã�L_ZKGL�d!N�k�N�i�L_^�p�GRQ�d!N�T_v�U�FHp�L_N�p�GILOZKG�T�LON�jKT_NPJPhHSbG�^rp�TOGR^lLOG�T�LON`L$^`iPk�N�i�L_^`p�G ç fUWFqLOZKU\Q����íSbUWT_SIhKU�L�LOZKG�| Ú T_Go^�SbLOhH^�i�iW|�jKhaQ]ZKUWFKpcUWF�N�jKjXN�QOU�LOGoJPUWTOGRS�L_U�N�FHQVXG�SI^�hHQOGgN�FKGgN�D�L_ZKN�QOGgk�N�ixL$^`p�G�Q�ZH^�Q
^YjKZH^�Q]G�^`FKp�i�G�N`D�³�´�^`FHJuL_ZKGoN`L_ZKGIT�^cjKZH^�Q]Go^�FKp�iWGgN`Dî ä ³�´Rw���ZKGoT_G�QOhKi�L�fHN�D�SbN�hHT_QOG�fKU\Q�^YL_N`L$^`i¡k�N�i�L_^`p�G�N`D
¦ k�N�ixL$QIw

·eGoSbN�hHiWJ�ZH^zk�Gn~�hHQ]L�^�Q!d!GIiWi�QOZKNldF�L_ZKGgN�jHjaN�Q]UWFKpBk�N�i�L_^�p�GRQ!QOhKVPL_T_^�S�L_U�FKpYUWF�Q]G�TOUWG�Q!iWU�v�G�LOZKU\QI¢

0 deg
¼

- + - +

- +

- +

-+
180 deg

6 V
8 V
ê

6 V
8 V
ê

2 V
½

2 V
½

0 deg
¼

- +

ó�N�LOG�ZKNld,LOZKGujaN�iW^�TOU�LOUWG�Q�^`jKjXG�^�TtL_N�VXG�N�jKjaN�Q]GRJmLONMG�^�S$Z�N`LOZHGITBFKNldgf}JPhKG�LON0L_ZKG�T_GIk�GIT$QO^�i�N`D�dU�T_G
SbN�FKFKGRS�LOUWN�FaQ�N�F�L_ZKG ä k�N�i�LoQ]N�hKT_SIG�w(ßPU�FHSIGYVaN�LOZmQ]N�hKT_SIG�Q�^`T_GtiWU\Q�L_G�Jm^�QrZH^zk�UWFKp�G � hH^`i�jKZH^�Q]GY^`FHp�iWG�QVã�³�´ ç f
LOZHGI|BLOT_hKiW|Y^�TOG�N�jKjXN�QOG�JBL_NtN�FHG�^`FHN`LOZHGITRf�^`FaJYLOZKG�Nlk�G�T_^�i�iKGIÅXGRS�L!UWQ�LOZKGrQO^�sYG�^�Q�LOZKG�D{N�T_sYGITnQ_SbG�FH^`T_UWNodUxL_Z
¸�^�JKJPU�LOUWk�GR¸tjXN�i\^`T_UxL_U�GRQ^`FHJuJPU�ÅXG�TOUWFKpcjKZa^�QOG�^�FKp�iWG�Q�¢}^�LON`L$^`i�k�N�i�L_^`p�G�N�D�N�FKiW| ¦ k�N�i�L_Q�w
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0 deg
- + -+

- +

180 deg

0 deg

0 deg
+ -

6 V 8 V

2 V

2 V

Just as there are two ways to
express the phase of the sources,
there are two ways to express
their resultant sum.��ZKG�T_G�QOhKi�L_^�F�Lnk�N�i�L_^�p�G�S�^`FcVXG�Gb�PjKT_G�Q_QOG�JYUWFcL�dnNoJKUxÅ¤GIT_GIF�Lnd�^z|PQI¢ ¦ k�N�ixL$Q�^`L�î ä ³�´�dU�LOZcL_ZKG(ã{� ç Q]|�s�VaN�iN�F[LOZKG�i�GID�L!^`FaJYLOZKG*ã�ì ç Q]|�s�VaN�iHN�F[LOZKG�TOUWp�Z�L�f�N�T ¦ k�N�ixL$Q�^`L!³�´dUxL_Z[LOZHG(ã�ì ç Q]|�s�VaN�iaN�FYLOZKG�i�GID�L�^�FHJYLOZHG

ã�� ç Q]|�stVXN�iXN�F[LOZKGrTOUWp�Z�LRw��¬T_GIk�G�T_Q_^`iHN`D¡dUWTOGRQ�D{T_N�sõ^`Fu���	k�N�ixL$^`p�G�Q]N�hKT_SIG�U\Q�L_ZKG�QO^�sBGr^�QnjKZH^�Q]GI�EQOZKU�D�LOUWFKp
LOZa^lL�QON�hKT$SbGrV�|�î ä ³�´Rw

8 V
180 deg
- +

8 V

-+
0 degThese voltage sources

are equivalent!

?VÂ]ö Î Ò·Î(Å%Ó Î(È÷ÎÑÐ øHÊ�Î*Ë\Ò�Å�Ç�AXù�ø
ë�N�i\^`T_U�L�|[sc^`T_v�UWFKp�QdUxL_ZKUWF����«SbUWT_SIhKU�L�QOS$ZHGIsc^lL_UWS�QIfX^`FHJqZKNld«L_ZKG�QOGtsc^`T_v�U�FHp�Q�T_GIi\^lLOGoLON[jKZa^�QOGt^`FKp�i�GRQIfaUWQ
^BjaN�LOG�F�L_UW^�i�iW|�SIN�FPD{haQ]UWFKpcQ]hHVP~�G�SbL�w��«D{GId«UWi�iWhHQ]LOT$^lLOUWN�FaQnsc^z|[ZHGIiWj�L_N[Sbi\^`T_UxD{|[LOZKGgU\QOQOhKG�w
�G�sBG�stVXGITYL_ZKUWQYUWsYjaN�T]L$^`F�LcTOhHi�G�¢�jKZH^�QOGuUWQ[^ ¿O�P¾oÕ-þ��MØl� sYG�^�Q]hKT_GIsYG�F�LRf�L_ZKG0^`sYN�hHF�LcN�DrQOZKUxD�L�^�i�d�^z|PQ

VXGIUWFKpYTOGID{GIT_GIFHSIG�JcL_NYN�FKGrjH^`TOLOU\SbhHiW^�T!d�^zk�GID{N�T_s¥UWFq^BSIU�T$SbhHUxLRw��°d�^zk�GID{N�T_s¥V�|[U�L_QOGIi�D�T_G�^�i�iW|[JPN�G�QOF Ú LZH^zk�Gr^jKZH^�Q]G�w�èEL�U\QN�FKiW|�dZHGIFqdnGoSIN�sYjH^�TOG�U�L�dUxL_Z�N`LOZHGITd�^zk�GbD{N�TOscQnLOZa^lL�d!GgSI^`F�Q_^`sYGo^`F�|�LOZHU�FKpYsYG�^�FKUWFKp`D{hKi
^`VXN�hKL!¸`U�L_QnjKZH^�Q]G�w ¸���FHJ�dZKGIF�dnG�TOGID{GIT_GIFHSIGLONY^gd�^zk�GbD{N�TOsqf�dnG�sthHQ]L!sc^�v�G�QOhKT_G�d!G�v�FKNld ×�#��Ô»$#��I�iÖ N`D
LOZa^lLnd�^zk�GID{N�T_s Ú Q}QON�hKT$SbG�UWQnQ]G�TOk�UWFKpt^�Q�LOZKG�TOGID{GIT_GIFHSIG�jXN�UWF�LRw}ë�N�i\^`T_UxL�|osc^�TOvPQ�N�F[���	k�N�ixL$^`p�G�QON�hHT_SIG�Q}GI��U\Q]LQOU�sYjKiW|cLONBjKT_Nlk�UWJPG�^tD{T_^�sBG�N�D�TOGID{GIT_GIFHSIG�D{N�T�jKZH^�QOG�^`FKp�i�GRQIf�T$^lLOZHGIT!LOZH^�F�L_NB^�S�L_hH^`iWi�|[JKGIFKN�LOG�jaN�iW^�TOU�L�|cN`D�^
T_G�^`i�k�N�i�L_^�p�G�w
��ZKU\Q�U\Q!^`FH^�i�N�p�N�haQ�LON�LOZKG�jaN�iW^�TOU�L�|���sc^�TOv�UWFKpgN`D��g�yk�N�i�LOsYGbL_GIT�L_G�Q]L!iWG�^�JKQnV�|cSIN�iWN�TR¢�T_G�J[^�FHJ[VKi\^�S$v¤w¥è�F

GIiWG�SbLOT_N�FKU\SIQnd!N�T_vXf�T_G�JcL�|�jKU\SI^�i�iW|cT_GIjKT_G�QOGIF�L_Qn¸`jXN�QOUxL_U�k�G�¸�^`FHJ�VKiW^�S$vYL�|�jKUWS�^`iWi�|YT_GIjKT_G�QOGIF�L$Qn¸�FKGIp�^lLOUWk�G�w ¸t��N�G�Q
LOZHUWQ�sYG�^�F�L_ZH^lL�L_ZKGYTOGRJ0L_G�Q]L�iWG�^�J0N�Fe^�k�N�ixL_sBGILOG�TrdUWiWi Õ�¾ ×	Õ`úZÀ VXGcSbN�FHFKG�SbLOG�J�LON�LOZHGcjaN�Q]U�LOUWk�GYQ]U\JPGYN`D!^k�N�ixL$^`p�GtQ]N�hKT$SbGt^�FHJ�L_ZKGtVKi\^�S$vuL_G�Q]LriWG�^�J Õ�¾ ×	Õ`úZÀ SbN�FKFKGRS�LOGRJ�L_N[LOZHG�FKG�p�^`LOUWk�GRÖçÃ�DnSIN�hKT$Q]GtFKN`LRûr· ZHN�G�k�G�T
hHQOG�Q�LOZKGok�N�i�LOsYGbL_GIT�U\QD{T_GIGoLON�SIN�FKFKGRS�L�U�L�^�SbT_N�Q_Q^ck�N�ixL$^`p�GgQON�hKT$SbGgZHNldnG�k�GIT�L_ZKGI|ujKiWG�^�Q]G�w!· Za^lL�L_ZKGoL_G�Q]L
iWG�^�JºSbN�iWN�T$QtJKN�U\QtjKT_Nlk�UWJKG�^�ü ¿+Õ�¼c��� ü ¿O� ü �P¿O�I�i»$� D{N�T�LOZKGusc^lL_ZKGIsc^lL_UWS�^`i�Q]UWp�FºN`DLOZHGuJPU\QOjKiW^z|�G�J�k�N�i�L_^�p�G
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�Hp�hKTOG�fKQ]NBL_ZH^lLL_ZKGosYGbL_GIThHQOGITv�FKNld�Q�dZH^`L�^BFKGIp�^lLOUWk�G�N�TjaN�Q]U�LOUWk�G�UWFHJPU\SI^lL_U�N�FqTOGR^`iWi�|[sYGR^`FHQ�UWFqTOG�iW^`LOUWN�F
LONc^�S�LOha^`i�SIU�T$SbhKU�LjaN�iW^�TOU�L�|¤¢

COMA

V

V A

A
OFF

6 V

COMA

V

V A

A
OFF

6 V

Test lead colors provide a frame of reference
for interpreting the sign (+ or -) of the meter’s
indication.
�

�¡UWv�G�dUWQOG�f�ã�ì ç ^�FHJµã�� ç jXN�i\^`T_UxL�|�sY^�TOv�UWFKp�Q!D{N�T�^�Fq���ík�N�i�L_^`p�GgQ]N�hKT_SIGo^`T_Ggp�UWk�G�FqQOUWsBjHi�|�LON[jHTONlk�U\JPGg^
D{T$^`sYGtN�D�TOGID{GIT_GIFHSIGgD{N�TrU�F�L_GIT_jKTOGILOUWFKpcL_ZH^lLgQ]N�hKT$SbG Ú Q�Q]L_^`LOGRJ�jKZH^�Q]GB^`FKp�i�G�w���FHN`LOZHGITrU�iWi�haQ�L_T_^`LOUWN�F�sc^z|qZKGIiWj
UWFehHFHJPGIT$Q]L_^`FaJPU�FHp�L_ZKU\QIwdßPhKjKjXN�QOGYLOZH^`LgL�dnNqhKFKi\^`VXGIiWG�Jm�g�Äk�N�i�L_^�p�GYQ]N�hKT$SbG�Q�^�TOGcSbN�FKFKGRS�LOGRJMLON�p�GbL_ZKGITgUWF
QOGIT_U�GRQIf�^`FaJ0d!G�d�^`F�L�L_N�L_TO|qL_NuJKGbLOG�TOsYUWFKGYdZH^lLrLOZHGtL_N`L_^�i�TOGRQ]hKi�L_^�F�Lrk�N�i�L_^`p�GoU\Q�V�|�T_G�^�JPU�FHp[LOZHGBk�N�i�L_^�p�G
^�SITON�QOQ�G�^�S$Z0N�FKG�ã{UWFHJPUWk�UWJKhH^`iWi�| ç dUxL_Ze^�k�N�ixL_sBGILOG�T�fXLOZHGIFeGIU�LOZKG�T�^�JKJPUWFKp�N�TrQOhKVPL_T_^�S�L_U�FKpusc^lL_ZKGIsc^lL_UWS�^`iWi�|LONB�HFaJuLOZKGg^`FaQ]d!GITRw}��UWT$Q�LRfPdnGgd!N�hKi\J�sBGR^�QOhKT_G�L_ZKGgk�N�ixL$^`p�GrN`D�N�FHG�QON�hHT_SIG�¢
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COMA

V

V A

A
OFF

Source 1 Source 2

Total voltage?

The meter tells us +24 volts

��ZKU\Q!�HT$Q�LsYG�^�Q]hKT_GIsYG�F�L�N`D�ì ¦l§ ^�SITON�QOQ�LOZKGgiWGbD�LO��Za^`FHJ�k�N�ixL$^`p�G�QON�hKT$SbG�LOG�i�i\Q�hHQ!LOZa^lL�LOZKGgVHiW^�S$vci�GR^�J�N`DLOZHGBsYGILOGIT�T_G�^�i�iW|qUWQrL_N�hHS$ZKUWFKp�LOZKGYFKG�p�^lL_U�k�G�QOUWJKGBN�D�k�N�ixL$^`p�G�QON�hKT$SbG��[î�f¡^`FHJ0LOZKGYT_G�J�i�GR^�J0N�D�LOZHGBsYGILOGIT
T_G�^`iWiW|[UWQ!L_N�hHS$ZHU�FKpBL_ZKGgjaN�Q]U�LOUWk�G�w}��Z�haQIfKd!G�v�FKNld¬QON�hKT$SbG���îgUWQ^BVH^`L]L_GIT_|cD�^�SIU�FKpcUWF�LOZKU\QN�T_UWGIF�L_^`LOUWN�F¡¢

Source 1 Source 2

Total voltage?

24 V

¢�GR^�QOhKTOUWFKp�LOZKGgN�LOZKG�ThKFKv�FKNldFuk�N�ixL$^`p�G�QON�hKT$SbG�¢
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COMA

V

V A

A
OFF

Source 1 Source 2

Total voltage?

The meter tells us -17 volts

��ZKU\Q�QOG�SIN�FHJqk�N�i�LOsYGbL_GIT�T_G�^�JPU�FHpHfHZHNldnG�k�GITRfPU\Q�^ �¤���rÕ�þ��MØl� ã{� ç î æ k�N�i�L_Q�fHdZKU\S$ZqLOG�i�i\Q�hHQ�LOZa^lL�L_ZKGtVKi\^�S$v
LOGRQ�L}iWG�^�JtU\Q}^�SbLOhH^�i�iW|�LON�hHS$ZKUWFKp�L_ZKGjXN�QOUxL_U�k�G!QOUWJKG!N�Dak�N�i�L_^`p�GnQON�hKT$SbG�� ¦ f`dZHU�iWG!LOZKG�T_G�JtLOG�Q]L}i�GR^�J�UWQ}^�S�L_hH^`iWi�|LON�hHS$ZKUWFKpBLOZKGgFHGIp�^`LOUWk�G�w���Z�hHQ�fPd!Grv�FKNldíLOZH^`L�Q]N�hKT$SbG�� ¦ U\Q^BVH^lLOLOG�TO|�D�^�SbUWFKpYUWF�L_ZKG �+½[½K��À��MþE� JPU�T_G�SbLOUWN�F¡¢

Source 1 Source 2

24 V 17 V

Total voltage = 7 V
- +

Ã�FKiW|c^lD�LOG�TSbN�T_T_GIi\^lLOUWFKpok�N�i�LOsYGbL_GIT�T_G�^�JKU�FKp�Q�dU�LOZ�LOGRQ�L�i�GR^�J�N�T_U�G�F�L$^lL_U�N�F�SI^�F�d!G�JPGILOGIT_sYU�FHG�L_ZH^lL!LOZHG�QOG
L�d!N�k�N�i�L_^�p�G[QON�hKT$SbGRQo^`T_GcN�jHjaN�Q]UWFKp�G�^�S$Z�N`L_ZKGITRf�T_G�QOhKi�LOUWFKp0UWF�^qLON�L_^�i�k�N�ixL$^`p�GcN`D æ k�N�ixL$Qpã ¦`§ k�N�ixL$Q���î æ
k�N�ixL$Q ç w
��ZKG�jXN�QOUxL_U�k�GVãEì ç ^`FHJ�FKGIp�^lL_U�k�G*ã{� ç jXN�i\^`T_UxL�|[sc^�TOv�UWFKp�Q!^�Q_Q]NPSIUW^`LOG�J�dUxL_Z�^`Fq���çk�N�ixL$^`p�G�QON�hKT$SbG�Q]G�TOk�G

LOZHG�Q_^`sYG!jKhKT_jaN�Q]G^�Q�L_ZKG�TOGRJt^�FHJtVHiW^�S$voSbN�iWN�T$Q�N`DX^r�g�mk�N�ixL_sYGbLOG�T Ú Q�LOGRQ�L}iWG�^�JHQIw¥èEDHL_ZKGIT_Gnd�^�Q�QOhHS$ZY^�L_ZKU�FHp^�Q�^u¸`jKZa^�QOGIsYGbL_GIT$¸cLOZa^lLoSbN�hKiWJeJPUWTOGRS�L_i�|�UWFHJPU\SI^`LOGYjKZH^�Q]GY^`FKp�i�G�ã{U�Lod!N�hKi\J0T_G � hKUWTOGY^uQ]GRSbN�FaJ����°k�N�i�L_^�p�G
QON�hKT$SbGrLON[^�S�L�^�Q^YTOGID{GIT_GIFHSIGrUWFuLOUWsYG ç faUxLrSbN�hHiWJujKT_Nlk�UWJPGrL�d!NcJPUxÅ¤GIT_GIF�L�UWFHJPU\SI^`LOUWN�FHQN�D�jHZH^�QOGo^`FKp�i�G�dZKUWiWGsYG�^�Q]hKT_UWFKptL_ZKGgd�^zk�GbD{N�TOsõN�D�L_ZKGoQO^�sYG����íQON�hKT$SbG�f�JKGIjXGIFHJPUWFKpcN�FuZHNldíd!G�SIN�FKFHG�S�L_G�J�LOZKG�L_G�Q]L�i�GR^�JKQ�¢
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180 deg

- +0 deg

+ -

redblack

black�red

"phasemeter"

"phasemeter"
ß�NafPdZKGIFq|�N�huQOGIGg^�Fu���¦k�N�ixL$^`p�G�JPGRQ]UWp�FH^`LOGRJ�^�Q!QOhHS$Zmwww

+-
0 deg
8 V

w�ww}UxLsYG�^�FHQ!LOZa^lLN�hKTZ�|�jXN`LOZHGbLOU\SI^�i�¸`jKZH^�Q]G�sYGbLOG�T_¸�d!N�hKi\J[T_G�^�J�³�´�jKZa^�QOG�QOZKU�D�LdUxL_ZuU�L_Q¸�FKGIp�^lL_U�k�G�¸
ã{VHiW^�S$v ç LOGRQ�L�i�GR^�JBL_N�hHS$ZKUWFKptLOZKGri�GID�L!dUWT_G�^`FHJ[UxL$Q!¸�jaN�Q]U�LOUWk�GR¸pã{T_G�J ç LOGRQ�L�iWG�^�JcLON�haS$ZKU�FHpgLOZKGrT_U�p�Z�LndU�T_G�f�LOZHG
ã�ì ç ^�FHJ�ã�� ç Q]|�s�VaN�iWQsYG�TOG�i�|[jHTONlk�U\JPU�FHpY^�D{T$^`sYGgN`D�T_GbD{GIT_GIFaSbGrD{N�TL_ZKGgjKZH^�Q]Go^�FKp�iWGr�Hp�hHTOG�w%èEL�dnN�hKi\J�^�iWQON
VXGojaG�T]D{GRS�L_i�|�N�vl^z|cLONcT_GIjHTOGRQ]G�F�L�L_ZH^lL�k�GIT_|�QO^�sYGoQ]N�hKT_SIG Ú Q�jKZH^�Q]G�iWU�v�G�LOZKU\Q ã�FKN`L_UWSIG�LOZKGtQOdU�L_S$ZqU�FqjXN�i\^`T_UxL�|
sc^`T_v�U�FKp�Q ç ¢

+ -

8 V
180 deg

?VÂ
	 Ð Î�Ô3Ê�ËPÌ�� Ó*Ì�É!A¥Î(Å£Ò�Ó�ÓjÇ$A%Ç\Î*È
èEDak�G�SbLON�T$Q�dUxL_Z�hHFHSbN�sBsYN�FB^�FKp�iWG�Q�^`T_G!^�JKJPGRJ�flLOZHGIUWT}sY^�p�FKU�LOhaJPG�Q�ã�i�G�FKp`L_ZHQ ç ^�JKJthHj � hKU�LOGJPU�ÅXG�TOG�F�LOiW|gLOZH^�FLOZa^lL�N`D�QOS�^`i\^`T�sc^`p�FKUxL_hHJPGRQI¢

length = 6
angle = 0 degreesà

length = 8
angle = 90 degreesà

length = 10
angle = 53.13à

degrees
 6 at 0 degrees

8 at 90 degrees
ê

+

10 at 53.13 degrees

Vector addition

èED�L�d!N����«k�N�i�L_^�p�G�Q�� ò ³�´gN�hPL�N`D�jKZa^�QOG��0^`T_Gt^�JKJKG�J�L_N�p�GbLOZHGITrV�|�VXGIUWFKpqSbN�FKFKG�SbLOGRJ�U�FeQ]G�TOUWG�Q�fXLOZKG�U�T
k�N�ixL$^`p�GBsc^�p�FKU�LOhHJKG�QtJKN�FKN`L�JKU�T_G�SbLOiW|e^�JKJmN�TtQOhKVPL_T_^�S�Lt^�QgdUxL_ZºQ_SI^`i\^`Tgk�N�i�L_^�p�G�Q�UWF��g��w�è�FHQ]LOGR^�J�f�LOZHG�QOG
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k�N�ixL$^`p�G � hH^�F�L_UxL_U�GRQ�^`T_GSbN�sBjHi�GI� � hH^`F�L_UxL_U�GRQIf�^�FHJ�~�hHQ]L�i�UWv�G!L_ZKG�^`VXNlk�G!k�GRS�L_N�T$QIf`dZHUWS$Zc^�JHJ�hHjBUWFc^rLOT_U�p�N�FKN��
sYGbL_TOU\S�D�^�QOZKUWN�F¡fa^ Ì k�N�ixL�QON�hKT$SbGg^`L�³�´�^�JKJPG�J�L_N�^`F ä k�N�ixLrQ]N�hKT_SIGg^lL ò ³�´�TOGRQ]hHixL$QU�F�îR³Yk�N�ixL$Q�^lL�^cjHZH^�QOG
^`FHp�iWGrN�D »`å wWî å ´ ¢

0 deg
- + - +

90 deg

53.13 deg
- +

6 V 8 V

10 V

�nN�sYjH^�TOGRJuLONu���°SIU�T$SbhHUxLg^`FH^�i�|PQOUWQ�faLOZKU\Q�U\Qrk�G�TO|qQ�L_T_^�FKp�GtU�FHJKGIG�J¡w�ó�N`L_GoLOZa^lL�UxL Ú QrjXN�Q_Q]UWVKiWGoLON�N�VPL$^`UWF
k�N�ixL_sYGbLOG�T�UWFHJPU\SI^`LOUWN�FHQ�N`D Ì ^�FHJ ä k�N�i�L_Q�f�T_G�QOjaGRS�LOUWk�G�i�|�f�^�SbT_N�Q_Q�LOZKG�L�dnN����	k�N�i�L_^�p�G�QON�hKT$SbGRQIf�|�GbL!N�FKiW|BTOGR^�J
î�³Bk�N�i�L_QnD{N�T�^�L_N`L_^�i�k�N�ixL$^`p�G�û
��ZKG�TOG�UWQ!FKNYQ]hHUxL$^`VKiWGg���ç^�FH^`iWN�p�|BD{N�T!dZH^lLd!G Ú TOGrQ]G�GIUWFKp�ZHGIT_G�dU�LOZ�L�dnNY���yk�N�ixL$^`p�G�Q�QOiWU�p�Z�L_i�|cN�hPL�N`DjKZH^�Q]G�w��g��k�N�i�L_^�p�GRQ�S�^`FYN�FHi�|tJKU�T_G�SbLOiW|�^`U\JBN�T�JPUWT_G�S�L_i�|tN�jKjXN�QOG�f`dU�LOZcFHN`LOZHU�FKpgUWFYVaGIL�dnG�GIF¡w�· U�LOZ[����flL�d!N

k�N�ixL$^`p�G�Q�S�^`FoVXG�^`U\JPU�FHp�N�T�N�jKjXN�QOUWFKp�N�FKGn^�FKN`L_ZKGIT þE��Õ`�Hú#Ö��E�`¿O�$� VaGIL�dnG�GIFgD{hKiWiW|���^`U\JPUWFKp�^�FHJgD{hHi�iW|���N�jKjaN�Q]UWFKpaf
UWFHSbiWhHQOU�k�G�w�· UxL_ZKN�hKLnL_ZKG�hHQOG�N�D¡k�GRS�LON�T�ã�SbN�sYjKiWGb�cF�hKs�VaG�T ç FKN`L$^lLOUWN�F[LON�JKG�Q_SbT_U�VXG���� � hH^�F�L_UxL_U�GRQIf�U�L!d!N�hKi\JVXG Øz�P¿�ú JKU��[SbhHixL�L_NYjaG�T]D{N�TOsÿsc^`LOZKG�sY^`LOU\SI^�i�SI^�iWSIhKiW^`LOUWN�FHQnD{N�T����¦SIU�T$SbhKU�L�^`FH^�i�|PQOUWQ�w
è�FYLOZHG�FKGI��LnQ]GRS�L_U�N�F¡f�d!G Ú iWiaiWG�^�TOFcZKNldyL_NtT_GIjKT_G�QOGIF�L�k�GRS�L_N�T � hH^�F�L_UxL_U�GRQ�UWF�QO|�stVXN�iWUWST$^lL_ZKGIT�LOZH^�F[p�T$^`jHZP�

U\SI^`i�D{N�TOsqw��}G�S�L_N�Tg^`FaJ0L_TOU\^`FKp�i�GYJPU\^`p�T_^�sYQrQOh��[SbGBLONqUWi�iWhHQ]LOT$^lLOGBL_ZKGYp�GIFHGIT$^`i�SbN�FaSbGIjKL�f¡VKhKLosBN�TOGBjKT_G�SIUWQOG
sYGbL_ZKNPJKQ�N�D�QO|�stVXN�iWUWQOsôs�hHQ�L�VXGohHQOG�JuU�D�^`F�|�QOGIT_U�N�hHQSI^�iWSIhKiW^`LOUWN�FHQ^�TOG�L_NcVaGtjaG�T]D{N�TOsYG�J�N�FuL_ZKG�QOG � hH^`FK�LOU�LOUWG�Q�w
ÆºÇ�È�É�ÊbÈ�Ë&%
Æ ����k�N�i�L_^�p�GRQ�SI^�F�N�FKiW|gGIU�LOZKG�T�JKU�T_G�SbLOiW|t^`U\JoN�T�JKU�T_G�SbLOiW|gN�jKjXN�QOGnGR^�S$Z�N`LOZHGIT�dZKGIFYSbN�FKFKGRS�LOGRJoUWFBQOGIT_UWG�Q�w���çk�N�ixL$^`p�G�Q!sc^z|�^`U\J�N�TN�jKjXN�QOG þE��Õl�Hú�Ö��E�-¿_�_� JPGIjXGIFHJKU�FKpcN�F�L_ZKGgjKZH^�Q]GgQOZKU�D�L�VaGIL�dnG�GIFuLOZKG�sqw

?VÂ�Ã Ä Î(ËPÒ�Å£Ò#È�Ó Å%Ì�É!A¥Ò#È��BC�Ë\Ò�Å�È�ÎoA¥ÒrA%Ç\Î(È
è�F0N�T_JPG�TLON�dnN�TOv�dUxL_Z�LOZHG�QOG�SbN�sYjKi�GI�uF�hKs�VaG�T_Q�dUxL_ZKN�hKLrJPT$^zdU�FHpck�G�SbLON�T_Q�fHd!Gg�HT$Q�L�FKGIGRJ0Q]N�sYGov�U�FHJ0N`D
Q]L_^`FaJK^`T$JYsc^lLOZHGIsc^lL_UWS�^`iHFHN`L_^`LOUWN�F¡w}��ZKG�TOG�^`T_GL�dnNtVH^�QOUWS�D{N�T_scQ�N`D�SIN�sYjKiWGb�YF�hKstVXGIT!FKN`L$^lL_U�N�F¡¢ ½H��¾�Õ�¿ ^�FHJ
¿O��»Pþ Õ`����éb¾oÕ�¿ w
ë�N�i\^`T�D{N�T_s UWQrdZKG�TOGB^�SIN�sYjKiWGb��F�hKstVXGIT�U\QrJKGIFKN�LOG�J�V�|�L_ZKG ¾��b���-þ{# ã{N�LOZKG�TOdU\Q]G�v�FKNldF�^�Q�LOZHG ¼HÕI��Á

�H�MþnéÖ�� f Õ�£:ÀI��¾¢ébþE� ØZÕ-¾ éH� fHN�T ¼c��Öéb¾ é�À0ç ^`FaJ�L_ZKG Õl���-¾W� N`D�UxL$Qk�GRS�L_N�T#ã{haQ]hH^�i�iW|�JKGIFKN�LOG�J�V�|�^�Fq^�FKp�iWGgQ]|�s�VaN�iLOZa^lLi�N�N�v�Q�iWUWv�G�LOZKU\QI¢�� ç w���NYhHQOG�L_ZKGgsc^`jq^`FH^�i�N�p�|�f�jXN�i\^`TFKN�L_^`LOUWN�F[D{N�T�LOZKGgk�G�SbLON�T!D{T_N�sÿó�GId¬Â�N�T_v��nUxL�|
LONtßK^`Fm��UWGIp�N�dnN�hKiWJMVXG�Q]N�sYGbLOZHU�FKpqiWU�v�G[¸ ¦`§ ³�³�sYU�iWG�Q�f�QON�hPL_Z�dnGRQ�LRw ¸�á�G�TOG[^�TOG�L�d!N�Gb�K^`sYjKiWG�Q�N�D!k�G�S�L_N�T$Q^`FaJ[L_ZKGIUWT�jXN�i\^`TFKN�L_^lL_U�N�FHQ�¢



å�Ì ¨�������§�©n
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�²

8.49 ∠ 45o

8.06 ∠ -29.74o

(8.06 
�

∠ 330.26o)

5.39 
�

∠ 158.2o
7.81 
�

∠ 230.19o

(7.81 
�

∠ -129.81o)

Note: the proper notation for designating a vector’s angle
is this symbol: ∠

ß�L$^`FHJK^�T_J�N�T_U�G�F�L_^lL_U�N�FcD{N�Tk�G�SbLON�T�^`FHp�iWG�Q!U�Fq��� SIU�T$SbhHUxL�SI^�iWSIhKi\^lLOUWN�FaQ!JKGb�HFKGRQ³�´�^�Q�VXGIUWFKpBLON�LOZKGgT_UWp�Z�L
ã{ZHN�T_UoÛ�N�F�L_^�i ç f�sc^�v�UWFKp ò ³�´cQ]LOT$^`UWp�Z�LohKj�fî ä ³�´BLON0LOZKG�i�GID�L�f�^�FHJ ¦[æ ³�´YQ]LOT$^`UWp�Z�L�JPNldF�w�ë�iWG�^�Q]GcFKN�LOG�LOZH^`Lk�GRS�L_N�T$Q�^�FKp�iWG�J0¸�JPNldFH¸�SI^`FMZH^zk�GB^`FKp�i�GRQ�T_GIjHTOGRQ]G�F�L_G�J�UWFejaN�iW^�T�D{N�TOsÑ^�Q�jXN�QOU�LOUWk�GBF�hHstVXGIT$Q�UWFMGI�KSbG�Q_Q�N`D
î ä ³Kf¤N�TrFKG�p�^lL_U�k�GtF�hKs�VaG�T_QriWG�Q_Q�L_ZH^`F	î ä ³Hwg�KN�T�GI�P^�sYjKi�G�f¡^[k�G�S�L_N�T�^`FKp�i�GRJ�� ¦[æ ³�´Hã�Q�L_T_^�U�p�Z�L�JPNldF ç SI^�F
^`i\QONgVaG�Q_^`U\J�LONoZa^zk�G^`F[^�FKp�iWGN`D¤� ò ³ ´ w}��ZKG�^`VXNlk�G�k�GRS�LON�T�N�FBL_ZKG�T_U�p�Z�L�ã » w § � år¦`Ì ´ ç SI^�FY^�iWQONgVXG�JPGIFHN`LOGRJ^�Q » w § � � å`§ ´zw

0
µ o

90
¶ o

180o

270o

(-90o)

The vector "compass"

�GRS�L_^�FKp�hHiW^�T�D{N�TOsqf¡N�F�L_ZKGcN`L_ZKGITgZa^`FHJ�f�UWQ�dZHGIT_GY^�SIN�sYjKiWGb��F�hKs�VaG�TgUWQgJKGIFKN�LOG�JeV�|0U�L_QgT_G�QOjXG�S�L_U�k�G
ZKN�TOU�ÛIN�F�L$^`iH^�FHJck�GITOLOU\SI^`iaSbN�sYjXN�FKG�F�L_Q�w¥è�F�G�Q_Q]G�FHSbG�f�L_ZKG�^�FKp�iWG�JYk�G�S�L_N�T�U\Q�L_^`v�GIFYL_NtVXG�LOZHG�Z�|�jaN�LOGIF�hHQOG�N�D¡^
T_U�p�Z�L�LOT_UW^�FKp�iWG�fXJPG�Q_SbT_U�VXG�JqV�|�LOZKG�i�G�FKp`L_ZHQ�N�D�LOZKGB^�Jz~]^�SbGIF�L�^�FHJqN�jHjaN�Q]U�LOGtQOU\JPG�Q�w���^lL_ZKGIT�LOZH^�F�JPGRQOSITOUWVKUWFKp
^[k�G�SbLON�T Ú Q�iWGIFKp�LOZe^`FHJ0JKU�T_G�SbLOUWN�F�V�|�JPG�FKN`L_U�FKpusc^`p�FKUxL_hHJPGY^`FHJ�^`FKp�i�G�fXU�L�UWQ�JPGRQOSITOUWVaGRJ0UWF0L_GIT_sYQ�N`D!¸`ZKNld
D�^`TiWGbD�L �zT_U�p�Z�L_¸Y^`FHJu¸`ZHNld D�^`T�hHj!�lJPNldF�w ¸
��ZKGRQ]GL�d!NtJPUWsYGIFHQOUWN�FH^�iH�Hp�hKT_G�Q�ã�ZKN�T_U�ÛIN�F�L$^`ia^�FHJYk�G�T]L_UWS�^`i ç ^`T_G�QO|�stVXN�iWUoÛ�G�JcV�|BL�dnNtF�hHsBG�TOU\SI^�iK�Hp�hKT_G�Q�w

è�FBN�T$JPGIT�LON�JPU\Q�L_U�FKp�hKU\Q]ZtLOZKG�ZKN�TOU�ÛIN�F�L$^`i�^`FHJtk�G�T]L_UWS�^`i�JPU�sYG�FHQ]UWN�FaQ�D{T_N�s2GR^�S$Z�N`LOZHGITRfzLOZKG�k�G�T]L_UWS�^`i�UWQ�jKT_Gb�H��GRJ
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dU�LOZ0^YiWNldnG�T]��SI^�Q]G�¸`U\¸�ã{UWF�jKhKT_GgsY^`LOZKG�sc^lLOU\SIQ ç N�T�¸�~]¸�ã{UWF�GIiWG�SbLOT_N�FKU\SIQ ç w!��ZKG�QOGgiWNldnG�T]��SI^�Q]Gri�GIL]L_GIT$Q�JPNcFKN�L
T_GIjKT_G�QOGIF�L�^cjKZ�|PQOUWS�^`i¡kl^`T_U\^`VKiWGpã�QOhHS$Z0^�Q�U�FHQ]L_^�F�L_^`FHGIN�haQ�SbhKT_T_GIF�L�fX^`i\Q]N[QO|�stVXN�iWUoÛ�G�JuV�|u^ciWNld!GITO�ES�^�QOG�iWGbLOLOGIT
¸`U\¸ ç f�VKhPLgT$^lLOZHGIT�^`T_G�sc^lL_ZKGIsc^`LOU\SI^`i}¸�N�jXGIT$^lLON�T_Q_¸YhHQOG�J�LONqJPU\Q�L_U�FKp�hKU\Q]Z�LOZKGYk�GRS�L_N�T Ú Q�k�G�T]L_UWS�^`i�SbN�sYjXN�FKG�F�L
D{T_N�s«UxL$Q�ZKN�TOU�ÛIN�F�L_^`i�SbN�sYjXN�FKG�F�L�w���Q�^�SbN�sYjKiWGbL_G�SbN�sYjKi�GI�gF�hHstVXGITRf�L_ZKG�ZHN�T_UoÛ�N�F�L_^�i�^`FHJ�k�GITOLOU\SI^�i � hH^`F�LOU�LOUWG�Q
^`T_G�dTOU�L]L_GIFq^�Q^cQOhKsq¢

4 + j4
"4 right and 4 up"

In "rectangular" form, a vector’s length and direction
are denoted in terms of its horizontal and vertical span,"
the first number representing the horixontal ("real") and
the second number (with the "j" prefix) representing the
vertical ("imaginary") dimensions.

4 + j0

"4 right and 0 up/down"

4 - j4
"4 right and 4 down"

-4 + j0
"4 left and 0 up/down"

-4 + j4
"4 left and 4 up"

-4 -j4

"4 left and 4 down"

+j

-j

+ "imaginary"

- "imaginary"

+ "real"- "real"

��ZKG�ZHN�T_UoÛ�N�F�L_^�i�SbN�sYjaN�FKGIF�L�U\Q�T_GbD{G�TOT_G�JrL_N�^�Q�LOZHG ¿O��Õ�¾ SbN�sBjXN�FHGIF�L�flQOU�FHSIG�L_ZH^lL�JPU�sYG�FHQ]UWN�FtUWQ�SbN�sYjH^`LOUWVKiWG
dU�LOZíFHN�T_sY^�i�frQOS�^`i\^`TUã�¸`T_G�^�iW¸ ç F�hKstVXGIT$Q�w���ZHGMk�GITOLOU\SI^`i�SbN�sYjaN�FKGIF�LqUWQ�TOGID{GIT_TOGRJçLONç^�Q�LOZHG �M¼HÕI�����iÕ-¿�úSbN�sYjaN�FKGIF�L�f�Q]UWFHSIGYLOZH^`L�JPUWsBG�FHQOU�N�FeiWUWG�QgUWF�^�JPUxÅ¤GIT_GIF�LtJPUWT_G�S�L_U�N�F¡f�LON`L$^`iWi�|M^`iWU�G�FML_NqLOZKG�QOS�^`iWGBN�DnL_ZKG[T_G�^�i



å`ä ¨�������§�©n
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F�hKstVXGIT$Q�w
��ZKG�¸�TOGR^`i\¸�^`��U\Q�N`D¤L_ZKGp�T$^`jKZYSbN�TOT_G�QOjXN�FHJKQ�L_NgLOZKG�D�^�sYU�iWUW^�T�F�hKstVXGIT�i�UWFKGd!G�QO^zd	G�^`T_iWU�G�T�¢�L_ZKG�N�FKGdUxL_Z

VXN`LOZ�jXN�QOU�LOUWk�Gg^`FHJuFKG�p�^`LOUWk�Ggkl^`iWhKG�Q�N�FqUxLRwn��ZKGt¸�U�sc^�p�UWFH^`T_|P¸t^l�PU\QN`D�LOZHGop�T$^`jKZqSbN�TOT_G�QOjXN�FHJKQnL_N[^`FKN�LOZKG�T
F�hKstVXGITiWUWFKGoQ]U�LOha^lLOGRJq^lL ò ³�´L_NYLOZKGo¸�TOGR^`i\¸tN�FKG�w#�}GRS�L_N�T$Q�VaG�U�FKpBL�d!N`��JPUWsBG�FHQOU�N�FH^`iXLOZHU�FKp�QIfHdnG�sthaQ�L�ZH^zk�G
^�L�dnN��EJKU�sYGIFaQ]UWN�FH^�i�¸`sc^`jH¸BhKjXN�FqdZKU\S$ZuLONYGb�PjKT_G�Q_Q!LOZHGIsqfPLOZ�hHQLOZKG�L�d!NYF�hHstVXGITiWU�FKGRQjXGIT_jaG�FHJPU\SbhKi\^`T�L_N
G�^�S$Z�N�LOZKG�T�¢

0
$

1 2 3
%

4 5
& . . .. . .

-1-2-3-4-5

1

2
'
3
%
4
(
5
&

-1

-2

-3

-4

-5

"real" number line

"imaginary"
number line

��U�LOZHGITtsYGILOZKNPJ�N�D�FKN`L$^lLOUWN�FºUWQ�kl^`iWUWJmD{N�T�SIN�sYjKiWGb��F�hKstVXGIT$QIwM��ZKG�jKT_UWsY^�TO|eT_G�^�QON�FmD{N�TtZH^zk�UWFKp�L�d!N
sYGbL_ZKNPJKQ�N�D}FKN`L$^lLOUWN�F�U\Q�D{N�T�GR^�QOGgN`D�iWN�FKp�ZH^`FaJuS�^`i\SbhKi\^lL_U�N�F¡fXTOGRS�L_^�FKp�hHiW^�T�D{N�T_sÕiWGIFHJKU�FKp�UxL$Q]G�ixD}L_N�^�JHJPUxL_U�N�F
^`FaJ�QOhKVPL_T_^�S�LOUWN�F�fK^`FHJujXN�i\^`T!D{N�T_sôiWGIFHJKU�FKpYU�L_QOGIi�D�L_NcsthKi�LOUWjKiWUWS�^lL_U�N�Fq^�FHJuJPU�k�U\Q]UWN�F�w
�nN�F�k�GIT$Q]UWN�F�VXGbL�d!GIG�FºL_ZKGuL�dnNmFKN�L_^lL_U�N�FH^`i!D{N�TOscQBU�F�k�N�iWk�G�QBQOU�sYjKiWGuLOT_U�p�N�FKN�sBGILOT_|�wº��N�SbN�F�k�GITOLtD{T_N�s

jXN�i\^`T�LONmTOGRS�L$^`FKp�hKiW^�T�f��HFaJ�L_ZKGqTOGR^`iSbN�sBjXN�FHGIF�LBV�|�s�hKixL_U�jHi�|�UWFKp�L_ZKGqjaN�iW^�TYsY^�p�FKU�LOhaJPG�V�|mL_ZKG�SbN�QOUWFKG
N`D}L_ZKGY^`FKp�i�G�fX^�FHJqLOZHG�UWsc^`p�UWFH^�TO|uSbN�sYjXN�FKG�F�L�V�|qsthKi�LOUWjKiW|�UWFKp�LOZKG�jaN�iW^�T�sc^�p�FKU�LOhHJKGtV�|uLOZKGBQ]UWFKGtN�D�LOZHG
^`FHp�iWG�w��ZKU\Q�sc^z|�VXGthKFaJPGIT$Q�L_N�N�JqsYN�TOGgT_G�^�JPU�iW|�V�|qJPT$^zdU�FKpYL_ZKG � hH^�F�L_UxL_U�GRQ�^�Q�QOUWJPGRQ�N�D}^[TOUWp�Z�LLOT_U\^`FKp�i�G�fLOZHG�Z�|�jaN�LOGIF�hHQOG�N�DXL_ZKG�L_TOU\^`FHp�iWGTOG�jKTOGRQ]G�F�LOUWFKp�LOZKG�k�GRS�LON�T�U�L_QOGIi�D%ã�UxL$Q�iWGIFHp`LOZ�^`FHJc^�FKp�iWGdUxL_Z[T_G�QOjaGRS�L�L_NoLOZHG
ZKN�TOU�ÛIN�F�L$^`iHSIN�FHQ]LOU�LOhKLOUWFKpgLOZHG�jXN�i\^`T�D{N�TOs ç f�L_ZKG�ZKN�TOU�ÛIN�F�L_^`iK^�FHJck�GITOLOU\SI^`iaQ]U\JPG�Q�TOG�jKT_G�QOGIF�LOUWFKp�LOZHG�¸`T_G�^�iW¸�^�FHJ¸`UWsc^`p�U�FH^�TO|P¸tTOGRS�L_^�FKp�hHiW^�T�SIN�sYjXN�FKG�F�L$QIfPT_G�QOjXG�S�L_U�k�GIiW|¤¢
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+j3

+4

length = 5

angle =
36.87o

(polar form)

(real component)

(imaginary component)

4 + j3 (rectangular form)

(5)(cos 36.87o) = 4

(5)(sin 36.87o) = 3

5 
)

∠ 36.87o

��N�SbN�F�k�GITOLaD{T_N�s¬TOGRS�L_^�FKp�hHiW^�T¤LONjXN�i\^`TRfb�HFHJrL_ZKG�jXN�i\^`T¡sc^�p�FKU�LOhHJKG�LOZKT_N�hKp�Z�L_ZKG�hHQOG}N`D�L_ZKG�ë�|�L_ZH^`p�N�T_G�^`F
��ZKG�N�T_GIs ã�L_ZKG�jaN�iW^�T�sc^�p�FKU�LOhHJKG!U\Q�LOZKG�Z�|�jaN�LOG�F�haQ]G!N`Da^�T_U�p�Z�L�LOT_U\^`FKp�i�G�f`^`FHJoLOZKG�T_G�^`iP^�FHJoUWsc^`p�UWFH^�TO|gSbN�sB�
jXN�FKG�F�L$Q�^�TOGoLOZKGB^�Jz~]^�SbGIF�L�^`FHJqN�jKjaN�Q]U�LOGBQ]U\JPGRQIfXTOGRQ]jXG�SbLOUWk�G�i�| ç f¤^`FaJqLOZKGB^`FKp�i�GtV�|uL$^`v�U�FHpcLOZKGY^`T$S�L$^`FKp�GIF�L
N`D�LOZHGgU�sc^`p�U�Fa^`T_|[SbN�sYjXN�FKG�F�LJKU�k�U\JPG�JuV�|cLOZHGgTOGR^`i¡SbN�sYjaN�FKGIF�L�¢

4 + j3
*

(rectangular form)

c =+ a, 2 + b2 (pythagorean theorem)

polar magnitude = 4
* 2 + 32

polar magnitude = 5
)

polar angle = arctan, 3

4
*

polar angle =

(polar form)

36.87o

5 
)

∠ 36.87o

ÆºÇ�È�É�ÊbÈ�Ë&%
Æ�- ��¾oÕ-¿ FKN�L_^lL_U�N�F[JPGIFHN`LOGRQn^tSbN�sYjKiWGb�YF�hKstVXGIT!UWFcLOG�TOscQnN`D�UxL$Q�k�G�SbLON�T Ú Q�iWGIFKp�LOZ�^�FHJc^`FKp�hKi\^`TnJKU�T_G�SbLOUWN�FD{TON�sõLOZKGoQ]L_^�T]L_U�FHpBjXN�UWF�L�w����P^�sYjKi�G�¢¥ÝH| §�» sYUWi�GRQ � ¦ ³ å ´ ã{·eG�Q]L�V�|dß�N�hKLOZ�dnGRQ�L ç w
Æ/. ��»\þ�Õl����éb¾�Õ�¿ FKN�L_^lL_U�N�F�JPG�FKN`L_G�Q!^�SIN�sYjKiWGb�cF�hKstVXGIT!U�F�LOG�TOscQnN`D�U�L_Q!ZKN�TOU�ÛIN�F�L$^`iX^`FHJck�GITOLOU\SI^�iXJPUWsYGIFP�Q]UWN�FHQ�w}�}�K^`sYjKiWG�¢}JPT_UWk�G § îrsYU�iWG�Q·eG�Q]L�fKLOZKG�F�L_hKT_Fq^�FHJuJPTOUWk�GYî ä sYUWi�GRQ�ß�N�hKLOZ¡w
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Æ è�FeT_G�SbL_^�FKp�hKi\^`TgFHN`L_^`LOUWN�F¡f�LOZKG[�HT_Q]L � hH^`F�L_UxL�|MUWQ�L_ZKG�¸�TOGR^`i\¸uSIN�sYjXN�FKG�F�L�ã�ZKN�T_U�ÛIN�F�L$^`i�JPUWsYGIFHQOU�N�FmN`Dk�G�SbLON�T ç ^`FHJ�LOZKGgQOG�SIN�FHJ � ha^`F�LOU�L�|[U\Q!LOZKGg¸`UWsc^`p�U�FH^�TO|P¸oSIN�sYjXN�FKG�F�L#ã�k�GITOLOU\SI^�iXJKU�sYGIFaQ]UWN�FuN`D�k�G�SbLON�T ç w
��ZKG�U�sc^`p�U�Fa^`T_|YSIN�sYjXN�FKG�F�LU\Q�jKT_G�SbGRJPG�J�V�|�^Bi�Nld!GITO��SI^�QOG�¸b~bf ¸YQON�sYGbL_U�sYG�QS�^`iWi�GRJ[L_ZKGg¸�~!N�jXGIT$^lLON�T�w ¸

Æ ánN�LOZYjXN�i\^`Tn^�FHJBTOGRS�L$^`FKp�hKiW^�T}D{N�T_scQ}N`D�FKN�L_^`LOUWN�FYD{N�Tn^oSbN�sBjHi�GI��F�hKstVXGIT!SI^�FcVaG�T_GIi\^lL_G�JYp�T_^�jKZKU\SI^`iWiW|U�F�LOZKG�D{N�TOsôN`D�^BT_U�p�Z�L!L_TOU\^`FHp�iWG�fPdU�LOZ�LOZKGgZ�|�jaN�LOG�F�haQ]G�T_GIjKT_G�QOGIF�LOUWFKp�LOZKGgk�G�SbLON�T�U�L_QOGIi�DDã�jaN�iW^�T!D{N�T_su¢
Z�|�jXN`L_GIF�hHQOGi�G�FKp`L_Z10ísY^�p�FKU�LOhaJPG��P^`FHp�iWGdUxL_Z[TOGRQ]jXG�SbL�LON�ZKN�T_U�ÛIN�F�L$^`iHQOUWJKG20¬^`FKp�i�G ç f�LOZKG�ZKN�T_UoÛ�N�F�L_^�i
Q]U\JPG0T_GIjKT_G�QOGIF�L_U�FKpmL_ZKG0T_G�SbL_^`FHp�hKi\^`T�¸�TOGR^`i\¸mSbN�sYjXN�FKG�F�L�f�^`FaJçLOZKG�k�GITOLOU\SI^�i�QOUWJKG0TOG�jKT_G�QOGIF�LOUWFKpmLOZHG
TOGRS�L_^�FKp�hHiW^�T!¸�U�sc^`p�U�Fa^`T_|�¸�SbN�sBjXN�FHGIF�L�w

?VÂ
3 Ð Î�Ô3Ê�ËPÌ�� È�C�Ô54UÌ�Å´Ò�Å�Ç�A76�Ô ÌA~Ç\É

ß�UWFHSbGMSbN�sYjKiWGb�çF�hKstVXGIT$Q[^�TOG�iWGIp�UxL_U�sc^lL_G0sc^lL_ZKGIsc^lL_UWS�^`i�G�F�LOU�LOUWG�Q�f�~�hHQ�Lui�UWv�GMQOS�^`i\^`TcF�hKstVXGIT$Q�fnL_ZKGI|çSI^�F
VXGY^�JKJPGRJ�f¡Q]hHVPLOT$^�SbLOG�J¡f¡sthKi�LOUWjKiWU�GRJ�f�JPUWk�UWJKG�J�f�Q � hH^`T_G�J¡fXUWF�k�G�T]L_G�J�f¡^�FHJ�QOhHS$Z¡f�~�hHQ]LoiWU�v�GB^�F�|qN�LOZKG�Trv�UWFHJMN`D
F�hKstVXGITRw�ß�N�sYG�QOSIU�G�F�LOU��aS�SI^`i\SbhHiW^`LON�T$Q�^�TOG�jKT_N�p�T$^`sYsYG�JcLONYJPU�T_G�SbLOiW|cjaG�T]D{N�TOs�L_ZKG�QOGrN�jXGIT$^lLOUWN�FaQ�N�F[L�d!N�N�T
sYN�T_GcSbN�sYjKiWGb�MF�hHstVXGIT$QIf�VKhPLgLOZHG�QOGcN�jXGIT$^lLOUWN�FaQgSI^`Fm^`i\QONuVXG[JPN�FKGc¸`V�|0ZH^�FHJ�w ¸���ZKUWQtQ]GRS�LOUWN�FedUWi�i�QOZKNld
|�N�h[ZKNld L_ZKG�VH^�QOU\S�N�jXGIT$^lL_U�N�FHQ!^`T_G�jXGITOD{N�T_sBGRJ�w~èELUWQ #��x�z#�¾xú T_G�SIN�sYsYGIFHJKG�JYL_ZH^lL|�N�h[G � hKUWju|�N�hHT_QOGIi�D¡dUxL_Z
^tQ_SbUWGIF�L_Ux�aS�SI^�iWSIhKiW^`LON�TnSI^�jH^`VHi�G�N`D�jXGITOD{N�T_sYU�FKp�^`T_UxL_ZKsYGbLOU\S�D{hKFHS�L_U�N�FHQnG�^�QOUWi�|YN�F�SbN�sYjKiWGb�cF�hKs�VaG�T_Q�w~èEL!dUWi�i
sc^`v�Go|�N�hKT�Q]LOhHJK|�N`D����«SbUWT$SbhKU�L�s�hHS$Z0sYN�T_GojKiWG�^�QO^�F�L�LOZH^�F�U�D�|�N�h Ú T_GgD{N�T$SbGRJqLONuJPN�^�i�i�SI^�iWSIhKi\^lLOUWN�FaQLOZHG
iWN�FKp�GIT�d!^z|�w
��JHJPUxL_U�N�F�^�FHJoQOhKVPLOT$^�SbLOUWN�FodU�LOZYSbN�sYjKi�GI�gF�hHstVXGIT$Q�UWFtT_G�SbL_^`FHp�hKi\^`T�D{N�T_s«U\Q�G�^�Q]|�w��KN�T�^�JKJPU�LOUWN�F¡f`QOUWsBjHi�|

^�JHJghKjgL_ZKG�T_G�^�i�SbN�sYjaN�FKGIF�L_Q�N`DPL_ZKGnSIN�sYjKiWGb��F�hKstVXGIT$Q¡L_N�JPGILOG�TOsYUWFKG}LOZHGnT_G�^�i�SbN�sYjaN�FKGIF�L�N�DPLOZKG�Q]hHsufl^�FHJ
^�JHJ�hHjqLOZKGoUWsc^`p�U�FH^�TO|�SbN�sYjXN�FKG�F�L_QN�D�L_ZKGoSbN�sYjKi�GI�uF�hKs�VaG�T_QLON[JPGILOGIT_sYU�FHGgLOZKGgUWsc^`p�U�FH^�TO|�SbN�sYjXN�FKG�F�L
N`D�LOZHGoQ]hKsq¢

2 + j5
8
4 - j3
*

+9
6 + j2
:

175 - j34
80 - j15+9

255 - j49

-36 + j10
20 + j82
8

+9
-16 + j92

· ZKG�FuQOhKVPL_T_^�S�LOUWFKpYSbN�sBjHi�GI�[F�hHstVXGIT$QnUWFuTOGRS�L_^�FKp�hHiW^�T�D{N�TOsqfKQOU�sYjKiW|[Q]hHVPLOT$^�SbL!L_ZKG�TOGR^`i�SbN�sYjaN�FKGIF�L�N`D
LOZHG[Q]GRSbN�FaJeSIN�sYjKiWGb�eF�hHstVXGIT�D{T_N�sÑL_ZKG[T_G�^�i�SbN�sYjXN�FKG�F�L�N�DnL_ZKGc�HT$Q]LgLON0^`T_T_U�k�GB^`LgLOZKGcT_G�^�i�SbN�sYjXN�FKG�F�L
N`D!LOZHG[JPUxÅ¤GIT_GIFaSbG�f�^`FaJMQOhKVPL_T_^�S�LgLOZHGcU�sc^`p�U�Fa^`T_|�SbN�sBjXN�FHGIF�LgN`D!LOZKG�QOG�SIN�FHJeSbN�sYjKi�GI��F�hKstVXGIToD{TON�sÑLOZHG
UWsY^�p�UWFH^`T_|[SbN�sYjaN�FKGIF�LN`D�LOZKG��aT_Q]L�LON[^`T_T_U�k�G�LOZHGgU�sc^`p�U�Fa^`T_|[SbN�sYjXN�FKG�F�L�N`D�L_ZKGoJPU�ÅXG�TOG�FHSbG�¢

2 + j5
8
4 - j3
* 175 - j34

80 - j15
-36 + j10
20 + j82
8

- - -

-2 + j8 95 - j19
;

-56 - j72
�KN�TYi�N�FKp�ZH^�FHJ�s�hKixL_U�jHi�U\SI^`LOUWN�Fç^`FHJyJPUWk�U\QOU�N�F¡f�jXN�i\^`TYUWQ�L_ZKGuD�^zk�N�T_G�J�FKN`L$^lLOUWN�FºLONmd!N�T_vedU�LOZ�w	· ZKG�F

sthHixL_U�jKiW|�U�FHpuSIN�sYjKiWGb�0F�hKstVXGIT$Q�U�FejaN�iW^�T�D{N�TOsqf¡QOU�sYjKiW| ¼²éb¾ þ�� ½�¾ ú L_ZKGBjaN�iW^�T�sc^`p�FKU�LOhHJPGRQrN`D�L_ZKGcSbN�sYjKiWGb�
F�hKstVXGIT$Q�LON	JKGbLOG�TOsYUWFKG0L_ZKG�jXN�i\^`Tusc^`p�FKUxL_hHJPGMN`DgLOZHG�jKT_NPJPhHS�LRf�^�FHJ Õ`Ö[Ö L_ZKGm^`FKp�i�GRQ[N`DgL_ZKGmSbN�sYjKiWGb�F�hKstVXGIT$Q!LON[JKGbLOG�TOsYUWFKGrLOZKGo^�FKp�iWG�N`D�LOZKGgjHTONPJPhHSbL�¢
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(35 ∠ 65o)(10 ∠ -12o) = 350 ∠ 53o

(124 ∠ 250o)(11 ∠ 100o) = 1364 ∠ -10o

or
1364 ∠ 350o

(3 ∠ 30o)(5 ∠ -30o) = 15 ∠ 0o

��U�k�U\Q]UWN�F�N�D�jaN�iW^�T]��D{N�T_sôSbN�sYjKi�GI��F�hHstVXGIT$Q�U\Q�^`i\QON[G�^�Q]|¤¢�Q]UWsYjKi�|qJPUWk�UWJPGtLOZKG�jaN�iW^�T�sc^`p�FKU�LOhHJPGtN`D}LOZHG
�HT$Q�L�SIN�sYjKiWGb�qF�hKstVXGIT�V�|�LOZKGojXN�i\^`T�sY^�p�FKU�LOhaJPGgN`D�LOZHGtQ]GRSbN�FHJqSbN�sYjKiWGb�uF�hKstVXGITL_N�^`T_T_U�k�G�^`LLOZKGtjaN�iW^�T
sc^`p�FKUxL_hHJPG�N`D�LOZHG � hKN�LOUWGIF�L�fa^`FHJuQ]hHVPLOT$^�SbL!L_ZKGg^`FKp�i�G�N�D�LOZHGoQ]GRSbN�FaJ�SIN�sYjKiWGb��F�hKs�VaG�T�D{TON�sõLOZKGo^�FKp�iWGrN`D
LOZHG��HT_Q]L�SbN�sBjHi�GI��F�hKstVXGIT�L_Nc^`T_TOUWk�G�^lL�LOZHGo^`FKp�i�G�N`D�LOZHG � hHN`LOUWGIF�LR¢

35 ∠ 65o

10 ∠ -12o =

124 ∠ 250o

11 ∠ 100o =

3 ∠ 30o

5 
)

∠ -30o =

3.5 
>

∠ 77o

11.273 ∠ 150o

0.6 
?

∠ 60o

��N�N�VPL$^`UWFgLOZHG�T_G�SbUWjKT_NPSI^`i�fRN�T�¸�U�F�k�GITOL_¸�ã�î@�R� ç fl^�SbN�sYjKiWGb��F�hKstVXGITRflQ]UWsYjKiW|�JKU�k�U\JPG�L_ZKG�F�hKs�VaG�TSã�U�F�jaN�iW^�T
D{N�T_s ç UWF�L_N0^0Q_SI^`i\^`Tgkl^�i�hKGcN�Dgî�f�dZKUWS$Z�U\QgFKN�LOZKUWFKp0sYN�TOGYL_ZH^`F�^�SIN�sYjKiWGb�MF�hKs�VaG�TtdU�LOZ�FKN�U�sc^`p�U�Fa^`T_|
SbN�sYjaN�FKGIF�L#ã�^�FKp�iWGA0Û³ ç ¢

1
= =

1
= =

1
= =

1 ∠ 0o

1 ∠ 0o

1 ∠ 0o

35 ∠ 65o 35 ∠ 65o

10 ∠ -12o 10 ∠ -12o

0.0032 
µ

∠ 10o 0.0032 
µ

∠ 10o

0.02857 
?

∠ -65o

0.1 
?

∠ 12o

312.5 
>

∠ -10o

��ZKGRQ]Gt^�TOGoLOZKG�VH^�QOUWSoN�jXGIT$^lLOUWN�FaQ�|�N�h�dU�iWi�FKGIGRJqLON�v�FHNld«UWF0N�T_JPG�T�L_N[sc^`FKUWjKhKi\^lL_G�SbN�sYjKi�GI��F�hHstVXGIT$Q
UWF	L_ZKG�^`FH^�i�|PQOUWQBN�Dr���ôSbUWT_SIhKUxL$QIw¦Ã�jXGIT$^lLOUWN�FaQ�dU�LOZ SIN�sYjKiWGb�ºF�hKs�VaG�T_QY^`T_GqV�|�FKNmsYG�^`FaQ�iWUWsBU�LOGRJM~�hHQ�L
LONu^�JKJKUxL_U�N�F¡fXQOhKVPL_T_^�S�L_U�N�F¡fas�hKi�LOUWjKi�U\SI^`LOUWN�F¡f¤JPUWk�UWQOU�N�F¡f¤^`FHJ�UWF�k�G�T_QOU�N�F¡fHZHNldnG�k�GITRw���UWT]L_hH^`iWiW|q^�F�|u^�TOU�LOZKsYGILOU\S
N�jXGIT$^lL_U�N�FyLOZH^`L�SI^`F VXG�JPN�FKG�dU�LOZ¦Q_SI^`i\^`TcF�hKs�VaG�T_Q�SI^`FçVXG�JPN�FKG0dU�LOZ¦SbN�sYjKi�GI�	F�hKs�VaG�T_Q�f�U�FHSIi�haJPU�FHp
jXNldnG�T_Q�fnT_N�N`L$QIfQON�iWk�UWFKp�QOU�s�hKi�L_^`FHGIN�haQcG � hH^`LOUWN�FHQ�dUxL_Z¦SbN�sYjKiWGb� SbN�GB�cSIU�G�F�L_Q�f�^�FHJçGIk�GIFçL_TOUWp�N�FKN�sYGbL_TOU\S
D{hKFHSbLOUWN�FHQ�ã�^`i�LOZKN�hKp�Z�LOZHUWQ�UWF�k�N�iWk�GRQ�^�dZKN�i�G�FKG�dºjXGIT$Q]jXG�SbLOUWk�G!U�FBLOT_UWp�N�FHN�sYGbL_TO|gSI^�i�iWG�J #�ú+½H�\¿I£$�-¾ �Ô» ü éP�i»Pþ����`�FÀdZKU\S$Z UWQ[dnG�i�i�VXGI|�N�FHJyL_ZKG0Q_SbN�jXG0N�D�L_ZKUWQ�JPU\QOSIhHQOQOUWN�F ç w¬á!G�QOhKTOGqL_ZH^lL[|�N�h Ú T_GqD�^`sYU�iWU\^`T[dU�LOZçL_ZKG0VH^�Q]U\S
^`T_U�LOZKsYGbL_UWSuN�jaG�T_^`LOUWN�FHQBN`D�^�JKJKUxL_U�N�F¡f!QOhKVPL_T_^�S�L_U�N�F¡f�s�hKixL_U�jHi�U\SI^`LOUWN�F¡f!JPU�k�U\Q]UWN�F�f!^�FHJºUWF�k�G�T_QOU�N�F¡f�^�FHJº|�N�h Ú iWiZH^zk�G�iWUxLOLOiWGgLOT_N�hHVKi�G�dU�LOZ����íSbUWT_SIhKUxL�^�FH^`iW|PQ]U\QIw
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Æ ��No^�JKJYSbN�sYjKiWGb�BF�hKstVXGIT$Q}UWFBT_G�SbL_^�FKp�hKi\^`T�D{N�TOsqf�^�JKJ�LOZHG�TOGR^`iKSIN�sYjaN�FKGIF�L$Q�^`FHJc^�JKJ�LOZKG�U�sc^`p�U�Fa^`T_|SbN�sYjXN�FKG�F�L_Q�w%ßPhKVPLOT$^�SbLOUWN�FuUWQ�Q]UWsYU�i\^`TRw

Æ ��NBsthKi�LOUWjKiW|�SbN�sYjKi�GI�[F�hKstVXGIT$Q!U�FujaN�iW^�T!D{N�T_suf�s�hKixL_U�jHi�|cL_ZKG�sc^`p�FHUxL_hHJPG�Q�^�FHJ�^�JKJcL_ZKGg^`FKp�i�GRQIw���NJPU�k�U\JPG�fKJKU�k�U\JPG�LOZKGgsc^�p�FKU�LOhHJKG�Q^`FaJuQOhKVPL_T_^�S�LN�FHG�^�FKp�iWGrD{TON�sõLOZHGgN`LOZHGITRw

?VÂDC å�ÎBÔ Ì Ì��dÒoÔ3Ê�ËPÌ�ÍþÒ¶Ç$A#6÷Î Ð É�Ç\Å%É�C�Ç�A¥Í
�¡GIL Ú QtSIN�FKFKGRS�LoL_ZKT_GIG����¥k�N�i�L_^`p�GcQ]N�hKT_SIG�QgUWFºQOGIT_U�GRQo^`FaJmhHQ]G�SbN�sYjKiWGb�mF�hKstVXGIT$QgL_N�JPGILOGIT_sYU�FHG�^�JKJKUxL_U�k�G
k�N�ixL$^`p�G�Q�w���iWi�L_ZKG[T_hKi�GRQo^`FaJMi\^zd�QgiWG�^�TOFKGRJeU�FeLOZHG�Q�L_hHJP|eN`D��g�ÄSIU�T$SbhHUxL$Qo^`jKjHi�|�LON����ÄSbUWT_SIhKU�L_Qo^�QgdnG�i�i
ã�Ã�ZHs Ú Q%��^zdgf ¡ UWT$S$ZKZKN`Å Ú Q~��^zd�Q�flFKGbL�d!N�T_vo^`FH^�i�|PQOUWQ�sYGbL_ZKNPJKQ ç f�dU�LOZ�LOZKG�GI�PSIGIjPL_U�N�F�N�DajXNldnG�T�S�^`i\SbhKi\^lL_U�N�FHQ�w
��ZKGoN�FKiW| � hH^`iWU��aSI^`LOUWN�FqUWQ�LOZH^`L�^`iWi�kl^�TOU\^`VKiWG�Q ¼Vé�À:þ VXGoGb�PjKT_G�Q_QOG�JuU�F0SIN�sYjKiWGb��D{N�T_sufHL_^�v�UWFKpcUWF�LON�^�SISbN�hKF�L
jKZH^�Q]G�^�Qd!GIiWi�^�Qsc^`p�FHUxL_hHJPG�f¤^`FaJ�^`iWi¡k�N�ixL$^`p�GRQ�^`FaJ�SbhKT_TOG�F�L_Q�sthaQ�LrVaGoN�D�LOZKGBQO^�sBG�D{T_G � hKG�FHSb|�ã{UWF�N�T$JPG�TLOZa^lLLOZHGIUWTjKZH^�QOGgT_GIi\^lLOUWN�FaQ]ZKUWjHQ!T_GIsc^`UWFuSIN�FHQ]L_^�F�L ç w

load

+

-

-

+

-

+

E1

E2

E3

22 V 
8

∠ -64o

12 V ∠ 35o

15 V ∠ 0o

��ZKG�jXN�i\^`T_U�L�|tsc^`T_vPQ�D{N�T!^`iWiKLOZHTOG�G�k�N�ixL$^`p�GQON�hKT$SbGRQ�^`T_GN�T_UWGIF�LOGRJYU�F[QOhHS$Z[^gd�^z|oL_ZH^lLnLOZKG�U�T!Q�L$^lLOGRJYk�N�ixLO�
^`p�G�Q!Q]ZHN�hKi\J�^�JKJcL_NYsY^�v�G�LOZKGrL_N`L_^�i�k�N�ixL$^`p�Gr^�SITON�QOQ�LOZKG�iWN�^�J�TOGRQ]U\Q]LON�TRw�ó�N`L_UWSIGrLOZH^`L^�ixL_ZKN�hHp�Z�sc^�p�FKU�LOhHJKG
^`FaJ0jKZH^�Q]GB^`FKp�i�G�UWQrp�U�k�GIF�D{N�T�GR^�S$Z����«k�N�i�L_^�p�GtQON�hKT$SbG�faFHN�D{T_G � hKG�FHSb|qkl^`iWhKGBUWQ�QOjaGRSbU��HG�J�w�èED�LOZKU\QrUWQ�LOZHG
SI^�Q]G�f�UxLgU\Q�^�Q_Q]hKsYGRJ�LOZa^lLo^`iWi�D{TOG � hHGIFHSIU�GRQr^�TOGBG � hH^�i�f¤L_Z�hHQ�sYGIGbL_U�FHp�N�hKT � ha^`iWUx�aS�^lL_U�N�FHQ�D{N�Tg^`jKjHi�|�UWFKpu�g�T_hKi�GRQL_N�^`FM���«SbUWT_SIhKUxLVã�^�i�i��Hp�hHTOGRQ�p�UWk�G�F�U�FMSbN�sYjKiWGb�qD{N�TOsqf¤^`iWi�N`D}L_ZKGYQO^�sBGoD{TOG � hHGIFHSI| ç w���ZKGBQ]GILOhKj�N`D
N�hHTG � hH^lL_U�N�F�L_NB�HFHJ�LON�L_^`i�k�N�i�L_^�p�G�^`jKjXG�^�T_Q�^�QQ]hHS$Z�¢

E
E

total = E1 + E2 + E3

(22 V ∠ -64o) + (12 V ∠ 35o) + (15 V ∠ 0o)E
E

total =ârT$^`jKZKU\SI^�i�iW|�f�L_ZKGgk�GRS�LON�T_Q�^�JKJuhKjqU�F�LOZKU\Qsc^`FHFKGITR¢
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22 ∠ -64o

12 ∠ 35o

15 ∠ 0o

��ZKGYQ]hHs N`D�L_ZKG�QOG�k�G�SbLON�T$Q�dUWiWi}VaGY^�T_G�QOhKi�L_^�F�Lrk�GRS�LON�T�N�TOUWp�UWFH^`LOUWFKp�^lLrLOZHGYQ]L_^�T]L_U�FHp�jXN�UWF�LrD{N�TrL_ZKG ¦[¦
k�N�ixL!k�GRS�LON�T�ã�JPN`L�^lLnhHjKjaG�T]�EiWGbD�L�N`D�JPU\^`p�T_^�s ç ^`FHJYL_GIT_sYU�FH^`LOUWFKp�^`L�L_ZKG�G�FHJPUWFKptjXN�UWF�L�D{N�T�L_ZKGtî » k�N�ixLnk�G�SbLON�T
ã�^�TOT_Nld L_U�j�^lL�L_ZKGgsYUWJKJKi�GI��T_U�p�Z�L�N�D�L_ZKGoJPU\^`p�T_^�s ç ¢

resultant vectorH

22 ∠ -64o

12 ∠ 35o

15 ∠ 0o

è�FqN�T$JPGIT!L_N[JPGbL_GIT_sBUWFKGgdZH^`LLOZKGgT_G�QOhKi�L_^�F�Lk�G�S�L_N�T Ú Q!sc^`p�FKU�LOhHJPGo^�FHJq^`FKp�i�Gg^�TOG�dU�LOZKN�hPL�TOGRQ]N�T]L_U�FHptL_Np�T$^`jHZKUWS�UWsc^`p�G�Q�f`dnG�SI^`FcSIN�F�k�G�T]L�GR^�S$ZYN�FKGN�D¤LOZKGRQ]G�jXN�i\^`TO��D{N�T_sÄSbN�sBjHi�GI�BF�hKs�VaG�T_Q}UWF�LONoT_G�SbL_^�FKp�hKi\^`T�D{N�TOs
^`FaJ�^�JHJ�wo�GIsYG�stVXGITRf�dnG Ú T_G Õ[Ö`Öl����� LOZHG�QOGt�Hp�hKT_G�Q�LON�p�GbL_ZKGITrVXG�SI^�hHQOGtL_ZKG�jXN�i\^`T_U�L�|usc^�TOvPQ�D{N�TrLOZKG�LOZHTOG�Gk�N�ixL$^`p�GrQON�hKT$SbGRQ�^`T_GrN�TOUWGIF�L_G�J[UWF�^`F�^�JHJPUxL_U�k�G�sY^�FKFKG�T�¢



§�§ ¨�������§�©n
«ªH�¬¨�®0�n��©�¯°��±�®0 �©n
�²

15 

9.8298
¶
9.6442
¶ + j6.8829 V

- j19.7735 V

+ j0        V

+

34.4740 - j12.8906 V
>

15 V ∠ 0o = 15 + j0 V

12 V ∠ 35o = 9.8298 + j6.8829 V

22 V 
8

∠ -64o = 9.6442 - j19.7735 V

è�F�jXN�i\^`TD{N�TOsqfKL_ZKU\Q�G � hH^`LOGRQ�LON å�Ì w ä ³ »`¦ k�N�i�L_QI� � ¦ ³Kw » ³Hî ä ´Iw�· ZH^`L�LOZHUWQ�sYG�^`FaQU�F�T_G�^�i�LOG�TOscQ�UWQ�LOZH^`L
LOZHG�k�N�ixL$^`p�GsBGR^�QOhKT_G�JY^�SITON�QOQ�L_ZKG�QOGL_ZKTOG�G�k�N�ixL$^`p�G�Q]N�hKT_SIG�Q}dUWiWiaVXG å�Ì w ä ³ »[¦ k�N�i�L_Q�f�i\^`p�p�UWFKp�LOZKG�î » k�N�i�L�ã�³�´
jKZH^�Q]G�TOGID{GIT_GIFHSIG ç V�| ¦ ³Hw » ³Kî ä ´�w��¬k�N�ixL_sYGbLOG�TnSIN�FKFKGRS�L_G�J[^�SbT_N�Q_Q�LOZKGRQ]G�jaN�U�F�L$Q�UWF�^gT_G�^�iaSbUWT$SbhKU�Lnd!N�hKi\JYN�FHi�|UWFHJPU\SI^lL_GYLOZKG�jaN�iW^�TgsY^�p�FKU�LOhaJPG[N`D!LOZHG[k�N�ixL$^`p�G�ã å�Ì w ä ³ »`¦ k�N�i�L_Q ç f�FKN`LtLOZKG�^�FKp�iWG�w���F�N�Q_SbUWiWi�N�QOSIN�jXGBSIN�hKi\J
VXGBhaQ]GRJ0L_NqJKUWQOjKi\^z|qL�dnNuk�N�ixL$^`p�G�d!^zk�GbD{N�TOscQr^`FHJ�LOZ�hHQ�jKT_Nlk�UWJKG�^ujKZH^�Q]GYQ]ZHUxD�LosYG�^�Q]hHTOG�sBG�F�L�f�VKhPLoFHN`Lg^
k�N�ixL_sYGbLOG�T�wo��ZHGBQ_^`sYGtjHTOUWFHSbUWjKiWG�ZHN�i\JKQ�LOT_hKGtD{N�Tg���°^`sYsYGbL_GIT$QI¢L_ZKGI|�UWFHJPU\SI^`LOG�LOZKGYjXN�i\^`Trsc^`p�FHUxL_hHJPGBN`D
LOZHGoSbhKT_TOG�F�L�fPFKN�L!L_ZKGgjKZH^�Q]Gg^�FKp�iWG�w

��ZKU\Q!UWQ�GI��L_TOG�sYGIiW|cU�sYjXN�TOL_^`F�LUWF�T_GIi\^lL_U�FKpYSI^�iWSIhKi\^lLOGRJc�Hp�hKT_G�Q!N`D�k�N�i�L_^�p�Gr^`FHJuSbhKT_T_GIF�LnL_N�T_G�^�i�SbUWT_SIhKUxL$QIw
��i�LOZHN�hKp�ZuT_G�SbL_^�FKp�hKi\^`T�FKN�L_^`LOUWN�FqUWQ�SbN�F�k�GIFKUWGIF�L�D{N�T�^�JKJPU�LOUWN�F�^`FaJuQOhKVPL_T_^�S�L_U�N�F¡fK^`FHJud�^�Q�UWFHJPG�G�JuLOZHG��HFH^`i
Q]LOGIj�U�F0N�hKT�Q_^`sYjKiWGojKT_N�VHi�G�sÕZKG�TOG�faU�L�U\Q�FKN`L�k�GIT_|u^�jKjKiWUWS�^`VKiWGgL_N�jKT$^�SbLOU\SI^`i�sBGR^�QOhKT_GIsYGIF�L_Q�w��GRS�L_^�FKp�hHiW^�T
�Hp�hKTOGRQ�sthHQ]L�VXGtSbN�F�k�GITOLOGRJcL_N[jaN�iW^�T��Hp�hHTOGRQ#ã�QOjaGRSbU��aSI^�i�iW|�jXN�i\^`T ¼HÕI���H�MþnéÖ��+ç VXGbD{N�TOG�L_ZKGI|qSI^�FuVXGoT_GIi\^lL_G�J
LONc^�S�LOha^`i�SIU�T$SbhKU�LsYG�^�QOhKT_GIsYGIF�L$QIw

·eG�SI^�F�hHQOG*ßPë	èO�!�çLON[k�GIT_UxD{|�LOZHG�^�S�SbhKT$^�SI|�N�D�N�hKT�TOGRQ]hKi�L_Q�w�è�F�L_ZKU\Q�L_G�Q]LrSbUWT$SbhKU�L�faLOZKG�î�³cvKJ«T_G�QOUWQ]LON�T
kl^`iWhKGtU\Q � hHUxL_G�^`T_VKU�LOT$^`T_|�w�èEL Ú Q�LOZHGIT_G�QONcLOZH^`L�ßPë	èO�!�íJPN�GRQ�FKN�LrJPGRSbi\^`T_Gt^`F0N�jaG�FP��SbUWT_SIhKUxLrGIT_TON�T�^`FaJ0^`VXN�TOL
^`Fa^`iW|�QOU\QIw���iWQONHfRL_ZKGnS$ZKN�UWSIG�N`DPD{T_G � hKG�FHSbUWG�Q�D{N�T�LOZKG!Q]UWsthHiW^`LOUWN�Fpã Ì ³�á�Û ç U\Q � hHUxL_Gn^`T_VKU�LOT$^`T_|�fRVaGRSI^�hHQ]G�TOGRQ]U\Q�L_N�T$QT_G�QOjaN�FHJ¦hKFHUxD{N�TOsYiW|çD{N�T�^`iWirD{TOG � hHGIFHSIU�GRQ�N�D����þk�N�i�L_^`p�GM^�FHJíSIhKTOT_GIF�LRwô��ZKGIT_GM^�TOGeN`L_ZKGIT�SIN�sYjaN�FKGIF�L$Q
ã{FHN`L_^�VKiW|�SI^�jH^�SIUxL_N�T$Q�^`FHJBUWFHJPhHSbLON�T$Q ç dZKUWS$ZcJPN�FKN�L�TOGRQ]jXN�FaJ�hHFKUxD{N�TOsYiW|oL_NoJPUxÅ¤GIT_GIF�L}D{T_G � hKG�FHSbUWG�Q�f`VKhPL�LOZH^`LU\Q^`FKN�LOZKG�T�Q]hKVK~�G�S�LRû
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1 10 kΩ

22 V 
8

∠ -64o

12 V ∠ 35o

15 V ∠ 0o

NPO/QKR�SUT�NWVKXYN[Z[Z!\]T^\_R_`Qbaca/dcNPOea]fcdhg�\i`QKjcjkalNPOea]jcmnf�g�\o`QKmcmpjcNPOYjnjpq[rWshg�\o`tbalmpdua]dWv
w NPOYSP\i`xalrndcrnd y{z}|�~^g�\o`nV�N��[tKXW�W~PXU`^O]��R[�crnd����
w�� t!\o`�TcNPO/Q��Dm#��d���Q � �Dm7��d�� NPg�N�Z�X[�nNU~�SUTYQ�N�S_~PX
w XU`�Z

�[tKXW� Q��DmP� Q � �Dm��r w d[dndW����d!a m w r[�^ai����d!a�q[j w dnfndW���nd^a

� hKT_GrGIFKN�hKp�Z¡fPd!G�p�GIL^tLON�L_^�i�k�N�i�L_^�p�GrN`D7� Ì w �Kî�k�N�ixL$Q�� � ¦ ³Hw » ´A� dUxL_ZqTOGID{GIT_GIFHSIG�L_N�L_ZKGYî » k�N�ixLQON�hKT$SbG�fdZKN�Q]G�jKZH^�Q]Gg^�FKp�iWG�d!^�Q!^�TOVHUxL_T_^�TOUWi�|[Q]L_^`LOGRJu^`L��IGIT_NcJPGIp�TOG�G�Q�QONY^�Q!LONYVXG�LOZKGo¸�TOGID{GIT_GIFHSIG�¸�d!^zk�GbD{N�T_s���w
�!L�HT$Q�L�p�iW^�FHSbG�fPLOZHUWQU\Q�SIN�hKF�LOG�T]�EUWF�L_hKU�LOUWk�G�w���Nld«UWQU�L�jXN�Q_Q]UWVKiWGrLON[N�VPL_^�U�Fq^BLON�L_^`i�k�N�i�L_^�p�G�N`DX~�hHQ]L�Nlk�G�T� Ì k�N�i�L_QgdU�LOZ î » k�N�i�L�fnî ¦ k�N�ixLRf�^�FHJ ¦`¦ k�N�ixLtQOhKjKjKiWUWG�QoSIN�FKFKGRS�L_G�JeU�F�QOGIT_UWG�Q$Ö°· UxL_Zº�g��f�LOZKU\Qod!N�hHiWJeVXG

UWsBjXN�Q_QOU�VKiWG�f¤^�Q�k�N�ixL$^`p�G��ap�hKT_G�Q�dU�iWi�G�UxL_ZKGITrJPUWTOGRS�LOiW|�^�JKJqN�T�QOhKVPL_T_^�S�L�f¤JPG�jaG�FHJPUWFKp�N�F�jaN�iW^�TOU�L�|�w�á!hPLrdUxL_Z
����f¡N�hKTt¸`jXN�i\^`T_U�L�|�¸ � jHZH^�QOG[Q]ZHUxD�L
�gSI^�Fekl^�TO|�^�F�|�dZHGIT_GBUWFmVaGIL�dnG�GIFeD{hKiWix��^`U\JPUWFKp0^`FaJ�D{hHi�i���N�jKjXN�QOU�FKpaf�^�FHJ
LOZHUWQ�^�i�iWNld�QnD{N�T�QOhHS$ZujH^`T$^�JPNz�PU\SI^�iXQOhKsYsYU�FKpaw
· ZH^`L!U�D�d!GrLON�N�vYL_ZKGgQO^�sBG�SbUWT$SbhKU�L�^�FHJ[T_GIk�GIT$Q]GRJcN�FHG�N�D�LOZHG�QOhKjKjHi�|^� Q!SIN�FKFHG�S�L_U�N�FHQ$Ö1�EL_QSbN�F�LOT_U�VKhKLOUWN�F

LONBL_ZKG�LON�L_^`i�k�N�i�L_^�p�GrdnN�hKi\J[L_ZKGIFqVXG�LOZKGgN�jKjaN�Q]U�LOG�N�D�dZH^`LUxL�d�^�Q�VXGbD{N�TOG�¢
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load

+

-

-

+

-

+

E1

E2

E3

Polarity reversed on
source E2 !

22 V ∠ -64o

12 V ∠ 35o

15 V ∠ 0o

ó�N�LOG�ZKNldíLOZKGcî ¦ k�N�i�L�Q]hKjHjKi�|^� QjKZH^�Q]Gg^�FKp�iWG�UWQQ]LOUWi�i�TOGID{GIT_TOGRJcLON[^�Q�� » ´zfKGIk�GIF�LOZKN�hKp�Z�LOZHGgi�GR^�JKQ�ZH^zk�G
VXGIGIFcT_GIk�GIT$Q]GRJ�w��G�sYGIstVXGIT�LOZH^`L}LOZKG�jKZH^�QOG�^`FHp�iWG!N�D¡^`F�|ok�N�ixL$^`p�G�JKTON�jBU\Q�Q]L_^`LOG�JBUWFcTOGID{GIT_GIFHSIG!LONoU�L_Q}FHN`LOGRJ
jXN�i\^`T_UxL�|�w[��k�G�F�L_ZKN�hHp�ZeLOZKG�^`FKp�i�GYU\QoQ�L_U�iWi�dT_UxLOLOG�Fm^�Q�� » ´zf¡L_ZKGck�GRS�L_N�TgdUWi�i�VXG�JPT$^zdFyîi��³�´oN�jKjXN�QOUxL_GcN`D
dZH^`L�UxL�d�^�Q!VXGbD{N�T_G�¢

22 ∠ -64o

12 ∠ 35o (reversed) = 12 ∠ 215o

or
-12 ∠ 35o

15 ∠ 0o

��ZKGT_G�QOhKi�L_^`F�L � Q]hKs���k�G�SbLON�T�Q]ZKN�hKi\JYVaG�p�UWFY^`L�LOZHG�hKjKjXGITO��iWGbD�LnjaN�U�F�L � N�T_U�p�U�FYN`D¤L_ZKG ¦`¦ k�N�i�L�k�GRS�LON�TD��^�FHJLOG�TOsYUWFH^lL_Gg^lLLOZHGgTOUWp�Z�L�^`T_TONldçL_U�jqN�D�L_ZKGcî » k�N�ixLk�G�S�L_N�TR¢
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resultant vector

22 ∠ -64o

12 ∠ 35o (reversed) = 12 ∠ 215o

or
-12 ∠ 35ο

15 ∠ 0o

��ZKGoSIN�FKFKGRS�L_U�N�FuT_GIk�GIT$QO^�i¤N�FuLOZKGcî ¦ k�N�ixL�QOhKjKjKiW|uS�^`FqVXGgTOG�jKTOGRQ]G�F�LOG�J�UWFqL�dnNcJPU�ÅXG�TOG�F�L�d!^z|PQ!UWF�jaN�iW^�T
D{N�T_sq¢�V�|[^�F�^�JKJPU�LOUWN�F�N�D�îi��³�´LONBUxL$Q�k�G�SbLON�T!^�FKp�iWG � sc^`v�U�FHptU�L�î ¦ k�N�i�L_Q�� ¦ î » ´ ��fPN�T!^�T_GIk�G�T_Q_^`iaN`D�Q]UWp�F[N�F
LOZHGcsY^�p�FKU�LOhaJPG � sc^`v�UWFKp�U�Lg�$î ¦ k�N�i�L_Q�� � » ´ �bwc��U�LOZKG�Trd�^z|�f�SbN�F�k�GIT$Q]UWN�F�L_NqTOGRS�L_^�FKp�hHiW^�T�D{N�TOsÑ|�UWGIi\JKQrLOZHG
Q_^`sYG�TOGRQ]hKi�L�¢

(reversed) =

or
=

=

-9.8298 - j6.8829 V

-9.8298 - j6.8829 V

12 V ∠ 215o

-12 V ∠ 35o

12 V ∠ 35o

��ZKG�T_G�QOhKixL_U�FHpY^�JKJPU�LOUWN�FqN`D�k�N�ixL$^`p�GRQ!U�FqT_G�S�L$^`FKp�hKi\^`TnD{N�T_sufKLOZKG�F¡¢
15 

9.6442
¶

- j19.7735 V

+ j0        V9

+9
-9.8298 - j6.8829 V

14.8143 - j26.6564 V��F0jXN�i\^`T�D{N�T_sufaLOZHUWQrG � hH^`LOGRQLON1��³Hw §�ò�Ì`§ �� � Ì ³Hw ò � Ì ��´�w�Ã�FHSIG�^�p�^`UWF¡fXdnGtdU�iWi�hHQ]G � ë��O�!� LON�k�GIT_UxD{|
LOZHGgTOGRQ]hKi�L_Q�N�D�N�hKTSI^�iWSIhKiW^`LOUWN�FHQ�¢

NPO/QKR�SUT�NWVKXYN[Z[Z!\]T^\_R_`Qbaca/dcNPOea]fcdhg�\i`QKjua/jcNPOea]jcmnf�g�\o` ®KRWTKXYT[¯PX�tKXWQ�XWt!gUN�S/R[��`KR[Z�X�`n~U|P°KXWt!gljpNU`KZuaQKmcmpjcNPOYjnjpq[rWshg�\o` TKRhgn\ |P~�S[NUTKX�T[¯PX�g]±PN �n� \o`�V�R[�²O_RU`n`PXPO]T^\_RU`^gtbalmpdua]dWv
w NPOYSP\i`xalrndcrnd
w�� t!\o`�TcNPO/Q��Dm#��d���Q � �Dm7��d��
w XU`�Z
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�[tKXW� Q��DmP� Q � �Dm��r w d[dndW����d!a m w d[fndW����d!a�q[r w dn³Wsn���nd^a
ÆºÇ�È�É�ÊbÈ�Ëµ´
Æ ��iWi¤LOZKG�i\^zd�Q!^�FHJ�TOhKiWG�Q!N�D��g�¦SIU�T$SbhKU�L_Q�^�jKjKiW|cLONc��� SIU�T$SbhHUxL$QIfPdU�LOZ�LOZKGgGI�KSbGIjKLOUWN�F�N�D�jXNldnG�TSI^`i\SbhK�iW^`LOUWN�FHQ�fPQ]NYiWN�FKpY^�Q^�i�i�kl^`iWhKGRQ!^�TOG�GI��jHTOGRQOQOG�J�^`FHJ�sc^`FKUWjKhKi\^lL_G�J�U�FqSbN�sBjHi�GI�[D{N�T_sqfK^`FHJu^`iWi�k�N�ixL$^`p�GRQ
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Ûáß * ,�q �©ëUé , ·¾x ® �âÜ-Þ�*�* Û °!�©ê�ïKç ðBëUý DKû¸òPçiô ç!}^çið ê�ë_å�ê�ïKç�êªæèë¤ð ëUýúì!ëUòKçiò[ê�ù�æ�ûþíþí8D!ç ó_ò�ëWìKì�ë[ùüû¸ê�ûþëUò ê�ëð ñPé�é�çBò[ê�ç�K[ñPó_í«ê�ë ê�ïKç�ðBëUýúìKíþç!�¤ùüñPýë_å�ê�ïKçAêªæèë ònñKý D�çié�ù���L�ïKû ù�ðBëUý DKû¸òPçiô¤ëWìKì!ëWù�û�ê�û¸ëWò¤æ�û¸íþíaD!çIó õUçið ê�ëWé
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ð ëWý�DKûþòPó_ê�ûþëUò¤ëUåîé�çoùüû ùüê�ó_ò�ð ç�óUòPôäé�çióWð
ê�óUòPð ç��k¸ ò ëUéDô�çié�ê�ë1ç!��ìKé�çiù�ù�ê�ïKû ù2ëUìKì!ëWù�û�ê�û¸ëWò ù�ñPðBðBû¸òPð ê�íþø�� æèçAòKçiçiô óýúëUé�çAð ëWýúìKé�çiïKçBò�ùüûþõUç ê�çBé�ý å÷ëWé�ëUìPì�ë[ùüû¸ê�ûþëUò�ê�ë ð ñKé�é�çBò[ê�ê�ï�ó_òäçBû¸ê�ïPçBé2é�çoùüû ùªêDó_òPðBç�ëUé�é�çióWð
êDó_òPðBç�ó_íþëUòKç��3L�ïKûþùê�çié�ýÜû ù�ðBóUí¸íþçiôæ� ¼�½ ��Ì�Á-� » �!�èû¸ê�ùúùüøný D�ëWíèû ùXç@�#ó_ò�ô û¸êúû ùúó_í ùüë ç!��ìKé�çiù�ù�çiô�ûþòlê�ïKç�ñKòKû¸ê�ë_å�ëWïKý�ù�yxªñ�ùªê�íþû��Wçé�çiù�ûþùüê�óUòPð ç ó_òPô1é�çióWð
ê�óUòPð ç��T¸ ò1ê�ïKç�ó-D!ë@õUç2ç!�Kó_ýúìKíþç��Kê�ïKç ê�ë_ê�óUíbð ûþé�ðBñKû¸ê�ûþýúì�çoôKó_ò�ð ç�û ù�
Ztotal = (5 Ω resistance) + (3.7699 Ω inductive reactance)

Ztotal = 5 Ω (R)   +   3.7699 Ω (XL)

Z
è

total = (5 Ω ∠ 0o) + (3.7699 Ω ∠ 900)

or

(5 + j0 Ω) + (0 + j3.7699 Ω)

Z
è

total = 5 + j3.7699 Ω or 6.262 
³

Ω ∠ 37.016o

¸ ýúì�çoôKó_ò�ð ç�û ù�é�çBí ó@ê�çoô ê�ëäõUëWí�êDó_öWçúóUòPô�ð ñPé�é�çBò[êCxªñPùüê�óUù�øUëUñ ýúûþöUï[êAç!��ì!çið ê��©û¸ò ó�ý�ó_òPòKçBéAù�ûþýIûþí ó_é�ê�ëé�çiù�ûþùüê�óUòPð ç2û¸òéA�ïKý�¹ ù3%{ó]æ_�
Ohm’s Law for AC circuits:

E = IZ
ê

I =
ë

Z =
ìE

Z
ì E

I
ë

All quantities expressed in
í
complex, not scalar, form

¸ òYå óUð ê���ê�ïKûþù û ù ó å óUé ýúëUé�ç¤ð ëWýIìPé�çiïKçBòPù�ûþõUç�å÷ëUé�ý ë_å�A�ïKý�¹ ùX%{ó]æ ê�ï�ó_ò�æ�ïPó_ê æ�óUùúêDó_ñKöWïWê û¸òæ±_�çBíþçið ê�é�ëUòKû ðBù ¯Õ`hI"¸6o�°H��xªñPùªê�óUù�û¸ýúì!çiôKóUòPð ç�ûþù�ó�å óUé�ýúëUé�çAð ëWýúìKé�çiïKçBò�ùüûþõUç�ç�nìPé�çoù�ù�û¸ëWò�ë_å�ëUìPì�ë[ùüû¸ê�ûþëUò�ê�ë�ê�ïPç

Pë@æpë_å«çií¸çoð
ê�é�ëWòPù�ê�ïPóUò é�çiù�ûþùüê�óUòPð ç2û ù�7î"�$Â�é�çoùüû ùüê�ó_ò�ð ç ó_òPô1ó_ònø�é�çióWð
ê�óUòPð ç���ùüçiìPó_éDó@ê�çBíþøIëWé�û¸òäð ëWý�DKûþòPó_ê�ûþëUò
¯ ù�çBé�ûþçiùHï]ìPóUé�óUí¸íþçBí�°H�nðBóUò]D!ç�ó_ò�ô ù�ïKëUñPíþô<D�ç�é�çBìPé�çoùüçiòWê�çiô1óUù�óúù�û¸òKöWí¸ç ûþýúì�çoôKó_òPðBç�û¸òäóUò1ÿ��cð ûþé�ðBñKû¸ê��
L«ë�ðió_í ð ñKí ó@ê�ç�ð ñKé�é�çBò[ê�û¸ò ê�ïPç ó-D!ë@õUçúð ûþé�ðBñKû¸ê��©æ�ç�|PéDùªê�òPçBçiô ê�ëäöUûþõUç�ó1ìKïPóWùüç�óUòKöUíþçúé�çBå÷çBé�çBòPðBç�å÷ëWé�ê�ïPçõUëWí�êDó_öWç ù�ëUñPé�ðBç��Kæ�ïKû ðDï�ûþù�öUçBòPçBéDó_íþí¸ø óWù�ù�ñKýúçiô ê�ë�D�ç�ÐBçBé�ë#�"¯ÕL�ïKç�ìPïPóUù�ç�ó_òKöWí¸çoù�ë_å7é�çiù�ûþùüê�ûþõUç�óUòPô1û¸òPôKñPð
ê�û¸õWçûþýIì!çiôPó_òPðBç�ó_é�ç²Á-ð \ Á�Â?Ö ,rq ó_òPô¿·l* ,rq �Ké�çiù�ì�çoð
ê�ûþõUçií¸ø��Ké�çBöWóUé�ôKí¸çoù�ùèë_å©ê�ïPç�öUûþõUçBò1ìKïPóWùüç�óUòKöUíþçiùèå÷ëWé�õUëWí�êDó_öWç�ëWéð ñPé�é�çBò[ê�°!�

I =
E
´

Z

I =
µ 10 V ∠ 0o

6.262 
³

Ω ∠ 37.016o

I = 1.597 A ∠ -37.016o

ÿ�ù æ�û�ê�ïYê�ïKç ìKñKé�çBíþø/ûþòPô�ñPð ê�ûþõUç ðBû¸éDð ñPû�ê���ê�ïKç ðBñKé�é�çiòWê�æ�ó]õUçäí ó_ö[ù²D!çBïKûþòPô�ê�ïPç õUëWí�êDó_öWç1æ�ó]õUç«¯ ë_å�ê�ïPçù�ëUñKéDð ç?°H�Kó_í¸ê�ïPëUñKöWï�ê�ïPûþù�ê�û¸ýúç ê�ïKç�íþóUöúûþù�òKëUê�óUù�öWé�çoó@ê��©ëUòPí¸ø ® ÜN� ,Bn Þ q óWù�ëUìKì!ëWù�çiô ê�ë�ó�å÷ñKíþíb* ,�q óUù�æ�óUùèê�ïPç
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ðBóWùüç ûþò1ê�ïKç�ìKñPé�çií¸ø�ûþòPô�ñ�ð
ê�ûþõUç�ðBû¸éDð ñPû�ê��

Time 

+

-

e =
i =

phase shift =
37.016o

ñKëWé�ê�ïKçúé�çoùüû ùüê�ëUé ó_ò�ôäê�ïPçIûþòPô�ñ�ð
ê�ëWé��^ê�ïKçúìKïPóWùüçIé�çiíþó_ê�ûþëUòPù�ïKûþìPù"D�çBêªæ�çiçBò õWëUí¸ê�óUöUç�óUòPô ðBñKé�é�çiòWê ïPó]õWçBò(¹ êðDïPóUòKöUçoôy�«ÿ�ð é�ëWù�ù7õUëUí¸ê�óUöUç�óUðBé�ë[ù�ù«ê�ïKç�é�çoùüû ùüê�ëUé#û ù7ûþò�ìKïPóUù�ç_¯ ,rq ùüïKû¸å¼ê�°#æ�û�ê�ïúê�ïKç�ðBñKé�é�çBò[ê7ê�ïPé�ëWñKöUïúû¸ê�^nó_òPô�ê�ïPçõUëWí�êDó_öWçAóUðBé�ë[ù�ù�ê�ïKçIû¸òPôKñPð
ê�ëUé2ûþù�·l* , q ëUñKê�ë_å�ìKïPóUù�çAæ�û¸ê�ï ê�ïKçIð ñKé�é�çBò[ê�öWëUûþòKö�ê�ïPé�ëWñKöUï¤û¸ê��k� çIðió_ò¤õWçBé�û�å÷øê�ïPûþù�ý�ó_ê�ïKçiýúó_ê�û ðBóUí¸íþø��
E = IZ
´

ER = IRZR

E
´

R = (1.597 A ∠ -37.016o)(5 Ω ∠ 0o)

ER = 7.9847 V ∠ -37.016o

Notice that the phase angle of ER is equal to
the phase angle of the current.
L�ïKç õUëWí�êDó_öWç�óUðBé�ë[ù�ùîê�ïPç�é�çoùüû ùªê�ëUéèïPóUùèê�ïKç�ç!�KóWð
ê�ù�óUýIç ìKï�óUù�ç2óUòKöUíþç�óUù�ê�ïKç�ðBñKé�é�çiòWêèê�ïPé�ëWñKöUï û�ê���ê�çií¸íþû¸òPöñPù�ê�ïPó@ê3`�óUòPôX¸�ó_é�ç2û¸ò�ìKïPóWùüç²¯÷å÷ëUé�ê�ïKç�é�çoùüû ùüê�ëUé�ëWòKí¸øB°!�
E = IZ
´

EL = ILZL

E
´

L = (1.597 A ∠ -37.016o)(3.7699 Ω ∠ 90o)

EL = 6.0203 V 
³

∠ 52.984o

Notice that the phase angle of EL is exactly
90o more than the phase angle of the current.
L�ïKç�õUëWí�êDó_öWç óUðBé�ë[ù�ùAê�ïPç1ûþòPô�ñ�ð
ê�ëWé�ïPóUùúó ìKïPóWùüç�ó_òPöUíþç ëUå + ÓB� *�ò-) q �îæ�ïKûþí¸ç1ê�ïKçäð ñKé�é�çiò[ê�ê�ïKé�ëWñKöUï/ê�ïPçûþòPô�ñPð ê�ëUé�ï�óUù�ó�ìKïPóWùüç�óUòKöUíþç�ëUå7v ® ÜZ� ,#n Þ q �©ó�ô�û~}^çBé�çBò�ð ç�ë_å�ç!�KóWð
ê�íþø¿* ,rq D�çBêªæ�çiçBò ê�ïKçúêªæèë#�²L�ïKû ù2ê�çií¸í ù�ñPùê�ï�ó@ê�`Yó_òPô<¸�ó_é�ç ùüê�ûþíþíb* ,rq ëWñ�ê�ë_å©ìKïPóUù�ç²¯¼å÷ëWé�ê�ïKç�ûþòPô�ñ�ð
ê�ëWé�ëUòKíþøB°H�
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� ç1ðió_òlóUíþù�ë ý�ó@ê�ïKçBý�ó_ê�û ðBó_íþíþø ìPé�ë@õWç�ê�ï�ó@êIê�ïKçoùüç�ð ëWýIìPí¸ç� õ@óUí¸ñKçoùúóUôKô ê�ëUöWç ê�ïPçBé�ê�ë ýúó��Uç ê�ïKç ê�ëUê�ó_íõUëWí�êDó_öWç���xªñPùüê�óUùCó ûþé�ðDïKïPë-}C¹ ùhô#ëWí�êDó_öWçk%«ó]æcæèëUñKí ô ìKé�çoô�û ð
ê��
Etotal = ER + EL

Etotal = (7.9847 V ∠ -37.016o) + (6.0203 V ∠ 52.984o)

Etotal = 10 V ∠ 0o

%bçBê�¹ ù�ðDïKçið���ê�ïKç�õ@ó_íþû ô�û�êªø ë_å7ëUñKé�ðió_í ð ñKí ó@ê�û¸ëWòPùèæ�û�ê�ïöõB÷p¸s�=`3�
1

0

2

0

R
ø

L
e

5 
Ú

Ω
10 mH10 V

60 Hz
³

�#��� �Nù �Z�?�$�?�y�?�
ú �æ���æ�#�2�?� g ���
�(�æ��¥ ¦
ù �½¥��û�?�?�¢ �#� ù ���ü�   �   �
¢þý �'���Z�æ�#� ú �?�yÿs¥$� ú ��¥aÿs�$�:�(� ú ���
¢þý �'���Z�æ�#� ú ý �?��ÿ�¥$� ú ý ��¥aÿ��$�×� ý � ú ���
¢ ���Z�

�r�B��� ú �?��ÿ�¥$� ú ��¥$� �(� ú ���
 8¢ �r�N�����Z�'� £8¢�¤r§N¦ ���Z�r�  p¢ �N¥N�����Z�N� � ¢�¦N¤r£ ���Z�N��r�B��� ú ý ���yÿ�¥$� ú ý ��¥$� � ý � ú ���
 8¢ �r�N�����Z�'� � ¡8¢�£ �r¥����Z��� ¦p¢ ¥ ¤N§ ���Z��� � ¢��B¡ �����Z�N¥

ER = 7.985 V ∠ -37.02o

EL = 6.020 V ∠ 52.98o

I = 1.597 A ∠ 143.0o

Interpreted SPICE results

G�ëUê�ç�ê�ïPó_êTxªñ�ùªê�óUù�æ�û¸ê�ï�±k��ð ûþé�ðBñKû�êDù�BõZ÷8¸s�=` ëWñ�ê�ìKñKê�ù�ð ñPé�é�çBò[ê8|�öUñKé�çiùèóUù�ê�ïPëUñKöWï�ê�ïPçBø�æèçBé�ç�òKçiöWó@ê�û¸õWç
¯ n ò ,rq ëWñ�ê�ëUå7ìPïPóUù�ç�°èæ�û¸ê�ï�ê�ïKçAù�ñKìKìKíþø õWëUí¸ê�óUöUç��8¸ òPùªê�çióWô�ë_å#óúìKïPóUù�ç�ó_òPöUíþç�ë_å0v ® ÜN� ,Bn Þ q �Pæèç�öUçBê�ó�ð ñKé�é�çBò[êìKïPóWùüç ó_òPöUíþç�ëUå n ) ® q ¯�v ® Ü q · n ò , q °H�pL�ïKû ù�ûþùèýúçBé�çBíþø óUò û ô�û¸ë[ùüønòPðBé�óWùüøúëUå0õZ÷8¸s�=`ló_ò�ô ô�ënçoù�òKë_ê�é�çiìKé�çiù�çBò[êó_ònø[ê�ïPû¸òKö�ùüûþöUòKû�|�ðió_ò[ê�ûþò�ê�ïPç2ðBû¸éDð ñKû¸êèù�ûþýAñKí ó@ê�û¸ëWò�û�êDùüçií�å6�pG�ë_ê�ç�ïKë@æ×D�ëUê�ï ê�ïKç�é�çoùüû ùªê�ëUéèó_òPô�ûþòPô�ñ�ð
ê�ëWé�õWëUí¸ê�óUöUçìKïPóWùüç�é�çióWô�ûþòKöWù�ý�ó@êDðDï�ëUñKé�ðió_í ð ñKí ó@ê�û¸ëWòPù_¯�v ® ÜZ� , Ó q ó_òPô + ÓZ� *�ò q ��é�çoùüì!çið ê�ûþõUçií¸øB°H�-xªñPùªê2óUù�æèç�ç!��ì!çið
ê�çiô1ê�ïKçBýê�ë$�



+ ò .0»�©"¼�§0/721B¨½3/7©�.�§#©"¬ .0/:©�¬"4¾ª65¿¼7/843©"¬ .0/:9 ª6¬�4<;=.�§@ª?>@/

��û¸ê�ï�ó_íþí�ê�ïKçiù�çh|PöUñPé�çoù©ê�ë_�UçiçBìIê�éDóUð��Aë_å!å÷ëUé�çiõUçBò�ù�ñPðDï�ó ùüûþýúìKí¸ç�ð ûþé�ðBñKû�êîóWù©ê�ïKû ù��Wû¸êîæèëUñKí ô�D!ç3D!çBòKç|�ð û ó_íå÷ëUé�ñPù�ê�ë ñPù�ç�ê�ïKç<�_ê�ó-DPí¸ç���ýIçBê�ïKë�ôy� ÿ�ìKìPí¸ønûþòKö ó�êDó-DKíþç�ê�ëäê�ïKû ùIùüûþýúìKí¸ç1ùüçié�ûþçiù�é�çoùüû ùªê�ëUésv}ûþòPô�ñ�ð
ê�ëWé�ð ûþé�ðBñKû¸êæèëUñKí ô1ìKé�ë�ðBçBçiô�óWù�ùüñPðDïb�7ñ©û¸éDùüê���ôKé�ó]æpñKìäóIê�ó-DPí¸ç�å÷ëWé3`=ï�¸sï�çö|PöUñKé�çiù�óUòPô�ûþòPùüçiéüê�óUí¸í«ð ëUýúì!ëUòKçiò[ê�õ]óUí¸ñPçiù�ûþòê�ïPçiù�ç�ê�çBé�ý�ùC¯÷ûþòúë_ê�ïPçBé#æèëUéDôKù�Wô�ëUò(¹ ê�ûþòPùüçiéüê�óWð
ê�ñ�ó_í�é�çiù�ûþùüê�óUòPð ç�ëUé#ûþòPô�ñ�ð
ê�óUòPð ç�õ@ó_íþñKçoù#û¸òXA�ïKý�ù#óUòPôÑ¶�çBòPé�ø�ù��é�çiù�ì�çoð
ê�ûþõUçií¸ø��nû¸ò[ê�ë�ê�ïPç�êDó-DKíþç�^néDó@ê�ïKçBé���ð ëUònõWçBé�êîê�ïPçBý ûþò[ê�ëúð ëUýúìKíþç!�²|�öUñKé�çiù�ë_å©û¸ýúì!çiôKóUòPð ç ó_òPô æ�é�û¸ê�ç�ê�ïPëWù�çûþò$°H�

E

I

Volts

Amps

OhmsZ

R L Total

5 + j0
5 ∠ 0o

0 + j3.7699
3.7699 ∠ 90o

10 + j0
10 ∠ 0o

ÿ�í¸ê�ïPëUñKöWï û�ê�û ùüòb¹ êúòKçiðBçiù�ù�óUé�ø��0¸_|PòPôlû�ê�ïKçií¸ì�å÷ñPí�ê�ë æ�é�û¸ê�ç	��� Î�U ê�ïPç é�çið ê�ó_òPöUñKí ó_éIó_òPôlì�ëWíþóUéAå÷ëWé�ý�ù�ë_åçióWðDï«KWñ�ó_ò[ê�û¸êªø ûþò ê�ïKç�êDó-DKíþç��]¸�å�øUëUñ�óUé�ç�ñPù�ûþòKö¤óäðBóUíþðBñKíþó_ê�ëWé ê�ïPó_ê�ïPóUù ê�ïKç ó�DKû¸íþû¸êªø¤ê�ë ì�çiéüå÷ëWé�ý ð ëUýúìKíþç!�ó_é�û¸ê�ïKýúç ê�ûþð æ�û�ê�ïKëUñKêAê�ïPç òKçiçiô å÷ëWéIðBëUònõUçié�ù�û¸ëWòED!ç êªæèçBçiò é�çið
êDó_òKöWñKí ó_éAóUòPô ì�ëWíþóUé�å÷ëWé�ý�ù��«ê�ïKçBòlê�ïKû ù�ç!�nê�éDóô�ë�ð ñPýIçiò[ê�ó@ê�û¸ëWòúûþù�ð ëUýúìKíþç ê�çBíþøAñKòPòKçiðBçiù�ù�óUé�ø��T¶�ë@æèçBõWçBé��_û¸å^øWëUñ�ó_é�çèå÷ëUéDð çoôAê�ë�ì!çBé�å÷ëUé�ýkð ëWýúìKí¸ç�IóUé�û¸ê�ïKýúçBê�û ð
�_íþëUòPöUïPóUòPôB�X¯=óUôKôKû�ê�û¸ëWò�óUòPô1ùüñBDKê�éDóUð
ê�û¸ëWò ûþò�é�çoð
ê�óUòKöUñPíþóUéîå÷ëWé�ý��Kó_ò�ô ý�ñKí�ê�û¸ìPí¸û ðBó_ê�ûþëUòäó_òPô1ô�ûþõnûþù�û¸ëWò ûþò�ì�ëWíþóUéå÷ëUé�ý�°H�Kæ�é�û¸ê�ûþòKöúçióUðDï�K[ñPó_ò[ê�û�êªø�ûþò�D�ëUê�ï1å÷ëUé�ý�ù�æ�û¸íþíyD!ç�ñPùüçBå÷ñKíbûþòPô�çiçiôy�
G�ë@æ ê�ïPó@êúëUñPé��UöUûþõUçBò$��|PöUñPé�çoùAó_é�ç ûþòPù�çBé�ê�çoô�û¸ò[ê�ë ê�ïKçBûþéúé�çoùüì!çið ê�ûþõUç íþë�ðBó_ê�ûþëUòPùAû¸òlê�ïKç ê�ó�DKí¸ç���æèç ðBóUòìKé�ë�ð çBçoôlxªñPùüê�óWù�æ�û¸ê�ïX±_�"��ô�ç ê�çBé�ýIûþòKç�ê�ïKç�ê�ë_êDó_í!û¸ýúì!çiôKóUòPð ç�å÷é�ëWýuê�ïKç2û¸òPôKû¸õnû ô�ñPó_í!ûþýIì!çiôPó_òPðBçiù��aõ�û¸òPðBç�ê�ïKûþùû ù�óúùüçié�ûþçiù�ðBû¸éDð ñKû¸ê��Pæ�ç_�nòKë@æcê�ïPó_ê�ëUìKì!ëWù�û�ê�û¸ëWò1ê�ë�çBíþçið ê�é�ëUò<
Pë@æ�¯ é�çoùüû ùüê�ó_ò�ð ç���Ï�ûþýIì!çiôPó_òPðBç�°�óUôPôKù�ê�ëIå÷ëWé�ýê�ïPç ê�ë_êDó_í ëWìKì�ë[ùüû¸ê�ûþëUòb�

E

I

Volts

Amps

OhmsZ

R L Total

5 + j0

5 ∠ 0o

0 + j3.7699

3.7699 ∠ 90o

10 + j0

10 ∠ 0o

5 + j3.7699
6.262 ∠ 37.016o

Rule of series
circuits

Ztotal = ZR + ZL

G�ë@æ ê�ïPó@ê�æèç<�nòKë@æ ê�ë_êDó_í�õUëWí�êDó_öWç ó_òPô ê�ëUê�ó_í�ûþýúì�çoôKó_ò�ð ç��îæ�ç�ðBóUò/ó_ìPìKí¸ø�A�ïPý]¹ ùÑ%{ó]æ ¯Õ¸sIl`=ï�çy° ê�ëô�çBê�çBé�ýúû¸òPç ê�ë_êDó_íbðBñKé�é�çBò[ê��
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E

I

Volts

Amps

OhmsZ

R L Total

5 + j0

5 ∠ 0o

0 + j3.7699

3.7699 ∠ 90o

10 + j0

10 ∠ 0o

5 + j3.7699

6.262 ∠ 37.016o

Ohm’s
Law

1.597 ∠ -37.016o

1.2751 - j0.9614

I = 
E
Z


WñPùªê�óWù æ�û�ê�ïJ±k�"� ê�ïKçúê�ëUê�óUíîð ñKé�é�çBò[ê2ûþò�óäùüçié�ûþçiù�ÿ��²ð ûþé�ðBñKû¸ê�ûþù�ù�ïPóUé�çoô¤ç�K[ñPóUí¸íþøéDnø óUí¸í�ð ëUýúì!ëUòKçiò[ê�ù��
L�ïKû ùèûþù�ùüê�ûþí¸í!ê�é�ñKçlD�çoðBóUñPùüç2ûþò óIùüçié�ûþçiùèð ûþé�ðBñKû¸ê�ê�ïKçBé�ç�û ùèëUòKíþø�ó�ù�ûþòKöUíþç�ìPó_ê�ï å÷ëUéèçBíþçið ê�é�ëUòPùîê�ë 
Pë@æ_�[ê�ïKçié�çBå÷ëUé�çê�ïPç�é�ó_ê�ç�ë_å�ê�ïKçiû¸éa
�ë@ælýAñ�ùªê�ñKòPû�å÷ëWé�ýhê�ïKé�ëUñKöWïKëUñ�ê��0��ëWòPùüç�K[ñKçBò[ê�íþø��Uæ�ç�ðió_ò�ê�éDó_òPùüå÷çBé©ê�ïPçh|PöUñKé�çiù©å÷ëWé�ð ñKé�é�çBò[êûþòWê�ëIê�ïKç�ðBëUíþñKýúòPù�å÷ëUé�ê�ïKç�é�çiù�ûþùüê�ëWé�óUòPô û¸òPôKñPð
ê�ëUé�ó_íþû&�Uç��

E

I

Volts

Amps

OhmsZ

R L Total

5 + j0

5 ∠ 0o

0 + j3.7699

3.7699 ∠ 90o

10 + j0

10 ∠ 0o

5 + j3.7699

6.262 ∠ 37.016o

1.597 ∠ -37.016o

Rule of series
circuits:

Itotal = IR = IL

1.597 ∠ -37.016o1.597 ∠ -37.016o

1.2751 - j0.96141.2751 - j0.96141.2751 - j0.9614

G�ë@æxóUí¸í�ê�ïPó_ê�¹ ùAíþç å¼êIê�ë¿|PöUñKé�ç û ùAê�ïKç õUëUí¸ê�óUöUç�ô�é�ëUì/óUð é�ëWù�ù ê�ïKç é�çiù�ûþùüê�ëWéAó_ò�ô�û¸ò�ô�ñPð
ê�ëUé��#é�çoùüì!çið ê�ûþõUçií¸ø��
L�ïKû ù�û ù�ô�ëUòKç2ê�ïKé�ëWñKöUï ê�ïPç�ñPùüç�ëUåaA�ïKý�¹ ù3%{ó]æ�¯Õ`=I"¸sç(°H�Kó_ìPìKí¸ûþçiô1õWçBé�ê�û ðBó_íþíþø�û¸ò�çióWðDï1ðBëUíþñKýúò�ë_å{ê�ïKç ê�ó�DKíþç��
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E

I

Volts

Amps

OhmsZ

R L Total

5 + j0

5 ∠ 0o

0 + j3.7699

3.7699 ∠ 90o

10 + j0

10 ∠ 0o

5 + j3.7699

6.262 ∠ 37.016o

1.597 ∠ -37.016o1.597 ∠ -37.016o1.597 ∠ -37.016o

Ohm’s
Law

Ohm’s
Law

6.3756 - j4.8071
7.9847 ∠ -37.016o

3.6244 + j4.8071
6.0203 ∠ 52.984o

1.2751 - j0.96141.2751 - j0.96141.2751 - j0.9614

E = IZ E = IZÿ�ò�ô æ�û¸ê�ï ê�ïPó@ê��«ëWñKé ê�ó�DKí¸çúû ù�ð ëWýúìKí¸çBê�ç���L�ïKç�ç!�KóUð êAù�óUýúçIé�ñKíþçiù æèç�ó_ìKìKíþûþçiô û¸ò ê�ïKç�ó_òPóUí¸ø�ù�ûþù ëUåh±_�ð ûþéDð ñKû¸ê�ù�óUìKìKíþøäê�ë¤ÿ��uð ûþéDð ñKû¸ê�ù�óWù�æ�çií¸í{�{æ�û¸ê�ï ê�ïKç�ðBó]õWçió@ê ê�ïPó@êAóUí¸í8K[ñPóUò[ê�û¸ê�ûþçiù ýAñ�ùªê�D!ç�é�çBìKé�çiù�çBò[ê�çoô óUòPôðBóUíþðBñKí ó@ê�çoô�ûþò1ðBëUýúìKíþç!� éDó@ê�ïKçBéèê�ïPó_ò�ù�ðió_í ó_é�å÷ëUé�ý��aõ�ëIíþëUòPöIóWù�ìPïPóUù�ç2ù�ïKû¸å¼ê�ûþùèìKé�ëUì!çBé�íþø�é�çiìKé�çoùüçiò[ê�çiô û¸ò1ëUñPéðBóUíþðBñKí ó@ê�ûþëUò�ù�Uê�ïKçié�ç�ûþù�òKë�å÷ñPòPôKó_ýúçiòWêDó_í^ô�û�}!çié�çiòPð ç�û¸ò�ïPë@æ�æèç�óUìKìKé�ëWóWðDï�D�óUù�ûþð�ÿ���ðBû¸éDð ñPû�ê�ó_òPóUí¸ø�ù�ûþù#õWçBéDùüñ�ù
±_�"�
G�ë@æ ûþù�ó öUënë�ô�ê�û¸ýúç�ê�ë é�çBõnûþçBæxê�ïKçäé�çBí ó@ê�ûþëUò�ùüïKûþì½D!ç êªæèçBçiòlê�ïKçiù�çäðBóUíþðBñKíþó_ê�çoô«|PöWñKé�çoù�ó_òPô/é�çióUôKû¸òKö[ùöUûþõUçiòJDnø óUð ê�ñPóUí�ûþòPùüê�é�ñKýúçBò[êIýúçoóUù�ñKé�çiýúçBò[ê�ù�ë_å�õWëUí¸ê�óUöUç óUòPô ðBñKé�é�çBò[ê��JL�ïKçX|�öUñKé�çiù�ïKçBé�ç�ê�ïPó@ê�ô�ûþé�çoð
ê�í¸øé�çBí ó@ê�ç1ê�ë�é�çoó_í�v}íþû�å÷ç�ýúçióWùüñPé�çiýIçiò[ê�ù�ó_é�ç1ê�ïKë[ùüç�ûþò ½ �-ð�Á�Ï¿��� Î Á Î �Õ���$��òKëUê�é�çoð
êDó_òKöWñKíþóUé��×¸ òYë_ê�ïKçBé�æèëUéDôKù���û¸åøUëWñ¤æèçBé�ç�ê�ë�ð ëWòKòKçoð
ê�ó õWëUí¸ê�ýúç ê�çBé óUð é�ëWù�ù�ê�ïKçIé�çoùüû ùªê�ëUé2û¸ò ê�ïKû ù ð ûþé�ðBñKû¸ê�� û¸ê æèëUñPíþôäûþòPô�û ðBó_ê�ç�����������õWëUí¸ê�ù��òKëUê�ÞB� ® Ü + Þ<¯ é�çoó_íbé�çið ê�óUòKöUñKí ó_éH°�ëUéC)$� ò , Ü n ¯÷ûþý�ó_öWû¸òPóUé�ø é�çoð
ê�óUòKöUñPíþóUé�°îõUëWí�êDù�=L{ë�ô�çoù�ðBé�û&D!ç ê�ïKû ù�ûþòäöUéDó_ìKïKû ðBóUíê�çié�ý�ù���ýúçióUù�ñKé�çBýúçBò[ê�ûþòPùªê�é�ñPýIçiò[ê�ù�ù�û¸ýúìKíþø�ê�çií¸í{øUëUñ ïKë@æcíþëUòPöAê�ïKç�õUçoð
ê�ëWé�ûþùèå÷ëWé�ê�ïPó_ê�ìPó_é�ê�û ð ñKí ó_éCK[ñPóUòWê�û�êªø

¯÷õWëUí¸ê�óUöUç2ëUé�ð ñPé�é�çBò[ê�°!�
o�çoð
ê�óUòKöUñPíþóUé òKëUê�ó@ê�û¸ëWò(��æ�ïKûþíþç ðBëUònõUçiòKû¸çiò[ê�å÷ëUé�ó_é�û�ê�ïKýúç ê�ûþðió_í óUôKô�û¸ê�ûþëUò�ó_òPôcùüñBDKê�éDóUð
ê�û¸ëWò(��û ù�ó ýúëUé�çó-D�ùªê�é�óWð
ê�å÷ëWé�ý ë_å�òKë_êDó@ê�ûþëUò¤ê�ïPóUò¤ì�ëWíþóUé�ûþò é�çBí ó@ê�û¸ëWò�ê�ë é�çoó_í�v}æèëUé�íþô1ýúçióWùüñPé�çiýIçiò[ê�ù��2ÿ�ù�¸�ùüê�ó_ê�çoôöD�çBå÷ëUé�ç���¸æ�ûþí¸í©û¸ò�ô�ûþðió@ê�ç�D�ëUê�ï¤ì!ëUí ó_é2ó_òPô�é�çið ê�óUòKöUñKí ó_é�å÷ëWé�ý�ù�ë_å�çióWðDïöKWñ�ó_ò[ê�û¸êªø ûþò¤ý�ø1ÿ���ðBû¸éDð ñKû¸ê�êDó-DKíþçiù�ùüûþýúìKí¸ø1å÷ëWéð ëWònõUçBòPû¸çiòPð ç�ë_å�ý�ó_ê�ïKçiýúó_ê�û ðBóUí7ðió_í ð ñKí ó@ê�û¸ëWò(��L�ïKû ù2ûþù2òKëUê�ó-DPù�ëUíþñ�ê�çií¸øäòPçið çoù�ù�ó_é�ø��'DKñ�ê�ý�ó]ø�D!çIïPçBíþì�å÷ñKí#å÷ëWéê�ïPëWù�ç�å÷ëWí¸íþë@æ�û¸òPöIóUí¸ëWòKö�æ�û¸ê�ïPëUñ�ê�ê�ïPçlD!çBòPç!|Kê�ëUå«ó_ò�óUô�õ@óUòPð çoô ðBóUíþðBñKí ó@ê�ëWé��@¸�å«æèç æ�çié�ç�é�çoùªê�é�û ð
ê�ëUñPé�ù�çBíþõUçoù�ê�ëê�ïPç2ñ�ùüç2ë_å{ëWòKíþø�ëUòKç�å÷ëUé�ýxë_å{òPë_ê�ó_ê�ûþëUò(�[ê�ïKçkD�çoùªê�ðDïKëWûþðBç�æèëUñKí ô�D!ç ì�ëWíþóUé��rD�çoðBóUñPùüç2û¸ê�û ù�ê�ïKç ëWòKí¸ø�ëWòKç�ê�ïPó_êðBóUò<D!ç�ô�ûþé�çoð
ê�í¸ø1ð ëUé�é�çBí ó@ê�çoôúê�ë�é�çióUí ýúçióUù�ñKé�çBýúçBò[êDù�
Ã½ÄXÅ"Æ<Ç!Å"ÈÊÉ
Ã�Ë ¼�½ ��Ì�Á-� » � û ù2ê�ïKçúê�ë_êDó_í#ýúçióWùüñKé�çIë_å�ëWìKì!ëWù�û�ê�û¸ëWò ê�ë1çií¸çoð
ê�é�û ðúð ñKé�é�çiò[ê�óUòPô ûþù2ê�ïKç�ð ëWýIìPí¸ç��¯÷õWçið
ê�ëUéH°ùüñKýÄë_åp¯Ò�_é�çió_í ��°#é�çoùüû ùªêDó_òPðBç�ó_òPôö¯Ò�_ûþý�ó_öUûþòPóUé�øZ��°«é�çióWð
ê�óUòPð ç��T¸�ê�ûþùèùüøný D�ëWí¸û&ÐBçoôÑD[ø�ê�ïPç�íþç êüê�çBé=�rç���óUòPôýIçoóUù�ñKé�çiô�ûþò�ëUïKý�ù��?xªñPùüê�í¸û&�Uç é�çiù�ûþùüê�óUòPð çÑ¯Õo"°�ó_òPô é�çióUð ê�óUòPð çÑ¯å�k°H�
Ã ¸ ýIì!çiôPó_òPðBçiùp¯þçy° ó_é�ç7ý�ó_òPóUöUçiô8xªñPùüê{íþû��Wç#é�çoùüû ùªêDó_òPðBçiùa¯Òo�°^ûþò�ùüçié�ûþçiù ðBû¸éDð ñKû¸ê{ó_ò�ó_íþønù�û ù� ù�çBé�û¸çoù û¸ýúì!çiôKóUòPð çoùóUôKô ê�ëäå÷ëUé�ý ê�ïKç ê�ë_êDó_í�û¸ýúì!çiôKóUòPð ç���
Uñ�ùªê�D�ç1ùüñKé�çúê�ë ì�çiéüå÷ëWé�ýµó_íþí�ðió_í ð ñKí ó@ê�û¸ëWòPù�ûþòlðBëUýúìKíþç!�:¯÷òKëUêù�ðió_í ó_éH°#å÷ëWé�ý��8ç�� q����! Iûç#"_·ûç�$�·ü�C�C�7ç�%
Ã ÿpìPñKé�çií¸ø é�çoùüû ùüê�ûþõUç2û¸ýúì!çiôKóUòPð ç�æ�ûþí¸í«ó_íþæèó]ø�ù�ïPó]õUç�óIìKïPóWùüç�ó_òPöUíþç2ëUå«ç��óWð
ê�í¸ø ,rq ¯{ç�&:I¾o Û�ß ,�q °!�
Ã ÿhìKñKé�çBíþø ûþòPô�ñPð ê�ûþõUç�ûþýúì�çoôKó_ò�ð ç�æ�ûþí¸í©ó_íþæèó]ø�ù�ïPó]õWç óúìPïPóUù�çAó_òPöUíþç2ëUå#ç!�KóUð ê�íþø�·l* ,rq ¯{ç��JI �"� Û ß
* ,�q °!�
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Ã A�ïKý�¹ ùC%«ó]æ�å÷ëUé�ÿ���ð ûþé�ðBñKû¸ê�ù��p`:I¾¸sç½^Z¸CI `=ï�çJ^$çMI¾`hï?¸

Ã ��ïKçBò é�çiù�û ùªê�ëUéDùAó_ò�ô�û¸ò�ô�ñPð
ê�ëUéDùAóUé�ç�ýúû���çiô�ê�ëUöWç ê�ïPçBéAûþòlðBû¸éDð ñKû¸ê�ù��7ê�ïPç ê�ë_ê�óUí�ûþýúì�çoôKó_ò�ð ç æ�ûþíþí�ïPó]õWçó ìKï�óUù�çIóUòKöUíþç�ù�ëUýúçBæ�ïPçBé�ç D!ç êªæèçBçiò ,�q ó_ò�ôM·l* ,�q � L�ïPçúðBû¸éDð ñPû�ê�ð ñKé�é�çBò[ê2æ�ûþíþí©ï�ó]õUçúó ìKï�óUù�çIóUòKöUíþçùüëWýIçiæ�ïKçBé�çlD�çBêªæ�çiçBò ,�q ó_ò�ô�v * ,rq �

Ã õnçBé�û¸çoù�ÿ��²ðBû¸éDð ñPû�êDù ç!��ïKû&DKû�ê�ê�ïKç ù�ó_ýúçIå÷ñKòPôKóUýúçBò[ê�óUí�ìKé�ëUì!çBé�ê�ûþçiù�óUù�ù�çBé�ûþçiù_±_�²ðBû¸éDð ñKû¸ê�ù���ð ñPé�é�çBò[ê�ûþùñKòKû¸å÷ëUé�ý ê�ïKé�ëWñKöUïPëUñ�ê�ê�ïKç�ðBû¸éDð ñKû¸ê���õUëWí�êDó_öUç�ôKé�ëWìPù�óUôPô1ê�ë�å÷ëWé�ý ê�ïKç�ê�ë_êDó_í«õUëUí¸ê�óUöUç��Pó_òPô�ûþýúì�çoôKó_ò�ð çiùóUôKô ê�ëIå÷ëUé�ý ê�ïKç ê�ëUê�óUí û¸ýúì!çiôKóUòPð ç��

Õ�Ö-, .0/�Û1/3242BÝ52�Û#Ý�Þ©ßBÞbà7áAÛTÙ!ß�R�S¤ã�Ùèà©áAÛÚÙ�ß Û#Ù�ãäßDà7Þ
%bçBê�¹ ù�ê�ó��Uç�ê�ïKç�ù�ó_ýúç�ð ëWýúì�ëWòKçBò[ê�ù�å÷ëUé�ëUñPé�ù�çBé�ûþçiù�ç!�KóUýIìPí¸ç�ð ûþéDð ñKû¸ê�ó_òPô1ð ëWòKòKçoð
ê�ê�ïKçiý ûþò�ìPó_éDó_íþíþçBí{�

R L5 
Ú

Ω 10 mH10 V
60 Hz
³

	èçiðió_ñPù�ç�ê�ïKç�ì!ë@æ�çié�ù�ëUñPé�ðBç2ï�óUùèê�ïPç�ù�óUýIç2å÷é�ç�K[ñKçiòPð ø óWùèê�ïKç�ù�çBé�ûþçiù�ç!�KóUýIìPí¸ç�ð ûþéDð ñKû¸ê��KóUòPô ê�ïKç�é�çiù�ûþùüê�ëWéó_ò�ôäû¸ò�ô�ñPð
ê�ëUékD!ë_ê�ï ïPó]õUç�ê�ïKçúù�óUýúçAõ@ó_íþñKçiù�ë_å�é�çiù�û ùªêDó_òPðBç�ó_ò�ôäû¸ò�ô�ñPð
êDó_òPðBç��^é�çiù�ì�çoð
ê�ûþõUçií¸ø��!ê�ïKçiøäýAñPùüê2óUíþù�ëïPó]õWç�ê�ïPç1ù�ó_ýúç1õ]óUí¸ñPçiù�ë_å�ûþýúì�çoôKó_òPðBç���õ�ë#��æèç1ðió_òJD!çBöWû¸ò/ëUñKé�óUòPó_íþø�ùüû ù�êDó-DKíþç æ�û¸ê�ï/ê�ïPç1ù�ó_ýúç��_öUûþõUçiò#�õ@ó_íþñKçiù��

E

I

Volts

Amps

OhmsZ

R L Total

5 + j0
5 ∠ 0o

0 + j3.7699
3.7699 ∠ 90o

10 + j0
10 ∠ 0o

L�ïKç ëUòPí¸ø ôKû~}^çBé�çBòPðBç û¸ò1ëUñKé�óUòPó_íþø�ùüû ù�ê�çoðDïKòKû KWñPç�ê�ïKû ù�ê�ûþýúç�ûþùèê�ïPó@ê�æèç2æ�ûþíþí{ó_ìKìPí¸ø�ê�ïKç é�ñPí¸çoù�ë_å«ì�ó_éDó_íþí¸çiíð ûþéDð ñKû¸ê�ù�û¸òPùüê�çoóUô�ëUå©ê�ïKç�é�ñKíþçiù�å÷ëWé�ù�çBé�û¸çoù�ð ûþéDð ñKû¸ê�ù��CL�ïKçAó_ìPìKé�ë[óUðDï1ûþù�å÷ñKòPôKóUýúçBò[ê�óUí¸íþø ê�ïKç�ù�ó_ýúç�óWù�å÷ëUél±k�"�
� ç"�nòKë@æ�ê�ï�ó@ê�õUëUí¸ê�óUöUç�û ùèùüïPóUé�çoôúñKòKû¸å÷ëUé�ýúí¸øÑDnø�ó_íþí!ðBëUýúì�ëWòKçBò[êDùîûþò óAìPó_éDó_íþí¸çií�ðBû¸éDð ñKû¸ê��nù�ëAæèç�ðBóUò�ê�éDó_ò�ùªå÷çiéê�ïPçk|PöUñKé�ç ë_å«ê�ë_êDó_íbõWëUí¸ê�óUöUçÑ¯ n�, õWëUí¸ê�ù ß ,�q °�ê�ë�ó_íþíbð ëWýúì�ëWòKçBò[ê�ù�ðBëUíþñKýúòPù��
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E

I

Volts

Amps

OhmsZ

R L Total

5 + j0

5 ∠ 0o

0 + j3.7699

3.7699 ∠ 90o

10 + j0

10 ∠ 0o

10 + j0

10 ∠ 0o

10 + j0

10 ∠ 0o

Rule of parallel
 circuits:

Etotal = ER = ELG�ë@ælæ�ç�ðBóUò�ó_ìPìKí¸øÑA�ïKý�¹ ù0%{ó]æ�¯å¸sIl`=ï�çy°{õUçBé�ê�û ðBóUí¸íþø2ê�ë2êªæèë2ðBëUíþñKýúòPù©ë_åPê�ïKçèê�ó�DKí¸ç��UðBóUíþðBñKí ó@ê�ûþòKö ð ñKé�é�çBò[êê�ïPé�ëWñKöUï ê�ïKç�é�çiù�û ùªê�ëUé�ó_òPô1ð ñPé�é�çBò[ê�ê�ïKé�ëUñPöUï ê�ïKç�ûþòPô�ñPð ê�ëWé��

E

I

Volts

Amps

OhmsZ

R L Total

5 + j0

5 ∠ 0o

0 + j3.7699

3.7699 ∠ 90o

10 + j0

10 ∠ 0o

10 + j0

10 ∠ 0o

10 + j0

10 ∠ 0o

0 - j2.6526
2.6526 ∠ -90o

2 + j0
2 ∠ 0o

Ohm’s
Law

Ohm’s
Law

I = 
E

Z
I = 

E

Z
WñPùªê�óWù�æ�û�ê�ï¿±k�pðBû¸éDð ñKû¸ê�ù��BDKéDó_ò�ðDï�ðBñKé�é�çiòWêDù�û¸òäóúìPóUé�óUí¸íþçBíbÿ��pðBû¸éDð ñKû¸ê�óUôPô ê�ëúå÷ëUé�ý ê�ïKç�ê�ëUê�óUí{ð ñKé�é�çBò[ê
¯Õó ûþéDðDïKïKë-}C¹ ù���ñKé�é�çiòWê3%«ó]æpùüê�ûþí¸íbïPëUí ôKùèê�é�ñKç2å÷ëUé�ÿ��cóUù�û¸ê�ô�û ô å÷ëWé3±k�h°!�

E

I

Volts

Amps

OhmsZ

R L Total

5 + j0

5 ∠ 0o

0 + j3.7699

3.7699 ∠ 90o

10 + j0

10 ∠ 0o

10 + j0

10 ∠ 0o

10 + j0

10 ∠ 0o

0 - j2.6526

2.6526 ∠ -90o

2 + j0

2 ∠ 0o

2 - j2.6526

Rule of parallel
circuits:

Itotal = IR + IL

3.3221 ∠ -52.984o

ñ©û¸ò�ó_íþí¸ø��Pê�ë_ê�óUí«ûþýúì�çoôKó_ò�ð ç�ðió_òöD!ç�ðió_í ð ñKí ó@ê�çiôöDnø1ñPùüûþòKööA�ïKý�¹ ù"%{ó]æü¯{ç(Il`hï?¸�°�õWçBé�ê�û ðBóUí¸íþø ûþòäê�ïKç ��L{ë�vê�óUí&� ð ëWí¸ñKýúò(�_¸ ò�ð û ô�çBò[ê�óUí¸íþø��^ìPóUé�óUí¸íþçBí©ûþýIì!çiôPó_òPðBçIðió_ò óUíþù�ëXD!çIðió_í ð ñKí ó@ê�çiôöDnøäñPù�ûþòKö ó é�çoð ûþìKé�ënðió_í{å÷ëUé�ýAñKí ó
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û ô�çBò[ê�û ðBóUí^ê�ëúê�ïPó@ê�ñPù�çiô ûþò�ðió_í ð ñKí ó@ê�û¸òPöIì�ó_éDó_íþí¸çií!é�çiù�û ùªêDó_òPðBçiù��

Z
è

parallel =

Z
è

1 Z
è

2 Z
è

n

1
+6 1

+6 . . .
1

1

L�ïKç�ëUòKíþø ìKé�ë�DKíþçBýeæ�û�ê�ïAñPù�ûþòKö�ê�ïKûþù«å÷ëWé�ý�ñKíþó�ûþù«ê�ï�ó@ê«û¸ê©êªø[ìPûþðió_íþí¸ø ûþò[õWëUíþõUçoù{ó�íþë_ê©ë_å�ðió_í ð ñKí ó@ê�ëUéT�UçBø�ùüê�é�ë��Wçiùê�ë�ðió_é�é�ø�ëWñ�ê��èÿ�òPô1û¸å#øUëUñb¹ é�ç�ô�ç ê�çBé�ýIûþòKçoô ê�ë�é�ñPò ê�ïKé�ëUñKöWï1óIå÷ëWé�ý�ñKíþóIíþû��Wç ê�ïKû ù3�Uí¸ëWòKöUïPóUòPôy� ��D�ç�ìKé�çBì�ó_é�çiôå÷ëUé ó õUçBé�ø�íþóUé�öWçAó_ýúëWñKò[ê2ëUåîæ�ëWés���k	èñ�ê��NxªñPùüê�óUù�æ�û�ê�ïE±_�hðBû¸éDð ñKû¸ê�ù��^æ�çIë_å¼ê�çBò ïPó]õUç�ýAñKí¸ê�ûþìKíþç�ëWì�ê�ûþëUòPù2ûþòðBóUíþðBñKí ó@ê�ûþòKöIê�ïPç�K[ñPó_ò[ê�û¸ê�ûþçiù�û¸òäëWñKé�ó_òPóUí¸ø�ù�ûþùèêDó-DKíþçiù���óUòPô ê�ïKû ù�ç��óUýúìKí¸ç�û ù�òPë�ô�û~}^çBé�çBò[ê��7G�ë�ý�ó_êüê�çié�æ�ïKû ðDïæ�ó]ø¤øUëWñ ðió_í ð ñKí ó@ê�çúê�ëUê�ó_íîû¸ýúì!çiôKóUòPð çé¯þA�ïKý�¹ ù %{ó]æÄëUé ê�ïKç�é�çið ûþìKé�ë�ðBó_í7å÷ëWé�ý�ñKí ó�°H�©øUëWñ æ�û¸íþí�óUé�é�û¸õWçIó_ê�ê�ïPçù�ó_ýúçl|PöUñKé�ç��

E

I

Volts

Amps

OhmsZ

R L Total

5 + j0

5 ∠ 0o

0 + j3.7699

3.7699 ∠ 90o

10 + j0

10 ∠ 0o

10 + j0

10 ∠ 0o

10 + j0

10 ∠ 0o

0 - j2.6526

2.6526 ∠ -90o

2 + j0

2 ∠ 0o

2 - j2.6526

3.322 ∠ -52.984o

1.8122 + j2.4035
3.0102 ∠ 52.984o

Ohm’s
Law or

Rule of parallel
circuits:

Ztotal =

ZR ZL

1
+

1

1
Z = E

I

Ã½ÄXÅ"Æ<Ç!Å"ÈÊÉ

Ã ¸ ýIì!çiôPó_òPðBçiù ¯{çy° ó_é�ç¤ý�ó_òPóUöUçiô xªñ�ùªê�í¸û&�Uç é�çoùüû ùüê�ó_ò�ð çiùé¯Õo�° û¸òpìPó_éDó_íþíþçBí�ðBû¸éDð ñPû�ê�ó_òPóUí¸ø�ù�ûþù�� ì�ó_éDó_íþí¸çiíû¸ýúì!çiôKóUòPð çoù�ô�ûþýIûþòKû ùüï�ê�ëúå÷ëUé�ý ê�ïKç�ê�ë_ê�óUíbûþýIì!çiôPó_òPðBç��Pñ�ùüûþòKöúê�ïPç�é�çoð ûþìKé�ënðió_í^å÷ëWé�ý�ñKíþó#�+
WñPùªê"D�çAù�ñKé�çê�ëäì!çBé�å÷ëUé�ý ó_íþíîðió_í ð ñKí ó@ê�û¸ëWòPù û¸ò�ðBëUýúìKíþç!�ã¯ òKë_êIù�ðió_í ó_éH°�å÷ëWé�ý��öç�� q-���! I n ïZ¯ n ï�ç#"�· n ï�ç�$X·Q�é�é�n ï�ç�%N°
Ã A�ïKý�¹ ùC%«ó]æ�å÷ëUé�ÿ���ð ûþé�ðBñKû¸ê�ù��p`:I¾¸sç½^Z¸CI `=ï�çJ^$çMI¾`hï?¸
Ã ��ïKçBò�é�çiù�û ùªê�ëUéDùîó_ò�ôúû¸òPôKñPð
ê�ëUéDù�óUé�ç�ýúû���çiô�ê�ëUöWç ê�ïPçBéîûþò�ìPóUé�óUí¸íþçBí!ð ûþé�ðBñKû¸ê�ùl¯âxªñPùüê�óWùîûþò ù�çBé�û¸çoùîðBû¸éDð ñKû¸ê�ù�°H�ê�ïKç ê�ë_êDó_íèû¸ýúì!çiôKóUòPð ç æ�û¸íþíèïPó]õUç ó ìKïPóWùüç óUòKöUíþç ù�ëUýúçBæ�ïPçBé�ç�D�çBêªæ�çiçBò ,rq óUòPô½·l* ,rq �EL�ïKç1ð ûþé�ðBñKû¸êð ñKé�é�çiò[êèæ�ûþí¸í{ïPó]õUç�óIìKïPóWùüç�ó_òPöUíþç ù�ëUýúçiæ�ïKçBé�ç"D!ç êªæèçBçiò , q ó_òPôXv * , q �
Ã ÷#ó_éDó_íþí¸çií[ÿ�� ð ûþé�ðBñKû�êDù#ç!��ïKû&DKû¸ê7ê�ïKç�ù�ó_ýúçèå÷ñKòPôKóUýúçBò[ê�óUíKìKé�ëUì!çBé�ê�ûþçiù7óUù7ìPóUé�óUí¸íþçBíZ±_� ðBû¸éDð ñPû�êDù�«õUëUí¸ê�óUöUçèûþùñKòKû¸å÷ëUé�ýhê�ïKé�ëUñPöUïKëWñ�ê7ê�ïKç�ð ûþéDð ñKû¸ê���DKé�óUòPðDï�ðBñKé�é�çiòWêDù#óUôKôAê�ë2å÷ëWé�ýhê�ïKç�ê�ëUê�óUíKð ñKé�é�çiò[ê��UóUòPôAûþýúì�çoôKó_ò�ð çiùô�û¸ýúûþòKû ùüï«¯¼ê�ïKé�ëUñKöWï ê�ïKç�é�çoð ûþìKé�ënðió_í!å÷ëUé�ýAñPíþór°�ê�ëIå÷ëUé�ýxê�ïKç ê�ë_êDó_íbûþýúì�çoôKó_òPðBç��
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Õ�Ö87 9(R�S¤ã�Ùèà7áAÛ;: ãäßBÛ1<�Þ
¸ òäó_ò1ûþôKçió_í«ðBóUù�ç���óUò1ûþòPô�ñ�ð
ê�ëWé�óUð ê�ù�óUù�óIìKñPé�çií¸ø é�çoóUð
ê�û¸õWç2ôKçBõnûþðBç��pL�ïPó_ê�ûþù��Kû¸ê�ù�ëWìKì�ë[ùüû¸ê�ûþëUò ê�ë�ÿ��cð ñKé�é�çBò[êû ù�ùªê�é�û ð
ê�í¸øXDPóUù�çiô ëUò�ûþòPô�ñPð ê�ûþõUç�é�çióUð ê�ûþëUò ê�ë�ðDïPóUòKöUçoù�ûþòäð ñKé�é�çBò[ê��KóUòPô1òKë_ê�çBíþçið ê�é�ëUò å÷é�û ð
ê�û¸ëWòäóUù�û ù�ê�ïKç�ðióUù�çæ�û¸ê�ïäé�çiù�ûþùüê�ûþõUç�ðBëUýúì�ëWòKçBò[êDù�h¶�ë@æèçBõWçBé���û¸òPôKñPð
ê�ëUéDù�ó_é�ç�òKë_êlKWñPû�ê�çAùüë�ìPñKé�ç�ûþò�ê�ïPçBûþé�é�çióUð ê�ûþõUçkD!çBïPó]õnûþëUé��7L«ë
D!çBöUûþò æ�û¸ê�ï(��ê�ïKçiø'¹ é�ç ý�óUô�ç ë_å�æ�ûþé�ç���ó_òPô æ�ç<�[òPë@ækê�ïPó@ê�ó_íþíèæ�û¸é�ç�ì!ëWù�ùüçoù�ù�çiù�ùüëWýIç ýúçióUù�ñKéDó-DKíþç óUýIëWñKò[êë_å�é�çiù�ûþùüê�óUòPð ç�¯÷ñKòKíþçiù�ù�û¸ê�¹ ù1ùüñKì!çBéDð ëWòPô�ñPð ê�ûþòKö æ�ûþé�ç?°H� L�ïKû ù<DKñKûþí�êsv}ûþò�é�çiù�ûþùüê�óUòPð ç¤óWð
ê�ù óUù�ê�ïKëWñKöUï�û¸ê æèçBé�çð ëWòKòKçoð
ê�çoô ûþòäùüçié�ûþçiù�æ�û¸ê�ï1ê�ïKç�ì�çiéüå÷çoð
ê�ûþòPô�ñPð ê�óUòPð ç�ëUå{ê�ïPç�ð ëUûþí{��í¸û&�Uç ê�ïKûþù��

Wire resistance
=

Ideal inductor

Equivalent circuit for a real inductor

R

L
e

��ëUò�ùüç�KWñPçBò[ê�íþø���ê�ïKç û¸ýúì!çiôKóUòPð ç ë_å�óUònø/é�çióUí�ûþòPô�ñPð ê�ëWé1æ�ûþíþí óUí¸æ�ó]ø�ù²D!ç ó/ð ëWýIìPí¸ç��ðBëUý DKû¸ò�ó@ê�ûþëUòcë_åé�çiù�ûþùüê�óUòPð ç ó_òPô1ûþòPô�ñPð ê�ûþõUç�é�çióWð
ê�óUòPð ç��
��ëUýúì!ëUñKò�ô�û¸òPö ê�ïKûþù ìPé�ë�DKí¸çiýûþù ù�ëUýúç ê�ïKûþòKö1ðió_íþí¸çoô¤ê�ïKç]Ö?>����½�A@�� »!Î �bæ�ïKû ðDï û ù�ÿ��"¹ ù�ê�çBòPôKçBòPðBøäê�ë]
Pë@æê�ïPé�ëWñKöUïcê�ïKç ëUñ�ê�çBéäó_é�çióWù ëUå�ó�ð ëUò�ô�ñPð
ê�ëUé�¹ ù1ð é�ëWù�ù�v�ù�çið ê�ûþëUò�éDó@ê�ïPçBé ê�ïPóUòcê�ïKé�ëWñKöUï�ê�ïKç ýúûþôPô�í¸ç�� ��ïKçiòçBíþçið ê�é�ëUòPù"
Pë@ækû¸ò ó�ùüûþòKöWí¸ç�ô�ûþé�çoð
ê�û¸ëWò�¯Õ±_�h°H�{ê�ïKçiø¤ñPù�çIê�ïKçúçBò[ê�û¸é�ç�ð é�ëWù�ù6v ùüçoð
ê�û¸ëWòPó_í7ó_é�çió ë_åîê�ïKç�ð ëWòPô�ñPð ê�ëWéê�ë ýIë@õWç���`�íþçið ê�é�ëUòPù�ù�æ�û¸ê�ðDïKûþòKö ô�ûþé�çið
ê�û¸ëWòPù�ëUå=
�ë@æ_�«ëWò ê�ïKç ë_ê�ïPçBé�ïPóUòPôy�©ê�çiòPô ê�ë ó]õUëWûþô ê�éDó]õUçií#ê�ïKé�ëUñPöUïê�ïPç�õUçié�ø ýIû ôKô�íþç�ëUå#ó ð ëUò�ô�ñPð
ê�ëUé��Kíþû¸ýúû¸ê�ûþòKö�ê�ïPç�ç!}^çið ê�ûþõUçAðBé�ë[ù�ù�v�ù�çið ê�ûþëUòPóUí ó_é�çió�ó]õ@ó_ûþíþó�DKíþç��7L�ïPçAù��nûþòäç!}^çið ê

D!çið ëWýúçiù�ýúëUé�ç ìKé�ëWòKëUñPòPð çoô ó_ê�ïPû¸öWïKçBé�å÷é�ç�K[ñKçiòPð ûþçiù��ÿ�í ù�ë#�[ê�ïKç ó_í¸ê�çié�ò�ó@ê�ûþòKö�ýúóUöUòKçBê�û ð3|�çBí ô�ë_å©ó_ò ûþòPô�ñ�ð
ê�ëWé�çBòKçié�öWû�Ðiçiô�æ�û¸ê�ï1ÿ���ý�ó]ø�é�óWô�ûþó_ê�ç�ë-}äû¸ò[ê�ëIù�ìPóUðBçóUù ì�ó_é�ê ëUåèóUò çií¸çoð
ê�é�ëWýúóUöUòKçBê�û ðAæ�ó]õUç�� çiù�ì�çoð û ó_íþí¸ø ó@ê�ïKûþöUï å÷é�ç�KWñPçBòPðBû¸çoù��L�ïKû ù éDóUô�û ó@ê�çiô çBòKçié�öWø¤ô�ënçiù òKëUêé�ç ê�ñPé�ò ê�ëúê�ïKç�û¸ò�ô�ñPð
ê�ëUé��Kó_òPô1ù�ëIû¸ê�ý�ó_òKû¸å÷çiùüê�ù�û�êDùüçií�å#óUù�é�çiù�ûþùüê�óUòPð çÑ¯÷ì!ë@æèçBé�ô�û ù�ù�ûþìPó@ê�û¸ëWò$°�û¸ò1ê�ïPç�ð ûþé�ðBñKû�ê��ÿ�ôPô�çiô ê�ë ê�ïKçúé�çiù�ûþùüê�ûþõUç�í¸ë[ù�ù�çiù2ëUåîæ�û¸é�çúó_òPô é�óWô�û ó@ê�ûþëUòb��ê�ïKçBé�ç�ó_é�çAëUê�ïKçié2ç}!çoð
êDù�ó@ê æ�ëWés��ûþò ûþé�ëWòZv ð ëUé�çûþòPô�ñPð ê�ëUéDù�æ�ïKû ðDï�ý�ó_òKû¸å÷çiùüê�ê�ïKçiý�ùüçií¸õWçiù�óWù�óUôKô�û¸ê�ûþëUò�ó_íbé�çiù�ûþùüê�óUòPð çlD!ç êªæèçBçBò�ê�ïKç�íþçióUôPù�p��ïPçBò¤ó_ò1ûþòPô�ñPð ê�ëUéû ù�çiòKçBé�öUû&ÐBçoôäæ�û�ê�ï ÿ��"��ê�ïKçúó_í¸ê�çié�ò�ó@ê�ûþòKö�ý�óUöUòKçBê�û ð_|PçiíþôKù2ìKé�ë�ô�ñPðBçiô�ê�çBòPô¤ê�ë ûþòPô�ñ�ð çúð ûþé�ðBñKíþó_ê�ûþòKö ðBñKé�é�çBò[êDùæ�û¸ê�ïKûþò�ê�ïKç�ûþé�ëUò�ð ëWé�ç7�nòKë@æ�ò�óUùh��Ì�Ì�Â » ÍZÏHÏs�� Î Ö��@L�ïKçiù�çîçií¸çoð
ê�é�û ðîðBñKé�é�çBò[êDùbûþò�ê�ïKçèûþé�ëWòAð ëWé�ç�ï�ó]õUç#ê�ë�ë@õUçié�ðBëUýúçê�ïPç�çií¸çoð
ê�é�û ðBó_í[é�çiù�ûþùüê�óUòPð ç�ë�}!çié�çoô�Dnø2ê�ïKçèûþé�ëWò(�]æ�ïKûþðDï�ûþù©òKëUê©óWù{öWë[ë�ô�ó2ð ëWòPô�ñPð ê�ëWé©óWù«ðBëUìKì!çBé��T`�ôKô�ø�ð ñKé�é�çBò[êíþëWù�ùüçoù�ó_é�ç�ìKé�ûþý�ó_é�û¸íþø ðBëUñKò[ê�çié�óWð
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ê�ñPé�ûþòKö�ìKé�ë�ð çiù�ù�çiùèê�ë ïKçió_ê�ýIçBê�óUí{ë�DBxªçið
êDù4�h¸ ò�å óWð
ê��Pê�ïKû ù�ìPé�ë�ð çoù�ù�ë_å
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��ëUñPòWê�çBéDóUð ê�ûþòKöúê�ïKû ù�ç}!çoð
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ê�û¸õWç2é�çiù�û ùªêDó_òPðBç�� �

Ideal inductor

Equivalent circuit for a real inductor
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"Effective" resistance

¸�ê�û ù�æèëUé�ê�ïnøAê�ëAòPë_ê�ç�ê�ïPó_êîê�ïPç�ùs�[ûþò�ç}!çoð
êèóUòPôúéDóUô�û ó@ê�û¸ëWò�í¸ë[ù�ù�çiù�óUìKìKíþølxªñPùªê�óUùîæ�çií¸íPê�ë�ùüê�éDó_ûþöUï[ê�íþçBòKöUê�ïPùë_å�æ�û¸é�ç ûþò/óUò/ÿ�� ðBû¸éDð ñPû�ê�óUùAê�ïKçiø ô�ë ó ðBëUûþí¸çoô�æ�û¸é�ç��HG�ùüñ�ó_íþí¸ø ê�ïKçBûþé�ð ëUý DKûþòKçiô�ç}!çoð
ê�û ùAê�ënë ù�ý�ó_íþíîê�ëòKëUê�û ð ç��$DKñ�ê�ó_ê�é�óWô�ûþë�å÷é�ç�K[ñKçiòPð ûþçiù�ê�ïKçiø1ðió_ò�D�ç KWñPû�ê�ç�íþóUé�öWç��îÿ²é�óWô�û¸ëIê�é�óUòPùüýúû¸êüê�çBé�óUòWê�çBòKò�óB��å÷ëWé�ç!�Kó_ýúìKíþç��û ù�ô�çoùüûþöUòPçiô æ�û¸ê�ï�ê�ïKç ç�nìPé�çoù�ù�ìPñKé�ì!ëWù�ç�ëUå�ô�ûþù�ù�û¸ìPó_ê�ûþòKöäê�ïKç öWé�çoó@ê�çoùªêIó_ýúëUñKò[êAëUå�çBòKçié�öWø ûþò�ê�ïPç�å÷ëUé�ý ë_åçBíþçið ê�é�ëUý�ó_öWòKç ê�ûþð�éDóUô�û ó@ê�û¸ëWò(�
`a}^çið ê�ûþõUç�é�çoùüû ùªêDó_òPðBç�ûþò ó_ò û¸òPôKñPð
ê�ëUé�ðBó_òXD�ç óAù�çBé�û¸ëWñPùîðBëUòPù�û ô�çBéDó@ê�û¸ëWòúå÷ëUé�ê�ïKç ÿ���ð ûþé�ðBñKû¸êèô�çoùüûþöUòKçié��0L«ëïKçií¸ìéK[ñPóUò[ê�û¸å÷ø ê�ïKçIé�çiíþó_ê�ûþõUç�ó_ýúëWñKò[ê�ë_å�ç}!çoð
ê�û¸õWçAé�çiù�ûþùüê�óUòPð ç�ûþò óUò¤û¸ò�ô�ñPð
ê�ëUé��!óUòKë_ê�ïKçBé�õ@ó_íþñKçAç�nû ùüê�ù�ðió_íþí¸çoôê�ïPçJI V!Á »!Î ��ÏH��ëUé3��K[ñPóUí¸û¸êªøúå óUð ê�ëWé��Iæ�ïKû ðDï û ù�ðió_í ð ñKí ó@ê�çiô1óUùèå÷ëUíþíþë@æ�ù�
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L�ïKç�ù�øný�D!ëUí'�NMl� ïPóWù�òKëUê�ïKûþòKö�ê�ë�ô�ë�æ�û¸ê�ï çBíþçið
ê�é�û ð�ðDïPóUé�öWç�¯ ðBëUñKíþëUý DPù�°!�Uæ�ïKû ðDï�ê�çBòPôKù�ê�ë D�ç�ðBëUò�å÷ñ�ùüûþòKö#�
ñKëWé�ùüëWýúç�é�çoóUù�ëUò(�^ê�ïKçX÷7ë@æèçBéDù"L�ïPó_ê�	èçúôKçið û ô�çoô ê�ë�ñPù�çúê�ïKç�ù�ó_ýúç�íþç êüê�çBé�ëUå�ê�ïKç�ó_íþìKïPó�D�çBê�ê�ë¤ô�çiòKë_ê�ç�óê�ëUê�óUí¸íþø ô�û�}!çié�çiò[ê�KWñ�ó_ò[ê�û¸êªø��
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õ[ê�é�ó]ø é�çoùüû ùªêDó_òPðBç�û ùüò(¹ ê�ê�ïKçAëWòKíþø1ûþòPô�ñ�ð
ê�ëWé"K[ñKûþés��æèç�òKçiçiô�ê�ëXD!ç�ó]æ�ó_é�ç�ë_å6��±�ñKç�ê�ë�ê�ïKçAå óWð
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D!ç êªæèçBçBò ê�ñPé�òPù��úÿ��hðBóUìPóUðBû�êDó_òPðBç�æ�ûþíþíaD�çúç!��ìKíþëUé�çiô û¸ò ê�ïKçúòKç!�nê�ðDïPó_ìKê�çBé��yDKñ�ê�û¸êAù�ñ�Q�ð çiù�ê�ë�ù�ó]ø¤ó@ê ê�ïKûþùì!ëUûþòWê7ê�ïPó@ê#û¸ê0D!çBï�ó]õUçiù«õUçié�ø�ô�û�}^çBé�çBò[ê�íþø�å÷é�ëUý²ÿ�� ûþòPô�ñ�ð
ê�óUòPð ç��Uó_ò�ô�ê�ïPçBé�ç å÷ëUé�ç�å÷ñKéüê�ïKçBéa�_ê�ó_ûþò[ê�ù���ê�ïKç�é�çoóUð
ê�û¸õWçìKñKé�û¸êªø�ë_å7é�çoó_í ûþòPô�ñPð ê�ëWé�ù��
Õ�Ö!R S áAÛ#ÝÆá�R àUT�ÝWVúÞX< ßR ÝPY Ý�ÙèàXV
ÿ�ù{ìKé�çBõnû¸ëWñPù�í¸ø�ýIçiò[ê�ûþëUòKçoôy�oê�ïKçèù��nûþò�ç!}^çið
ê©ûþù{æ�ïKçBé�ç�ó_í¸ê�çié�ò�ó@ê�ûþòKö�ðBñKé�é�çiòWê ê�çBòPôPùbê�ë�ó]õUëWûþô�ê�éDó]õUçií@ê�ïKé�ëUñPöUï ê�ïPçð çiò[ê�çBé�ëUå«óúùüëWí¸û ô ðBëUòPô�ñ�ð
ê�ëWé��níþû¸ýúû¸ê�ûþòKöúû�êDùüçií�å«ê�ëúð ëWòPô�ñPð ê�ûþëUò òPçió_éèê�ïKç�ùüñKé�å óUðBç��aL�ïKû ùèç!}^çið
ê�û¸õWçBíþø�íþû¸ýúû¸ê�ùèê�ïPçð é�ëWù�ù�v�ù�çið ê�ûþëUòPóUí^ðBëUòPôKñPð
ê�ëUé�óUé�çoóIó]õ@óUû¸í ó-DKíþç2ê�ë�ðió_é�é�ø óUí�ê�çBé�òPó@ê�û¸òPö�çBíþçið
ê�é�ëWò]
Pë@æ_�KûþòPð é�çióWùüûþòKöIê�ïKçAé�çoùüû ùªêDó_òPðBçë_å©ê�ï�ó@ê�ð ëWòPô�ñPð ê�ëUé�ó�D�ë@õWç�æ�ï�ó@ê�û¸ê�æ�ëWñKíþô òKëWé�ý�ó_íþíþø�D�ç å÷ëWé�ô�ûþé�çoð
ê�ð ñKé�é�çBò[ê��

Cross-sectional area of a round
conductor available for conductingt
DC current

"DC resistance"

Cross-sectional area of the same
conductor available for conductingt
low-frequency AC

"AC resistance"

Cross-sectional area of the same
conductor available for conductingt
high-frequency AC

"AC resistance"
L�ïKç çBíþçið ê�é�ûþðió_í é�çiù�ûþùüê�óUòPð ç2ë_å©ê�ïPç�ð ëUò�ô�ñPð
ê�ëUé�æ�û¸ê�ïäó_íþíbû¸ê�ù�ð é�ëWù�ù�v�ù�çið ê�ûþëUòPóUí!óUé�çoóAûþò�ñPùüç û ùC�nòKë@æ�ò�óUùèê�ïPç

��±_�²é�çoùüû ùªêDó_òPðBç�� ��ê�ïKç��Uÿ��hé�çoùüû ùüê�ó_ò�ð ç�� ë_åèê�ïPç�ù�óUýIç�ðBëUòPô�ñ�ð
ê�ëWé�é�çBå÷çBé�é�ûþòKö1ê�ëäó�ïKûþöUïPçBék|PöWñKé�çúé�çiù�ñKí¸ê�ûþòKöå÷é�ëUý ê�ïPç ùs�nû¸ò ç!}^çið ê���ÿ�ù�øWëUñ1ðBó_ò1ùüçiç���ó@ê�ïKûþöUï å÷é�ç�K[ñKçBòPðBû¸çoù�ê�ïKç�ÿ��YðBñKé�é�çBò[ê�ó]õUëWûþôKù�ê�éDó]õUçií�ê�ïKé�ëUñKöWï�ýúëWùüê
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ë_åèê�ïPç ð ëWòPô�ñPð ê�ëUé�¹ ù�ð é�ëWù�ù6v ùüçoð
ê�û¸ëWòPó_í7ó_é�çió#�XñKëWé ê�ïKç�ìPñKé�ì!ëWù�çúë_å�ð ëWòPô�ñPð ê�ûþòKöäð ñKé�é�çBò[ê��{ê�ïKç�æ�ûþé�ç�ýIûþöUï[êAóWùæèçBíþíyD�ç�ïKëWí¸íþë@æ`�
¸ òAù�ëUýúç�éDóUô�ûþë�óUìKìKíþûþðió@ê�ûþëUò�ù8¯ óUò[ê�çBòPòPóUù��]ýIë[ùªê©òKë_êDó-DKíþøB°^ê�ïKûþù«ç!}^çið ê©û ù«ç!��ìKíþëUû¸ê�çiô(�@õnûþòPð ç�é�óWô�ûþë-v}å÷é�ç�KWñPçBòPðBøÿ��kð ñKé�é�çBò[ê�ù�æèëUñPíþô�òb¹ ê�ê�é�ó]õWçBí7ê�ïKé�ëWñKöUï ê�ïKç ýúû ôKô�íþç�ë_å�ó¤ðBëUòPô�ñ�ð
ê�ëWéAó_ònønæ�ó]ø��bæ�ïnø òKë_ê3xªñ�ùªêAñ�ùüç�ïPëUíþí¸ë@æýúç êDó_í!é�ë�ôKù�û¸ò�ùªê�çióUô�ë_å{ù�ëUíþûþôúýúç êDó_í^æ�ûþé�çoùîó_ò�ô�ù�ó]õWç3D!ë_ê�ï æ�çiû¸öWïWê�ó_òPô ð ëWùüê�w]zäë[ùªê�ó_ò[ê�çiòKòPó�ùªê�é�ñPð ê�ñKé�çiù�ó_é�çý�óUô�ç ëUå©ïKëWí¸íþë@æcýúçBê�ó_í^ê�ñBD!çiù�å÷ëWé�ê�ïKû ù�é�çióUù�ëUòb�
L�ïKç2ô�çBöWé�çiç�ê�ë�æ�ïKû ðDï�å÷é�ç�K[ñKçBò�ð ø�ó�}^çið ê�ùîê�ïKç2ç!}^çið ê�ûþõUç2é�çoùüû ùªêDó_òPðBç�ë_å{ó�æ�ûþé�ç2ð ëUò�ô�ñPð
ê�ëUé�ûþùèûþýIì�óUð
ê�çiô²Dnøê�ïPç�öWóUöUç ë_å7ê�ï�ó@ê�æ�ûþé�ç��èÿ�ù�óúé�ñKíþç��Pí ó_é�öUçv}ö[ó_öWç�æ�ûþé�çoù�ç!��ïKû&DKû¸ê�óúýúëUé�ç�ìKé�ëUòKëWñKòPð çoô�ù��nûþòäç!}^çið
ê�¯ ðDïPóUòKöUç�ûþòé�çiù�ûþùüê�óUòPð ç�å÷é�ëWý ±k�h°îê�ïPó_ò�ùüý�óUí¸í�v}ö[ó_öWç�æ�û¸é�çiù�ó_ê�óUònø�öUûþõUçBò å÷é�ç�K[ñKçBòPðBø��aL�ïKç ç�K[ñPó_ê�ûþëUò å÷ëUé�ó_ìKìPé�ë?��ûþýúó_ê�ûþòKöùs�[ûþò1ç!}^çið
ê2ó@ê�ïKûþöUï å÷é�ç�KWñPçBòPðBû¸çoù�¯÷öWé�çoó@ê�çiéèê�ïPóUò n z¿¶�Ð�°èû ù�óUùèå÷ëWí¸íþë@æ�ù�
R
ø

AC = (RDC)(k) f
a

Where,

R
ø

AC =

R
ø

DC =

k =
b
f =

AC resistance at given frequency "f"
c
Resistance at zero frequency (DC)

Wire gage factor (see table below)
=
Frequency of AC in MHz (MegaHertz)

L�ïKç2å÷ëUíþíþë@æ�û¸òKöIêDó-DKíþç öUûþõUçiù�óUìKìKé�ë?��û¸ý�ó@ê�ç�õ@óUí¸ñKçoù�ë_å0�-�Z��å óUð
ê�ëUé�å÷ëWé�õ]óUé�ûþëUñ�ù�é�ëUñPòPô æ�ûþé�ç ù�û&ÐBçiù��
d ��eZ� g ���Z� fg�Z�#���B���h�h�hNh�h�h�h�hNh�h�h�h�hNh�h�hNhNh�hNh�h�h��i � �N�r�N�N�N�N�r�N�N� �?¥ �=¢�¦
¥ i � �N�r�N�N�N�N�r�N�N� ¤N¤p¢ �
� i � �N�r�N�N�N�N�r�N�N� §N§p¢ �
¥ �N�N�N�N�r�N�N�N�N�r�N�  N¤p¢�§� �N�N�N�N�r�N�N�N�N�r�N� ¦N¦p¢�¦
  �N�N�N�N�r�N�N�N�N�r�N� �B£p¢�¤§ �N�N�N�N�r�N�N�N�N�r�N� ¡��7¢�§
�?� �N�N�N�r�N�N�N�N�r�N� ¥ £p¢� 
� � �N�N�N�r�N�N�N�N�r�N� � £p¢� 
� § �N�N�N�r�N�N�N�N�r�N� �?� ¢�¤
¥N¥ �N�N�N�r�N�N�N�N�r�N�  8¢6§N 
ñKëWé�ç�Kó_ýúìKíþç��{ó í¸çiòKö_ê�ï ëUå�ònñKý�D!çBé n�, ö[ó_öUç�æ�û¸é�çIæ�û�ê�ï ó]±k�hçBòPôZv=ê�ë-v�çBòPô é�çoùüû ùªêDó_òPðBçAëUå=Ó +]Û æèëUñKí ôïPó]õWç2óUò�ÿ�� ¯÷ç}!çoð
ê�ûþõUç?°èé�çoùüû ùüê�ó_ò�ð ç ë_åaÓZ� n ò�Ó�� Û ó_ê�óAå÷é�ç�K[ñKçiòPð ø ë_å n�, z¿¶3Ð��
R
ø

AC = (RDC)(k) f
a

R
ø

AC = (25 Ω)(27.6) 10

R
ø

AC = 2.182 k
j

Ω
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÷�íþçióWùüç�é�çiýúçBý�D!çBé�ê�ï�ó@ê�ê�ïKû ù=|PöWñKé�ç2û ù"��� Î ûþýIì!çiôPó_òPðBç��Kó_ò�ô�û¸ê�ôKë[çoùl�'� Î ðBëUòPù�û ô�çBé�ó_ònø�é�çióUð ê�ûþõUç�ç!}^çið
êDù�ûþòPô�ñPð ê�ûþõUç�ëWéîðBóUìPóUðBû�ê�û¸õWç��0L�ïKûþùîûþù�ùüûþýúìKíþøIóUò�çiùüê�ûþýúó_ê�çoô�|PöUñKé�ç�ëUå^ìPñKé�ç�é�çiù�û ùªêDó_òPðBç�å÷ëUé�ê�ïKç�ðBëUòPô�ñ�ð
ê�ëWé"¯÷ê�ïPó_êëUìPì�ë[ùüû¸ê�ûþëUò ê�ë�ê�ïKç�ÿ��2
�ë@æuë_å�çBíþçið ê�é�ëUòPù2æ�ïKû ðDï Ì����HÖ�ô�û ù�ù�ûþìPó@ê�çIì!ë@æèçBé�ûþò ê�ïKçúå÷ëUé�ýâëUåèïKçoó@êH°H�«ðBëUé�é�çoð
ê�çiôå÷ëUé�ùs�nû¸ò ç}!çoð
ê��]o�çióWð
êDó_òPðBç��«óUòPô ê�ïKç ðBëUý DKû¸òPçiô ç!}^çið
êDù�ëUåèé�çióWð
ê�óUòPð çúó_ò�ô é�çiù�û ùªêDó_òPðBç�¯ û¸ýúì!çiôKóUòPð ç?°H�7ó_é�ççBò[ê�û¸é�çBíþø ô�û�}!çié�çiò[ê�ýúó_êüê�çBéDù�



k lnmpoWqsrut v

w x y z { y | z x y | }
~ � x } y | z x � z y � y z ~0{ ~�Ô x

, Öi× ØQP Û#Ý�Þ7ß Þ{à©á�ÛâÙ�ß Û#Ù�ãäß
à©Þ

R

¸�åbæèç�æ�çié�ç�ê�ëAìPí¸ëUêîê�ïPç�ð ñPé�é�çBò[ê�óUòPô�õUëWí�êDó_öWç�å÷ëUé�óAõUçié�øúùüûþýúìKíþç�ÿ���ð ûþéDð ñKû¸ê�ð ëWòPù�ûþùüê�ûþòKö�ëUå{óAù�ëUñKéDð ç�óUòPôóIé�çoùüû ùüê�ëUé��nû�ê�æèëUñPíþô í¸ënë�� ùüëWýúç ê�ïPû¸òKöúíþû��Wç ê�ïKû ù��

Time 

+

-

e =
i =

	èçiðió_ñPù�ç�ê�ïPç�é�çiù�ûþùüê�ëWéîó_íþí¸ë@æ�ù�ó_ò óUýúëUñKò[êîëUå«ð ñKé�é�çBò[ê�ô�ûþé�çoð
ê�í¸øúìKé�ëUì!ëUé�ê�ûþëUòPóUí�ê�ëAê�ïKç�õUëWí�êDó_öUç�óUð é�ëWù�ù#û¸êèó_êó_íþíUì!çBé�ûþënôPù{ëUå�ê�ûþýIç��]ê�ïKç�æèó]õWç å÷ëWé�ýcå÷ëUébê�ïKç�ðBñKé�é�çiòWê«ûþù«ç!�KóUð ê�íþø�ûþò�ìKï�óUù�ç�æ�û�ê�ï�ê�ïPçîæ�ó]õUç å÷ëWé�ýcå÷ëUé{ê�ïKçèõUëWí�êDó_öUç��
� ç�ðBó_ò�íþënë�� ó_ê�ó_ònø�ì!ëUûþòWê�ûþò�ê�ûþýúç�ó_íþëUòKöIê�ïKç�ïKëUé�û&ÐBëUò[êDó_íbó���û ù�ë_å©ê�ïKç�ìPí¸ëUê�ó_òPô�ð ëWýúìPó_é�ç2ê�ïKë[ùüç�õ@ó_íþñKçoù�ë_åð ñPé�é�çBò[ê�ó_òPô õUëWí�êDó_öUç2æ�û¸ê�ï1çióUðDï1ë_ê�ïKçBé_¯=ó_ònøX�Uù�òPóUìPùüïPë_ê��Aí¸ënë�� ó@ê�ê�ïPç2õ@óUí¸ñKçoù�ë_å7ó�æ�ó]õUç ó_é�ç2é�çBå÷çBé�é�çoô�ê�ë�óWù
���BÖ Î Á�� Î Á-�'����ÍNÖ � Á�ðÝÍ#�!ÖH�Wýúçoó_òKûþòKö ê�ïPç�õ@ó_íþñKçiù�ó@ê�ê�ïPó@ê����#Ö Î Á-� Î ûþòúê�ûþýúç�°H�a��ïPçBòúê�ïPç�û¸ò�ùªêDó_ò[ê�óUòKçBëWñPù#õ@ó_íþñKç�å÷ëWéõUëWí�êDó_öWç�ûþù=ÐiçBé�ë#�Wê�ïKç2û¸ò�ùªêDó_ò[ê�óUòKçBëWñPù�ðBñKé�é�çiòWê�ê�ïKé�ëUñPöUï�ê�ïKç�é�çiù�û ùªê�ëUéîû ù�ó_í ùüë ÐBçié�ë$�@%{û��WçBæ�û ùüç��[ó_ê�ê�ïKç�ýúëWýIçiò[êûþò ê�û¸ýúç æ�ïKçBé�ç�ê�ïKç õUëWí�êDó_öWç�óUðBé�ë[ù�ù�ê�ïKç é�çiù�ûþùüê�ëWé�û ù�ó@ê�û¸ê�ù�ì!ëWù�û�ê�û¸õWç�ì!çió��'�[ê�ïKç�ð ñKé�é�çiò[ê�ê�ïKé�ëWñKöUï ê�ïKç é�çiù�ûþùüê�ëWéû ùîó_í ù�ëAó@êîû¸ê�ù�ì!ëWù�û�ê�û¸õWç�ì�çoó-���nó_òPô�ù�ë�ëUòb�7ÿèê�ó_ònøIöUûþõUçBòúì!ëUûþò[ê�ûþò�ê�ûþýúç�ó_íþëUòPö ê�ïKç�æèó]õWçiù��rA�ïKý�¹ ù=%{ó]æ�ïKëWíþôKù

Þ�*
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ê�é�ñKç2å÷ëUé�ê�ïKç�ûþòPùüê�ó_ò[êDó_òKçiëUñPùèõ@ó_íþñKçiù�ëUå©õWëUí¸ê�óUöUç ó_òPô1ð ñKé�é�çBò[ê��
� çúðió_ò ó_í ùüë�ðBóUíþðBñKíþó_ê�ç�ê�ïKçúì!ë@æ�çié2ôKûþù�ùüûþìPó_ê�çiôEDnø�ê�ïKû ù é�çiù�ûþùüê�ëWé�� ó_ò�ô ìKíþë_ê2ê�ïPëWù�çIõ@óUí¸ñKçoù2ëUò ê�ïKç�ù�ó_ýúçöUéDó_ìPï(�

Time 

+

-

e =
i =

p =

G�ëUê�ç�ê�ïPó_êîê�ïPç�ì!ë@æ�çiéîû ùîòKçiõUçié�ó�òPçBöWó_ê�ûþõUç�õ@óUí¸ñKç��0��ïKçBò�ê�ïKç ð ñKé�é�çiò[êîûþù�ì!ëWù�û�ê�û¸õWç�¯ ó�D�ë@õWç�ê�ïKç2íþû¸òKç?°H�[ê�ïPçõUëWí�êDó_öWçèû ùîóUíþù�ë�ì!ëWù�û�ê�û¸õWç��Ué�çiù�ñKí¸ê�ûþòKö�ûþò�ó ì�ë@æèçBé"¯÷ì'I�ûþç�°7ëUåbó�ì�ë[ùüû¸ê�ûþõUç�õ@óUí¸ñKç��8��ëUònõUçié�ù�çBíþø��@æ�ïKçiò�ê�ïPç�ð ñKé�é�çBò[êû ù�òKçBö[ó@ê�û¸õWçÑ¯ÕD�çií¸ë@æcê�ïKçAí¸ûþòKç�°!��ê�ïPç�õUëWí�êDó_öUç2û ù�ó_í ùüëúòKçiöWó_ê�ûþõUç���æ�ïPûþðDï1é�çoùüñPí�êDù�û¸òäóúì!ëWù�û�ê�û¸õWç õ]óUí¸ñPç å÷ëUé�ì!ë@æ�çié
¯ ó òKçBö[ó@ê�û¸õWç ònñKý�D!çBéIýAñPí�ê�û¸ìKíþûþçiôJDnø�ó¤òPçBöWó_ê�ûþõUç�ònñKý D�çié�ç�K[ñPó_í ù�ó ì�ë[ùüû¸ê�ûþõUç ònñKý�D!çBéH°H�ML�ïKû ùIðBëUòPù�û ùªê�çBò[ê
�_ì!ëUí ó_é�û¸êªøN�úëUå�ì�ë@æèçBé�ê�çBíþí ù�ñPù�ê�ï�ó@ê�ê�ïKçAé�çiù�û ùªê�ëUé�û ù�óUí¸æ�ó]ø�ù�ô�û ù�ù�ûþìPó@ê�û¸òKö ì�ë@æèçBé��KêDó-�nû¸òPö�û�ê2å÷é�ëUý ê�ïKçIùüëWñKé�ðBçó_ò�ôäé�çií¸çoóUù�û¸òPö�û�ê ûþò¤ê�ïPçAå÷ëWé�ý ë_å�ïPçió@ê çBòPçBé�öUø��"��ïKç ê�ïKçBé2ê�ïKçIðBñKé�é�çiòWê�ûþù2ì!ëWù�û�ê�û¸õWçAëUé�òKçBö[ó@ê�û¸õWç�� ó�é�çiù�ûþùüê�ëWéùüê�ûþí¸í{ôKûþù�ùüûþìPó_ê�çiù�çiòKçBé�öUø��
, ÖHO ØQP ÙP/3��/�Ù�ß
à©áAÛÚÙ�ß Û#Ù�ãäßDà7Þ
�èó_ì�óUð û¸ê�ëWé�ùèô�ëIòKë_êCD!çBïPó]õWç�ê�ïKç�ù�óUýúç2óWù�é�çiù�û ùªê�ëUéDù�T��ïKçBé�çióWù�é�çiù�û ùªê�ëUéDù�óUí¸íþë@æ�ó 
Pë@æ�ë_å«çBíþçið
ê�é�ëWòPù�ê�ïKé�ëUñPöUïê�ïPçBýÆô�ûþé�çoð
ê�í¸ø ìKé�ëUì!ëUé�ê�ûþëUòPóUí�ê�ë¤ê�ïKç1õUëWí�êDó_öUç�ôKé�ëWì(��ðBóUìPóUðBû�ê�ëUéDù�ëUìKì!ëWù�ç »�U Á-�N�r�HÖ�ûþò õUëWí�êDó_öWç�Dnø ô�éDó]æ�ûþòKöëUéIùüñPìKìKíþø[ûþòKö ð ñKé�é�çBò[ê�óUùAê�ïPçBø�ðDïPó_é�öUç ëUé�ôKûþù�ðDïPó_é�öUç�ê�ë¤ê�ïKç1òKçBæxõWëUí¸ê�ó_öWç�íþçBõUçiíÒ�ML�ïKçX
Pë@æxë_å�çií¸çoð
ê�é�ëUò�ù
�@ê�ïKé�ëUñKöWï#��óúðió_ìPóWð û¸ê�ëUé�û ù�ô�ûþé�çoð
ê�í¸ø�ìPé�ëWì�ëWéüê�û¸ëWòPó_í!ê�ëúê�ïKç²ÏsÁ Î ���6V »�U Á-�N�r��ë_å7õUëWí�êDó_öWç2óWð é�ëWù�ùîê�ïKç�ðBóUìPóUðBû�ê�ëUé��
L�ïKû ùèëUìKì!ëWù�û�ê�û¸ëWò�ê�ë�õUëWí�êDó_öUç�ðDïPó_òKöWç�û ù�óUòKë_ê�ïKçBé�å÷ëUé�ý ë_å8Ï���Á »!Î Á�� » �!�NDKñ�ê�ëUòPç�ê�ïPó@ê�ûþù�ìKé�çiðBûþù�çBíþøúëUìKì!ëWù�û�ê�ç�ê�ëê�ïPç_�[ûþòPô1ç!��ïKû&DKû¸ê�çoô<Dnø�ûþòPô�ñ�ð
ê�ëWé�ù��
`a��ìKé�çiù�ù�çiô�ý�ó@ê�ïKçBý�ó_ê�û ðBó_íþíþø���ê�ïKçäé�çBí ó@ê�ûþëUò�ùüïKûþì½D!ç êªæèçBçiòlê�ïKç¤ð ñPé�é�çBò[ê²�@ê�ïPé�ëWñKöUï#�¤ê�ïKç¤ðió_ìPóWð û¸ê�ëWéIóUòPôéDó@ê�ç ëUå«õUëWí�êDó_öWç2ðDïPóUòKöUç�óWð é�ëWù�ù�ê�ïKç�ðBóUìPóUðBû�ê�ëUé�ûþù�óUù�ù�ñPðDï(�

dv
d

dt
di = C

L�ïKç�ç��ìKé�çoù�ù�ûþëUò«Ì � f�Ì Î û ù�ëWòKç�å÷é�ëUý ðBó_í ð ñPí¸ñPù��Pýúçoó_òKûþòKöúê�ïPçAéDó@ê�ç�ëUåîðDïPó_òPöUç�ë_å#ûþòPùüê�ó_ò[êDó_òKçiëUñPù�õWëUí¸ê�óUöUçë@õUçié�ê�û¸ýúç��#ûþòlõWëUí¸ê�ù�ì�çiéIù�çiðBëUòPô(�EL�ïKç�ðBóUìPóUðBû�êDó_òPðBçé¯{�h°Aûþù�ûþò�ñPóUé�óWôKù��7óUòPô ê�ïKç ûþòPùüê�óUòWêDó_òKçiëUñPù�ð ñKé�é�çBò[ê
¯÷û�°H�©ë_å�ð ëWñKéDùüç��bûþù�û¸ò�ó_ýúìPù���L«ë¤ùüïKë@ækæ�ïPó@ê�ï�ó_ìKì!çBòPù�æ�û�ê�ï óUí�ê�çBé�òPó@ê�û¸òPö�ðBñKé�é�çiòWê��{íþç ê�¹ ù�óUòPó_íþøNÐBçúóäùüûþýúìKíþçðBóUìPóUðBû�ê�ëUé�ð ûþéDð ñKû¸ê��

C
�
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¸�å�æèçAæèçBé�ç�ê�ë�ìPí¸ëUê�ê�ïPçIðBñKé�é�çBò[ê�óUòPôäõWëUí¸ê�ó_öWç å÷ëUé�ê�ïKû ù�õUçBé�ø�ùüûþýúìKí¸çIð ûþé�ðBñKû¸ê��!û�ê æ�ëWñKí ô�í¸ënë��äù�ëUýúç ê�ïKûþòKöíþû��Wç�ê�ïKû ù�

Time 
F

+

-

e =
i =

o�çiýIçiý�D!çBé��[ê�ïKç�ð ñPé�é�çBò[êîê�ïKé�ëUñKöWï óAðió_ìPóWð û¸ê�ëWé�û ù�óAé�çióWð
ê�ûþëUò ó_öWóUû¸ò�ùªê�ê�ïKç »�U Á������èûþò1õUëUí¸ê�óUöUç�óWð é�ëWù�ùîû¸ê��
L�ïKçié�çBå÷ëUé�ç��Kê�ïKçIû¸òPùüê�óUò[ê�ó_òPçBëUñ�ù�ð ñPé�é�çBò[ê�û ù�ÐiçBé�ë�æ�ïKçiòKçBõWçBé�ê�ïKçAûþòPùüê�óUòWêDó_òKçiëUñPù�õUëWí�êDó_öUçAûþù2ó@ê�ó ì�çoó-�«¯åÐiçBé�ëðDïPóUòKöUç��@ëUé#íþçBõUçiíKùüíþëUì!ç��UëUò�ê�ïKç�õWëUí¸ê�ó_öWçèù�ûþòKç�æèó]õWç�°H�Wó_òPôAê�ïKç�ûþòPùüê�óUòWêDó_òKçiëUñPù7ðBñKé�é�çBò[ê#û ù#ó@ê�ó2ì�çoó-�Aæ�ïPçBé�çBõUçiéê�ïPç�û¸ò�ùªêDó_ò[ê�óUòKçBëWñPù�õUëWí�êDó_öUç û ù�ó@ê�ý�ó-�nûþýAñPý ðDïPóUòKöUç²¯¼ê�ïKç�ì!ëUûþò[ê�ù�ëUå#ùüê�çiçBì!çiùüê�ùüíþëUì!ç�ëUò1ê�ïKç�õUëWí�êDó_öWç2æ�ó]õUç��æ�ïKçié�ç�û¸ê�ðBé�ë[ù�ù�çiù ê�ïKç�ÐiçBé�ëäí¸ûþòKç�°!�¿L�ïKû ùAé�çiù�ñKí¸ê�ù�ûþòló�õUëWí�êDó_öWç�æèó]õWçúê�ïPó_êAûþù�vþ* ,�q ëWñ�êAë_å�ìKï�óUù�ç�æ�û�ê�ï�ê�ïPçð ñPé�é�çBò[ê�æ�ó]õUç��=%bënë��nûþòKö�ó@ê�ê�ïKç�öWé�óUìKï(�Kê�ïKçAðBñKé�é�çBò[ê�æ�ó]õUç�ù�çBçBý�ù�ê�ë�ïPó]õWç�ó²�_ïKçoóUô�ùªêDó_é�ê��úëWò ê�ïKçAõWëUí¸ê�óUöUçæ�ó]õUç�^[ê�ïKç�ð ñKé�é�çBò[ê3�_íþçióUôPùs�Aê�ïKç�õWëUí¸ê�óUöUç���óUòPô�ê�ïKç�õUëWí�êDó_öWçl�UíþóUöWù���D!çBïKûþòPô ê�ïPç�ð ñKé�é�çiò[ê��

Time 

+

-

e =
i =

voltage slope = 0u
current = 0t

voltage slope = max. (-)
current = max. (-)t

voltage slope = 0
current = 0t

voltage slope = max. (+)u
current = max. (+)t

ÿ�ùèøWëUñ ýúûþöUï[ê�ïPó]õUç2öUñKçoù�ù�çiô(�Uê�ïKç�ù�óUýIç2ñKònñPù�ñPó_í^ì!ë@æ�çié�æèó]õWç�ê�ïPó_ê�æ�ç ù�ó]æcæ�û�ê�ï ê�ïKç�ùüûþýúìKí¸ç2ûþòPô�ñPð ê�ëUéð ûþéDð ñKû¸ê�ûþù�ìPé�çoùüçiòWê�ûþò1ê�ïKç�ù�û¸ýúìKíþç�ðBóUìPóUðBû�ê�ëUé�ð ûþéDð ñKû¸ê��nê�ë[ë$�
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Time 
F

+

-

e =
i =

p =

ÿ�ù7æ�û¸ê�ïIê�ïKç�ùüûþýúìKíþç�û¸òPôKñPð
ê�ëUé�ð ûþéDð ñKû¸ê��@ê�ïKç3* , ô�çiöUé�çBçèìKïPóWùüç�ù�ïKû�å¼êpD!ç êªæèçBçiòúõUëUí¸ê�óUöUç�ó_òPôIð ñPé�é�çBò[ê#é�çoùüñPí�êDùûþò ó�ì!ë@æ�çiéîæ�ó]õUç�ê�ïPó@ê�ó_í¸ê�çié�òPó_ê�çoù�ç�K[ñPóUí¸íþøÑD�çBêªæ�çiçBò�ì!ëWù�û¸ê�ûþõUç�óUòPô�òKçiöWó_ê�ûþõUç��0L�ïKû ùîýúçoó_òPù�ê�ïPó_ê�ó�ðBó_ì�óUð û¸ê�ëWéô�ënçiù©òKëUê7ôKûþù�ùüûþìPó_ê�çèì�ë@æèçBé7óUù©û¸ê7é�çióWð
êDù«óUöWó_ûþòPùüê©ðDïPóUòKöUçoù{ûþòAõWëUí¸ê�óUöUç�^@û¸ê#ýúçBé�çBíþø�ó-DPù�ëUé�DPù{óUòPô�é�çií¸çoóUù�çiùbì!ë@æèçBé��ó_í¸ê�çié�ò�ó@ê�çií¸ø��ÿ²ðió_ìPóWð û¸ê�ëUé�¹ ù�ëUìKì!ëWù�û¸ê�ûþëUò1ê�ë1ðDïPó_òKöWç�û¸òäõWëUí¸ê�óUöUç ê�éDó_ò�ùüí ó@ê�çiù�ê�ë ó_òäëWìKì�ë[ùüû¸ê�ûþëUò�ê�ë ó_í¸ê�çié�ò�ó@ê�ûþòKö�õWëUí¸ê�óUöUçûþò öWçBòKçié�óUíÒ�{æ�ïKûþðDï û ù_Dnø ô�ç|PòKû¸ê�ûþëUò�ó_íþæ�ó]ønù ðDïPóUòKöUûþòKö�ûþò ûþòPùüê�óUòWêDó_òKçiëUñPù ý�óUöUòKû¸ê�ñPôKçúóUòPô ô�ûþé�çoð
ê�ûþëUòb�XñKëWéó_ònø öUûþõUçBò1ý�ó_öWòKû�ê�ñPô�ç�ëUå7ÿ��cõWëUí¸ê�ó_öWç�ó@ê�óúöUûþõUçiò1å÷é�ç�KWñPçBòPðBø��Pó�ðió_ìPóWð û¸ê�ëUé�ëUå©öWû¸õWçBòäù�û�Ðiç�æ�û¸íþíT�Wð ëUò�ô�ñPð
ê��úóð çiéüêDó_ûþò ý�ó_öWòKû¸ê�ñPô�ç ëUå«ÿ���ðBñKé�é�çBò[ê��U
WñPùüê�óWù�ê�ïKç�ðBñKé�é�çBò[ê�ê�ïKé�ëUñKöWï óIé�çiù�ûþùüê�ëWé�û ù�óAå÷ñPòPð
ê�û¸ëWò ëUå{ê�ïPç2õWëUí¸ê�óUöUçóUðBé�ë[ù�ù©ê�ïKç�é�çiù�û ùªê�ëUéîóUòPôIê�ïKç�é�çoùüû ùüê�ó_ò�ð ç�ë-}^çBé�çiô�Dnø�ê�ïKç�é�çoùüû ùªê�ëUé��_ê�ïKç�ÿ���ð ñPé�é�çBò[ê#ê�ïPé�ëWñKöUï�ó�ðió_ìPóWð û¸ê�ëWé#ûþù�óå÷ñKòPð ê�ûþëUò�ë_å«ê�ïKç�ÿ���õUëUí¸ê�óUöUç óUðBé�ë[ù�ù�û�ê��Pó_ò�ô�ê�ïKçÑÏs��Á »Î Á-� » ��ë-}^çBé�çiôXDnø�ê�ïKç�ðió_ìPóWð û¸ê�ëWé��7ÿ�ù�æ�û¸ê�ï�ûþòPô�ñPð ê�ëUéDù��ê�ïPç�é�çióWð
ê�óUòPð ç�ë_å«ó�ðBó_ì�óUð û¸ê�ëWéîû ùîç��ìKé�çoù�ù�çiô�û¸ò�ëWïKý�ù�ó_òPô�ù�øný�D!ëUíþû�Ðiçiô²DnøIê�ïPç�íþç ê�ê�çBéh� ¯÷ëWé7��� ê�ë�D�ç2ýúëUé�çù�ì�çoð û�|�ð�°!�
õnûþòPð ç�ðió_ìPóWð û¸ê�ëWé�ùk�UðBëUòPôKñPð
ê��äð ñKé�é�çiò[ê ûþò ìKé�ëUì!ëUé�ê�ûþëUò ê�ëäê�ïKç�é�ó_ê�ç�ëUåèõWëUí¸ê�ó_öWçIðDï�ó_òKöWç��bê�ïKçBø æ�û¸íþíîì�óUù�ùýúëUé�çAð ñPé�é�çBò[ê�å÷ëWé�å óWùªê�çBésv�ðDïPóUòKöUûþòKöúõUëWí�êDó_öWçiù�¯=óUù�ê�ïKçiø�ðDï�ó_é�öUç�ó_ò�ô¤ô�û ù�ðDïPóUé�öWç ê�ë ê�ïKçIù�óUýIçAõUëUí¸ê�óUöUç�ì!çió���ùûþò íþçiù�ù2ê�ûþýúç�°H�©ó_òPô í¸çoù�ù�ðBñKé�é�çiòWê2å÷ëUé�ù�íþë@æ�çié�v ðDïPó_òPöUûþòKö�õUëWí�êDó_öUçoù����ïPó@ê ê�ïPûþù�ýúçoó_òPù2û ù2ê�ïPó_ê é�çióWð
êDó_òPðBç�ûþòëUïPýúùèå÷ëWé�ó_ònø ðió_ìPóWð û¸ê�ëUé�û ù_��� � �Ï�Ö!�ðÝÂ2ìKé�ëUì!ëUé�ê�ûþëUòPóUí�ê�ëúê�ïKç å÷é�ç�K[ñKçiòPð ø ë_å{ê�ïKç�ó_í¸ê�çié�ò�ó@ê�ûþòKö�ð ñPé�é�çBò[ê��
X
L

C =
2
j

πfC

1

�B�������?�N�ã�Z� ��� ý �#�N�?�B���=�
�N�B�����#�����?�j�s�B���r�Z�'� �B�N�#�?�B���������H�-��� g �
�N�N�r�N�N�N�N�r�N�N�N�N�r�N�N�r�r�N�r�N���N�r�r�N�r�N���N�N���N�r�N�r�r�N���N�
�   � � ¥  8¢�¦ ¥ ¦N§ �
� �N�r�N�N�N�N�r�N�N�N�N�r�N�N�r�r�N�r�N���N�r�r�N�r�N���N�N���N�r�N�r�r�N��� �
� �?¥N� � � ¡8¢ ¥   ¥ ¤ �
� �N�r�N�N�N�N�r�N�N�N�N�r�N�N�r�r�N�r�N���N�r�r�N�r�N���N�N���N�r�N�r�r�N��� �� ¥ ¦ �N� � � ¢� r¡N N  �
�N�N�r�N�N�N�N�r�N�N�N�N�r�N�N�r�r�N�r�N���N�r�r�N�r�N���N�N���N�r�N�r�r�N���N�
÷�íþçióWùüçIòKëUê�çIê�ïPó_ê�ê�ïKç�é�çBí ó@ê�û¸ëWòPù�ïKû¸ì ë_å�ðBóUìPóUðBû�ê�û¸õWç�é�çióWð
ê�óUòPð ç�ê�ë1å÷é�ç�K[ñKçiòPð ø¤û ù�ç��óWð
ê�í¸øäëWìKì�ë[ùüû¸ê�çIå÷é�ëUýê�ï�ó@êîëUå^ûþòPô�ñ�ð
ê�ûþõUç�é�çióWð
êDó_òPðBç��p�èó_ìPóWð û¸ê�ûþõUç�é�çoóUð ê�ó_ò�ð ç�¯÷ûþò�ëUïPýúù�°7ô�çoð é�çióUù�çiù7æ�û¸ê�ï û¸òPðBé�çoóUù�û¸òPö ÿ���å÷é�ç�K[ñKçBò�ð ø��

��ëUònõWçBéDùüçií¸ø��«ûþòPô�ñPð ê�ûþõUç�é�çióWð
êDó_òPðBçé¯÷ûþò ëUïPýúù�°�ûþòPðBé�çoóUù�çiù�æ�û¸ê�ï ûþòPðBé�çoóUù�û¸òKö ÿ��hå÷é�ç�K[ñKçiòPð ø��é¸ òPôKñPð
ê�ëUéDù�ëUìBvì!ëWù�ç�å óUùüê�çiéèðDï�ó_òKöWû¸òKö�ð ñKé�é�çiò[ê�ùpDnøúìKé�ë�ô�ñPð ûþòKö�öUé�çió@ê�çBé�õWëUí¸ê�óUöUç�ô�é�ëUì�ù^nðBóUìPóUðBû�ê�ëUéDù�ëUìPì�ë[ùüç�å óUùüê�çBéèðDïPó_òPöUûþòKöõUëWí�êDó_öWç2ô�é�ëUì�ùhD[ø ó_íþí¸ë@æ�ûþòKöIöUé�çió@ê�çBé�ð ñPé�é�çBò[ê�ù��ÿ�� ð ñKé�é�çBò[ê{ûþòAó�ù�û¸ýúìKíþç�ðió_ìPóWð û¸ê�ûþõUç�ð ûþéDð ñKû¸ê«û ùbç�KWñ�ó_í_ê�ë�ê�ïKçîõWëUí¸ê�ó_öWç3¯÷ûþò�õUëWí�êDù�°bô�û¸õnû ô�çiô�D[ø�ê�ïPç�ðBóUìPóUðBû�ê�û¸õWçé�çióUð ê�óUòPð ç]¯÷ûþò ëWïKý�ù�°!�NxªñPùªê�óUù ÿ���ëWé_±k�eðBñKé�é�çiòWê ûþò ó1ùüûþýúìKí¸çIé�çiù�ûþùüê�ûþõUçIð ûþé�ðBñKû�ê û ù�ç�K[ñPó_í©ê�ë ê�ïPçIõWëUí¸ê�óUöUç
¯÷ûþò�õUëWí�êDù�°èô�ûþõnûþô�çoô]D[ø�ê�ïKç�é�çiù�ûþùüê�óUòPð ç²¯ û¸ò�ëUïPýúù�°H�
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10 V
60 Hz
³ C

�
100 µF

XC = 26.5258 Ω

I =
µ E

X
L

I =
10 V

26.5258 Ω

I = 0.3770 A
º

¶�ë@æèçBõWçBé��_æèç�òKçiçiôúê�ë��UçiçBì�ûþò�ýúû¸ò�ôúê�ïPó_ê�õWëUí¸ê�ó_öWç�ó_ò�ô�ð ñKé�é�çiò[ê�ó_é�ç�òKëUê�ûþò�ìKïPóWùüç�ïKçBé�ç��7ÿ�ù�æèóWùîù�ïKë@æ�òçióUé�íþûþçBé��Uê�ïKç2ðBñKé�é�çiòWêèïPóUùèó�ìKïPóUù�ç�ù�ïKû¸å¼ê�ë_å@·l* , æ�û�ê�ï é�çiù�ì�çoð
êèê�ëAê�ïKç õUëWí�êDó_öWç��b¸�å©æ�ç�é�çiìKé�çiù�çBò[êîê�ïKçiù�ç�ìPïPóUù�çó_òPöUíþçiù�ëUå�õUëWí�êDó_öUç�óUòPô ðBñKé�é�çBò[êIýúó_ê�ïKçiý�ó@ê�û ðBóUí¸íþø��7æèç ðió_ò ðBóUíþðBñKí ó@ê�ç ê�ïKç ìKïPóWùüç1ó_òKöWí¸ç�ëUå�ê�ïKç1ûþòPô�ñPð ê�ëUé�¹ ùé�çióUð ê�ûþõUç2ëUìKì!ëWù�û¸ê�ûþëUò ê�ë�ð ñPé�é�çBò[ê��
Opposition =

Voltage
Current

Opposition =
10 V ∠ 0o

0.3770 A 
º

∠ 90o

Opposition = 26.5258 
j

Ω ∠ -90o

I

E Opposition

For a capacitor:

90
À o

0
º o

-90o

(XC)
z¤ó_ê�ïKçiýúó_ê�û ðBóUí¸íþø��iæ�çîù�ó]ø�ê�ïPó@êbê�ïKç�ìKï�óUù�ç�ó_òKöWí¸ç#ëUånó�ðió_ìPóWð û¸ê�ëUé�¹ ù^ëUìKì!ëWù�û�ê�û¸ëWò2ê�ë�ð ñPé�é�çBò[êbû ù�vþ* ,�q �]ýúçióUòKûþòKöê�ï�ó@ê#ó�ðBóUìPóUðBû�ê�ëUé�¹ ù{ëUìKì!ëWù�û¸ê�ûþëUò�ê�ë�ð ñPé�é�çBò[ê«û ù7ó�òKçiöWó_ê�ûþõUç�ûþý�ó_öUûþòPóUé�økK[ñPó_ò[ê�û¸êªø��@L�ïKû ù«ìPïPóUù�ç�óUòKöUíþçîëUåKé�çoóUð
ê�û¸õWçëUìPì�ë[ùüû¸ê�ûþëUò�ê�ë ðBñKé�é�çiòWê�D�çoð ëWýIçoùúð é�û�ê�ûþðió_íþí¸ø ûþýIì!ëUé�ê�óUò[êIûþò/ðBû¸éDð ñKû¸ê�ó_òPóUí¸ø�ù�ûþù��#çiù�ì�çoð û ó_íþí¸ø å÷ëWéúðBëUýúìKíþç!� ÿ��
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ð ûþéDð ñKû¸ê�ù«æ�ïKçBé�çîé�çióWð
êDó_òPðBçîó_òPôAé�çoùüû ùüê�ó_ò�ð ç�ûþò[ê�çBéDóUð ê��T¸�ê©æ�ûþí¸í[ìKé�ë@õUçpD!çBòPç!|�ðBûþóUíWê�ë�é�çBìKé�çiù�çBò[êCÁ��#Â�ð ëUýúì!ëUòKçiò[ê�¹ ùëUìPì�ë[ùüû¸ê�ûþëUò ê�ë�ð ñPé�é�çBò[ê�û¸ò1ê�çBé�ýúù�ëUå7ðBëUýúìKíþç!� ònñKý D�çié�ù��Kó_ò�ô òKëUêaxªñPùüê�ù�ðió_í ó_éCK[ñPó_ò[ê�û¸ê�ûþçiù�ëUå©é�çiù�û ùªêDó_òPðBç2óUòPôé�çióUð ê�óUòPð ç��
Ã½ÄXÅ"Æ<Ç!Å"ÈÊÉ
Ã�� Á ½ Á » � Î � � ��Ïs��Á »Î Á-� » ��û ù�ê�ïKç�ëWìKì!ëWù�û�ê�û¸ëWò ê�ïPó@ê�ó�ðió_ìPóWð û¸ê�ëWéèë�}!çié�ùèê�ë�ó_í¸ê�çié�òPó_ê�ûþòKö�ð ñKé�é�çBò[ê�ô�ñKç ê�ë�û¸ê�ùìKïPóUù�ç!v ù�ïKû�å¼ê�çiô�ùüê�ëWé�óUöUç�ó_ò�ô�é�çií¸çoóUù�ç�ë_åbçiòKçBé�öUø�û¸ò û�êDùîçií¸çoð
ê�é�û ðh|Pçiíþôy�po�çióUð ê�óUòPð ç�û ùèùüøný�D!ëUíþû&ÐBçiôÑDnøIê�ïPçðBó_ìPû�êDó_í íþç êüê�çBé3���"�úó_òPô1û ù�ýúçióUù�ñKé�çiô û¸ò�ëWïKý�ù@xªñPùªê�íþû&�Uç é�çoùüû ùüê�ó_ò�ð ç²¯Õo�°!�
Ã �èó_ìPóWð û¸ê�ûþõUç2é�çoóUð
êDó_òPðBç2ðió_ò]D�ç�ðió_í ð ñKí ó@ê�çiô1ñPù�û¸òPö�ê�ïKû ù�å÷ëUé�ýAñKí óB�0� � I n ïB¯ÒÓ�Ô^å{�h°
Ã �èó_ìPóWð û¸ê�ûþõUç�é�çióUð ê�óUòPð ç<Ì�� » Ïs��Á�Ö!�!Ö�æ�û¸ê�ï¤ûþòPð é�çióWùüûþòKö�å÷é�ç�K[ñKçiòPð ø���¸ ò¤ëUê�ïKçié�æèëUéDôKù��Kê�ïPç�ïKûþöUïPçBé�ê�ïKç�å÷é�çv
KWñPçBòPðBø��nê�ïPç�í¸çoù�ù�û¸ê�ëUìKì!ëWù�çiù_¯÷ê�ïKç�ýúëWé�ç û¸ê��Uð ëWòPô�ñPð ê�ù���°îê�ïPç�ÿ��ã
Pë@æpë_å7çBíþçið
ê�é�ëWòPù��

, ÖDÕ Ø Ý�Û�ßBÝ�Þ Û#Ý�Þ7ß Þ{à©áAÛTÙ�ÙP/3��/�Ù�ß
à©á�ÛÚÙ�ß Û#Ù�ãäß
à©Þ
¸ ò ê�ïPç�íþóWùªêAù�çið ê�ûþëUò(�©æèç�í¸çoó_é�òKçiô æ�ïPó_êAæ�ëWñKí ô ï�ó_ìKì!çBò�ûþò ùüûþýúìKíþç�é�çoùüû ùüê�ëUésv�ëUòKíþø¤ó_òPô�ðió_ìPóWð û¸ê�ëWé�v�ëUòKíþø¤ÿ��ð ûþéDð ñKû¸ê�ù��@G�ë@æ æèçèæ�ûþíþíKð ëUý DKûþòKçîê�ïKçèêªæ�ë ð ëWýúì�ëWòKçBò[ê�ù©ê�ëUöWç ê�ïPçBé7û¸òúù�çBé�û¸çoù{å÷ëWé�ý²óUòPô�û¸ònõUçoùªê�û¸ö[ó@ê�çîê�ïKç�ç!}^çið
êDù�
L©ó-�Uç�ê�ïPûþù�ðBû¸éDð ñPû�ê�óWù�ó_ò1ç!�Kó_ýúìKíþç2ê�ë�ó_òPóUí¸øNÐiç��

10 V
60 Hz
³

5 
Ú

Ω

R
ø

C
�

100 µF

L�ïKç�é�çiù�ûþùüê�ëWé#æ�û¸íþíPë�}!çié +_Û ë_å é�çiù�ûþùüê�óUòPð çèê�ë�ÿ�� ðBñKé�é�çBò[ê�é�çBö[ó_éDô�í¸çoù�ù©ëUå!å÷é�ç�K[ñKçiòPð ø��Uæ�ïKûþíþç�ê�ïKç�ðBó_ì�óUð û¸ê�ëWéæ�ûþí¸í«ë-}^çBé"Ó�ÞB� + Ó + ò Û ëUå©é�çióWð
ê�óUòPð ç ê�ë�ÿ��pð ñKé�é�çiò[ê�ó@ê�Þ , ¶�Ð��h	èçiðBóUñPù�ç ê�ïKç�é�çiù�û ùªê�ëUé�¹ ù�é�çiù�ûþùüê�óUòPð ç û ù�óúé�çióUíònñKý�D!çBék¯ +�Û ß ,rq �nëUé + ·«x ,�Û °H��ó_ò�ôúê�ïKç2ðBóUìPóUðBû�ê�ëUé�¹ ù#é�çióWð
êDó_òPðBç�ûþùèó_ò�ûþý�ó_öUûþòPóUé�ø�ò[ñPý�D!çBék¯ÒÓ-Þ#� + Ó + ò Û ß
v * ,�q �[ëWé , v'xsÓ-ÞB� + Ó + ò Û °!�[ê�ïKç�ð ëWý�DKûþòKçoô�ç!}^çið ê�ëUåbê�ïPç�êªæèë�ðBëUýúì�ëWòKçBò[êDù�æ�ûþíþí'D!ç ó_ò ëWìKì!ëWù�û�ê�û¸ëWò�ê�ëúð ñKé�é�çBò[êç�K[ñPóUí�ê�ëäê�ïKç1ð ëWýIìPí¸ç� ù�ñKýµë_å�ê�ïPç�êªæèë¤ònñKý�D!çBéDù�¿L�ïPç�ê�çié�ý å÷ëUéAê�ïKû ùIð ëUýúìKíþç!� ëUìPì�ë[ùüû¸ê�ûþëUò ê�ë ð ñKé�é�çBò[êû ù � ¼�½ ��Ì�Á�� » ��bû¸ê�ù ù�ø[ý D�ëWí7ûþù_ç@� ó_òPô û�ê û ù2óUíþù�ë ç��ìKé�çoù�ù�çiô¤û¸ò ê�ïKçIñKòKû¸ê�ë_åîëWïKý�ù�rxªñPùüê�í¸û&�UçIé�çoùüû ùüê�ó_ò�ð çAóUòPôé�çióUð ê�óUòPð ç��@¸ ò ê�ïPç�ó-D!ë@õUç2ç!�Kó_ýúìKíþç���ê�ïKç ê�ëUê�óUíbð ûþé�ðBñKû�ê�ûþýúì�çoôKó_ò�ð ç ûþù��

Ztotal = (5 Ω resistance) + (26.5258 Ω capacitive reactance)

Z
è

total = (5 Ω ∠ 0o) + (26.5258 Ω ∠ -90o)

or

(5 + j0 Ω) + (0 - j26.5258 Ω)

Z
è

total = 5 - j26.5258 Ω or 26.993 
j

Ω ∠ -79.325o

5 
Ú

Ω (R) + 26.5258 Ω (XC)Ztotal =
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¸ ýúì�çoôKó_ò�ð ç�û ù�é�çBí ó@ê�çoô ê�ëäõUëWí�êDó_öWçúóUòPô�ð ñPé�é�çBò[êCxªñPùüê�óUù�øUëUñ ýúûþöUï[êAç!��ì!çið ê��©û¸ò ó�ý�ó_òPòKçBéAù�ûþýIûþí ó_é�ê�ëé�çiù�ûþùüê�óUòPð ç2û¸òéA�ïKý�¹ ù3%{ó]æ_�
Ohm’s Law for AC circuits:

E = IZ
ê

I =
ë

Z =
ìE

Z
ì E

I
ë

All quantities expressed in
í
complex, not scalar, form

¸ òYå óUð ê���ê�ïKûþù û ù ó å óUé ýúëUé�ç¤ð ëWýIìPé�çiïKçBòPù�ûþõUç�å÷ëUé�ý ë_å�A�ïKý�¹ ùX%{ó]æ ê�ï�ó_ò�æ�ïPó_ê æ�óUùúêDó_ñKöWïWê û¸òæ±_�çBíþçið ê�é�ëUòKû ðBù ¯Õ`hI"¸6o�°H��xªñPùªê�óUù�û¸ýúì!çiôKóUòPð ç�ûþù�ó�å óUé�ýúëUé�çAð ëWýúìKé�çiïKçBò�ùüûþõUç�ç�nìPé�çoù�ù�û¸ëWò�ë_å�ëUìPì�ë[ùüû¸ê�ûþëUò�ê�ë�ê�ïPç

Pë@æëUå�çBíþçið
ê�é�ëWòPù�ê�ïPó_òpùüûþýúìKí¸ç é�çiù�ûþùüê�óUòPð ç¤û ù��kÿ�ònøYé�çiù�ûþùüê�óUòPð ç óUòPô�óUò[øYé�çióWð
ê�óUòPð ç���ùüçiìPó_éDó@ê�çBíþø/ëWé ûþòð ëWý�DKûþòPó_ê�ûþëUòM¯ ù�çBé�û¸çoù�ï@ìPó_éDó_íþí¸çií °!�[ðió_ò]D�ç�óUòPô�ùüïPëUñKí ôXD!ç�é�çBìKé�çiù�çBò[ê�çoô óWù�óúùüûþòKöUíþç û¸ýúì!çiôKóUòPð ç��
L«ë�ðió_í ð ñKí ó@ê�ç�ð ñKé�é�çBò[ê�û¸ò ê�ïPç ó-D!ë@õUçúð ûþé�ðBñKû¸ê��©æ�ç�|PéDùªê�òPçBçiô ê�ëäöUûþõUç�ó1ìKïPóWùüç�óUòKöUíþçúé�çBå÷çBé�çBòPðBç�å÷ëWé�ê�ïPçõUëWí�êDó_öWç�ù�ëUñKéDð ç��[æ�ïPûþðDï1ûþùèöWçBòKçié�óUí¸íþø�óUù�ùüñPýIçoô�ê�ë D!ç_ÐBçié�ë$�=¯ÒL�ïKç ìKïPóUù�ç�ó_òKöWí¸çoùîëUå«é�çiù�ûþùüê�ûþõUç ó_ò�ô ðBóUìPóUðBû�ê�û¸õWçûþýIì!çiôPó_òPðBçIóUé�ç<Á-ð \ Á�Â?Ö ,�q óUòPô�v * ,rq �^é�çoùüì!çið ê�ûþõUçBíþø��^é�çBö[ó_éDô�í¸çoù�ù�ë_å#ê�ïPç�öWû¸õWçBò¤ìKï�óUù�ç�ó_òPöUíþçiù�å÷ëWé�õWëUí¸ê�óUöUç�ëWéð ñPé�é�çBò[ê�°!�

I =
E

Z

I =
10 V ∠ 0o

26.933 Ω ∠ -79.325o

I = 370.5 mA ∠ 79.325o

ÿ�ù©æ�û¸ê�ïIê�ïPçèìPñKé�çií¸ø�ðió_ìPóWð û¸ê�ûþõUç�ð ûþé�ðBñKû¸ê��@ê�ïKç�ð ñKé�é�çiò[ê©æ�ó]õUç�ûþù©íþçióUôKû¸òKö�ê�ïPç�õUëUí¸ê�óUöUç�æèó]õWç"¯÷ëUåPê�ïKç�ùüëWñKé�ðBç�°!�ó_í¸ê�ïPëUñKöWï ê�ïKûþù�ê�ûþýIç ê�ïKç�ô�û�}!çié�çiòPð ç û ù"Ü�*#� ® Ó +�q ûþòPùªê�çióWô ëUå©ó�å÷ñKíþíT* ,�q �

Time 

+

-

e =
i =

phase shift =
79.325 degrees

ÿ�ù�æèç�íþçió_é�òKçoôúû¸ò�ê�ïKç ÿ��/û¸òPôKñPð
êDó_òPðBç�ðDïPóUì�ê�çié��Wê�ïKçl�@êDó-DKíþç��AýIçBê�ïKë�ô�ëUåbëUé�öWóUòKû�Ðiû¸òPö�ð ûþé�ðBñKû�êhK[ñPó_ò[ê�û¸ê�ûþçiùû ù�óúõUçié�ø ñPù�ç å÷ñKí{ê�ënëUí å÷ëWé�ÿ��có_òPóUí¸ø�ù�ûþùaxªñPùªê2óUù�û¸ê�û ù�å÷ëUél±k�póUòPó_íþø�ùüû ù�=%bçBê�¹ ù�ìKí óUðBç�ëUñ�ê��nòKë@æ�ò]|PöWñKé�çiù�å÷ëWéê�ïPûþù�ù�çBé�ûþçiù�ð ûþé�ðBñKû¸ê�û¸ò[ê�ë�ó�ê�ó�DKíþç�ó_òPô1ð ëWòWê�û¸ònñKç ê�ïKç�ó_ò�ó_íþønù�û ù�ñ�ùüûþòKöIê�ïKû ù�ê�ë[ëWíÒ�
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E

I

Volts

Amps

OhmsZ

R TotalC

10 + j0

10 ∠ 0o

5 + j0

5 ∠ 0o

0 - j26.5258

26.5258 ∠ -90o

5 - j26.5258

26.993 ∠ -79.325o

370.5m ∠ 79.325o

68.623m + j364.06m

��ñKé�é�çiò[ê«ûþò�ó2ùüçié�ûþçiù©ð ûþé�ðBñKû¸ê©û ù7ùüïPóUé�çoô�ç�K[ñPóUí¸íþø_Dnø�ó_íþí�ð ëUýúì!ëUòKçiò[ê�ù��_ùüë�ê�ïKç=|PöWñKé�çoù{ìPíþóWð çiôAû¸òAê�ïKçC��L{ëUê�ó_í �ð ëWí¸ñPýIò1å÷ëWé�ð ñKé�é�çiò[ê�ðió_ò�D�ç�ôKûþùüê�é�û�DPñ�ê�çoô ê�ë�ó_íþí ë_ê�ïPçBé�ð ëWí¸ñPýIò�ù�óUù�æèçBíþíÒ�

E

I

Volts

Amps

OhmsZ

R TotalC

10 + j0

10 ∠ 0o

5 + j0

5 ∠ 0o

0 - j26.5258

26.5258 ∠ -90o

5 - j26.5258

26.993 ∠ -79.325o

370.5m ∠ 79.325o

68.623m + j364.06m68.623m + j364.06m
370.5m ∠ 79.325o

68.623m + j364.06m
370.5m ∠ 79.325o

Rule of series
circuits:

Itotal = IR = IC

��ëUò[ê�û¸ònñKûþòKö�æ�û¸ê�ïäëUñPé�ó_òPóUí¸ø�ù�ûþù��Kæèç�ðBóUò�óUìKìKíþøöA�ïPý]¹ ù3%«ó]æ�¯Ò`=I"¸6o�°�õWçBé�ê�û ðBóUí¸íþø�ê�ë ô�ç ê�çBé�ýIûþòKç�õWëUí¸ê�óUöUçóUðBé�ë[ù�ù�ê�ïKç�é�çoùüû ùüê�ëUé�óUòPô ðió_ìPóWð û¸ê�ëWé��

E

I

Volts

Amps

OhmsZ

R TotalC

10 + j0

10 ∠ 0o

5 + j0

5 ∠ 0o

0 - j26.5258

26.5258 ∠ -90o

5 - j26.5258

26.993 ∠ -79.325o

370.5m ∠ 79.325o

68.623m + j364.06m68.623m + j364.06m

370.5m ∠ 79.325o

68.623m + j364.06m

370.5m ∠ 79.325o

343.11m + j1.8203
1.8523 ∠ 79.325o

Ohm’s
Law

Ohm’s
Law

9.6569 - j1.8203
9.8269 ∠ -10.675o

E = IZ E = IZ
G�ëUê�û ð ç�ïPë@ælê�ïKç�õWëUí¸ê�ó_öWç�óUðBé�ë[ù�ù©ê�ïKç�é�çiù�ûþùüê�ëWé#ïPóUù�ê�ïKç�ç!�KóUð êîù�óUýúç�ìKïPóWùüç�óUòKöUíþç�óUù�ê�ïKç�ð ñKé�é�çiò[ê�ê�ïKé�ëUñPöUïû¸ê��Kê�çBíþí¸ûþòKö�ñ�ù�ê�ïPó_ê"`�ó_ò�ô<¸�ó_é�ç�ûþò1ìPïPóUù�ç�¯¼å÷ëWé�ê�ïPç�é�çoùüû ùªê�ëUé�ëWòKí¸øB°!�7L�ïKç�õWëUí¸ê�óUöUç�óUðBé�ë[ù�ù�ê�ïPçAðBóUìPóUðBû�ê�ëUé�ïPóWùóúìKïPóWùüç�óUòKöUíþç ë_å@v n�, � ÞrÜ + q �Pç!�KóWð
ê�íþøX* , q ð��!Ö�Ö�ê�ïPóUò�ê�ïKç�ìPïPóUù�ç�ó_òKöWí¸ç�ëUå«ê�ïKç�ð ûþé�ðBñKû¸ê�ð ñKé�é�çiò[ê��pL�ïKû ù�ê�çií¸í ù�ñPùê�ï�ó@ê�ê�ïPç�ðBó_ì�óUð û¸ê�ëWé�¹ ùèõUëWí�êDó_öUç ó_ò�ô ðBñKé�é�çBò[ê�ó_é�ç ùªê�û¸íþíb* ,rq ëUñ�ê�ëUå«ìKïPóWùüç æ�û¸ê�ï�çióWðDï ëUê�ïKçié��
%bçBê�¹ ù�ðDïKçið�� ëUñKé�ðió_í ð ñKí ó@ê�û¸ëWòPùèæ�û�ê�ïöõB÷p¸s�=`3�
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1 2

0 0

10 V
60 Hz
³

5 
Ú

Ω

R
ø

C
�

100 µF

�#��� � � �Z�?�$�?�y�?�
ú �æ���æ�#�2�?� g ���
�(�æ��¥ ¦
�#�½¥��û�?�N�-�
¢ �#� ù ���ü�   �   �
¢þý �'���Z�æ�#� ú �?�yÿs¥$� ú ��¥aÿs�$�:�(� ú ���
¢þý �'���Z�æ�#� ú ý �?��ÿ�¥$� ú ý ��¥aÿ��$�×� ý � ú ���
¢ ���Z�

�r�B��� ú �?��ÿ�¥$� ú ��¥$� �(� ú ���
 8¢ �r�N�����Z�'� � ¢�§r¦ ¥����Z�r� ¤p¢�§ ¥ £ ���Z�N� ¡8¢�£ � ¦ � � ����r�B��� ú ý ���yÿ�¥$� ú ý ��¥$� � ý � ú ���
 8¢ �r�N�����Z�'� £8¢�¤r¡N¡ ���Z�'� � � ¢ �  N£ ���N��� � � ¢ �N� £ ���Z�N¥

E
´

R = 1.852 V ∠ 79.33o

EC = 9.827 V ∠ -10.67o

I = 370.5 mA ∠ -100.7o

Interpreted SPICE results

A�òPðBç�ó_ö[ó_ûþò(�ZõZ÷p¸s�=`�ð ëWò�å÷ñPù�û¸òKöWí¸øúìKé�ûþòWêDù�ê�ïKç�ð ñPé�é�çBò[ê�ìPïPóUù�ç�óUòKöUíþç2ó_ê�óAõ@ó_íþñKç�ç�K[ñPó_í!ê�ë�ê�ïPç�é�çióUí!ìPïPóUù�çó_òPöUíþçAìKíþñPù n ò , q ¯ ëUé2ýIûþònñPù n ò , q °!�k¶�ë@æ�çiõUçié��!û�ê�¹ ù ó ùüûþýúìKí¸çIý�ó@ê�ê�çBé2ê�ë ð ëWé�é�çið ê�ê�ïKûþù"|PöWñKé�ç�ó_ò�ô¤ðDïKçið��1ê�ëù�çBç�û¸å{ëWñKéîæèëUé���û ùèð ëUé�é�çið
ê��b¸ ò ê�ïKû ù�ðióUù�ç��Wê�ïKç"v n�,�, �âÜ q ëUñ�ê�ìKñ�ê=D[ø�õZ÷8¸s�=`�å÷ëWé�ð ñPé�é�çBò[ê�ìPïPóUù�ç�ó_òPöUíþç�ç�K[ñPó_ê�çoùê�ë�óúì!ëWù�û�ê�û¸õWç�Ü�*B� ®�q �Pæ�ïKûþðDïäô�ënçoù�ð ëUé�é�çiù�ì�ëWòPô�ê�ëIëWñKé�ìKé�çBõnûþëUñPù�í¸ø�ðió_í ð ñKí ó@ê�çiô<|PöWñKé�ç2ë_å8Ü�*#� ® Ó +�q �ÿ�ö[ó_ûþò(�!û�ê ýAñPùüê"D!çAçiýúìKïPóUù�û&ÐBçiôäê�ïPó_ê�ê�ïKç�ðió_í ð ñKí ó@ê�çiô�|PöWñKé�çiù�ðBëUé�é�çoùüì!ëUò�ô�û¸òPöúê�ë é�çióUí~v�íþû�å÷ç�õUëUí¸ê�óUöUç�óUòPôð ñPé�é�çBò[ê�ýúçióWùüñKé�çBýúçiòWêDùAóUé�çúê�ïKëWù�ç�ûþò ½ �-ð�Á�Ï å÷ëWé�ý��7òKëUêAé�çoð
êDó_òKöWñKíþóUé�å÷ëUé�ý��¿ñKëWé�ç!�Kó_ýúìKíþç��7û¸å�æ�ç æ�çié�çúê�ëóUð ê�ñPóUí¸íþø²DKñKûþí ô�ê�ïKûþù�ù�çBé�ûþçiùèé�çoùüû ùüê�ëUésv ðBó_ì�óUð û¸ê�ëWéîð ûþéDð ñKû¸ê�ó_òPô ýIçoóUù�ñKé�ç�õWëUí¸ê�ó_öWç�óWð é�ëWù�ù�ê�ïKç é�çoùüû ùªê�ëUé��WëWñKé�õUëWí�êsvýúç ê�çBé©æ�ëWñKíþô�û¸òPôKûþðió@ê�ç�������������õWëUí¸ê�ù��oòPë_ê ® ) ® � n�n ýúû¸íþí¸ûþõUëWí�êDù7¯ é�çoó_í[é�çoð
êDó_òKöWñKíþóUé�° ëUé n � òrÓ ,�® õUëWí�êDù8¯÷ûþý�ó_öWû¸òPóUé�øé�çið
êDó_òKöWñKí ó_éH°H�ko�çióUí©ûþòPùüê�é�ñKýúçBò[ê�ù ðBëUòKòKçoð
ê�çiô�ê�ë é�çióUí©ðBû¸éDð ñKû¸ê�ù2ìKé�ë@õnûþôKç�û¸ò�ô�ûþðió@ê�û¸ëWòPù ð ëUé�é�çiù�ì�ëWòPô�ûþòKö�ê�ë ê�ïPçõUçoð
ê�ëUéèí¸çiòKö_ê�ïE¯÷ý�óUöUòKû¸ê�ñPôKç�°�ë_åbê�ïKç ðBó_í ð ñPíþó_ê�çiô�|PöUñPé�çoù�@��ïKûþí¸ç2ê�ïPç2é�çið ê�óUòKöUñKí ó_éîå÷ëUé�ýxë_å«ðBëUýúìKíþç!��ònñKý�D!çBéòKëUê�ó@ê�û¸ëWò û ù�ñPù�ç å÷ñPí�å÷ëUé�ì!çBé�å÷ëUé�ýúû¸òPö�óWôKô�û¸ê�ûþëUò�ó_ò�ô ù�ñBD�ê�é�óWð
ê�û¸ëWò(�bû¸êAûþùAó ýúëWé�ç�ó-D�ùªê�é�óWð
ê å÷ëUé�ýÚëUåèòKëUê�ó_ê�ûþëUòê�ï�ó_ò�ì�ëWíþóUé��næ�ïKû ðDïäó_íþëUòKç ïPóWù�ô�ûþé�çoð
ê�ð ëWé�é�çiù�ì�ëWòPô�çiòPð ç�ê�ëúê�é�ñKç ýúçióWùüñPé�çiýIçiò[ê�ù��
Ã½ÄXÅ"Æ<Ç!Å"ÈÊÉ
Ã�Ë ¼�½ ��Ì�Á-� » � û ù2ê�ïKçúê�ë_êDó_í#ýúçióWùüñKé�çIë_å�ëWìKì!ëWù�û�ê�û¸ëWò ê�ë1çií¸çoð
ê�é�û ðúð ñKé�é�çiò[ê�óUòPô ûþù2ê�ïKç�ð ëWýIìPí¸ç��¯÷õWçið
ê�ëUéH°ùüñKý ë_åC¯Õ�_é�çióUí&�r°�é�çiù�û ùªêDó_òPðBç2óUòPôM¯Õ�_ûþý�ó_öWû¸òPóUé�øZ�r°#é�çióUð ê�óUòPð ç��
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Ã ¸ ýIì!çiôPó_òPðBçiùp¯þçy° ó_é�ç7ý�ó_òPóUöUçiô8xªñPùüê{íþû��Wç#é�çoùüû ùªêDó_òPðBçiùa¯Òo�°^ûþò�ùüçié�ûþçiù ðBû¸éDð ñKû¸ê{ó_ò�ó_íþønù�û ù� ù�çBé�û¸çoù û¸ýúì!çiôKóUòPð çoùóUôKô ê�ëäå÷ëUé�ý ê�ïKç ê�ë_êDó_í�û¸ýúì!çiôKóUòPð ç���
Uñ�ùªê�D�ç1ùüñKé�çúê�ë ì�çiéüå÷ëWé�ýµó_íþí�ðió_í ð ñKí ó@ê�û¸ëWòPù�ûþòlðBëUýúìKíþç!�:¯÷òKëUêù�ðió_í ó_éH°#å÷ëWé�ý��8ç � q����! Iûç " ·ûç $ ·ü�C�C�7ç %
Ã ÷�íþçióUù�çäòKëUê�ç¤ê�ïPó@ê1û¸ýúì!çiôKóUòPð çoù óUí¸æ�ó]ø�ù�óUôKô�û¸òcù�çBé�ûþçiù��èé�çBö[ó_éDô�íþçiù�ù�ë_å�æ�ïPó_ê êªønì�ç ë_åAðBëUýúì�ëWòKçBò[êDùð ëUýúìKé�û ùüç�ê�ïKçIû¸ýúì!çiôKóUòPð çoù�_L�ïPó_ê2û ù�^é�çiù�ûþùüê�ûþõUç�û¸ýúì!çiôKóUòPð ç��^û¸òPôKñPð
ê�û¸õWç�ûþýúì�çoôKó_òPðBç��bóUòPô¤ðBóUìPóUðBû�ê�û¸õWçû¸ýúì!çiôKóUòPð ç�ó_é�ç2ê�ëÑD!ç ê�é�çió@ê�çiô ê�ïPç�ù�óUýIç æ�ó]ø�ý�ó@ê�ïPçBý�ó@ê�ûþðió_íþí¸ø��
Ã ÿpìPñKé�çií¸ø é�çoùüû ùüê�ûþõUç2û¸ýúì!çiôKóUòPð ç�æ�ûþí¸í«ó_íþæèó]ø�ù�ïPó]õUç�óIìKïPóWùüç�ó_òPöUíþç2ëUå«ç��óWð
ê�í¸ø ,rq ¯{ç�&:I¾o Û�ß ,�q °!�
Ã ÿeìKñKé�çBíþø ðBóUìPóUðBû�ê�û¸õWç�û¸ýúì!çiôKóUòPð ç�æ�ûþíþí«ó_íþæ�ó]ønùèïPó]õWç�óúìKïPóWùüç�óUòKöUíþç ë_å#ç!�KóUð ê�íþø²v * ,�q ¯þç�� I¾��� Û�ß
vþ* ,�q °H�

Ã A�ïKý�¹ ùC%«ó]æ�å÷ëUé�ÿ���ð ûþé�ðBñKû¸ê�ù��p`:I¾¸sç½^Z¸CI `=ï�çJ^$çMI¾`hï?¸
Ã ��ïKçBò�é�çiù�ûþùüê�ëWé�ù�ó_ò�ô1ðió_ìPóWð û¸ê�ëWé�ù�ó_é�ç2ýIû���çiô ê�ëWöUçBê�ïKçié�û¸òäð ûþéDð ñKû¸ê�ù���ê�ïPç ê�ë_êDó_íbûþýúì�çoôKó_ò�ð ç�æ�ûþí¸íbï�ó]õUç óìKïPóUù�ç�ó_òKöWí¸ç ù�ëUýúçBæ�ïKçié�çkD!ç êªæèçBçiò ,rq óUòPô<vþ* ,�q �
Ã õnçBé�û¸çoù�ÿ��²ðBû¸éDð ñPû�êDù ç!��ïKû&DKû�ê�ê�ïKç ù�ó_ýúçIå÷ñKòPôKóUýúçBò[ê�óUí�ìKé�ëUì!çBé�ê�ûþçiù�óUù�ù�çBé�ûþçiù_±_�²ðBû¸éDð ñKû¸ê�ù���ð ñPé�é�çBò[ê�ûþùñKòKû¸å÷ëUé�ý ê�ïKé�ëWñKöUïPëUñ�ê�ê�ïKç�ðBû¸éDð ñKû¸ê���õUëWí�êDó_öUç�ôKé�ëWìPù�óUôPô1ê�ë�å÷ëWé�ý ê�ïKç�ê�ë_êDó_í«õUëUí¸ê�óUöUç��Pó_òPô�ûþýúì�çoôKó_ò�ð çiùóUôKô ê�ëIå÷ëUé�ý ê�ïKç ê�ëUê�óUí û¸ýúì!çiôKóUòPð ç��

, Ö-, .0/�Û1/3242BÝ52�Û#Ý�Þ©ßBÞbà7áAÛTÙ�ÙP/3��/�Ù�ß
à©áAÛ Ù�ß Û#Ù�ãäß
à©Þ
G�ù�ûþòKö�ê�ïPç�ù�ó_ýúç�õ@ó_íþñKç�ðBëUýúì�ëWòKçBò[êDù�ûþò�ëUñKéèùüçié�ûþçiù#ç�Kó_ýúìKíþç�ð ûþé�ðBñKû¸ê��[æ�ç�æ�ûþíþí�ð ëWòKòKçoð
êîê�ïKçBýÄûþò�ìPó_éDó_íþíþçBíPóUòPôù�çBç æ�ïPó@ê�ï�ó_ìKì!çBòPù��

10 V
60 Hz
³ 5 

Ú
ΩR

ø
C
�

100 µF

	èçiðió_ñPù�ç�ê�ïKç�ì!ë@æ�çié�ù�ëUñPé�ðBç2ï�óUùèê�ïPç�ù�óUýIç2å÷é�ç�K[ñKçiòPð ø óWùèê�ïKç�ù�çBé�ûþçiù�ç!�KóUýIìPí¸ç�ð ûþéDð ñKû¸ê��KóUòPô ê�ïKç�é�çiù�ûþùüê�ëWéó_ò�ô ðBóUìPóUðBû�ê�ëUéhD!ë_ê�ï1ïPó]õWç�ê�ïPç ù�ó_ýúç2õ@ó_íþñKçiùèë_å©é�çoùüû ùüê�ó_ò�ð ç�óUòPô1ðBó_ì�óUð û¸ê�óUòPð ç��né�çoùüì!çið ê�ûþõUçBíþø��[ê�ïKçBø�ý�ñPùªê�óUíþù�ëïPó]õWç�ê�ïPç1ù�ó_ýúç1õ]óUí¸ñPçiù�ë_å�ûþýúì�çoôKó_òPðBç���õ�ë#��æèç1ðió_òJD!çBöWû¸ò/ëUñKé�óUòPó_íþø�ùüû ù�êDó-DKíþç æ�û¸ê�ï/ê�ïPç1ù�ó_ýúç��_öUûþõUçiò#�õ@ó_íþñKçiù��

E

I

Volts

Amps

OhmsZ

R TotalC

10 + j0

10 ∠ 0o

5 + j0

5 ∠ 0o

0 - j26.5258

26.5258 ∠ -90o

L�ïKû ùCD!çBûþòKö ó�ìPóUé�óUí¸íþçBíbðBû¸éDð ñPû�ê�òPë@æ_�Pæèç_�[òPë@æcê�ïPó@ê�õWëUí¸ê�óUöUç ûþù�ùüï�ó_é�çiô1ç�K[ñPóUí¸íþøXDnø�ó_íþí{ð ëWýIì!ëUòPçBò[ê�ù���ù�ëæèç ðió_ò1ìKí óUð ç ê�ïKçk|PöWñKé�ç�å÷ëUé�ê�ë_êDó_í õWëUí¸ê�ó_öWç�¯ n�, õUëWí�êDù ß ,�q °èû¸ò�ó_íþí ê�ïPç�ð ëUíþñKýúòPù��
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E

I

Volts

Amps

OhmsZ

R TotalC

10 + j0

10 ∠ 0o

5 + j0

5 ∠ 0o

0 - j26.5258

26.5258 ∠ -90o

10 + j0
10 ∠ 0o

10 + j0
10 ∠ 0o

Rule of parallel
circuits:

Etotal = ER = ECG�ë@ælæ�ç�ðBóUò�ó_ìPìKí¸ø A�ïPý]¹ ùa%{ó]æ ¯Õ¸sIl`=ï�çy°bõWçBé�ê�û ðBóUí¸íþø2ê�ë2êªæ�ë2ð ëWí¸ñKýúòPù7ûþò�ê�ïKçèê�ó�DKí¸ç��UðBóUíþðBñKí ó@ê�ûþòKö ð ñKé�é�çBò[êê�ïPé�ëWñKöUï ê�ïKç�é�çiù�û ùªê�ëUé�ó_òPô1ð ñPé�é�çBò[ê�ê�ïKé�ëUñPöUï ê�ïKç�ðió_ìPóWð û¸ê�ëUé��

E

I

Volts

Amps

OhmsZ

R TotalC

10 + j0

10 ∠ 0o

5 + j0

5 ∠ 0o

0 - j26.5258

26.5258 ∠ -90o

10 + j0

10 ∠ 0o

10 + j0

10 ∠ 0o

2 + j0
2 ∠ 0o

0 + j376.99m
376.99m ∠ 90o

Ohm’s
Law

Ohm’s
Law

I = 
E

Z
I = 

E

Z
WñPùªê#óUù©æ�û¸ê�ïÑ±k� ð ûþé�ðBñKû¸ê�ù���DKé�óUòPðDï�ðBñKé�é�çiòWêDù{ûþòúó�ìPóUé�óUí¸íþçBí�ÿ�� ðBû¸éDð ñPû�ê�óUôPô�ñKì�ê�ë2å÷ëUé�ýeê�ïPç�ê�ë_êDó_í�ð ñKé�é�çBò[ê
¯Õó ûþéDðDïKïKë-}C¹ ù���ñKé�é�çiòWê3%«ó]æpó_ö[ó_ûþò$°H�

E

I

Volts

Amps

OhmsZ

R TotalC

10 + j0

10 ∠ 0o

5 + j0

5 ∠ 0o

0 - j26.5258

26.5258 ∠ -90o

10 + j0

10 ∠ 0o

10 + j0

10 ∠ 0o

2 + j0

2 ∠ 0o

0 + j376.99m

376.99m ∠ 90o

2 + j376.99m
2.0352 ∠ 10.675o

Rule of parallel
circuits:

Itotal = IR + ICñ©û¸ò�ó_íþí¸ø��@ê�ëUê�ó_ínûþýúì�çoôKó_òPðBç�ðBó_ò�D!ç�ðió_í ð ñKí ó@ê�çiô Dnø�ñPùüûþòKö�A�ïKý�¹ ùa%{ó]ææ¯þç(Il`=ï�¸�° õUçiéüê�ûþðió_íþí¸ø�ûþò�ê�ïKç3��L{ëUê�ó_í �ð ëWí¸ñPýIòb�©ÿ�ù«æèç�ù�ó]æ�ûþò�ê�ïKç�ÿ�� ûþòPô�ñPð ê�óUòPð ç�ðDïPóUì�ê�çié��@ìPóUé�óUí¸íþçBí[ûþýIì!çiôPó_òPðBç�ðió_òIó_í ùüë"D�ç�ðBóUíþðBñKí ó@ê�çoô�Dnø�ñPù�û¸òPö
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ó�é�çið ûþìKé�ë�ðBó_í�å÷ëUé�ýAñKí ó�ûþôKçBò[ê�û ðBóUí#ê�ëäê�ïPó@ê�ñPùüçoô û¸ò ðió_í ð ñKí ó@ê�û¸òPöäìPó_éDó_íþí¸çií�é�çiù�ûþùüê�óUòPð çoù�<¸�êAûþùAòKë_ê�çBæèëUé�ê�ïnøäê�ëýúçBò[ê�ûþëUò ê�ï�ó@ê�ê�ïPûþù�ìPóUé�óUí¸íþçBí^ûþýúì�çoôKó_òPðBç�é�ñPí¸ç ïKëWíþôKù�ê�é�ñKç�é�çBö[ó_éDô�íþçiù�ù�ë_å©ê�ïPçl�nûþòPô1ë_å©û¸ýúì!çiôKóUòPð çoù�ìKíþóWð çoô ûþòìPóUé�óUí¸íþçBí{�b¸ òIë_ê�ïKçBé7æèëUéDôKù�]û¸ê�ô�ënçiù�ò(¹ ê#ý�ó@ê�ê�çié#û�å!æ�ç�¹ é�çèðió_í ð ñKí ó@ê�û¸òPö2ó2ð ûþé�ðBñKû¸ê#ðBëUýúì!ëWù�çiô�ëUåPìPóUé�óUí¸íþçBíné�çiù�ûþùüê�ëWé�ù��ìPóUé�óUí¸íþçBí^ûþòPô�ñPð ê�ëUéDù���ìPó_éDó_íþí¸çií ðBó_ì�óUð û¸ê�ëWé�ù��nëUé�ù�ëUýúç�ð ëUý DKûþòPó@ê�û¸ëWò�ê�ïPçBé�çBë_å6�#ûþò ê�ïKç å÷ëWé�ý ëUå«ûþýúì�çoôKó_òPðBçiù�¯þçy°H�ó_íþí�ê�ïPç�ê�çBé�ý�ù�ó_é�ç�ð ëUýúýúëUòYó_ò�ô�ðió_òãD�ç¤óUìKìKíþû¸çoô�ñKòKû¸å÷ëUé�ýIíþø�ê�ë ê�ïKç¤ù�ó_ýúç1å÷ëUé�ýAñKí óB�æA�òPðBçäó_öWóUû¸òb��ê�ïPçìPóUé�óUí¸íþçBí^ûþýIì!çiôPó_òPðBç å÷ëUé�ýAñKí óIí¸ënë���ùèíþû��Wç ê�ïKû ù�

Z
è

parallel =

Z1 Z2 Zn

1
+

1
+ . . .

1

1

L�ïKç�ëWòKíþø ô�éDó]æCDPóUð�� ê�ë�ñ�ùüûþòKöúê�ïPûþù�ç�K[ñPó_ê�ûþëUò�ûþù�ê�ïKçIùüûþöUòPû~|�ðió_ò[ê�ó_ýúëWñKò[ê�ë_å#æèëUé�� é�ç�K[ñKûþé�çoô ê�ë�æèëUé�� û¸êëUñKê��{çoùüì!çiðBûþóUí¸íþø æ�û¸ê�ïPëUñ�ê�ê�ïKç óUù�ù�ûþùüê�óUòPð çúë_å�ó�ðBóUíþðBñKíþó_ê�ëWé�ðBó_ì�ó-DKíþçúë_å�ýúóUòKûþìKñKí ó@ê�ûþòKö¤ðBëUýúìKíþç!�EK[ñPóUòWê�û�ê�û¸çoù�
o�çiöWó_éDô�íþçiù�ù2ë_å�ïKë@æuæèç�ðBóUíþðBñKí ó@ê�çúê�ë_êDó_í�ûþýúì�çoôKó_òPðBçúå÷ëUé�ëWñKé�ìPóUé�óUí¸íþçBí�ðBû¸éDð ñKû¸ê<¯ çBû¸ê�ïKçié�A�ïKý�¹ ù�%{ó]æuëWé�ê�ïPçé�çið ûþìKé�ë�ðBó_í!å÷ëWé�ý�ñKíþór°H��æèç æ�û¸íþí{ó_é�é�û¸õWç2ó_êèê�ïKç�ù�ó_ýúçl|PöUñKé�ç��

E

I

Volts

Amps

OhmsZ

R TotalC

10 + j0

10 ∠ 0o

5 + j0

5 ∠ 0o

0 - j26.5258

26.5258 ∠ -90o

10 + j0

10 ∠ 0o

10 + j0

10 ∠ 0o

2 + j0

2 ∠ 0o

0 + j376.99m

376.99m ∠ 90o

2 + j376.99m

2.0352 ∠ 10.675o

4.8284 - j910.14m
4.9135 ∠ -10.675o

Ohm’s
Law

or Rule of parallel
circuits:

Ztotal =

ZR ZC

1
+

1

1Z = 
E

I

Ã½ÄXÅ"Æ<Ç!Å"ÈÊÉ
Ã ¸ ýIì!çiôPó_òPðBçiù ¯{çy° ó_é�ç¤ý�ó_òPóUöUçiô xªñ�ùªê�í¸û&�Uç é�çoùüû ùüê�ó_ò�ð çiùé¯Õo�° û¸òpìPó_éDó_íþíþçBí�ðBû¸éDð ñPû�ê�ó_òPóUí¸ø�ù�ûþù�� ì�ó_éDó_íþí¸çiíû¸ýúì!çiôKóUòPð çoù�ô�ûþýIûþòKû ùüï�ê�ëúå÷ëUé�ý ê�ïKç�ê�ë_ê�óUíbûþýIì!çiôPó_òPðBç��Pñ�ùüûþòKöúê�ïPç�é�çoð ûþìKé�ënðió_í^å÷ëWé�ý�ñKíþó#�+
WñPùªê"D�çAù�ñKé�çê�ëäì!çBé�å÷ëUé�ý ó_íþíîðió_í ð ñKí ó@ê�û¸ëWòPù û¸ò�ðBëUýúìKíþç!�ã¯ òKë_êIù�ðió_í ó_éH°�å÷ëWé�ý��öç � q-���! I n ïZ¯ n ï�ç " · n ï�ç $ ·Q�é�é�n ï�ç % °
Ã A�ïKý�¹ ùC%«ó]æ�å÷ëUé�ÿ���ð ûþé�ðBñKû¸ê�ù��p`:I¾¸sç½^Z¸CI `=ï�çJ^$çMI¾`hï?¸
Ã ��ïKçBòúé�çiù�ûþùüê�ëWé�ù#óUòPôúðBó_ì�óUð û¸ê�ëWé�ù7óUé�ç�ýúû~��çoôAê�ëUöWç ê�ïPçBé�ûþòúìPó_éDó_íþí¸çiíKð ûþé�ðBñKû¸ê�ù3¯ÝxªñPùªêèóUù#ûþò�ùüçié�ûþçiù#ðBû¸éDð ñKû¸ê�ù�°H�ê�ïKç1ê�ëUê�óUí�û¸ýúì!çiôKóUòPð çäæ�ûþí¸í�ï�ó]õUç�ó ìPïPóUù�çäó_òKöWí¸çäù�ëUýúçBæ�ïKçié�ç]D!ç êªæèçBçBò ,�q óUòPôJv * ,rq �:L�ïKçäð ûþé�ðBñKû¸êð ñKé�é�çiò[êèæ�ûþí¸í{ïPó]õUç�óIìKïPóWùüç�ó_òPöUíþç ù�ëUýúçiæ�ïKçBé�ç"D!ç êªæèçBçiò ,�q ó_òPôö·l* ,rq �
Ã ÷#ó_éDó_íþí¸çií[ÿ�� ð ûþé�ðBñKû�êDù#ç!��ïKû&DKû¸ê7ê�ïKç�ù�ó_ýúçèå÷ñKòPôKóUýúçBò[ê�óUíKìKé�ëUì!çBé�ê�ûþçiù7óUù7ìPóUé�óUí¸íþçBíZ±_� ðBû¸éDð ñPû�êDù�«õUëUí¸ê�óUöUçèûþùñKòKû¸å÷ëUé�ýhê�ïKé�ëUñPöUïKëWñ�ê7ê�ïKç�ð ûþéDð ñKû¸ê���DKé�óUòPðDï�ðBñKé�é�çiòWêDù#óUôKôAê�ë2å÷ëWé�ýhê�ïKç�ê�ëUê�óUíKð ñKé�é�çiò[ê��UóUòPôAûþýúì�çoôKó_ò�ð çiùô�û¸ýúûþòKû ùüï«¯¼ê�ïKé�ëUñKöWï ê�ïKç�é�çoð ûþìKé�ënðió_í!å÷ëUé�ýAñPíþór°�ê�ëIå÷ëUé�ýxê�ïKç ê�ë_êDó_íbûþýúì�çoôKó_òPðBç��
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ÿ�ù�æ�û�ê�ï�û¸òPôKñPð
ê�ëUéDù�Uê�ïKç�û ô�çióUíPðBóUìPóUðBû�ê�ëUé#û ù�ó ìKñKé�çBíþøAé�çióWð
ê�û¸õWç�ôKçBõnûþðBç��UðBëUò[ê�óUû¸òPû¸òKö�ó�DPù�ëUíþñ�ê�çií¸ø�ÐiçBé�ë é�çoùüû ùªê�û¸õWç
¯÷ì!ë@æèçBé�ôKûþù�ùüûþìPó_ê�ûþõUç�°�ç!}^çið ê�ù��"¸ òäê�ïKçIé�çoó_í{æèëUé�í ôy��ëUåîð ëWñKé�ù�ç���òKë_ê�ïKûþòKö û ù ùüë�ì!çBé�å÷çið ê��k¶�ë@æèçBõWçBé���ðBóUìPóUðBû�ê�ëUéDùïPó]õWç�ê�ïKç�õnûþéüê�ñKç�ë_å�öUçiòKçBéDó_íþí¸øéD�çiû¸òKö ½ ÍZÏs�Ï�é�çióWð
ê�û¸õWçúðBëUýúì!ëUòKçiòWêDù ê�ï�ó_ò û¸ò�ô�ñPð
ê�ëUéDù�<¸�êAû ù�ó�í¸ëUê�çióWùüûþçBé ê�ëô�çoùüûþöUò óUòPô ðBëUòPùüê�é�ñPð ê2ó ðió_ìPóWð û¸ê�ëWé�æ�û¸ê�ï í¸ë@æhûþò[ê�çBé�òPóUí©ù�çBé�û¸çoù�é�çiù�ûþùüê�óUòPð çAê�ïPóUò û¸ê2û ù�ê�ë�ô�ë�ê�ïKçIù�ó_ýúçIæ�û�ê�ïó_ò�ûþòPô�ñPð ê�ëUé��:L�ïKç�ìKéDóUð
ê�ûþðió_í�é�çiù�ñKí¸êúëUå�ê�ïKûþùúû ùúê�ïPó@ê�é�çió_í�ðió_ìPóWð û¸ê�ëWé�ùAêªønìKûþðió_íþí¸ølïPó]õUç1û¸ýúì!çiôKóUòPð çäìPïPóUù�çó_òPöUíþçiù2ýúëUé�çIðBí¸ë[ùüçií¸ø¤óUìKìKé�ëWóUðDïPû¸òKö<* ,�q ¯ óWð
ê�ñPó_íþí¸ø��yv * ,�q °�ê�ïPó_ò ûþòPô�ñPð ê�ëUéDù��Ñ��ëUò�ùüç�KWñPçBò[ê�íþø��^ê�ïKçBø¤æ�ûþíþí#ê�çiòPôê�ë�ô�û ù�ùüûþìPó@ê�ç�í¸çoù�ù�ì!ë@æèçBéèê�ïPóUòäó_ò1ç�K[ñKûþõ]óUí¸çiò[ê�û¸òPôKñPð
ê�ëUé��
�èó_ì�óUð û¸ê�ëWé�ù«ó_í ùüë�ê�çiòPôAê�ëlD�ç�ù�ýúóUí¸íþçBé7ó_ò�ôAíþû¸öWï[ê�çBé©æèçBûþöUï[ê«ê�ïPó_ò�ê�ïPçBûþé©ç�K[ñKû¸õ@óUí¸çiòWê7ûþòPô�ñPð ê�ëUé�ðBëUñKò[ê�çBé�ìPó_é�ê�ù��ó_ò�ô ùüûþòPðBç�ê�ïKçiû¸éIçBíþçið ê�é�ûþð²|PçBí ôKùIó_é�ç ó_íþýúëWùüê�ê�ëUê�ó_íþíþø ðBëUò[ê�óUû¸òPçiôMD!ç êªæèçBçBò ê�ïKçBûþéIìKíþó_ê�çoù<¯ ñKòKíþû��Wç ûþòPô�ñPð ê�ëUéDù��æ�ïKë[ùüç�ý�ó_öWòKç ê�ûþð�|�çBí ôKù�òPó_ê�ñKéDó_íþíþø¤ê�çiòPô ê�ë ç!�nê�çiòPôMD�çiøUëWòPô ê�ïKç ôKû¸ýúçBò�ùüûþëUòPùAë_åèê�ïKç ð ëUé�ç�°!�{ê�ïKçBø ó_é�ç�íþçiù�ùìKé�ëUòKç�ê�ë ê�éDó_òPù�ýúû�ê�ê�ûþòKö ëWéAé�çið çiû¸õnûþòKö¤çií¸çoð
ê�é�ëUý�óUöUòKçBê�û ð��_òKëWûþù�ç��1ê�ëNï]å÷é�ëWý ëUê�ïKçié�ðBëUýúì�ëWòKçBò[êDù� ñKëUé�ê�ïPçiù�çé�çióUù�ëUò�ù� ð ûþéDð ñKû¸ê ôKçiù�û¸öWòKçBéDù�ê�çBòPô ê�ë1å ó]õWëUé�ðió_ìPóWð û¸ê�ëWé�ù�ë@õUçié�ûþòPô�ñPð ê�ëWé�ù2æ�ïKçié�çiõUçBé2ó�ô�çiù�û¸öWò ì!çBé�ýúû�êDù�çiû�ê�ïKçBéó_í¸ê�çié�ò�ó@ê�ûþõUç��
�èó_ì�óUð û¸ê�ëWé�ùîæ�û�ê�ï1ù�ûþöUòKû�|�ðBóUò[êèé�çiù�ûþùüê�ûþõUç2ç!}^çið ê�ù�óUé�ç2ù�óUûþô�ê�ëÑD�çÑð���Ö�Ö�Â��Pû¸ò1é�çBå÷çBé�çBòPðBç�ê�ë�ê�ïKçBûþéèê�çiòPô�çBò�ð ø�ê�ëô�û ù�ù�ûþìPó@ê�ç�¯Õ�Uí¸ë[ùüç���°7ì!ë@æ�çié�íþû��Wç�ó�é�çiù�ûþùüê�ëWé��0L�ïKç�ù�ëUñKéDð ç�ë_åbðBóUìPóUðBû�ê�ëUé�íþëWù�ù�û ù�ñPù�ñPóUí¸íþøIê�ïKç2ô�û¸çií¸çoð
ê�é�û ð�ý�ó@ê�çBé�ûþóUíéDó@ê�ïPçBé�ê�ï�ó_ò�ó_ònø�æ�ûþé�ç é�çiù�ûþùüê�óUòPð ç��KóUù�æ�ûþé�ç íþçBòKöUê�ï1û¸òäóúðBóUìPóUðBû�ê�ëUé�ûþù�õUçBé�ø�ýúû¸òPû¸ý�ó_í{�
±�û¸çií¸çoð
ê�é�û ð�ý�ó@ê�çBé�ûþóUíþù�ê�çBò�ô�ê�ë é�çoóUð êAê�ë ðDïPó_òPöUûþòKö¤çBíþçið ê�é�ûþð�|PçBí ôKù Dnø ìPé�ë�ô�ñPðBû¸òPö ïKçoó@ê��ML�ïKû ùAïPçió@ê�û¸òPöç!}^çið ê�é�çiìKé�çiù�çBò[ê�ù ó1í¸ë[ù�ù ûþò ì�ë@æèçBé��{óUòPô û ù�ç�KWñPû¸õ@ó_íþçBò[ê ê�ëäé�çiù�û ùªêDó_òPðBç�ûþò ê�ïKç�ðBû¸éDð ñKû¸ê���L�ïPçIç}!çoð
ê�û ù�ýúëUé�çìKé�ëUòKëWñKòPðBçiô ó@êAïKûþöUïPçBé å÷é�ç�K[ñKçBò�ð ûþçiù�óUòPô û¸ò å óWð
êAðBóUòMD�ç ù�ë�ç!�nê�é�çBýúçúê�ïPó@êAû¸êAû ù�ù�ëUýúç ê�û¸ýúçiù�ç!��ìKíþëUû¸ê�çiô ûþòý�ó_ònñ�å óWð
ê�ñPé�ûþòKöIìKé�ë�ðBçiù�ùüçoù�ê�ë�ïKçoó@ê�ûþòPùüñPíþó_ê�ûþòKö�ý�ó_ê�çBé�û ó_í ùîíþû��Wç ìKíþóWùªê�ûþð��aL�ïKç ìKíþóWùªê�ûþð�ë�DBxªçið
êèê�ëÑD!ç ïKçió_ê�çiô ûþùìKí óUðBçiô²D!ç êªæèçBçiò�êªæ�ëAýIçBê�óUí!ìPíþó_ê�çiù��nð ëUòPòKçið ê�çiô�ê�ë�ó�ùüëWñKéDð ç�ëUåbïKû¸öWïZv}å÷é�ç�KWñPçBòPðBøIÿ��/õWëUí¸ê�ó_öWç��0L{çiýúì�çié�ó_ê�ñKé�çû ùèðBëUò[ê�é�ëUíþíþçiô²Dnø�õ@ó_é�ønû¸òKö�ê�ïKç õUëWí�êDó_öWç�ëUé�å÷é�ç�K[ñKçBòPðBø�ë_åbê�ïKç�ùüëWñKéDð ç��nó_ò�ô�ê�ïPç�ìKí ó@ê�çiùèòKçiõUçBéèïPó]õWç�ê�ëúð ëWò[ê�óUð êê�ïPç�ë�DZxªçoð
êCD�çiû¸òPö�ïKçió_ê�çiô(�
L�ïKû ù2ç!}^çið
ê û ù ñKòPô�çoùüûþé�ó�DKíþç�å÷ëUé�ðió_ìPóWð û¸ê�ëUéDù�æ�ïPçBé�ç�æèç�ç��ì�çoð
ê2ê�ïKç�ð ëWýúì�ëWòKçBò[ê2ê�ë]D�çiïPó]õUçIóUù ó�ìKñPé�çií¸ø

Ïs��Á »Î � � �Að ûþé�ðBñKû�ê�çBíþçBýúçBò[ê��¿A�òKç�ëUåèê�ïKç�æ�ó]ø�ù2ê�ë¤ýúû¸ê�ûþöWó@ê�çúê�ïKç ç!}^çið
ê�ë_å�ô�ûþçBíþçið
ê�é�û ð²�_íþëWù�ù�� û ù�ê�ë¤ðDïKënëWù�ç�óô�ûþçBíþçið ê�é�ûþð�ý�ó@ê�çié�û ó_í7íþçiù�ù ùüñPù�ð çiì�ê�û&DKíþçIê�ë1ê�ïKçúç}!çoð
ê���G�ëUê�óUí¸í#ô�ûþçBíþçið ê�é�ûþðIý�ó@ê�çBé�ûþóUíþù2ó_é�çIç�K[ñPó_íþíþø¿�_íþëWù�ùüø�� � ÿé�çBí ó@ê�ûþõUç ù�ðBó_íþç ë_å#ô�ûþçBíþçið
ê�é�û ð2í¸ë[ù�ùèå÷é�ëUý í¸çoóUùüêèê�ë�öUé�çió_ê�çiùüê�ûþù�öWû¸õWçBò ïKçBé�ç��
�B�#���N��� �N�N�r�N�N�N�N�r�N�N�N�N�r�N� ���Z���g�Z� g[g �� �?��B� ù � g �N�N�Z���#����r�-�d ù � gng�Z��� ��� �����B�?�b�r�� ù � g ���r���'� ù �Q�?�N� ù ������B� ý ���
����e�� ��� �����Z�?�T�r�� ù �-�T���N��� �������Z��B���N�B� ù ��� ý ���Z�B�������Z� �r�N� �s����er�g�Z� gng �
±�û¸çií¸çoð
ê�é�û ðäé�çoùüû ùüê�ûþõ[û¸êªølý�óUòKû�å÷çoùªêDù û¸ê�ù�çBí¸å_D�ëUê�ïcóWù ó ù�çBé�ûþçiù�óUòPô�ó�ìPóUé�óUí¸íþçBí�é�çiù�û ùªêDó_òPðBçäæ�û�ê�ï�ê�ïKç ìKñKé�çðBóUìPóUðBû�êDó_òPðBç��
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Ideal
capacitort

Equivalent circuit for a real capacitor

Rseries

Rparallel

ñKëWéüê�ñKòPó_ê�çBíþø��[ê�ïKçiù�ç�ùªê�é�ó]øúé�çiù�ûþùüê�óUòPð çoùèóUé�ç2ñPù�ñPó_íþíþø�ë_å«ýúë�ô�çoùªê�ûþýIì�óUð
ê�¯ í¸ë@æcù�çBé�ûþçiùèé�çoùüû ùüê�ó_ò�ð ç ó_òPô ïKû¸öWïìPóUé�óUí¸íþçBí^é�çiù�ûþùüê�óUòPð ç?°H��ýAñ�ðDï1íþçiù�ù�ù�û¸öWòKû~|!ðBó_ò[êèê�ïPóUò1ê�ïKç�ùüê�éDó]ø�é�çoùüû ùüê�ó_ò�ð çiù�ìPé�çoùüçiòWê�ûþò�óUòäó]õUçBéDó_öWç�ûþòPô�ñPð ê�ëUé��
`�íþçið ê�é�ëUíþø[ê�û ð�ðBóUìPóUðBû�ê�ëUéDù�r�nòKë@æ�ò�å÷ëWé�ê�ïKçBûþé�é�çiíþó_ê�ûþõUçií¸øúïKûþöUï�ðBóUìPóUðBû�êDó_òPðBç�ó_ò�ô�íþë@æ�æ�ëWés�nûþòKöAõWëUí¸ê�ó_öWç��nó_é�çó_í ù�ë²�[òPë@æ�ò�å÷ëUé�ê�ïKçBûþé�òKëUê�ëWé�ûþëUñPù�í¸ë[ù�ù�û¸òPçiù�ù�PôKñKç�ê�ë�D�ëUê�ï�ê�ïKç�ðDïPóUé�óWð
ê�çBé�ûþùüê�û ðBù�ëUå©ê�ïKç�ýúû ð é�ëWù�ð ëUìPûþðió_íþí¸ø�ê�ïKûþòô�ûþçBíþçið ê�é�ûþð7|PíþýÄóUòPôAê�ïKç�çií¸çoð
ê�é�ëUíþø[ê�ç�ìPóWùªê�ç��UG�òKíþçiù�ù�ù�ì�çoð û ó_íþí¸ø�ý�óWô�çèå÷ëUéîÿ�� ùüçié�õnû ð ç��UçBíþçið
ê�é�ëWí¸ø[ê�ûþð�ðBóUìPóUðBû�ê�ëUéDùù�ïKëUñKí ô òKçBõWçBé_D!ç�ñPù�çiô æ�û�ê�ï ÿ��hñPòKí¸çoù�ù�û�ê�û ù�ýúû~��çoô:¯åDKû óUù�çiô#°2æ�û¸ê�ï�óäðBëUòPùüê�óUòWê�±_�uõUëUí¸ê�óUöUçIìKé�çBõUçiò[ê�ûþòKöê�ïPç2ðió_ìPóWð û¸ê�ëUéîå÷é�ëWýxçBõWçBé8D!çBûþòKöúùüñ#DZxªçið ê�çiô�ê�ëIé�çiõUçié�ù�ç�õUëWí�êDó_öWç��T`îõUçiò�ê�ïKçiò(�nê�ïPçBûþéèé�çiù�û ùªê�û¸õWç�ðDïPó_éDóUð ê�çié�û ùªê�ûþðiùý�ó]ø�D!ç ê�ënë�ùüçiõUçBé�ç ó�ùüïKëWéüêDð ëWýIûþòKö�å÷ëUé�ê�ïKç�ó_ìKìPí¸û ðBó_ê�ûþëUò�ó_ònønæèó]ø��
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%bçBê�¹ ù�ê�ó��Uç�ê�ïKç å÷ëWí¸íþë@æ�ûþòKöúç!�Kó_ýúìKíþç�ð ûþé�ðBñKû�ê�óUòPô1ó_òPóUí¸øNÐBç û¸ê��

120 V
60 Hz
³

250 Ω

R
ø

L

C
� 650 mH

³

1.5 µF

L�ïKçl|PéDùªê�ùüê�çiì û ù�ê�ëúôKç ê�çié�ýúûþòKç ê�ïPç�é�çoóUð
êDó_òPðBçiùk¯÷ûþò�ëUïKý�ù�°�å÷ëUé�ê�ïKç�û¸ò�ô�ñPð
ê�ëUé�óUòPô�ê�ïKç�ðBóUìPóUðBû�ê�ëUé��
ò ®
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X
L

L = 2πfL

X
L

L = (2)(π)(60 Hz)(650 mH)

XL = 245.04 Ω

XC = 
2πfC

1

X
L

C = 
(2)(π)(60 Hz)(1.5 µF)

1

XC = 1.7684 kΩ
L�ïKç�òPç!�nêIùüê�çiì ûþùAê�ë ç!��ìKé�çiù�ùAó_íþíîé�çiù�û ùªêDó_òPðBçiù�óUòPô�é�çióUð ê�óUòPð çoù�û¸ò/óäý�ó@ê�ïPçBý�ó@ê�ûþðió_íþí¸ø ð ëWýIýúëWò å÷ëUé�ý]�ûþýIì!çiôPó_òPðBç��Co�çBýúçiý�D!çBé�ê�ïPó@ê�óUòäû¸ò�ô�ñPð
ê�û¸õWç�é�çióUð ê�óUòPð ç2ê�éDó_ò�ùüí ó@ê�çiù�ûþò[ê�ë�óúì!ëWù�û�ê�û¸õWç�û¸ý�óUöUûþòPó_é�ø�ûþýIì!çiôPó_òPðBç

¯÷ëWé óUò�ûþýúì�çoôKó_ò�ð ç/ó_êM·l* ,rq °H��æ�ïKû¸íþçló�ðió_ìPóWð û¸ê�ûþõUç�é�çióWð
ê�óUòPð ç ê�é�óUòPù�íþó_ê�çiù¤û¸ò[ê�ëpó�òKçBö[ó@ê�û¸õWç�û¸ý�ó_öWû¸ò�ó_é�øûþýIì!çiôPó_òPðBç�¯÷ûþýúì�çoôKó_òPðBç�ó_êpvþ* , q °!�0o�çiù�ûþùüê�óUòPð ç��Uë_åbðBëUñKéDùüç��Uû ùîùüê�ûþí¸í�é�çiöWóUé�ô�çoô�óWùîó ìKñPé�çií¸øÑ�_é�çióUí&�2ûþýIì!çiôPó_òPðBç
¯÷ì!ëUí ó_é�óUòKöUíþç ë_å ,�q °!�

ZR = 250 + j0 Ω   or   250 Ω ∠ 0o

Z
è

L = 0 + j245.04 Ω   or   245.04 Ω ∠ 90o

Z
è

C = 0 - j1.7684k Ω   or   1.7684 kΩ ∠ -90o

120 V
60 Hz
³

ZR

ZL

Z
è

C

250 Ω ∠ 0o

245.04 Ω ∠ 90o

1.7684 kΩ ∠ -90o

G�ë@æ_�]æ�û¸ê�ïúó_íþírK[ñPóUò[ê�û¸ê�ûþçiù«ë_åPëWìKì�ë[ùüû¸ê�ûþëUò�ê�ë2çBíþçið
ê�é�û ðîðBñKé�é�çiòWê©ç!��ìKé�çiù�ùüçoô�ûþò�ó�ðBëUýúýúëUò(�_ðBëUýúìKíþç!��ònñKý�D!çBéå÷ëUé�ý�ó@ê_¯ óWù�û¸ýúì!çiôKóUòPð çoù�KóUòPô òPë_ê�óUùèé�çiù�ûþùüê�óUòPð çoù�ëWé�é�çoóUð
êDó_òPðBçiù�°H�[ê�ïPçBø ðió_ò]D�ç ïPóUòPô�íþçiô û¸ò ê�ïKç�ù�ó_ýúç2æèó]øóUù7ìPíþóUû¸òúé�çiù�ûþùüê�óUòPð çoù7û¸ò�ó_±_�lðBû¸éDð ñPû�ê��@L�ïKû ù#û ù�ó_òúû ô�çióUí�ê�ûþýúç�ê�ë�ô�éDó]ælñPì�ó_òúó_òPóUí¸ø�ù�ûþù©êDó-DKíþç�å÷ëUé#ê�ïKû ù�ð ûþé�ðBñKû¸êó_ò�ô¤ûþòPùüçiéüê�ó_íþí«ê�ïKç²�_öWû¸õWçBò#�²|PöUñKé�çiù�¯¼ê�ë_êDó_í7õUëWí�êDó_öUç��!óUòPôäê�ïKçúû¸ýúì!çiôKóUòPð çoù2ë_å�ê�ïKç�é�çiù�û ùªê�ëUé��!ûþòPô�ñ�ð
ê�ëWé�� óUòPôðBóUìPóUðBû�ê�ëUéH°H�
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E

I

Volts
¨
Amps

OhmsZ

R
©

L
ª

Total
«

C
¬

250 + j0
250 ∠ 0o

0 + j245.04 

254.04 ∠ 90o

0 - j1.7684k


1.7684k ∠ -90o

120 + j0
120 ∠ 0o

G�òPí¸çoù�ù ëUê�ïKçié�æ�û ùüç�ù�ì�çoð û�|Pçiô(�bê�ïPçúù�ëUñPé�ðBçIõWëUí¸ê�óUöUçAæ�ûþíþípD�ç�ëWñKé�é�ç å÷çBé�çBò�ð ç�å÷ëUé�ìKïPóWùüç�ù�ïKû¸å¼ê��7ó_òPô ùüë�æ�ûþí¸í
D!ç2æ�é�û¸êüê�çiò ó_ê�óUò ó_òPöUíþç�ëUå ,�q �po�çBýúçBý D�çié�ê�ïPó@êèê�ïPçBé�ç�û ù�òKëúùüñPðDï�ê�ïKûþòKö�óUùèó_ò]�Uó-D�ùüëWí¸ñ�ê�ç���ó_òKöWí¸ç�ë_å«ìPïPóUù�çù�ïKû�å¼êîå÷ëUéîó õWëUí¸ê�ó_öWç�ëUéîðBñKé�é�çBò[ê��Wù�û¸òPðBç�û�ê�¹ ù�ó_íþæèó]ø�ù#ó_K[ñPóUòWê�û�êªø�é�çiíþó_ê�ûþõUçèê�ë�ó_òKëUê�ïKçié#æèó]õWç å÷ëUé�ý��T÷îïPóUù�ç�ó_òKöWí¸çoùå÷ëUé2ûþýIì!çiôPó_òPðBç��bïKë@æèçBõWçBé�¯ í¸û&�Uç�ê�ïPëWù�ç�ëUå�ê�ïKçIé�çiù�ûþùüê�ëWé��!û¸ò�ô�ñPð
ê�ëUé��bó_òPô ðBóUìPóUðBû�ê�ëUéH°H�^ó_é�ç��nòKë@æ�ò ó�DPù�ëUíþñ�ê�çií¸ø��
D!çiðBóUñPù�ç¤ê�ïPç ìPïPóUù�ç é�çBí ó@ê�û¸ëWòPùüïPû¸ìPùXD�çBêªæ�çiçBòpõUëUí¸ê�óUöUç óUòPôcðBñKé�é�çiòWê�ó@ê�çióWðDïcð ëWýIì!ëUòPçBò[ê1óUé�ç ó-DPù�ëUíþñ�ê�çií¸øô�ç|PòKçiô(�
G�ëUê�û ð ç1ê�ï�ó@ê�¸H¹ ý óUù�ùüñPýIûþòKö�ó ì�çiéüå÷çoð
ê�í¸ø é�çióWð
ê�û¸õWç ûþòPô�ñPð ê�ëWé ó_òPô�ðBóUìPóUðBû�ê�ëUé���æ�û¸ê�ïYû¸ýúì!çiôKóUòPð çäìPïPóUù�çó_òPöUíþçiù�ëUå�ç!�KóUð ê�íþø½·l* , ó_ò�ôMvþ* ,�q �#é�çiù�ì!çið
ê�û¸õWçBíþø�� ÿ�í¸ê�ïKëWñKöUï é�çióUí�ðBëUýúì�ëWòKçBò[êDùAæèëUò(¹ ê�D!ç ì!çBé�å÷çið ê�ûþò ê�ïKûþùé�çBöWóUé�ô(��ê�ïKçiøYù�ïKëWñKíþô D�ç å ó_ûþé�íþø�ð íþëWù�ç���ñKëUé�ù�û¸ýúìKíþûþðBû�êªø���¸H¹ í¸í óUù�ù�ñKýúç ì!çBé�å÷çið
ê�í¸øYé�çióWð
ê�ûþõUç û¸òPôKñPð
ê�ëUéDù óUòPôðBóUìPóUðBû�ê�ëUéDù�å÷é�ëWý òKë@æcëWò ûþò�ýAø�ç�Kó_ýúìKíþç�ðBó_í ð ñPíþó_ê�ûþëUòPùèç!�KðBçBì�ê�æ�ïKçié�ç òKëUê�çoô ëUê�ïKçié�æ�û ùüç��
õnûþòPð ç�ê�ïPçIó�D�ë@õWç�ç!�Kó_ýúìKíþçúð ûþé�ðBñKû�ê2ûþù ó1ùüçié�ûþçiù�ð ûþé�ðBñKû¸ê�� æèç��nòKë@æeê�ï�ó@ê ê�ïKç�ê�ëUê�óUí©ðBû¸éDð ñKû¸ê û¸ýúì!çiôKóUòPð çIûþùç�K[ñPóUí^ê�ëúê�ïKç�ùüñPý ë_å©ê�ïKç�ûþòPô�ûþõnûþôKñPó_í ù�Kù�ë#�

Ztotal = ZR + ZL + ZC

Ztotal = (250 + j0 Ω) + (0 + j245.04 Ω) + (0 - j1.7684k Ω)

Ztotal = 250 - j1.5233k Ω   or   1.5437 kΩ ∠ -80.680o

¸ òPù�çBé�ê�ûþòKö�ê�ïKû ùh|PöWñKé�ç2å÷ëWé�ê�ë_êDó_íbûþýúì�çoôKó_ò�ð ç û¸ò[ê�ë�ëUñKé�êDó-DKíþç��

E

I

Volts

Amps
®
OhmsZ

¯

R
©

L
ª

Total
«

C
¬

250 + j0
°
250 
°

∠ 0o

0 + j245.04 
±
254.04 
°

∠ 90o

0 - j1.7684k
±

1.7684k ∠ -90o

120 + j0

120 ∠ 0o

250 - j1.5233k
²

1.5437k ∠ -80.680o

Rule of series
circuits:

Z
³

total = ZR + ZL + ZC

� çúðió_ò òKë@ækóUìKìKíþøEA�ïKý�¹ ù_%«ó]æ ¯Õ¸sIl`=ï�o"°�õWçBé�ê�û ðBó_íþíþøäû¸ò ê�ïPçÑ��L{ëUê�óUí&�1ð ëWí¸ñKýúò ê�ë]|PòPô ê�ë_ê�óUí�ð ñKé�é�çBò[êå÷ëUé�ê�ïKû ù�ùüçié�ûþçiù�ðBû¸éDð ñPû�ê��
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E

I

Volts
¨
Amps
®
OhmsZ

R L TotalC
¬

250 + j0

250 
°

∠ 0o

0 + j245.04 
±
254.04 
°

∠ 90o

0 - j1.7684k
±

1.7684k ∠ -90o

120 + j0

120 ∠ 0o

250 - j1.5233k

1.5437k ∠ -80.680o

12.589m + 76.708m
77.734m 
´

∠ 80.680o

Ohm’s
Law

I = 
E

Z
³

	èçBûþòKö¤ó ù�çBé�ûþçiù�ðBû¸éDð ñKû¸ê��#ðBñKé�é�çBò[êAý�ñPùüê�D�ç ç�K[ñPóUí�ê�ïPé�ëWñKöUï óUí¸íèð ëUýúì!ëUòKçiò[ê�ù��¿L�ï[ñ�ù�7æèç ðBóUò ê�ó-�Wç�ê�ïPç
|PöWñKé�ç ë�D�ê�óUû¸òKçoô�å÷ëWé�ê�ëUê�ó_í«ð ñKé�é�çiò[ê�óUòPô�ô�ûþùüê�é�û&DKñ�ê�ç�û¸ê�ê�ëúçoóUðDï1ë_å{ê�ïKç�ë_ê�ïKçBé�ðBëUíþñKýúòPù��

E

I

Volts

Amps
®
OhmsZ

¯

R
©

L
ª

Total
«

C
¬

250 + j0
°
250 
°

∠ 0o

0 + j245.04 
±
254.04 
°

∠ 90o

0 - j1.7684k
±

1.7684k ∠ -90o

120 + j0

120 ∠ 0o

250 - j1.5233k
°

1.5437k ∠ -80.680o

12.589m + 76.708m

77.734m 
µ ∠ 80.680o

12.589m + 76.708m
77.734m 
´

∠ 80.680o

12.589m + 76.708m
77.734m 
´

∠ 80.680o

12.589m + 76.708m
77.734m 
´

∠ 80.680o

Rule of series
circuits:

I
¶

total = IR = IL = ICG�ë@æ�æèç�¹ é�ç�ìPé�çiìPó_é�çiô ê�ë ó_ìKìKíþø¿A�ïKý�¹ ù"%{ó]æü¯Õ`hI"¸sçy°�ê�ë�çoóUðDïäëUå©ê�ïKçAûþòPô�ûþõnûþôKñPó_í©ð ëUýúì!ëUòKçiò[ê�ð ëWí¸ñKýúòPùûþò ê�ïKç ê�ó�DKíþç��nê�ë�ôKç ê�çié�ýúûþòKç�õUëWí�êDó_öWç2ô�é�ëUì�ù�

E

I

Volts

Amps
®
OhmsZ

¯

R
©

L
ª

Total
«

C
¬

250 + j0
°
250 
°

∠ 0o

0 + j245.04 
±
254.04 
°

∠ 90o

0 - j1.7684k
±

1.7684k ∠ -90o

120 + j0

120 ∠ 0o

250 - j1.5233k
°

1.5437k ∠ -80.680o

12.589m + 76.708m

77.734m 
µ

∠ 80.680o

12.589m + 76.708m

77.734m 
µ

∠ 80.680o

12.589m + 76.708m

77.734m 
µ

∠ 80.680o

12.589m + 76.708m

77.734m 
µ

∠ 80.680o

Ohm’s
Law

Ohm’s
Law

Ohm’s
Law

3.1472 + j19.177
·
19.434 ∠ 80.680o

-18.797 + j3.0848
19.048 ∠ 170.68o

135.65 - j22.262
137.46 ∠ -9.3199o

E = IZ
¸

E = IZ
¸

E = IZ
¸

G�ëUê�û ð ç ùüëWýúç ê�ïPû¸òKöúùüê�éDó_òKöWç�ïKçBé�ç��#óUí�ê�ïKëUñKöWï ëWñKéèù�ñKìKìPí¸ø�õWëUí¸ê�óUöUç�û ùèëUòKíþø n Ó , õUëWí�êDù�[ê�ïKç�õWëUí¸ê�óUöUç�óWð é�ëWù�ùê�ïPç�ðió_ìPóWð û¸ê�ëWé�û ù n�® ÜZ� )rÞäõUëWí�êDù4��¶�ë@æ ðió_ò ê�ïKû ùÑD�ç?wQL�ïKçäó_ò�ùüæèçBéIí¸ûþçiùIûþòlê�ïKç�û¸ò[ê�çBéDóUð
ê�û¸ëWòJD!ç êªæèçBçBò/ê�ïPçûþòPô�ñPð ê�ûþõUç�óUòPôúðBó_ì�óUð û¸ê�ûþõUç�é�çióWð
ê�óUòPð çoù�@`a��ìKé�çiù�ùüçoô�óWù#ûþýIì!çiôPó_òPðBçiù��Wæèç�ðBóUòúù�çBç�ê�ïPó@êîê�ïKç�ûþòPô�ñ�ð
ê�ëWé�ëUìPì�ë[ùüçoùð ñPé�é�çBò[ê�ûþò óäý�ó_òKòKçié�ìKé�çiðBûþù�çBíþø ëWìKì�ë[ùüû¸ê�ç�ê�ïPó_êAë_å�ê�ïPç ðBóUìPóUðBû�ê�ëUé��]`p�nìPé�çoù�ù�çiô û¸ò�é�çið ê�óUòKöUñKí ó_é å÷ëWé�ý��©ê�ïPçûþòPô�ñPð ê�ëUé�¹ ù�ûþýúì�çoôKó_ò�ð ç�ïPóUùIó ì�ë[ùüû¸ê�ûþõUç1û¸ý�óUöUûþòPó_é�ø ê�çBé�ý óUòPô�ê�ïKçäðBó_ì�óUð û¸ê�ëWé�ï�óUùIó òKçiöWó_ê�ûþõUç1û¸ý�ó_öWû¸ò�ó_é�øê�çié�ý��²��ïKçiò ê�ïKçoùüçúêªæèëäð ëUò[ê�é�óUé�ø�ûþýIì!çiôPó_òPðBçiù�óUé�çúóUôKôKçiô×¯÷ûþò�ùüçié�ûþçiù�°H� ê�ïKçBø ê�çiòPô ê�ë¤ðBóUòPð çií#çióWðDï ëUê�ïKçiéëUñKê��Aÿ�í�ê�ïKëUñKöWï ê�ïKçBø�¹ é�çúùüê�ûþí¸í3Á�Ì�Ì���Ì Î ����� Î�U �!Ï�ê�ë1ìKé�ënôKñPð çúó ù�ñKý�� ê�ïPó@ê�ùüñPýâûþù óWð
ê�ñ�ó_íþí¸ø«ð��!Ö�Ö�ê�ï�ó_ò çiû�ê�ïKçBéë_å�ê�ïKç1ûþòPô�ûþõ[û ô�ñPóUí�¯ ðió_ìPóWð û¸ê�ûþõUç1ëUéIû¸òPôKñPð
ê�û¸õWç�°�û¸ýúì!çiôKóUòPð çoù�ó_íþëUòKç��J¸�ê�ûþùúóUòPó_íþëUöWëUñPù�ê�ë�óUôKôKû¸òKö ê�ëWöUçBê�ïKçié
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ó1ì�ë[ùüû¸ê�ûþõUçúó_ò�ô ó1òKçiöWó@ê�û¸õWç<¯=ù�ðió_í ó_éH°�ònñKý D�çié��2ê�ïPçúù�ñKýâû ù�ó�K[ñPó_ò[ê�û¸êªøäíþçiù�ù2ê�ïPóUò çiû�ê�ïKçBé�ëWòKç�¹ ù2û¸òPôKû¸õnû ô�ñPó_íó-D�ùüëWí¸ñ�ê�ç õ]óUí¸ñPç��
¸�å ê�ïPç�ê�ëUê�óUíPûþýIì!çiôPó_òPðBç�ûþò ó�ù�çBé�û¸çoùîðBû¸éDð ñKû¸êîæ�û¸ê�ï<D�ëUê�ï�ûþòPô�ñPð ê�ûþõUç2ó_òPô�ðió_ìPóWð û¸ê�ûþõUç�çií¸çiýIçiò[ê�ù�ûþù�í¸çoù�ù�ê�ïPóUòê�ïPç�û¸ýúì!çiôKóUòPð ç�ëUå�çBû¸ê�ïPçBé�çií¸çiýIçiò[êAùüçiìPó_éDó@ê�çBíþø��^ê�ïPçBò ê�ïKçúê�ë_êDó_íîðBñKé�é�çBò[ê�ûþò ê�ïPó@ê�ðBû¸éDð ñKû¸ê�ýAñ�ùªê�D!ç��-Ï���Á Î �Ïê�ï�ó_ò æ�ïPó_êIû¸êúæ�ëWñKíþôMD!ç1æ�û�ê�ïlëUòPí¸ø ê�ïPç ûþòPô�ñPð ê�ûþõUç ëUéIëUòKíþø ê�ïKç1ðBó_ì�óUð û¸ê�ûþõUç çBíþçBýúçBò[ê�ù�ê�ïKçBé�ç�� ��û�ê�ï ê�ïKûþùó-DPòKëUé�ý�ó_íþí¸ø ïKû¸öWï¤ð ñKé�é�çBò[ê�ê�ïKé�ëUñPöUïäçióWðDï�ë_å#ê�ïPçAð ëWýIì!ëUòPçBò[ê�ù���õWëUí¸ê�óUöUçiù�öWé�çoó@ê�çBé�ê�ïPó_ò�ê�ïKç�ù�ëUñKéDð ç�õWëUí¸ê�óUöUçý�ó]øÑD�ç2ë�D�êDó_ûþòKçiô óUð é�ëWù�ùîù�ëUýúç�ë_åbê�ïKç�ûþòPô�ûþõnûþôKñPó_í ð ëWýúì�ëWòKçBò[ê�ù��0ñKñKé�ê�ïKçié�ð ëUò�ùüç�KWñPçBòPðBçiù�ëUå{ûþòPô�ñPð ê�ëUéDù�¹[óUòPôðBóUìPóUðBû�ê�ëUéDù¹nëWìKì�ë[ùüû¸ê�ç é�çióWð
ê�óUòPð çoùèû¸ò1ê�ïPç�ù�óUýIç�ðBû¸éDð ñKû¸ê�æ�û¸íþí(D!ç�ç!��ìKíþëUé�çiô û¸ò1ê�ïKç�òKç!�nê�ðDïPóUì�ê�çié��
A�òPðBçèøWëUñ(¹ õUç�ý�óUùüê�çié�çoô�ê�ïKç�ê�çiðDïKòKû K[ñKç�ë_å^é�çiô�ñPðBû¸òPö óUí¸í�ð ëUýúì!ëUòKçiò[ê7õ@óUí¸ñKçoù7ê�ë�ûþýúì�çoôKó_ò�ð çiù�¯{çy°!�Uó_òPóUí¸øNÐvûþòKö�ó_ònø�ÿ���ðBû¸éDð ñKû¸ê�ûþù�ëWòKí¸ø�ó�D�ëWñ�ê�óUù�ô�û[Q�ð ñKí¸ê�óUù�ó_ò�ó_íþørÐiû¸òPöIóUò[ø�±_��ðBû¸éDð ñPû�ê���ç!�Kð çiì�ê�ê�ïPó_êèê�ïKç_K[ñPó_ò[ê�û¸ê�ûþçiùô�çoó_í¸êAæ�û�ê�ïló_é�ç�õUçoð
ê�ëUé�ûþòPùªê�çióWô ë_å�ù�ðió_í ó_é��<��û¸ê�ï ê�ïKç�ç�Kð çBìKê�ûþëUò�ë_å�ç�KWñ�ó@ê�ûþëUò�ù�ô�çióUí¸ûþòKöäæ�û¸ê�ï ì!ë@æèçBéX¯Ò÷7°H�ç�K[ñPó_ê�ûþëUòPùúûþò�ÿ��xðBû¸éDð ñKû¸ê�ù�óUé�ç1ê�ïKç¤ù�óUýúç�óWùIê�ïKë[ùüç�ûþò:±k� ð ûþé�ðBñKû¸ê�ù���ñPù�ûþòKö û¸ýúì!çiôKóUòPð çoù¿¯{çy°IûþòPùüê�çoóUô/ë_åé�çiù�ûþùüê�óUòPð çoù]¯Òo�°H�CA�ïKý�¹ ùX%{ó]æà¯Ò`=I"¸sçy°Iùüê�ûþí¸í�ïKëUí ôKùúê�é�ñKç��èóUòPôYùüë�ô�ëJó ûþéDðDïKïKë-}C¹ ùÑô#ëUí¸ê�óUöUçäó_òPô ��ñKé�é�çBò[ê

%{ó]æ�ù��
L«ë�ô�çBýúëUò�ùªê�é�ó_ê�ç3ó ûþé�ðDïKïPë-}C¹ ùpô#ëUí¸ê�ó_öWç3%{ó]æ�û¸ò�óUò�ÿ��lðBû¸éDð ñPû�ê��Uæèç�ðBó_ò�íþënë��Ió@ê#ê�ïPç�ó_ò�ùüæèçBéDù7æ�ç�ôKçBé�û¸õWçiôå÷ëUé�ð ëUýúì!ëUòKçiò[ê�õUëUí¸ê�óUöUç�ô�é�ëUìPù�ûþò�ê�ïPç�íþóWùªê�ðBû¸éDð ñKû¸ê��=ókô"% ê�çBíþíþù�ñPù�ê�ï�ó@ê�ê�ïKçAó_íþöUç�DKéDó_û ð�ù�ñKý ë_å©ê�ïKç�õWëUí¸ê�óUöUçô�é�ëUìPù�óWð é�ëWù�ù�ê�ïKç�é�çiù�ûþùüê�ëWé��nûþòPô�ñPð ê�ëWé��KóUòPô�ðBó_ì�óUð û¸ê�ëWé�ùüïKëWñKí ô ç�K[ñPó_í^ê�ïKç�ó_ìKìPí¸ûþçiô1õUëWí�êDó_öWç�å÷é�ëUýxê�ïKç�ù�ëUñKéDð ç��

`�õWçBò�ê�ïKëUñPöUï�ê�ïKû ù�ýúó]øúòKëUêèíþënë���íþû��Wç�û¸ê�ûþù�ê�é�ñKç ó@ê=|PéDùªê�ùüûþöUï[ê��nó DKû¸êèëUå«ð ëWýúìKí¸ç��ònñKý�D!çBé�óUôPô�û�ê�û¸ëWò ìKé�ë@õUçoùë_ê�ïKçBé�æ�û ùüç��
ER + EL + EC   should equal   Etotal

3.1472 + j19.177 V    ER

-18.797 + j3.0848 V E
¹

L

135.65 - j22.262 V EC+

120 + j0 V
º

Etotal»5¼?½¿¾�À¦ÁÃÂ�Ä�ÅÇÆ_ÈÉ½[ÊËÄ�ÁÉÂ?Ä�ÌÉÍ�¾�½�ÍÉÎ_À�Â?Â�Ä�ÂÐÏ�Ê?ÑÉÀÒ¼-ÌÉÅÇÄ�Á�Ê?ÑÉÀÐ¼-ÀÔÓ�Ä�Õ[Ê�Æ�Î�À+¾ÉÂ?Ä�Ö�¼#¾�Ä�ÀÐ¼�À�×NÌ�Æ�Õ�Ø ÓÚÙ Ó�Ä�Õ[Ê�¼�Û ÷ À4Â?ÁÃÄ�Â�ÅÜÀ�¾Ä�Í�ÆÜÝ4Æ�Õ�Ý4ÌÉÕ�ÆÚÊ?Ä�Â ¯ ÖÉÂ�À�¼?À4Â�Ó�½[ÍÉÎÜÆÚÕ�Õ�¾�½�Î�½[Ê�¼ ° Ï�Ê�ÑÉÀ3ÆÚÍ�¼-ÞÒÀ4Âàß�Ä�ÌáÞP½�Õ�Õ�Â?ÀÐÝâÀ�½[Ó�À�¼?ÑÉÄ�Ì�Õ�¾áÈ�À�ã�ä Á�å Î ð~Â Ø ÓÚÙ�·çæ-Ù Ó�Ä�ÕCÊ!¼4Ûè À3Ý4ÆÚÍ�ÆÚÕ¿¼?ÄéÌ�¼?À õZ÷8¸?êÒë Ê�ÄìÓ�À4Â�½[ÁÃßOÄ�ÌÉÂàí�Î�ÌÉÂ�À�¼ÔÁÃÄ�ÂàÊ�ÑÉ½¿¼_Ýâ½�Â�Ý4ÌÉ½[Ê�î
1 2

30

120 V
60 Hz
³

R
ø

L

C
�

250 Ω

650 mH
³

1.5 µF
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�(�æ��¥æ¥ ¦ �
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�#� ¡ �û� ¢�¦ �
¢ �#� ù ���ü�   �   �¢þý �'���Z�æ�#� ú �?�yÿs¥$� ú ��¥aÿ ¡ � ú � ¡ ÿs�$�:�(� ú ���
¢þý �'���Z�æ�#� ú ý �?��ÿ�¥$� ú ý ��¥aÿ ¡ � ú ý � ¡ ÿ��#�:� ý � ú ���
¢ ���Z�

�r�B��� ú �?��ÿ�¥$� ú ��¥aÿ ¡ � ú � ¡ � �(� ú ���
 8¢ �r�N�����Z�'� � ¢�¤��B¡ ���Z�'� � ¢�¤ � ¦ ���Z��� � ¢�¡N£r¦ ���Z�N¥ £8¢6£N£N¡ � � �N¥�r�B��� ú ý ���yÿ�¥$� ú ý ��¥aÿ ¡ � ú ý � ¡ � � ý � ú ���
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E
´

R = 19.43 V ∠ 80.68o

EL = 19.05 V ∠ 170.7o

E
´

C = 137.5 V ∠ -9.320o

I = 77.73 mA 
µ

∠ -99.32o (actual phase angle = 80.68o)

Interpreted SPICE results

ö ÑÉÀ õZ÷8¸?êÒë ¼?½�Å÷ÌÉÕ¿ÆøÊ�½[Ä�Íù¼?ÑÉÄøÞ_¼ÒÄ�ÌÉÂPÑ�ÆÚÍ�¾�ú�Ý4Æ�Õ�Ý4ÌÉÕ¿ÆøÊ?ÀÐ¾�Â�À�¼?ÌÉÕ[Ê�¼ÒÊ�ÄûÈ�À3Æ�Ý�ÝâÌÉÂ!ÆøÊ�À�Û»5¼÷ß�Ä�ÌHÝ4ÆÚÍH¼?À4À�Ï#Ê�ÑÉÀ4Â�ÀO½¿¼÷Õ�½[Ê-Ê?Õ�Àá¾É½Cü�À4Â�À4Í�Ý4ÀOÈ�ÀâÊ�ÞÒÀ4À4ÍH» ê Ý4½[Â!ÝâÌ�½CÊéÆ�Í�ÆÚÕ�ß�¼-½¿¼3Æ�Í�¾ ±¥ê Ý4½[Â!ÝâÌ�½CÊéÆ�Í�ÆÚÕ�ß�¼-½¿¼�ÏÀâýÉÝ4À4Ö�ÊPÊ�Ñ�ÆøÊ5Æ�Õ[Õ#×NÌ�Æ�ÍNÊ?½[Ê?½�À�¼PÄ�ÁXÓ�Ä�Õ[Ê�ÆÚÎ�À�ÏÉÝ4ÌÉÂ?Â�À4ÍNÊÐÏÉÆÚÍ�¾ùÂ�À�¼?½�¼-Ê�Æ�Í�ÝâÀ ¯ Æ�Ý8Ê�Ì�ÆÚÕ�Õ[ß�Ï�þ ÿ � ã Ì�Á���å ã ° Å÷Ì�¼-Ê5È�À`Ñ�ÆÚÍ�¾�Õ[ÀÐ¾½�Í�ÝâÄ�ÅûÖ�Õ[À4ýÜÂ!ÆøÊ�ÑÉÀ4Â+Ê?Ñ�Æ�Íá¼�Ý4Æ�Õ�Æ�Â1ÁÃÄ�Â�ÅE¼-Ä÷Æ�¼¦Ê�ÄéÆ�Ý4ÝâÄ�ÌÉÍNÊ¦ÁÃÄ�ÂÒÖÉÑ�Æ�¼-À�ÆÚÍÉÎ�Õ[À�Û ö Ñ�½�¼Ô½�¼ÔÎ�Ä�Ä�¾�Ï�¼-½�Í�Ý4À5½[ÊÒÅÜÀ�Æ�Í�¼+Æ�Õ[Õß�Ä�Ì ¹ Ó�À`Õ�À�ÆÚÂ�ÍÉÀÐ¾ùÆ�È�Ä�Ì�Ê ±`ê À4Õ�À�Ý8Ê�Â?½¿Ý3Ý4½[Â!ÝâÌÉ½[Ê�¼5ÆÚÖÉÖÉÕ�½�À�¼PÊ�ÄOÞPÑ�ÆÚÊ5ß�Ä�Ì ¹ Â�À¥Õ[ÀÐÆÚÂ�ÍÉ½�ÍÉÎìÑÉÀ4Â�À�Û ö ÑÉÀ÷Ä�ÍÉÕ�ß�À4ý�Ý4À4Ö�Ê�½[Ä�ÍÊ?Ä÷Ê?ÑÉ½¿¼àÝâÄ�Í�¼-½¿¼-Ê?À4Í�ÝâßÜ½�¼+Ê?Ñ�À�Ý�ÆÚÕ¿ÝâÌÉÕ¿ÆøÊ�½[Ä�ÍOÄÚÁ#Ö�ÄøÞÒÀ4ÂÐÏ�ÞPÑÉ½¿Ý!Ñ�½¿¼Ô¼?Ä÷Ì�ÍÉ½�×NÌÉÀ*Ê?Ñ�ÆøÊà½CÊP¾�À�¼?À4Â�Ó�ÀÐ¼+ÆéÝ!Ñ�ÆÚÖ�Ê�À4Âà¾�À4Ó�ÄÚÊ�À�¾Ê?ÄûÊ�Ñ�ÆøÊ5¼?ÌÉÈ æ ÀÐÝ8Ê5ÆÚÕ�Ä�Í�À�Û
Ã½ÄXÅ"Æ<Ç!Å"ÈÊÉ
Ã ¸ ÅûÖ�À�¾�ÆÚÍ�Ý4À�¼àÄÚÁ1ÆÚÍ�ß���½�Í�¾�Æ�¾É¾ù½�Íù¼?À4Â�½[ÀÐ¼4î ç ��� ���! 	� ç " ·ûç $ · ÛPÛPÛ ç %
Ã »_Õ[Ê?ÑÉÄ�ÌÉÎ�Ñs½�ÅÜÖ�ÀÐ¾ÉÆÚÍ�ÝâÀ�¼¥Æ�¾É¾s½�Í ¼?À4Â�½[ÀÐ¼4Ï�Ê?Ñ�À÷Ê�ÄÚÊ�Æ�ÕU½[ÅÜÖ�À�¾ÉÆ�Í�ÝâÀéÁÃÄ�Â¥Æ�Ý4½[Â!ÝâÌÉ½[Ê`ÝâÄ�ÍNÊ!ÆÚ½�ÍÉ½[Í�Î�È�ÄÚÊ?Ñ ½[Í�¾�Ì�Ý8úÊ�ÆÚÍ�ÝâÀOÆÚÍ�¾ Ý�ÆÚÖ�Æ�Ýâ½[Ê�Æ�Í�ÝâÀìÅìÆ�ß�È�ÀOÕ�À�¼�¼¥Ê?Ñ�ÆÚÍ Ä�ÍÉÀ�Ä�Â`ÅÜÄ�Â�ÀìÄÚÁàÊ?Ñ�ÀO½[Í�¾�½[Ó�½¿¾�Ì�Æ�Õ¦½[ÅÜÖ�À�¾ÉÆ�Í�ÝâÀÐ¼4ÏXÈ�À�Ý4Æ�Ì�¼?À¼-À�Â?½�À�¼�½�Í�¾�Ì�ÝâÊ?½�Ó�ÀìÆÚÍ�¾ Ý4Æ�Ö�Æ�Ý4½CÊ�½[Ó�Àé½�ÅÜÖ�ÀÐ¾ÉÆÚÍ�ÝâÀ�¼�Ê�À4Í�¾ Ê�Ä�Ý�ÆÚÍ�Ý4À4Õ1ÀÐÆ�Ý!Ñ�Ä�Ê?ÑÉÀ�Â`Ä�Ì�ÊÐÛ ö ÑÉ½�¼¥ÅìÆ�ßJÕ�À�Æ�¾sÊ�ÄÓ�Ä�Õ[Ê�Æ�Î�À¥¾�Â�Ä�Ö�¼àÆ�Ý4Â?ÄN¼?¼àÝ4Ä�ÅÜÖ�Ä�ÍÉÀ4ÍNÊ!¼àÀâýÉÝâÀ�À�¾�½�ÍÉÎûÊ?ÑÉÀ3¼?ÌÉÖÉÖ�Õ[ßOÓ�Ä�Õ[Ê�Æ�Î�À �
Ã »_Õ�Õ_Â?Ì�Õ[ÀÐ¼ìÆÚÍ�¾ Õ�Æ�Þ_¼ÜÄ�Á ±`ê Ýâ½�Â�Ý4ÌÉ½CÊ!¼ìÆÚÖÉÖ�Õ[ß	Ê�ÄH» ê Ý4½[Â!ÝâÌ�½CÊ!¼4ÏÒ¼-Ä Õ�Ä�ÍÉÎ	Æ�¼ÜÓøÆ�Õ[ÌÉÀÐ¼OÆÚÂ�ÀùÀâý�ÖÉÂ�À�¼�¼-ÀÐ¾�½�ÍÝâÄ�ÅÜÖÉÕ�Àâý ÁÃÄ�Â�Å Â�ÆÚÊ?ÑÉÀ�Â3Ê�Ñ�ÆÚÍ�¼�Ý4Æ�Õ�Æ�Â�Û ö Ñ�À�Ä�Í�Õ[ß ÀâýÉÝâÀ�Ö�Ê?½�Ä�ÍHÊ?ÄsÊ�ÑÉ½¿¼÷ÖÉÂ�½�Í�Ýâ½�ÖÉÕ�À�½¿¼3Ê�ÑÉÀáÝ�ÆÚÕ¿ÝâÌÉÕ¿ÆøÊ�½[Ä�Í	ÄÚÁ
��
�� ã Ï ÏÉÞPÑ�½�Ý!Ñ�½¿¼àÓ�À4Â�ß�¾�½[ü�À4Â�À4ÍNÊàÁÃÄ�Â_» ê Û

7��� .0/��1/3242��52ç�W¡�¢£¡�/������

è À¥Ý�ÆÚÍ�Ê�Æ���À_Ê�ÑÉÀ`¼?Æ�ÅûÀ¥ÝâÄ�ÅÜÖ�Ä�ÍÉÀ4ÍNÊ�¼ÔÁÃÂ�Ä�Å�Ê�ÑÉÀ`¼-À�Â?½�À�¼ÒÝâ½�Â�Ý4ÌÉ½[ÊàÆ�Í�¾OÂ�À�Æ�Â?Â!ÆÚÍÉÎ�ÀPÊ?Ñ�À4Å ½�ÍNÊ?ÄÜÆ÷Ö�Æ�Â�Æ�Õ[Õ�À4Õ�ÝâÄ�Í�í�Î�úÌÉÂ!ÆøÊ�½[Ä�Í�ÁÃÄ�Â_ÆÚÍùÀ�Æ�¼?ßOÀ4ý�Æ�ÅÜÖÉÕ[À`Ý4½[Â!ÝâÌÉ½[Ê�î
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120 V
60 Hz
³ R L C

�
250 
�

Ω 650 mH
³

1.5 µF

ö ÑÉÀ5Á�Æ�Ý8ÊÔÊ?Ñ�ÆÚÊÔÊ�ÑÉÀ�¼?À*Ý4Ä�ÅÜÖ�Ä�ÍÉÀ�Í�Ê!¼ÔÆ�Â?À�ÝâÄ�ÍÉÍÉÀ�ÝâÊ?ÀÐ¾ì½[Í�Ö�ÆÚÂ!ÆÚÕ�Õ[À�Õ�½�Í�¼-Ê?ÀÐÆ�¾ìÄ�Á#¼-À�Â?½�À�¼+ÍÉÄøÞõÑ�Æ�¼ÒÆÚÈ�¼-Ä�Õ[Ì�Ê�À4Õ�ßéÍ�ÄÀâü�À�ÝâÊ_Ä�ÍáÊ?ÑÉÀ�½[ÂP½�Í�¾�½�Ó�½�¾ÉÌ�ÆÚÕ�½�ÅÜÖ�ÀÐ¾ÉÆÚÍ�Ý4À�¼�Û õ ÄÜÕ[Ä�ÍÉÎÜÆ�¼ÒÊ?Ñ�À�Ö�ÄøÞÒÀ4ÂP¼-Ì�ÖÉÖÉÕ�ß�½¿¼ÒÊ?ÑÉÀ`¼�ÆÚÅÜÀ�ÁÃÂ?ÀÐ×�Ì�À4Í�Ý4ß�Æ�¼ÒÈ�ÀâÁÃÄ�Â�À�ÏÊ?Ñ�À`½[Í�¾ÉÌ�Ý8Ê�½[Ó�À3ÆÚÍ�¾ùÝ4Æ�Ö�Æ�Ý4½CÊ�½[Ó�À�Â�À�Æ�Ý8Ê!ÆÚÍ�Ý4À�¼ÒÞP½[Õ�Õ�ÍÉÄ�Ê_Ñ�Æ�Ó�À¥Ý!Ñ�ÆÚÍ�Î�À�¾ùÆøÊ_Æ�Õ[Õ î

120 V
60 Hz
³ ZR ZL ZC

250 
�

Ω ∠ 0o

245.04 
�

Ω ∠ 90o

1.7684 kΩ ∠ -90o

è ½[Ê?ÑHÆÚÕ�ÕÔÝ4Ä�ÅÜÖ�Ä�ÍÉÀ�Í�ÊéÓ�Æ�Õ[Ì�À�¼`À4ý�Ö�Â?ÀÐ¼?¼?À�¾ Æ�¼3½[ÅÜÖ�À�¾ÉÆ�Í�ÝâÀÐ¼ ¯{ç(° ÏXÞÔÀOÝ�ÆÚÍH¼?ÀâÊ÷ÌÉÖHÆ�ÍHÆÚÍ�Æ�Õ[ß�¼?½�¼�Ê!ÆÚÈÉÕ�À�Æ�Í�¾ÖÉÂ�Ä�ÝâÀ4ÀÐ¾ Æ�¼ì½�ÍçÊ?ÑÉÀsÕ¿Æ�¼-ÊOÀâýÉÆ�ÅûÖ�Õ[ÀJÖÉÂ�Ä�È�Õ[À�ÅùÏàÀ4ý�Ý4À4Ö�ÊìÊ�ÑÉ½¿¼ìÊ?½�ÅÜÀJÁÃÄ�Õ�Õ�ÄøÞP½[ÍÉÎ Ê�ÑÉÀsÂ�ÌÉÕ[ÀÐ¼ìÄÚÁ¥Ö�Æ�Â�Æ�Õ[Õ�À4Õ_Ý4½[Â!ÝâÌÉ½[Ê�¼½�Í�¼�Ê�À�Æ�¾�Ä�ÁU¼?À4Â�½[ÀÐ¼4î

E

I

Volts
¨
Amps

OhmsZ
¯

R
©

L
ª

Total
«

C
¬

250 + j0
²
250 ∠ 0o

0 + j245.04 

254.04 ∠ 90o

0 - j1.7684k


1.7684k ∠ -90o

120 + j0
120 ∠ 0o

ó ÍÉÄøÞP½�ÍÉÎìÊ�Ñ�ÆøÊ�Ó�Ä�Õ[Ê�Æ�Î�À3½¿¼�¼-Ñ�Æ�Â?ÀÐ¾JÀ�×NÌ�Æ�Õ[Õ�ß�È�ß�Æ�Õ[ÕUÝâÄ�ÅÜÖ�Ä�ÍÉÀ4ÍNÊ�¼*½�Í ÆOÖ�ÆÚÂ!ÆÚÕ�Õ[À�ÕËÝâ½�Â!ÝâÌÉ½[Ê�Ï�ÞÒÀéÝ4Æ�ÍJÊ?Â!ÆÚÍ�¼�ÁÃÀ�ÂÊ?Ñ�À¥í�Î�ÌÉÂ�À�ÁÃÄ�ÂàÊ�ÄÚÊ�Æ�Õ�Ó�Ä�ÕCÊ!ÆÚÎ�À*Ê?ÄOÆ�Õ[Õ�Ý4Ä�ÅÜÖ�Ä�ÍÉÀ�Í�Ê_Ý4Ä�Õ�ÌÉÅÜÍ�¼P½�Í�Ê�ÑÉÀ¥Ê�Æ�ÈÉÕ[À�î

E

I

Volts
¨
Amps

OhmsZ

R L TotalC
¬

250 + j0

250 ∠ 0o

0 + j245.04 
±
254.04 ∠ 90o

0 - j1.7684k
±

1.7684k ∠ -90o

120 + j0

120 ∠ 0o

120 + j0
120 ∠ 0o

120 + j0
120 ∠ 0o

120 + j0
120 ∠ 0o

Rule of parallel
circuits:

Etotal = ER = EL = EC

� ÄøÞ`Ï�ÞÒÀ�Ý�ÆÚÍùÆÚÖÉÖÉÕ�ß! *ÑÉÅ ¹ ¼#"ËÆ�Þ ¯å¸ � ëhï�çy° Ó�À4Â?Ê?½¿Ý4Æ�Õ[Õ�ßÜ½[ÍùÀ�Æ�Ý!Ñ�ÝâÄ�Õ[Ì�ÅûÍáÊ?ÄÜ¾�À4Ê?À4Â�ÅÜ½[Í�À�Ý4ÌÉÂ?Â�À4ÍNÊÒÊ?ÑÉÂ�Ä�Ì�Î�ÑÀ�Æ�Ý!ÑùÝ4Ä�ÅÜÖ�Ä�ÍÉÀ�Í�ÊÐî
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E

I

Volts
¨
Amps

OhmsZ

R
©

L
ª

Total
«

C
¬

250 + j0
°
250 ∠ 0o

0 + j245.04 
±
254.04 ∠ 90o

0 - j1.7684k
±

1.7684k ∠ -90o

120 + j0

120 ∠ 0o

120 + j0

120 ∠ 0o

120 + j0

120 ∠ 0o

120 + j0

120 ∠ 0o

Ohm’s
Law

Ohm’s
Law

Ohm’s
Law

480m + j0
$
480 
$

∠ 0o

0 - j489.71m


489.71m 
$

∠ -90o

0 + j67.858m


67.858m 
%

∠ 90o

I = 
¶ E
¸
Z
³ I = 

¶ E
¸
Z
³ I = 

¶ E
¸
Z
³

ö ÑÉÀ�Â?À�Æ�Â?ÀsÊ�ÞÔÄ�¼-Ê?Â!ÆøÊ�À4Î�½[ÀÐ¼ìÁÃÄ�ÂùÝ4Æ�Õ�Ý4ÌÉÕ�ÆÚÊ?½�ÍÉÎHÊ�ÄÚÊ!ÆÚÕ*Ý4ÌÉÂ�Â?À�Í�Ê�ÆÚÍ�¾çÊ�ÄÚÊ!ÆÚÕ�½[ÅÜÖ�À�¾ÉÆ�Í�ÝâÀ�Û ñ ½�Â�¼-Ê�Ï_ÞÒÀ�Ý4Ä�ÌÉÕ¿¾Ý4Æ�Õ�Ý4ÌÉÕ¿ÆøÊ?À*Ê?Ä�Ê�Æ�Õ�½�ÅÜÖ�ÀÐ¾ÉÆÚÍ�ÝâÀ�ÁÃÂ?Ä�Å ÆÚÕ�Õ�Ê?ÑÉÀ¥½�Í�¾�½�ÓN½¿¾�Ì�Æ�Õ�½[ÅÜÖ�À�¾ÉÆ�Í�ÝâÀÐ¼Ô½�ÍùÖ�ÆÚÂ!ÆÚÕ�Õ[À�Õ ¯þç ��� ���! 	� Ø ïB¯ Ø ï�ç�&J· Ø ï�ç�&
· Ø ï�ç � ° Ï�ÆÚÍ�¾áÊ?Ñ�À4Í�Ý�ÆÚÕ¿ÝâÌÉÕ¿ÆøÊ�À¥Ê?ÄÚÊ!ÆÚÕXÝâÌÉÂ�Â?À�ÍNÊ_ÈNßù¾�½�ÓN½¿¾�½�ÍÉÎ�¼?Ä�ÌÉÂ!ÝâÀ`Ó�Ä�Õ[Ê�Æ�Î�À¥È�ßOÊ?Ä�Ê�Æ�Õ#½�ÅûÖ�À�¾�ÆÚÍ�Ý4À ¯å¸ � ëhï�çy° Û¶ ÄøÞÒÀ4Ó�À4ÂÐÏÉÞÒÄ�Â'�N½�ÍÉÎûÊ?Ñ�Â?Ä�ÌÉÎ�ÑùÊ?Ñ�À÷Ö�Æ�Â�Æ�Õ[Õ�À4Õ�½�ÅÜÖ�ÀÐ¾ÉÆÚÍ�ÝâÀ3ÀÐ×�Ì�ÆøÊ?½�Ä�ÍJÞP½[Ê?ÑsÝ4Ä�ÅÜÖÉÕ�Àâý�Í�ÌÉÅ÷È�À4Â!¼_½¿¼_ÍÉÄìÀÐÆ�¼?ß�Ê!Æ�¼(��ÏÞP½[Ê?Ñ	ÆÚÕ�ÕUÊ?ÑÉÀÜÂ�À�Ý4½[ÖÉÂ�Ä�Ý4ÆÚÊ?½�Ä�Í�¼ ¯ Ø ï�çy° Û ö ÑÉ½�¼¥½¿¼¥À�¼?Ö�À�Ýâ½¿ÆÚÕ�Õ�ßJÊ?Â�ÌÉÀÜ½CÁàß�Ä�Ì ¹ Â?ÀéÌÉÍ�ÁÃÄ�Â?Ê?Ì�Í�ÆøÊ�ÀìÀ4ÍÉÄ�ÌÉÎ�Ñ ÍÉÄÚÊ¥Ê?Ä�Ñ�Æ�Ó�ÀÆ Ý4ÆÚÕ¿ÝâÌ�Õ�ÆÚÊ?Ä�ÂûÊ�Ñ�ÆøÊìÑ�Æ�Í�¾�Õ�À�¼ÜÝâÄ�ÅûÖ�Õ[À4ý�Í�ÌÉÅ÷È�À4Â!¼ÜÆÚÍ�¾çÆÚÂ�À�ÁÃÄ�Â�Ý4À�¾HÊ?Ä ¾�Ä ½CÊOÆÚÕ�ÕPÈ�ß	Ñ�ÆÚÍ�¾ ¯ Â?ÀÐÝâ½�ÖÉÂ?Ä�Ý�ÆøÊ?ÀáÊ?Ñ�À½�Í�¾�½�ÓN½¿¾�Ì�Æ�Õ ç@¹ ¼¥½[Í Ö�Ä�Õ�Æ�Â�ÁÃÄ�Â�ÅùÏ�Ê?ÑÉÀ�Í Ý4Ä�Í�Ó�À�Â-Ê*Ê?ÑÉÀ�Å ÆÚÕ�ÕXÊ?Ä�Â�À�Ý8Ê!ÆÚÍÉÎ�ÌÉÕ¿ÆÚÂ*ÁÃÄ�Â�Å;ÁÃÄ�Â`Æ�¾�¾�½CÊ�½[Ä�Í�Ï�Ê�ÑÉÀ4Í	ÝâÄ�Í�Ó�À4Â?ÊÈ�Æ�Ý)�áÊ�ÄáÖ�Ä�Õ¿ÆÚÂ*ÁÃÄ�Â�Å ÁÃÄ�Â*Ê?Ñ�Àéí�Í�ÆÚÕU½�ÍNÓ�À4Â!¼-½�Ä�Í#Ï�Ê�ÑÉÀ4Í ½[Í�Ó�À�Â-Ê ° Û ö ÑÉÀÜ¼?À�ÝâÄ�Í�¾JÞàÆ�ßùÊ?Ä�Ý4ÆÚÕ¿ÝâÌ�Õ�ÆÚÊ?À3Ê�ÄÚÊ!ÆÚÕ1ÝâÌÉÂ�Â�À4ÍNÊÆÚÍ�¾OÊ�ÄÚÊ�Æ�Õ�½[ÅÜÖ�À�¾ÉÆ�Í�ÝâÀ¥½¿¼ÒÊ?ÄìÆ�¾�¾�ÌÉÖJÆ�Õ[Õ�Ê�ÑÉÀ¥ÈÉÂ�Æ�Í�Ý!Ñ�ÝâÌÉÂ�Â?À�ÍNÊ�¼ÔÊ?ÄìÆÚÂ�Â�½[Ó�À*ÆøÊàÊ�ÄÚÊ�Æ�Õ�ÝâÌÉÂ�Â�À4ÍNÊ ¯ Ê?Ä�Ê�ÆÚÕËÝâÌÉÂ�Â?À�ÍNÊÒ½�ÍÆéÖ�ÆÚÂ!ÆÚÕ�Õ[À�Õ�Ý4½[Â!ÝâÌ�½CÊ#*O» ê Ä�Â ±`ê *ì½�¼àÀÐ×�Ì�ÆÚÕ�Ê?ÄéÊ?ÑÉÀ`¼?ÌÉÅ Ä�Á�Ê?ÑÉÀ¥ÈÉÂ!ÆÚÍ�Ý!ÑáÝâÌ�Â?Â�À4ÍNÊ�¼ ° ÏNÊ�ÑÉÀ4ÍùÌ�¼?À� *ÑÉÅ ¹ ¼+"#Æ�Þ Ê�Ä¾�À4Ê?À4Â�ÅÜ½[Í�À¥Ê?ÄÚÊ!ÆÚÕ�½�ÅÜÖ�ÀÐ¾ÉÆÚÍ�Ý4À¥ÁÃÂ?Ä�ÅEÊ?Ä�Ê�Æ�Õ�Ó�Ä�Õ[Ê�Æ�Î�À¥ÆÚÍ�¾áÊ�ÄÚÊ�Æ�Õ�ÝâÌÉÂ�Â�À4ÍNÊ ¯{ç � ëhï?¸�° Û

E

I

Volts

Amps
®
OhmsZ

¯

R
©

L
ª

Total
«

C
¬

250 + j0
°
250 
°

∠ 0o

0 + j245.04 
±
254.04 
°

∠ 90o

0 - j1.7684k
±

1.7684k ∠ -90o

120 + j0

120 ∠ 0o

120 + j0

120 ∠ 0o

120 + j0

120 ∠ 0o

120 + j0

120 ∠ 0o

480m + j0
,
480 ∠ 0o

0 - j489.71m
±

489.71m ∠ -90o

0 + j67.858m
±

67.858m 
-

∠ 90o

480m - j421.85m
$

639.03m 
%

∠ -41.311o

141.05 + j123.96
187.79 ∠ 41.311o

ë ½[Ê?Ñ�À4Â3ÅÜÀâÊ�ÑÉÄ�¾�ÏUÖ�À�Â-ÁÃÄ�Â?ÅÜÀÐ¾ Ö�Â?Ä�Ö�À�Â?Õ�ß�ÏXÞP½[Õ�Õ+Ö�Â?ÄøÓ�½¿¾�ÀûÊ?ÑÉÀùÝâÄ�Â�Â�À�Ý8Ê3Æ�Í�¼-ÞÒÀ4Â!¼�Û!"�À4Ê ¹ ¼`Ê�Â?ß ÆÚÍ�Æ�Õ[ß Ð ½�ÍÉÎ�Ê�ÑÉ½�¼Ýâ½�Â!ÝâÌÉ½[Ê_ÞP½CÊ�Ñ õZ÷p¸?êÒë ÆÚÍ�¾�¼?À4À¥ÞPÑ�ÆÚÊ_Ñ�ÆÚÖÉÖ�À4Í�¼4î
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battery symbols are "dummy"
voltage sources for SPICE to
use as current measurement
points.. All are set to 0 volts.
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120 V
60 Hz
³ R

ø
L
0

C
�

250 
�

Ω 650 mH
³

1.5 µF

V
º

ic V
º

il V
º

ic

V
º

i

R
ø
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I
µ

total = 639.0 mA ∠ -41.31o

I
µ

R = 480 mA ∠ 0o

IL = 489.7 mA ∠ -90o

IC = 67.86 mA ∠ 90o

Interpreted SPICE results

p Ê5Ê�Ä�Ä]�JÆOÕ�½CÊ?Ê?Õ�ÀéÈ�½CÊ¥ÄÚÁ¦Ê�Â?½¿Ý)��À�Â?ß�Ê?ÄùÎ�À4Êrq8s p?êÒë ÞÔÄ�Â(��½�ÍÉÎ�Æ�¼5ÞÒÀ÷ÞÒÄ�ÌÉÕ¿¾JÕ�½t��À÷Ä�ÍJÊ?ÑÉ½¿¼¥Ýâ½�Â�Ý4ÌÉ½[ÊouÃ½�Í�¼-Ê�Æ�Õ[Õ�½[Í�Î
v ¾ÉÌÉÅÜÅ÷ß v Ó�Ä�ÕCÊ!ÆÚÎ�À�¼?Ä�Ì�Â�Ý4À�¼ì½�Í À�Æ�Ý!ÑõÈÉÂ!ÆÚÍ�Ý!ÑçÊ?Ä Ä�È�Ê!ÆÚ½�Í ÝâÌÉÂ�Â�À4ÍNÊìí�Î�Ì�Â?ÀÐ¼�ÆÚÍ�¾ ½[Í�¼-Ê�Æ�Õ[Õ�½�ÍÉÎ	Ê?Ñ�À v ¾ÉÌÉÅÜÅ÷ß vÂ�À�¼?½�¼-Ê?Ä�Â3½[ÍHÊ?ÑÉÀO½�Í�¾�Ì�Ý8Ê?Ä�ÂéÈ�Â�Æ�Í�Ý!Ñ Ê?Ä�Ö�Â?À�Ó�À4ÍNÊ÷Æs¾É½[Â�À�ÝâÊé½�Í�¾�Ì�ÝâÊ?Ä�Â?ú Ê?ÄÚú Ó�Ä�ÕCÊ!ÆÚÎ�Àû¼?Ä�ÌÉÂ!ÝâÀ�Õ[Ä�Ä�Ö#ÏXÞPÑ�½�Ý!ÑRq8s p?êÒëÝ4Æ�ÍÉÍÉÄ�Ê1Ê?Ä�Õ�À4Â!ÆøÊ�ÀEwâÏ�ÈÉÌ�ÊÔÞÔÀ_¾�½¿¾ÜÎ�À4Ê1Ê?ÑÉÀ5ÖÉÂ?Ä�Ö�À�Â¦Â�À�Æ�¾É½[ÍÉÎN¼4Û ë Ó�À4ÍÜÅÜÄ�Â�ÀÔÊ�Ñ�ÆÚÍÜÊ�Ñ�ÆøÊÐÏ�È�ßé½[Í�¼-Ê�Æ�Õ[Õ�½�ÍÉÎ¥Ê?ÑÉÀ*¾�ÌÉÅÜÅ÷ßÓ�Ä�ÕCÊ!ÆÚÎ�À5¼-Ä�ÌÉÂ!ÝâÀ�¼gu�Ý4ÌÉÂ?Â�À4ÍNÊÒÅûÀ4Ê?À�Â�¼)w1½�ÍOÊ�ÑÉÀ*Ö�Â?Ä�Ö�À�ÂÒ¾�½�Â�À�Ý8Ê�½[Ä�Í�¼�Ï�ÞÒÀ5ÞÒÀ4Â�À*Æ�ÈÉÕ[À5Ê?ÄÜÆ�Ó�Ä�½�¾ûÊ�Ñ�ÆøÊà½�¾É½[ÄN¼-ß�Í�Ý4Â�Æ�¼-ßéÄÚÁ
q8s p?êÒë ÄÚÁ�ÖÉÂ�½�Í�Ê�½[Í�ÎéÝâÌ�Â?Â�À4ÍNÊ+í�Î�ÌÉÂ�À�¼5ØXx Ù � Ä�Ì�ÊàÄÚÁ�Ö�Ñ�Æ�¼?À�Û ö ÑÉ½¿¼ÔÞàÆ�ß�Ï�Ä�ÌÉÂàÝâÌ�Â?Â�À4ÍNÊ+ÖÉÑ�Æ�¼?À5Â�À�Æ�¾É½[ÍÉÎN¼¦Ý4Æ�ÅÜÀ5Ä�ÌÉÊÊ?ÄÜÀ4ý�Æ�Ý8Ê�Õ[ßOÅìÆÚÊ�Ý!Ñ�Ä�ÌÉÂPÑ�ÆÚÍ�¾ùÝ4Æ�Õ�Ý4ÌÉÕ�ÆÚÊ?½�Ä�Í�¼�Û

y�)z {|�}�e~��}�>�:�����	�������g�G�����?���������

� ÄøÞ Ê?Ñ�ÆÚÊàÞÒÀ]� Ó�À¥¼?À4À4ÍáÑÉÄøÞ£¼?À4Â�½[ÀÐ¼ÔÆ�Í�¾áÖ�ÆÚÂ!ÆÚÕ�Õ[À�Õ�» ê Ýâ½�Â�Ý4ÌÉ½[ÊàÆ�Í�ÆÚÕ�ß�¼-½¿¼Ò½�¼ÒÍÉÄ�ÊÒÁÃÌ�Í�¾ÉÆÚÅÜÀ�Í�Ê!ÆÚÕ�Õ[ßO¾É½Cü�À4Â�À4ÍNÊàÊ?Ñ�Æ�Í
�`ê Ýâ½�Â!ÝâÌÉ½[ÊàÆ�Í�ÆÚÕ�ß�¼-½¿¼�Ï�½[Ê_¼-ÑÉÄ�ÌÉÕ¿¾�ÝâÄ�ÅÜÀ�Æ�¼+ÍÉÄÜ¼?ÌÉÂ?Ö�Â?½¿¼-À5Ê?Ñ�ÆÚÊ_¼-À�Â?½�À�¼-ú Ö�ÆÚÂ!ÆÚÕ�Õ[À�Õ�ÆÚÍ�Æ�Õ[ß�¼?½�¼ÔÞÒÄ�ÌÉÕ¿¾OÈ�À5Ê�ÑÉÀ`¼?Æ�ÅÜÀ�Æ�¼ÞÒÀ4Õ�ÕAÏ æ Ì�¼-Ê5Ì�¼?½�ÍÉÎìÝâÄ�ÅÜÖÉÕ�ÀâýáÍNÌ�Å÷È�À4Â!¼à½[Í�¼-Ê?ÀÐÆ�¾ùÄÚÁU¼?Ý�ÆÚÕ¿ÆÚÂÒÊ?ÄÜÂ�À4ÖÉÂ�À�¼?À4ÍNÊPÓ�Ä�ÕCÊ!ÆÚÎ�À�Ï�ÝâÌÉÂ�Â�À4ÍNÊ�ÏÉÆ�Í�¾�½�ÅÜÖ�ÀÐ¾ÉÆÚÍ�ÝâÀ�Û

ö Æ���À*Ê?Ñ�½�¼_¼?À4Â�½�À�¼-ú Ö�Æ�Â�Æ�Õ[Õ�À4Õ�Ýâ½�Â!ÝâÌÉ½[ÊPÁÃÄ�ÂPÀ4ý�Æ�ÅÜÖÉÕ[À�î

120 V
60 Hz
�

C
�

1

4.7 
�

µF
L 650 mH

�

R
�

470 
�

Ω
C
�

2 1.5 µF

ö ÑÉÀ�í�Â!¼�ÊàÄ�Â!¾�À�ÂÒÄ�ÁËÈÉÌ�¼-½�ÍÉÀ�¼�¼�ÏÉÆ�¼ÒÌ�¼?Ì�ÆÚÕ Ï�½�¼ÒÊ�Äû¾ÉÀâÊ?À�Â?ÅÜ½�ÍÉÀ¥ÓøÆÚÕ�ÌÉÀ�¼àÄ�ÁË½�ÅûÖ�À�¾�ÆÚÍ�Ý4À�u��\w+ÁÃÄ�Â_Æ�Õ[Õ�Ý4Ä�ÅÜÖ�Ä�ÍÉÀ4ÍNÊ!¼È�Æ�¼-ÀÐ¾�Ä�Í Ê�ÑÉÀÜÁÃÂ�À�×NÌÉÀ4Í�Ýâß�Ä�ÁÔÊ�ÑÉÀO» ê Ö�ÄøÞÒÀ4Â`¼?Ä�ÌÉÂ!ÝâÀ�Û ö ÄJ¾�Ä�Ê�ÑÉ½�¼�ÏXÞÔÀÜÍÉÀ�À�¾ Ê?Ä�í�Â!¼-Ê÷¾�ÀâÊ�À4Â�Åû½�ÍÉÀìÓøÆÚÕ�ÌÉÀÐ¼¥ÄÚÁÂ�À�Æ�ÝâÊ�Æ�Í�ÝâÀ�u���wUÁÃÄ�ÂÔÆ�Õ[Õ�½[Í�¾ÉÌ�Ý8Ê�Ä�Â!¼+ÆÚÍ�¾ìÝ4ÆÚÖ�Æ�Ýâ½[Ê?Ä�Â�¼�ÏÚÊ�ÑÉÀ4ÍOÝ4Ä�Í�Ó�À�Â-Ê¦Â�À�Æ�Ý8Ê!ÆÚÍ�Ý4À�u���wÔÆÚÍ�¾ÜÂ?ÀÐ¼-½¿¼�Ê!ÆÚÍ�Ý4À�u��lw1í�Î�Ì�Â?ÀÐ¼½�Í�Ê�ÄÜÖÉÂ?Ä�Ö�À�ÂP½[ÅÜÖ�À�¾ÉÆ�Í�ÝâÀ�u��\wÔÁÃÄ�Â�Å�î
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Reactances and Resistances:

XC1 = 
2πfC1

1

XC1 = 
(2)(π)(60 Hz)(4.7 µF)

1

XC1 = 564.38 Ω

XL = 2πfL

XL = (2)(π)(60 Hz)(650 mH)

XL = 245.04 Ω

XC2 =
1

2πfC2

XC2 = 
(2)(π)(60 Hz)(1.5 µF)

1

XC2 = 1.7684 kΩ

R = 470 Ω

ZC1 = 0 - j564.38 Ω   or   564.38 Ω ∠ -90o

Z
¥

L = 0 + j245.04 Ω   or   245.04 Ω ∠ 90o

Z
¥

C2 = 0 - j1.7684k Ω   or   1.7684 kΩ ∠ -90o

ZR = 470 + j0 Ω   or   470 Ω ∠ 0o

� ÄøÞgÞÔÀ`Ý�ÆÚÍ�¼-À4Ê_ÌÉÖùÊ?ÑÉÀ`½�ÍÉ½[Ê?½¿ÆÚÕ�ÓøÆÚÕ�ÌÉÀ�¼_½[Í�Ä�Ì�ÂÔÊ!ÆÚÈÉÕ�À�î

E

I

Volts
¦
Amps
§

Ohms
¨

Z
©

Total
ª

C
«

1 L
¬

C
«

2 R


470 + j0
®
470 
®

∠ 0o

120 + j0

120 ∠ 0o

0 - j564.38
¯

564.38 
°

∠ -90o

0 + j245.04
¯
245.04 
±

∠ 90o

0 - j1.7684k
¯

1.7684k ∠ -90o

² À4½�ÍÉÎéÆû¼?À4Â�½[ÀÐ¼�ú Ö�ÆÚÂ!ÆÚÕ�Õ�À4Õ å 
 ÿ�³4þ �:´�µ þ 
 � Ý4½[Â!ÝâÌ�½CÊÐÏNÞÒÀ�Å÷Ì�¼-ÊPÂ?ÀÐ¾�Ì�ÝâÀ*½CÊàÊ�ÄûÆ÷Ê?Ä�Ê�ÆÚÕ�½�ÅÜÖ�ÀÐ¾ÉÆÚÍ�Ý4À*½�ÍùÅûÄ�Â?À5Ê?Ñ�Æ�ÍÄ�Í�Àé¼-Ê?À4Ö#Û ö ÑÉÀéí�Â!¼�Ê¥¼�Ê�À4Ö ½�¼5Ê?ÄùÝâÄ�ÅéÈÉ½�ÍÉÀ¶" ÆÚÍ�¾ ê#· Æ�¼�Æ�¼?À4Â�½�À�¼5Ý4Ä�ÅéÈÉ½[Í�ÆøÊ?½�Ä�Í�ÄÚÁ¦½�ÅûÖ�À�¾�ÆÚÍ�Ý4À�¼�Ï�È�ßsÆ�¾É¾�½�ÍÉÎÊ?Ñ�À4½�Â_½[ÅÜÖ�À�¾ÉÆ�Í�ÝâÀÐ¼PÊ�Ä�Î�À4Ê?ÑÉÀ�Â�Û ö ÑÉÀ4Í�Ï�Ê?Ñ�ÆÚÊ5½�ÅûÖ�À�¾�ÆÚÍ�Ý4À3ÞP½[Õ�Õ�È�À÷ÝâÄ�Å÷ÈÉ½�ÍÉÀÐ¾á½�ÍJÖ�Æ�Â�Æ�Õ[Õ�À4Õ�ÞP½[Ê?Ñ�Ê�ÑÉÀ3½�ÅûÖ�À�¾�ÆÚÍ�Ý4ÀÄÚÁ�Ê�ÑÉÀ5Â�À�¼?½¿¼�Ê�Ä�ÂÐÏÚÊ?ÄûÆÚÂ�Â?½�Ó�À_ÆÚÊÔÆÚÍ�ÄÚÊ?Ñ�À4ÂÔÝ4Ä�ÅéÈÉ½[Í�ÆøÊ?½�Ä�ÍìÄ�Á�½[ÅÜÖ�À�¾ÉÆ�Í�ÝâÀÐ¼4Û	¸X½�Í�ÆÚÕ�Õ[ß�Ï�Ê�Ñ�ÆøÊP×NÌ�ÆÚÍNÊ�½CÊ�ßûÞP½[Õ�Õ�È�À�Æ�¾É¾�ÀÐ¾Ê?ÄûÊ�ÑÉÀ`½[ÅÜÖ�À�¾ÉÆ�Í�ÝâÀ`Ä�Á ê+¹ Ê�ÄìÆÚÂ�Â?½�Ó�À¥ÆøÊàÊ?Ñ�À¥Ê?ÄÚÊ!ÆÚÕ�½�ÅÜÖ�ÀÐ¾ÉÆÚÍ�ÝâÀ�Û
p ÍOÄ�Â�¾�À�Â+Ê�Ñ�ÆøÊàÄ�Ì�Â+Ê!ÆÚÈÉÕ�À5ÅìÆ�ßÜÁÃÄ�Õ�Õ�ÄøÞ Æ�Õ[Õ�Ê�ÑÉÀ�¼?À�¼-Ê?À�Ö�¼�ÏN½[ÊàÞP½[Õ�Õ�È�À�ÍÉÀ�Ý4À�¼�¼?Æ�Â?ßéÊ?ÄÜÆ�¾�¾OÆ�¾É¾É½CÊ�½[Ä�Í�ÆÚÕ�ÝâÄ�Õ[ÌÉÅÜÍ�¼Ê?Äá½CÊ`¼?ÄìÊ?Ñ�ÆÚÊ�ÀÐÆ�Ý!Ñs¼-Ê?À�Ö�ÅìÆ�ßáÈ�ÀûÂ?À�ÖÉÂ?ÀÐ¼-À�ÍNÊ?À�¾�Û5»5¾É¾É½[ÍÉÎùÅÜÄ�Â�À÷ÝâÄ�Õ[Ì�ÅûÍ�¼5ÑÉÄ�Â?½»º4Ä�ÍNÊ�ÆÚÕ�Õ�ß�Ê�ÄOÊ?Ñ�À÷Ê!ÆÚÈÉÕ�Àé¼?ÑÉÄøÞPÍÆÚÈ�ÄøÓ�ÀPÞÒÄ�Ì�Õ�¾ûÈ�À_½[ÅÜÖÉÂ!Æ�ÝâÊ?½¿Ý4Æ�Õ�ÁÃÄ�Â+ÁÃÄ�Â�ÅÜÆÚÊ-Ê�½[ÍÉÎ`Â�À�Æ�¼-Ä�Í�¼�Ï�¼-Ä p ÞP½�Õ[Õ�ÖÉÕ¿Æ�ÝâÀ*Æ¥ÍÉÀ4Þ Â�ÄøÞ Ä�Á�Ý4Ä�Õ�ÌÉÅÜÍ�¼1ÌÉÍ�¾�À4Â�ÍÉÀ�ÆÚÊ?Ñ�ÏÀ�Æ�Ý!ÑùÝ4Ä�Õ�ÌÉÅÜÍù¾ÉÀ�¼?½[Î�Í�ÆøÊ�À�¾áÈNßá½CÊ!¼àÂ?ÀÐ¼-Ö�À�ÝâÊ?½�Ó�À`ÝâÄ�ÅÜÖ�Ä�ÍÉÀ4ÍNÊ5ÝâÄ�Å÷ÈÉ½�Í�ÆÚÊ?½�Ä�Í�î
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E

I

Volts

Amps
À

OhmsZ

L -- C
Á

2 R // (L 
Â

-- C2) C
Ã

1 -- [R // (L -- C2)]
Total
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I

Volts

Amps

OhmsZ

L -- C2 R // (L -- C2) C
Ã

1 -- [R // (L -- C2)]
Total

0 - j1.5233k
Æ

1.5233k ∠ -90o

429.15 - j132.41
449.11 ∠ -17.147o

429.15 - j696.79
818.34 
Ç

∠ -58.371o

120 + j0

120 ∠ 0o

Rule of series
circuits:

Rule of parallel
circuits:

Rule of series
circuits:

ZL--C2 = ZL + ZC2

ZR//(L--C2) =

ZR ZL--C2

11
+

1

Ztotal = ZC1 + ZR//(L--C2)
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