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8 � Alternating-Curret Circuits ( ������� )

8.1 A Resonant Circuit ( 	�
���� )
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8.2 Alternating Current ( �9F )

��� ��� 6�8��	�
j8k � l+m&nFpFq�
 e
� go}�� W D 0 h 8�� � W�� } P
Q /�y
�;/
� W w transient( ����� ) D�� L
��� �$#?h 8 � &H& ��� M %���F j�k ����.9F��9.�� :
s,+ ��� � 	
� 
 D W �"! K � LE� steady state( #%$�&
' )

')(	* = �+� L+R % emf e
,'.- 0 R �
�9F�.9F � � LH� ( ��/ � )f

� � � � n
/s
'.0
1 � ( .32�/ ��465�7 1 +�8 S )Hz

:XW
= N�9 �E#N
:� R � `�a ]�+�� � � LH� ω = 2πf e�; '�<�R � & ��N�9 � rad/s �E#$%
eE� & }E+ Y�Z D�= � � D W ;

N + s−1
:?> w ��C + @�AH� � 60 Hz

� .5F$� ω = 377s−1

��#$% 2 �
� ���3�
�
�)� : ��� 0O
 D % j�k + emf E = E0 cosωt

' # 8 � <>= �

& � E ' 4�B |@Y�% 8�C +��3D � �9� u	E ω � j�F3R % l ��G:� 0IH q � q�' J h 8
FIGURE 7.13

� <N= D�K
L '�J hZ��s < W � FIGURE 8.5 M ��N
O;��P%Q � j�k +3�9F�
emf eE#�% & :@')R�S K
+8��/�� W % � & } '�j8k +3T3U�+WV
J | } 8�4 . K :YX �9�

s < W � /�0E/ j8kE� YTZ D 9�Z$� emf
'\["] / D w � s < W ��^�_ + D % � � jik"`�a' � j)R % R"b
_ ��#�% � FIGURE 8.5 � jik + <  � g�}N% `�c"d;')1 %e2
f � 	�g�0


 BE6 % emf e�#�% j�k �$#BhZ��s < W �
& �Tj�k + � g�}U%ih�j � . 9���k�l��Wm e emf E +�n�/ WN:oZ w : �5.5F ' f C %

1Heinrich Hertz p 1887 q�rtseu?vxwzyi{}|)~��?�:w��?��w��?�.���x���o�e�����W���x�}�Y�Y�ip?�.��
109 Hz �i�i���Y�\���\p 30cm ~��?�i z¡?¢:£\�}� � ~�¤i¥�~ 15 q?¦)~ Maxwell ~�§Y¨:�?©:pxw��oª«?¬ �e�:�?�:�­ ?®W�°¯\±�²:³:��´���µ?p?³Yvz¶������e·�wz�?ªo¸:~�¹�ºz»i· Hertz ~�¼Y½epz¾�¿�v�ÀYÁ.�ÂeÃ}Ä {}Åe ?v.���x�
2YC Æ : Ç?�eÈx��pYÉYÊ�Ë?Ì?Í\~�Î��i�3ÏÐ·�Ì?Ñ���p 50 Hz � ω = 314s−1 �i�:�}�

7



`)a ]
e
L
dI

dt
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I0 = E0

R cosφ−ωL sinφ

= E0
R(cosφ+sinφ tanφ)

= E0 cosφ
R

(8.25)

'�� % �
#$% W � (8.23) ] <  

cosφ =
R√

R2 + ω2L2
(8.26)

f*0O

I0 =

E0√
R2 + ω2L2

(8.27)

: s > gE% �

8



FIGURE 8.6 + E : I
� ��� ��� j ' V 6������ + � YH��#�% ��

φ ���a�E#$% � �$�*.9F�� emf
<  later( 	�

� ) �7L � +��
��% ��� � ” ���������

��.*F$��.�� <  ����U%�� ”
:�� = �

ωL ���� "!�#%$"&
')( Ω !�*,+,-�.0/1��2 inductive reactance( 314�5�6�798 ) :<;>=<�? �

FIGURE 8.7 !@;BADC FIGURE 8.5 !��9�E!
F%G�HE!"GJI9KMLJNJI<O L &PF%IRQSIT"U !�V<W C -<XZY>[%\ ? :^]�_J`

−Q
C

+RI = E0 cosωt (8.28)

acb !<���E&�d�e�� ? �f,g,h�i !�j
I = I0 cos(ωt+ φ) (8.29)

9



&��%\E;MA��
I = −dQ

dt�����
Q = −

∫

Idt = −I0
ω

sin(ωt+ φ) (8.30)

:�� ? � I &
	���
�� Q &���� ? :9Y�	�� f�� &��%��������� � �
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√
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�����J]�_�` (8.18) A particular integral( � ( � ) � ) -%4 ?>; b�� C complementary func-
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;a'
6%-%� b A 5 �5�'7
\���2%6"C�� (8.34) ` A�8JjP-�.c/ � ? emf A�.�/ � �:9;� fg ,7P�<�.�/ a
= ?�;

RL
T7U : RC

T�U A�I@J a�>@?BA ��[ ? A9-
2�F,G>H :9FJI>Q0I T"U a�C�D C�E�F
/ � ��L�M�A�jZY ] aHG WP-MY ?�;+I i%h�i I = I0 cos(ωt+ φ)

a0b A T�U � i � ? 9�A
:�0 ? (FIGURE 8.9)

;

G�I�K@L�N�I9O�-5A h�V VL �
VL = L

dI

dt
= −I0ωL sin(ωt+ φ) (8.37)

FJI^Q0I T"U -5A h�V VC �J2 VL :KJ�L#
���['M�N<-
VC = −Q

C
=

1

C

∫

Idt =
I0
ωC

sin(ωt+ φ) (8.38)

;�2��%2 b A C�D E�F�A h�V �
V = VL + VC = −(ωL− 1

ωC
)I0 sin(ωt+ φ) (8.39)
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:�� ?�;
For a given( ���������	� )ω C�)#
7�%2 ωL − 1/ωC A�M N%A7P�
 C
�F?7� b A 2 ��A��� A C�D E�F5� F,G^H�4 ? [��
FJI>QZI T"U A��H�9A�� � :����
C�� ?�;� \)= ωL > 1/ωC A�L�M ���%\E;MA ; b AE:9Y��"G�I�K�L�N�I�O L′ :����,-

ωL′ = ωL− 1

ωC
(8.40)

-%4 ?�;
equivalence( ��� ) :�� only( ��� ) 8 f A ω -5A f,g .�/"C�� � ? h)i : h+V A  B a =
?�-54 ? b :%� R \%
7��[ ?7; b A�.�/ � -+/ [+��[ ?�!#" � T7U - 9�2�[�� 9 L : C
� L′ -�XZY^[�\+� > [�A�-54 ?7;
b � � FIGURE 8.10 A#$�%5� RLC

T�U C
� &�-MY ?�;

(8.23) ` : (8.27) `��('%[*)>S�=0; ? 2 RL T�U a E0 cosωt A,+<-.--[��9[ ? L�M A�j-A
ωL � ωL− 1/ωC -<XZY^[�\ ? � �9- > [ ;

I =
E0

√

R2 + (ωL− 1
ωC

)2
cos(ωt+ φ) (8.41)

tanφ =
1

RωC
− ωL

R
(8.42)

emf A�.*/ E0 �3, � ? : 4���\ � � � L 2 C 2 R C )�
)2�O�.�/ � ω
a

ωL− 1

ωC
= 0 (8.43)

-%4 ? :�Y h�i A�0 1.2 � : ?�;
�-$ '

ω =
1√
LC

= ω0 = 3
"�4 LC
T�U A�465 O�.�/ �

12



a 0 15A h�i ��4
�)\ ? :
[ A b : a : � � � ;b A�L�M"2 (8.41) `5�
I =
E0 cosωt

R
(8.44)

: � ? ; b � ��P C T7U a����5� �)-�� 5 / � �%[ ? :)Y i � ? h<i C��F
 ? ��2���[?�;

FIGURE 8.4a A T�U A � - E = E0 cosωt � ?�I i��Jh	� �741��\ ? source $�� ��
 h� C�����
��@:>
%;EA ; O+.�/ � ω �
4 57O+.�/ � ω0 = 1/
√
LC :���� 2��@[�� 9 > [ ;

ω0 � h�� V<W a 0.01 µF -�2�G�I�K@L�N<I�O a 100 µH -54 ? A�- 106 rad/s (106/2πHz)
-%4 ?�;

FIGURE 8.11 � R A 3 ���5A(2�C�)-
>� .+/ h�i A�.�/!� ω A  >� -). 
'�:9�A�-�4 ?�;! A�L�M 9 E0100V :�� f 
��9[ ?�;
ω = ω0 C / & � ? 4659A�� U L>� ��� 2 a 0���AE:�Y 0 9 �#2�Ya' 
��9[����-[ b :�CQ�R@SB; ; b A ��� 25� emf ���:�+��[%"
4 T�U A�L�M FIGURE 8.4b A,�	��� A�]%^�_
-��Z/ � �9[ ? :�Y7A R A 2"C#�#
�[ ;

Q 2%� ω0L/R - f� / � �@[�� 3 A�- 106× 10−4/20 = 5 -%4 ?�; �	!%,�C�" 2 � T�U
3 # 8 $ 1 %'&)(+*-,/. ω 02143)5'6'798;:<3/.>=9?'@-A-,�(CB-@�A-D;(+E)F2&)G	HJI+K/6L=9?M(M0ON

.+P-Q9R ω0 0TS�UV&WG)XV728W:+(C%�&'. Q (CY9ZW[ ω0 \T]�^ 8W:+(C%�&'. ω .9_+`W[ ]�^ 0>N<a9EW[+bc�d B-@9A-D�0+eC59fg6�hi3W5'6 d 8
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A Q 2 a�� � � = � [�� ! ω A  >� :�
>�9A ���  �� A�� U L ��� ? � � � ? � ?>; 972
:���
 ? " A ����C ω0 �
	 A>O�.�/ � ω = ω0+∆ω ���P\@;@A ; b A@:�Y ∆ω/ω0 A 1 �
$ -5A � A -9� (8.41) ` A��
��A ωL− 1/ωC �

ωL− 1

ωC
= ω0L(1 +

∆ω

ω0
)− 1

ω0C(1 + ∆ω
ω0

)
(8.45)

:�� ?�;
ω0 = 1/

√
LC
���E� 2 b � �

ω0L(1 +
∆ω

ω0
)− 1

ω0C(1 + ∆ω
ω0

)
≈ ω0L(2

∆ω

ω0
) (8.46)

:�� ?�; 465
�J-9� (8.41) ` A √ � N%A���� R2 -54 ?�;
ω
a 465
� �E����� ? : |ωL− 1/ωC| = R AE:�Y�2�4 ? [�� � A ,�C

2
|∆ω|
ω0

=
R

ω0L
=

1

Q
(8.47)

AE:�Y�2 √ A���� 2 �"C�� ?�;b � �
|∆ω
ω0
| = 1

2Q

AM:�Y�2 h)i A�. /9� � U L�2�A 1/
√
2 C����>�-
9$ZA b :�� R \+0 ?�; b � � � ”half-

power” point ( �,2�� ) -�4 ?�; ����� � � 8 � 5 �J-+��� ? ;@A C���� H � U 4 ? [+� h� �7.*/5A 2 !
C�" � 
��9[ ? ��� -%4 ?�;
4�5./S:�
7����2#�-A
$@A,/ �+4��)\ ? b : a ; ? 4 ?�; `a��� C
4�5./�� 1/Q : 465
O�.�/ � ω0 A>	P-54 ?�;b�b -7�J\�� T U ;-' � 29: � [ Q 2 ��9 � T U a#%'&
( [ ; ^')�*�A�+-, � � 600 ∼ 700
A Q 2 A#465 T�U �/. 2��%2%8 f A�0 �21�3 2-4#0 �37F
��-
9$ZA ;
104 ∼ 105 A Q 2 �!93�#5
G,L�" 6
7 U�8 A�465 T�U 9/$#%"C�9 � ?�;
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h�i : emf A�+�N�� � .%0�O φ � O�.�/ � ω C�;�2�� FIGURE 8.12 A";MA C����90�>; 3��
	��5[�O�.�/���
����������������������! �"$#���%�
 φ ��&'	)( ��* 4 5 ��

� φ = 0 	�( �+* Q 2� � ��,�- ��. � !)/�0�1�2 �� ω0 3!465 ��798;:<( � �=8 φ >
&�?A@CB�D�>FEHGJI� �KL�M:<( ��*
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8.3 Alternating- Current Networks ( ��#������ )

�)#����	����

� > 0�1�2 � ω >="�#� 	�	�	����� �6�!� � / ����� 3��	� 	����������� 4 G��
?M@!( �$*! > 0�1�2 � > emf  1 "$# � . �&%��!# G 1�2 ")# 3 #��+� .��*
FIGURE 8.13 �  >('�>)����� >&
)*�
+# ��*

��#�,
"�-��/.�>10$2�
)354 ,
� . ��*

����� >/
&6 / *�7�-8����9!:�;��&< L2 3�=!> 6	?�

��@	A�>�B�� �F���
>="=#� 
I2 = I02 cos(ωt+ φ2) (8.48)

�DCFE ��*�0)1)2 �'���(���)G�H�
+I�JK�)��
$# � >�
 / # ��L ��>M6�? >+"$# 3ON+PFQR�S 1$T
I02 UWV�X �	Y φ2 3�N!P ,�-�Z)?�[�# Q *
\)]_^ I1` R  >(6a?�[ S # Q 1$T

UbV�X [ 1�2dc�e . Q *
V2 = V02 cos(ωt+ θ2) (8.49)

�(����>(G�6	?�> \/f U \
]�g N8h ,�- /+ >)��� S G�6	?�i54 ,+" : c�e�c hkj  
U R ( Q *a^/l)mKn&o)p ((q�?�I/r�s 3 G e R " . e � e)e&t E�-
G \/f$u!vWw G \&] 3x P+Q  U g�y&z [+# Q ; h � ������>1{�|�}�~ 3 t 8 � E�,�-  , 3���� c (�EF,�-
(@ ( . *
# � 76@ , � 0�1�2 Y ω >������a�+�aE 3 x P�Q � P R�S /!^ 5$UW�;5$UW��� ?F"��k��8�8�D� I/� 3���j  U g [98 Q�� >=I/� S/��� > 2 "�>a�$�����1� R��a�F� e � Q :
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1. %���Y 3�� � e � f$\&f �a� f$\
] 3 3��  U g [98 Q��
2. ���	?��a[ ^ �����	�	[ ^�
 # � 7 @
� � 1�2 Ya[ S 
	� >(6	?�> \
] U \&f U >)B� [ t E e�c hkj �

1 ��� >	�F� ���1� S Y���������s
eiθ = cos θ + i sin θ (8.50)

?A@�� e : Q��  � [ i2 = −1 [+# Q�� >a�$�����1� 3�� }�� Q � P R .�>�3�� rule( � ) 3���� � Q :
� fF\
f I0 cos(ωt + φ)

S 
 %��	Y I0e
iφ

 " h G � 6 g I0 cosφ [ 
 � 6 g I0 sinφ� Q Y�[ represented( !�" ) 4#� Q  U g [98 Q��$ >�% � I 3 � Q+U 
 ^�c %���Y x + iy
g$\
f

I 3 represent( !&" ) � Q � @(' 
 @
A�>�B�Y U c�e > \&f S ) (x+ iy)eiωt > � 6�[+# � 7 @
� Q��

FIGURE 8.14
S  > 2 "�>(�HGJI'>�*	7�I)[+# Q��

%+��Y x+ iy
S

2 .	,.-�/	[�0�1�243�[98 Q >�[ 
 V)X ��Y 3 0 tan−1(y/x) [ 
!1aT I0
3 √

x2 + y2 [�5 ��� Q  U S ��� [+# Q��
 On � 3��)� g&6 � R � Q > S/��� >�7�8 R v Q :

The representation of the sum of two currents is the sum of their representations.(2 9�:;+< : =>: !�?�@.!�?>: =&A�B�C.D )
FIGURE 8.13 > 2 E�>�F�G g �IH jKJ�L	M [ > \&f I1 U I2 >�N 34O 7 v j �
��� >
@�P t [ > \
f >�N S

I1 + I2 = I01 cos(ωt+ φ1) + I02 cos(ωt+ φ2)
= (I01 cosφ1 + I02 cosφ2) cosωt
−(I01 sinφ1 + I02 sinφ2) sinωt

(8.51)

17



� I 
 I1 U I2 3  � [ >(3��)� R v Q %���Y >�N�[�3�� U
I01e

iφ1 + I02e
iφ2 = (I01 cosφ1 + I02 cosφ2)

+i(I01 sinφ1 + I02 sinφ2)
(8.52)

U � Q��
(8.52) s�>���� 3 cosωt + i sinωt � c.
�� > J�� > � 6 3	�kQ+U (8.51) s�>
��� R }a�� Q s 3
�8Q��
��� >  U S 
 @	A�>
����B�Y 3�� c � G�� � � G � Q�� � G R 
&� � @ 3 3���� Q

%���Y 3	� c � G�� � � G � Q  U g [98 Q  UF3���� c�e � Q��% � I 3
� 7 Q�U 
 � f+\
f > � Y S N R B c�e %��	Y > � Y U IaJ�[�# Q  U g ��?
Q��  >���� S )�R�S # e S h @ not �� � %���Y I01I02e

i(φ1+φ2)
S

(8.51) s�> 2 "�> \f B�Y > ) 3 3�} c � � �
c ? c � g @ 
 �/�	� >�?	i R�!�" � > S \
f >�N U \)] > N��aE
[�# Q�� *F7+' 


FIGURE 8.13 [ \
f I1
g
I2 U �IH jKJ&L	M [ S$#�% � R at every instant(  .9+A'& )

f
��( > \&f >�) � >+* S-,/. [+# Q+U � j10�2 g # Q��3 R

I1 + I2 + I3 = 0 (8.53)
g�4�5 c � E ��' � @ � � �  	 [ I1



I2


I3
S

actual periodic functions of time( 687:�9�:<;>=�?A@-B ) [+# Q��CED >(3���F > u ?�G�[ 
a � 3 3 "�>1%+��Y�>4N S-,'. U � j1� Y�> �)� ��H�I [.% j U g [98 Q��\&]k^ I�` R�J 7 Q(� # Q @ P	[
>
�(���'K�> �)� >M�8L
M R�N j \/]PO � >4N S 
�� >
@ P	[
>��8L
MAK�> emf

R � c : � E��&' � @ � � � �>��� \/] B1Y!I�Q 3 B � � E Q  > 0�2 g 
/\&f >�R�� U IM` R 
 B�Y V1(t)


V2(t)


 � D 3 3���� Q %���Y�>�N R " � e> H�I [�S;8UTF7 Q  U g [98 Q��
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8.4 Admittance And Impedance ( ��������; � < U � ��� L&9 � < )

\/f U \/f	g 48Q �����&��>	�&�FA \
] >)B � S \&] U \/f >(%���Y	3���>)B � [)3�  U g [98 Q�� FIGURE 8.5 >+� � 9 :�; � < U ��� (LR) 
 JL34O 7 v j � >���
 \
] S E0 [ 

\&f S I0e
iφ [�3��a[98 Q�� � [
I0 = E0√

R2+ω2L2

[
tanφ = −ωL

R

[F# Q�� > V	X�� φ
udv�w$\
f >�� T U \�] >�� T >�� S  >�����
aY�[�>  >��/� R L&6 �

*�[F# Q��
.�> v j � %���Y Y ��� P�Q :

Y =
eiφ√

R2 + ω2L2

 � [ φ = tan−1(−ωL
R

) (8.54)

 � v G
I = Y V (8.55)� Q B � g�4�5 � Q(�  � [ V

S
R U L >���������> 2 ���$A�> \&] ��3	�/%+��Ya[ 
 IS \&f �M3���� Q %���Y�[+# Q�� Y � Admittance( ���� �!�"�#�$ ) U � j �

I�J
B � � Y >	%�Y Z [�3��  U ^ [98 Q�� Z S Impedance( &�#�'�(*)+#�$ ) U � j :

V = (
1

Y
)I = ZI (8.56)

2 "
>�%��	Y > ) g }a��� � g 
� > j l 
a"	�	E g � fF\&f # Q ��S \)] �M3&���
Q(� ^ j 
�"�>$I S � ��� L/9 � <)# Q �)S �������1; � <([F# Q(�  j c(e 2 "�>�,�-.0/ L)>1%+�)Y1� C D > � Y S =�>  U R � 5 � � *a7�'d� ��� L/9 � <���3	�/%+��Y U\&f �M3���� Q %���Y�[+# Q��
2 "�> ” � ��� L&9 � <MY ” > )+S 
 2 "�> ”

\&f Y ” > ) IM` 
�2_^ 3�} c � � �
� �*� L)9 � < S Ω ��V [�3 @ � Q��/��4 
 �/�&��� g �a� R ��E�? @65 4 4 � e� Q$U 8 
 � ��� L/9 � < S � Y	[ 
 � R R

R � c : 
 (??) s S � f �(��> Ohm >��<F
V = RI

R�7 e�c hkj �
����> � �98 ��� >a��������; � < S

Y = − i

ωL
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U � j � Y�[+# Q�� � S (8.54) s	[ R = 0 U c(e � @
� Q(� −i � Q�� � S \&f >���
 g π/2 �	E \
] >	�

 v G���� Q  U �I� c�e � Q��

\
f U \
] >���
�> X ��� V�X�� S vectors A�>����a[)354#� e � Q��
(a) ����>�R�� S \&f U \
] S I V�X 

(b)
8 ����[ S \&f S \
]5v G���� 


(c)
8 � � ��� L�[ S \&f S \
]5v G
	 � � Q��

%.��-�/ � [ S \/]�g V U 384(� Q$U 8 \/f S I U 3k4 � e FIGURE 8.15b
R �84(�� V S R � Q��8 � � ��� L R � c�e S FIGURE 8.8 > \&f R ��� Q 3�s�?A@W��? Q v j R

Y = iωC

[F# Q��  >+R�� V U I
S

FIGURE 8.15c
R � c � v j � B � R # Q���

FIGURE
R�S

V U I > X ����
a2 g�� j � h�Q�� 8�? 8�� � � 4#� e � Q(�  � ���
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� � : � � � E �	' leading( ��� ) U�� lagging( ��� ) 	�
 � g �
� � Q�� \&f 	���� S 
����� ������� \���g )�	���� 
&\
f�g ) � �� v j �"!�#�$ �  (FIGURE 8.15a) �
3 %&	 � E>��'"(�)+*�	�,&-��/.&0 ��1 � # �32

4�576 '"(98;:3<"	 3 %&	=)+* �?>A@  <7�AB98C�  2
)�*�D�)�*&	FE9GIH�J�KLB�M3N �FO�PRQTS � ���VU�WYX�ZF[]\L^�_3`ba3K�c�dfe 2 FIGURE
8.16 8&U&W�X9Z3[�\3^�_ Y1 � Y2 `Y:F% 2 %9	�g�h�["i]jk["i"_+`FM+N � % 6 e�8Yl  2

<�	����
I = I1 + I2 = Y1V + Y2V = (Y1 + Y2)V (8.57)

8Ylkmon�< S U
Y = Y1 + Y2

�Feqp�WrX9Z�["\�^�_9`�:F% 1 s�	�g�hr[Libjq[�iL_t�Au�v98�l  <&�"`F
�w7x $ e  2
FIGURE 8.17 �y> series( z3{ )

� )&*+B�% 6 B S  ����n impedances( |&}�~3����}�� )
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B�� � 6  <Y�IU�� >]� 8�l  2���� p 4 n	�	
r'L(�� � %&e $
����$ e  	R��� $ e 2���� n��	
�'"(��R`���
�'"(��r	���� ����� 8C� $ x 1 p 2� �!#"%$ e�U :& p('�)+*+B�,�)�*&8�l#-9<�.�8�l#- 2

/ .=x $ FIGURE 8.18 " ” M9N RLC '"( ” `�0 $ GrdRp 2

3 % " M9N "�1�2�" WrX9Z�[L\3^�_9` 1 . # -#.
Y =

1

R
+ iωC − i

ωL
(8.58)

8Yl3- 24	5 U76�8 E0 9	:?> n7,�) 4 
�U
I = Y V = E0[

1

R
+ i(ωC − 1

ωL
)] (8.59)
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. 6 - 2��� 4 
 " ��� U�,�)�* I "����
	 8

E0[(
1

R
)2 + (ωC − 1

ωL
)2]1/2

8Ylkmon�
��� U
tan−1(RωC − R

ωL
)

. 6 - 2
< " dCp 8�x $�4 
 . 4�5 B�� /�� - linear( ��� ) '�(�U�� m &�� - 2�� e�� � ./n

< " d�p 87x $ � m &�� -"'"(�U����
� 2����� 8
!�" Q]SY$ e 6�# S c 6 > 6 e 2$ �
�Y'=(YU&%
' :�(&)+* e-,
.0/"_�8Yl - 2 :�x213B �
3�4 8�5 : D76989G�:�<�.TB�lS cYn 4 p x-8 $ ����,
.0/"_/B�<3<f8�"�'�: 2
;��&< `�l
: � 6 e :
2�: - : :>= S 6
e 2
< S�1 87U�? 1�!�@ " � ��� *&8 "�A PCB ��� 8 ( e�8 "-D "98�l#- 2 4 
 "-E�F B�
G e3U�H " �%�+8YlI62: 2 x : xJ���IK�(+89U�<�<f8�"�'I: ��< : E
F
L
M 8�NPO ( <

.TB�l�- 2 < "RQTS U�nVU
* " �
� * "-@�W B �
� `J%�X�H�J�K -#. $ @�W B �
G e&` &� -+<�.TB+8 )
- : > 87l?m n 1 :=sZY " �
� *38 ( e[8 "-\
] U+l
: : :�^ " �
� *rx
:
_
` x 6 erdRp 87x�8
aPb&8�)�- :?> 8�l#- 2
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8.5 Power And Energy in Alternating-Current Circuits ( �	
�K"( " 4�� .������	��
 )

�
�
R "��
����" 4
5 B V0 cosωt " .�)"n 4 
�U I = V0 cosωt/R 8�l#- 2 l#-�� �

" 4�� n ( 1 m �
� 8���� Q]S -������	��
 "��������� U

P = RI2 =
V 20
R

cos2 ωt (8.60)

8Yl3- 2
cos2 ωt `�!�"98�#�$ � -3. 1/2 . 6 - :y> n �
� 8���� Q]S -%#�$ " 4�� U

P =
1

2

V 20
R

(8.61)

8Yl3- 2
�	
 K�& " 4	5 . 4 
�`�' � .�)"n ��� 87U 6)( ��� " 1/

√
2 *�`�+ p " B
, / 8�l#- 2

< S ` Root-Mean-Square(2 -�.�/�0�.2143�l�-"e3U4576
8 ) .Vekp 2 (8.61)  �" 1/2 `%9: 8�x 1 6J8
P =

V 2rms
R

(8.62)

/ � c 4 ;�< 8 " 100 V ">=
? 4	5 U textitAmplitude( @�A ) "�	 B 100
√
2 V 8 �
\ x�8

e�- 2
1 "�1�B "�C ^�Dr^FE "�� * ��" 4 ��G ( H W�" 4	5 " .�) ) U V (t) = 141 cos 314t 8�l
- 2 <�<V8Yn V U [V] 6 � 8 t U [s] 6 � 8�l#- 2
�	
 4 
�a&U 4 
 " ��� B 1.414 A " .�) 1 A .JILK�dRp 8�M�N Q]S 8&e�- 2

4YC O :Purcell PRQTSJUWVYX[Z�\^]%_a`Tb�ced�fhgji�kalnmporqps[`Tt�uwvYx�y{z%PR|�V�}{~TUJ�����
`Tt�u����Yv
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!�� 8[K%&�����8�� � > S -���������
 "��7� B 6	� H9eLU V I 8+l�- 2 < S ` FUGURE
8.5 " 6�
 6 LR K�&38�
 S - 4 
38 ( e�8
� � d�p 2 FIGURE 8.19 8r:tp !
� 4 
 . 45 "�� h���`�� )"n�� V I 8&� /�� -
�R��`�� )�� � : 2
V I B�N98�l3-��+H�U emf " sources l3-�e�U�� 4
� :k> LR

O+P ����8�� QbS :������
��
"8�l#-&<�.�`���w7x�87e�- 2 l3-�!�" " .�<! /87U V I B#"�8 6 -&<�. 8%$#�&K�d 2
<3<f89U��������2
IB!� 4�� 8�& Q�S 89e#- 2 < " �
G e3U�/�^('�i3\�^L_ "	) �+*�8�,� > S -��2������
 " �
� 8
-3�"B ( ( 2 LI2/2 8
, � > S -��2������
�U�.
!�"98 2 K/ 4(0�1 8 6 - " 8�l#- 2

average( .>/ )
4>�

P̄ U�27# 6�3 �38%4 QTS 83e�- 2 < " 	 ` a�b � -R: : V = E0 cosωt
. I = I0 cos(ωt+ φ) " � V I `70
8&Gtd�p :

V I = E0I0 cosωt cos(ωt+ φ)

= E0I0(cos2 ωt cosφ− cosωt sinωt sinφ)
(8.63)

cosωt sinωt 8�� /�� -65 "��
� #�$YU+n+< S ` sin 2ωt/2 .7� ( . � >�: 6 dtp 8�8:9I8
l3-fB�n cos2 ωt "���� #�$�U 1/2 8�l#- 2 d
6J8 ��� #�$ � -3.

P = V I =
1

2
E0I0 cosφ (8.64)

`	;�- 24 
 . 4	5 B .3: 8 RMS 	 8 [A] 6 � . [V] 6 � 8�' Q]S -3.
P = VrmsIrms cosφ (8.65)

8Yl3- 2
< " K>&&8YU9n�?�8 " ���������	��
�U ��� R 8���� Q]S 87e - 2=<	> 4"5Y6 C /��y:��� `	? ( B�n�< " K�&R` 2
; � -�: : 8r< " ��� : ��� R 849 : : 2 : �  5!@ U �� B#A < 89l#-#.�<
 /8
�CB � -VB 2
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8 � 4 ��8�� 5 9 'C4 < `���� � -
: : 8 FIGURE 8.20a " K�&
	 2�;
�
�
���

10,000Ω � 1W " �
��� 0.2µF � ��� 0.5µF "���� " 2 � "�C�� , ��� 
 . ( � � 6J8"!
-�K�&$#&%#- �')(

� 	 100V � 50Hz * C�� D � E 8 G ��+ ,-���
.0/

: 1W * �
�&1 @ ( �3254�6)7 +"8 1 � !�9  �;:��
R #7�
�=<?> 7 #�$$@BA � 1W * �DC !$	FE$G 7F:�HI�J:BK�LB4�7NM$O �P!3QSR : *DTVU
* W�*VX�Y)*PZ&[ C \�] #&*0@_^ 8 @B`-	PaBb ���c���d$e OBf R$*Pg 2ih *Vj�kl	Nm$n 7o�

C2 * p
q r�s�t �0u = iωC2 = (314)(2× 10−7)i
= 0.628× 10−4iΩ−1

v�w * p
q r�s�t �0u = 1
R

= 10−4Ω

R 8 C2 *Px y�ToU
*�p
q r�s�t �_u = 10−4(1 + 0.628i) Ω−1

R 8 C2 *Px y�ToU
*�z �_{�|_})�_u = 1
10−4(1+0.628i)

= 104(1−0.628i)
12+0.6282

= (7171− 4503i) Ω

C1 *&z �B{�|_})�0u = − i
ωC1

= − i
(314)(5×10−7)

= −6369iΩ

ToU�~��)*&z �B{�|_})�0u = (7171− 10, 872i) Ω

I1 = 100
7171−10,872i) = 100(7171+10,872i)

(7171)2+(10,872)2

= (4.23 + 6.41i)× 10−3A

+�+ # 100 V ��7 RMS @B`-	��
�P��*�#�@_^
*V��� ,������ #&% 7o�
R&� 2 ���DX @0^�*V��� � [(4.23)2+(6.41)2]1/2× 10−3A = 7.68mA

1
RMS @0^ ( �B��� )

#�% 7o�
TPU O_� y OP� � <�>)���_^ mA @0^$a�*V��� 1 7.7 mA 8F�&7P�&+ *0@0^)*0@_` 8 *V���� *P� φ

1
φ = tan−1

0.641

0.423
= 0.99 rad

8N�32;� ToU�~�� Oo� G
��>
�o���"@�A 1

P̄ = (100V)(0.0077A) cos 0.99 = 0.42W
��  7o�¡V¢ TPU � 1ov�w 9�£P¤$¥ ¦¨§�© |�ªF«�¬$4�7 X�Y"9 : � � ¡V¢ � ¤ «�¬ <­> 7 �B�$@BA
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��  7o�� b 8���� v�w ¢�� Y��B@B` ª�	�
�� [�
�� �
V1 = I1(

−i
ωC

) = (4.23 + 6.41i)(−6369i)
= (40.8− 26.9i)V

V2 = 100− V1 = (59.2 + 26.9i)V

�������
R ª�� 7 @_^ I2

1
V2 8�����������7 ( � � ��1���� ) ¢ � R

� ¢ ���"@�A 1

P̄ =
|V2|2
R

=
(59.2)2 + (26.9)2

104
= 0.42W (8.66)

8! 32;��"$# 1 C&% �����&7o�

�� � v�w ¢ «�¬ @�A 1 1 W ª E�G  &��� ¡ � � �('�) ¢�*$+ 1�,.- ���/ ��O 1 � v�w ¤10 Q  2i4�6&7N:�2�: 1 �B� «�¬ @BA 9�£ � 1  Q � 0 ªDH >�9�£ �134 Q65�7 � -�8 :"O �:9$; ���<� 8 � 
_� � vDw O �<= 8 ¡V¢ 
��  �>$?�@ ,�A$B  1C�D
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