
'

&

$

%

���������	����
���������

� ���������������� "!

# �%$&�('
)+*-,/.%*-0214365&7�8-097�,�:�3;3�<-,

= 7�0?>A@	B�>DCE>F3

G4G CIHJ14,LK�1NM	ONP4P4Q

R

'

&

$

%

S �	�T
�����
VUT�

• WYXNZ;[\[^]&_a`cbd[\efZhgjikg�lkm\Z�gn_o]Nbqprgjidsjtn_o]usjZhlwvcm
mxvcyzmx`c[\gjm

• {|`f[}Z�m�[xvfb%~^Zh_ulkgE_rl�m�`c[xvcZ�gE_ugE_ulwvr�a[\Z;b
b�Z�iw�u�k_N�rs�v��km\e�]&Z�iov�]u�N�us��u[\gE_ulwvcm

• ��gje�gjs�pk�Ilw]rm�ZhgjlkgE_usjZ�gEeog�sjtE_�]rsjZhlkmxv�m�mx`f[xv�m�Zhm|v�i� ~x[\snv�l � ~�b�Zhm\e�gE[�Zhm�tLm\��~\~x]&�usE]r~^yAv�sEsjgLprgji� ~x[\snv�l�gE_N_ub�Zhm\eogn[
• �|m\ZhgE_ugE_rldmx`c[xv�pkZhg�~^gEm�]N_u�ugjm^[�~^�kik]Ty��rm\gjm}_u�keoer]rm
b�Z�lkgE_N[�p�gji�m�v�yFb�v�lw_N[�pwZhm\eoyzmx��ifgn_u_av�m;�
mxvcyzZ�gE_N�av�~���e�_ugA�Nmxvcy��km\er]rekZhm\�L�Ny��^v�m^[\e�gj�u~�v�yzmx��ifg
�kld[�~��rm\g�~J�Ier_rg

•  N��mx[�~�pkZhm\iov�gE_N_rsjZhgE�N�¡�rZhsE[�~x]¡�o]ulc~x�fe�[\Zhb
_u�c~x]uidZ�mx]	tLmxvcyFbdvclw_u[\yzmx�Iikg
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• «¬n® 8-3 ¬ 1 Z�m�mxvcy�ZhgjlkgE_usjZ�gEeog�Z�yF_ugE[h¯
• °±yF_ugji�[xvfbdvf_N[�~xZh_N�u]um�vcy�² Mc7�0 ® >z,�:�7�0 ¯
•  am^]Nb�ZhgE_N�rgEm�Z�mx]��^`�eopk�Y~\~��rsnvciw_Nvcm�m\³f~^Z�gn_u�ugjm
�kl�³w�usnv�iw_av�m�_rgEyn~xZ�gE_N�ugjm�[\Z;bqZhm^]¡]ub%pkv�yziov�m
[\ew�rg©vcy�_rZhgjeopf�I~\~��rsE�fiw_o]Nb´mxv�yzZhgE_N�u]Nb	¯

• µ�sEZ�iw[\snv�ZhgE_N_Nvcm�mxvcyzZ�gE_N�av�m�Z�m −1.6 × 10−19¶ �w]usj�kb�·�¯
• ¸|gEi�_u�c~x]Nb¹~�`ce�_ugji q(t) ~^gjs�v�i�~�`ce�_av��rsEZ�iw[\sE]
[\Zhbq~^gjsj~^Z�e�gji6Z�yF_ugE[^b�v�lw_&�uZ�yF]um�`��kpwZ�mA��]Nb
~^tEb�vr¯

• º±® >n841NMf> Zhm�Zhyz_ugA�upkZ;_c��]usjZhlwvdb�`�sEbV]umh�NX4v�m�[\Z;b
mxvcyzZ�gE_N�ugjm�lkZ�~�v�»a]u[�~�~^gjs©_N`csn�Ilkmxv�y�mx]ub�ZhgE_u�av
~^gjsj~^�fsn]rsjZhlov6vc]uifpkZhsE�usjZ�lovr¯

• ¼6½ 3;>zM Zhm^]	�km\er]	Z�iov�b�Zhm\eogn[x¾c]u�u�Ns��u[�gn_rlov
l����km�pkv�m�[\Z;b´[xvfb�vc_N[�~�vc_N�av�vcy©~^Z;_rlkgE_ulk]Nb¿`
ZhgE_rgn_rlw]ubÀZ�iovV~^³ksE]Nb	¯
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• ��Z�iw�u�k_N�rsn]u_	�km\e�]	Zhiwvd]r�N�Ns��r[\gE_ulov�yzZ�m�yzmxvfb
]Nb¹~^tEb�vc�a`ci6b�Zhm\e�g�[\Z;b´ek�fsjsn]ri�Z�m^] 3hÅ ® ,�,�1
�kl 3 = M�1a7�097©M

• Æuvcbd[\�ugEs M ½ 3�1 ® >z,�>F,�Ça1 ·Nm\Z��o~^gEm�b�Zhm\eogn_o]&t
_r���^vcm�[\�4Z;_N_o]um}�kl�[�~xmxvc]Nb�v

• È%��b�g�]Nb´mx`c[xvcZ�gn_rgE_ulov�m�Zhm^]L� M�1 ² B ¬ 1N8a1 �É >�8-, ½ 0 �aÊ©Ë =h= >�M � 3�Å¤* ¬ 1 � = É >z3 = 7©M �fl1N8aÇ ® M�841a021NÇ-,�1aMc>

−

+

• °±gE_ugE_uldek�fsEsE]riT¬ >z,�: yzmxvfb�ecvcsjsnvcm�[\�4Z;_N_o]�Zhiov
[�~^mxvf]ubÀ[\ZhbÀ[�~^Z;_u�N]rm�y���m\gEm}~^gEs�~^Zhe�_av�m
]u�u�Ns��u[�gn_rlov�m;¯

+
−
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• � = M�147�097©M ¯��©Z�lovcm��rsnvciw_Nvcm�v�lw_ugjm�»u��~A�^vc[�~�t
lkZ�lw_o]Nbq���Nm\·-�fm\iN�r~;¯ �L¯¤XupkZhm^[\e�]um\i�sjZ�gEiwvcmxvr�NX4`
_uZ�yF_ugE[�~��uZ�gjsn�Nvcm��usjZ�iw[\sE]r~^gjsjyA�Imx[�s�v6`
~^tEb�vcZ�gn_rgE_ulw]+�4[�~^mxvf]ubV]umh¯

i(t)
+

-

+

+
-

• Æo~^mxvf]ubV]um��rZhyF]rm�Z�gE_ugE_ulk]N_av��
	��|b��4Zhm��¯� � [xvcbd[�pkv�mxvcm�»N]r~x_ugE_rlkg � ¶ �usjZ�iw[\sE]¡` �
[\Z�e � _u�N]+¯

• ¸|gEi�_u�c~x]Nb¹~�`ce�_ugji i(t) y��rm\gjm�[�~^mxvf]ub	¯
Æuvcb�eopf�}b§~|[\eogEsjlfm^Z�gE_ugE_ulk]N_N_rg©�u�hm�v�i��fyAvf_�Z�m

i(t) =
� q(t)
� t

�kl
q(t) =

∫ t

−∞

i(τ) � τ
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• � M! o1 ¯¤°Yg�~\~|vcy�lfm^]N_N��pkv�sEsnv�m^sj�flwb�`�sn]ub
Zhifsjgn[�yzmx��ifgn_u_av�m�Z�m�sj�klkb�`csjgjiT]ubqpfvcm\ifpkZhgE[\sE]
�km\e�]N_N_Nvcmh¯

• "�m^ecvdb§�u_N�Nvf[�~��wpk�km\e�g�_u�§ZJ�rifgn[�~��N� � _	·Nm\Z��o~^gEm
vcifZhgE_N[�]Nbqyz�km^b	¯

• {|vcyz�fm\efv�lkZ�~x]rm}~xgjs��N�}b�gE[��km\ifgEid~^gjs � m
Zhyz_avc�fm\er]#	zmxvcyF�rsnvciov$�IZhiwv�pk�hsjmx�}_u_ug��km\er]
	�pkv�~�_u[xvc»N[^�wpkZhm\�Nsjs%��¯

• "�m^ecvd�rZhyF]rm�Z�gE_ugE_ulk]N_av�&'	�&k�k]usjZ(��¯
• ¸|gEi�_u�c~x]Nb¹~�`ce�_ugji w(t) yn�rm\gjm��km\er]#	�p�gn_u_�])�J¯
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• � Å ® ,�,�1 ¯ °±y©prgE_N_Nv�Zhm�yzmxvcb�eopf�}bd�`
�usjZ�iw[\sE]L�uX4`�efv�sEsnvc[�~|�rsn]�~^yAvcsjs��fm\er]u·um\Z���~^gE_ulwvcm
�kld�usjZhik[\sE]u·Nm\ZJ��~^gE_ulov�mh�4[\�-Zh_N_Nv

• Æ��4Z;_u_av��uZ�yF]um}ZhgE_ugE_rlw]N_Nv�¸-	�¸±�ks�~.��¯
• � ¸Ä[xvcbd[�pkv�mxvcm � &dprgE_u_�]	yzmxvcb�eopf�}bd�rm\g�` �¶ �usjZhik[\sE]L¯
• ¸|gEi�_u�c~x]Nb¹~�`ce�_ugji v(t) y��rm\gjm�[\�4Z;_u_�]L¯
• Æuvcb�eopf�}b§~|[\eogEsjlfm^Z�gE_ugE_ulk]¡Zhm

v(t) =
� w(t)

� q(t)
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• 2 B ½ 8 3hÅ ® ,�,L7 ¬ >z,�: �43|�a`�ide����fm^[\�-Zh_N_�]rsjgn_u�
Zhm�mx`c[xvcZ�gn_rgE_ulT[�Z;bqp�gjiw�uZ�sE�N]um�`cewpwZhik_�]ub
[\�4Z;_N_o]NbV]u_	b�gjsEsjg©�4³ksnv�[\gE_N_av��u³w�N`ci
[�~^mxvf]ubd_�]ubÀ[\Zhb´yzZ�m�]Nb´�avc_av�¯

+
− v(t)

• Æ��4Z;_u_�]Nb�]N_�]rm}Zhm¤�^`cewpk�Iiw]rm�m\Zhgje�_avci�y�m�`
b�tE_�]u[\�-³fs+~^gEsL�Ns � [��-³ksE[h�uX�¯ Zf¯±[��-Z;_u_�]u�a�Ie�er]u_L¯

• °±y�[\�-Zh_N_Nvf_ v(t) Zhm¤�^`cewpk�IidX4`VZhm�[��-Z;_u_avc_¡`
�Ns � [\�-³fsn_o]Nb´�a�Im^m\gLZ;_&[\�4Z;_u_avf_&`
b�tE_�]u[\�-³fsE_�]Nb��a[\ZhbÀ_uZhbV]um�[�~���m\ifgn_u_ug v(t) ¯

• �©Zh[^[\g�[\�4Z;_N_o]usjgE_N�	Z�m�e;���km^[\�4Z;_N_o]usjgE_N�	Xrprt�vcidt
mxvf]u_wpwZ�m^]usjZhgjefvc_�]ubÀlkZJ~�]rm¤�^vcyz_wpwZ�s
yF]rsEsjef�wbd_Nvf[�~�v�[\�-Zh_N_�]rsjgn_u�&Z�e�eog��avcsE�rgEi
`cewpwZ�ikgE_N_rg©[\�4Z;_N_o]&vcs�pwZ�l�³w�a`�i�[�~^mxvf]ubd_�]ub
[\ZhbÀ]Nb´�avc_avVyzZhmh¯
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• Æ��4Z;_u_�]��D[�~^mxvf]ubd[�� ekZh_N_rgEsjtE_avc_&y��rm\gjm
e����km^[\�-Zh_N_o]usjgE_N�

i

vV

i

v(t) = V

+

• °±y�sjgn_u�ugE_&Zhm}~^Zh_ulw�Tprgji�mx`c[�`cewpkv�m^iwvf[�~�[�~J�Im\i
�kld[�~^ZhyF_Nv�[�~^mxvf]Nb�[\gE_N[ i(t) vcy�mx`f[�gn_u_ug

• Æ��4Z;_u_�]usjgE_N�	b�Zhi � ¸ [\�-Zh_N_o]&�uZ�sn�u]um�·a`ciw]ub
�-³fsE]NbÀ[�tn_o]Nb¹prgji6[��wbV]&[\�-Zh_N_o]L�r³w�a`�i
[�~^mxvf]ubd_�]ubÀ[\ZhbÀ]Nb´�Nvf_Nv�yzZhmh¯ µ � _	Z�m�X4`
�^v�yF_ulfgEsE�	yF]usjsjek�kbd_�]ub´sjZhgjiwvcmxvr¯
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• °±e�eogLZhm��a�Ilf~|v�i�~^Z;_rl��^v�yz]usjsjek�wb�gn_u_&sjZhgjiov�m�v
b�gjsjsjg©�-³fs�v�[\�4Z;_N_o]usjgE_N�Nvcm 	F_uZhb�v � ¸ ��¯ �©ZJ~^~�v
Zhm�ecvcsjsnvci 3  �140?0?B ¬ 147©Å ¯

• Æ��4Z;_u_�]usjgE_N�rgE_�~^m\��lklfgEm�[\�-Zh_N_o]NbV]u_&b�gjsjsEg
�-³fsnvf_N_Nv�Z;_&[\ecvfbdbd�rsnvf]u�ugjid~xm���lklkgjm�[\�wbV]
[\�4Z;_N_o]L�u[\Z;bqsjZhgjikgjm�~^gjs©b�³c~x[xvclk_avcmh¯

+
V

• °±y�[\�-Zh_N_Nv�sjgn_u�av�m�·Nm\Z��o~xgE[�~�Zheoe�g�[\Zhb´yAv�sEs©vcy
~^tEb�v�efv�sEsnvc[�~|� � _ HJ1 ² ,�3hÅ ® ,�,L7 ¬ >z,�:
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• 2 B ½ 8 3 = M�147�0 ¬ >F,�: � 3 �N`cide;���km^[�~^mxvf]ub�sjgE_N�
Zhm�mx`c[xvcZ�gn_rgE_ulT[�Z;bqp�gjiw�uZ�sE�N]um�`cewpwZhik_�]ub
[�~^mxvf]ub´tLlkZ�lw_o]NbÀ[�gElu�N³k�a`cid[\�-Zh_N_�]ubV]N_rgE_�]Nb
b�gjsjsjg©�-³fs�v��uZh_N_Nvcmh¯

• Æ��4Z;_u_�]��D[�~^mxvf]ubd[�� ekZh_N_rgEsjtE_avc_&y��rm\gjm
e����km^[�~^mxvf]Nb�sEgE_u�

i

v

I

i(t) = I

a b

ab+   v     - 

• °±y�[�~^mxvf]Nb�sEgE_u�ugE_&Zhm}~xZh_ulk��prgjidm�`c[�Xa`
`cewpkv�m^iwvf[�~�[�~J�Im\i��fl6[�~xZ�yF_av�[\�-Zh_N_�]u_N_Nvcm vab

vcy�mx`c[\gE_N_ug
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0 A

• Æo~^mxvf]ub�sjgE_N�&b�Zhi � � [�~^mxvf]ubÀ�rsEZJ�r�ugEm�Z;_rlw]Nb
[�~^mxvf]ub´tLlkZ�lw_o]NbÀ[�gElu�N³k�a`cid[\�-Zh_N_�]u_N_rg+���Nm
�avc_av��fldZhm¤�^vcyz_ulkgjsE� <4Å�>F,�,�>IM ½ 3

• Æo~^mxvf]ub�sjgE_N�	lkZ�~x]rm�vcsE�um\ZhgLpkZhm\gji�³f~^Z;_rlw�L�uXrprt
Zhg�~\~x�wpkZhm�~�pkZhm\iw]rm�[�~^mxvf]ubV]um\gE_N_¡vcidyAvcmxv

R�¢
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+ +

-

+

-

vc = 0

ic
ic=0ic=0 ic=0ic ic

+

+ +

-
- -

vcvc vc

idid
id

vd = ric vd = bvc
id = gvc id = dic

• � =�� M�8a1aM ¬ >F,�:�>�M ¯���gjs�Z�mx]	y���³fmxvcm}~^Zhlk]N_N�rgjm
[�~��rm\ifm�v�sjgE_N�av��NXL¯ Zk¯ sjgE_N�rgEm�X4v�m�[\Z;b
sjgE_N�av�m^[\�-Zh_N_avc_	Zhiwv �Y[�~xmxvc]NbV]rm^gE_u_&Z�m��a`�i
ZhgE_u�wpwZ�m\m^g�·um^ZJ��~x]#	A[��-Z;_u_�]�Zhiwvd[�~xmxvc]Nb �
vf_u_av�mx[\[�~�vciov�m�tLmx`f[\gE_N_rgA¯ ����m�Z�m^]
� [��-Z;_u_�]u[�~��rm\i�[\�4Z;_N_o]usjgE_N�
� [�~xmxvc]Nbd[�~���m^i�[\�4Z;_N_o]usjgE_N�
� [��-Z;_u_�]u[�~��rm\i�[�~^mxvf]ub�sjgn_u�
� [�~xmxvc]Nbd[�~���m^i�[�~^mxvf]ub�sjgn_u�
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0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
2

2.2

2.4

2.6

2.8

3

3.2

3.4

3.6

3.8

4

t [s]

i(t
) 

[A
]

°±y�e�mxvcyn~�]rm�[\Z;bqyA�Im^gjm��usjZhik[\sE]¡]NbqsjZhgjiov�mxvdZhm�yFvf[�~^g
X4`VZhm�[�~^mxvf]ubV]um\gE_N_¡� q/ � t = I yAvf[�~^gA¯IÆ�sjtjer]rm
[�~^mxvf]ubV]um�Z�m�_uZhyz_N�N]rm HJ1 ² ,�3 = M�147�097©M ¯

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
−3

−2

−1

0

1

2

3

t [s]

i(t
) 

[A
]

¼ >n8+3 = M�1a7�097©M Zhm�[\tE_�]u[\snvclwv�`�yz�km^b�gE_o]
i(t) = Io sin(ωt + φ)
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¼ >n8+3 = M�1a7�097©M Zhm�[\tE_�]u[\snvclwv�`�yz�km^b�gE_o]
i(t) = Io sin(ωt + φ)

X4v�m�[\Z;b
• Io Zhm � ~x[\snvcl�b�Zhm\e�gE[\gE_u[
• ω Z�m��u�fmx_k~^tEik_ug
• t Zhm�~^tEb�g
• φ Zhm�yFvf[xvc�u�km^_

¸±Z;_��\]usjZ�lov�_u�f~x]ub¹prgji�sjg�~^snv�[�~�vc��~xgjs©vci�~J`�er_Nv
[�~��Im^ifgjm�[\Z;bq·um^ZJ��~�vf[�~�b�Zhi�~xtEb�v (v, i, q) �uZh_	[�~^³kmxv
[�~�vc��~xgjs©vci�~�`ce�_av�yFvf[�~�vcm�[�~J�Im\ikgjm (V, I, Q)

v(t) = Vo cos ωt
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v(t)

V
rms

V
ave

�&>�M! = Ç+> ¬ :�> 	zm^bd[��[�~^mxvf]ubd[\gE_N[ i(t) Zhm
mxb�[�lkgjsE�ug =

√
2

2
× � ~x[\snvcl = 0.7071 × Io

Zhiwv
Irms =

√
2

2
Io

� ® 841 ¬ Ç-> ¬ :�> [�~^mxvf]ubd[\gE_N[}Zhm
Iave =

Io

T

∫

T

0

| sin(ωτ) | � τ =
2

π
Io

X4v�m�[\Z;b T Zhm�¬ < = 1 0 ® M! L>z3;>F,�3 T = 2π/ω ¯

R *
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{�gjiw[�~^mxvf]ubV]um��kl �^v�yF_N[�~xmxvc]NbV]rm�tL� � � � ��� �
�
�����
	��
����
�
����
�
������� ��� ������� ��� ���
� ������! #"$�� ����%�
"�&��'����� (� )"$�*�
+ �'�-,%�
�'� + �- ����/.�0 � ��� '��1�"�&���2��
� �43�����*0 ��2
"�5�6��*0 ��7 ��2
8 5��
9���5*0�: �<; �4=�: 2>�
? 5��
9���5*0�: �>0 �$2@; A�=%: 2>�
"���4.��!B4	��4"$�C: ��4	D� �
"$��:
�
�-E�� � .$�
����4������
�
+ �-,� �64.�����0 5��
.�3���&%0 ��2�2��
� �43�����*0 ��2
"�5�6��*0 ��7 + 2
8 5��
9���5*0�: �<; �4=�: 2>�
? 5��
9���5*0�: �>0 �$2@; A�=%: 2>�
"���4.��!B4	��4"$�C: F�� � .D� �
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°±gE_ugE_ulwvcekZ�m\�Ni6[\Zhb¿_r�f~�vci�Zhm�Zhm|Æ�G �DefZhm\�Ni
• ���k]usjZ � & = H|b
• I}v�~\~ �KJ

= 1
&
[

• pw�fs�~ � ¸ = 1
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