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• fhg�iYjlknmpoeqsrntYucv9rxw\kyo\g�zP{TzP{T|su]j}g~r.j�z�t�zPm�����|suTr
qs|l{Tq��xo\�TrQ�n�T|suTr.g~z�|szP{YmPg�z�t�z�v�rxw\k�u]j

• ���]gFknk�u]j}t�o\�`o�g~r�u	zP{]{Tm�g�zp�T�`o�r
ryw�kyo�g~zP{TzP{Y|�o\r�{]o\r���� H~H <`Z qs| >���67��B�Z�� kng~j
t�o�m�m�o���o�r�g~r�u G?Z���B� `V�¡�;=<?8�E�I�Z£¢`>�<]VYIQ8�I�8� ?<]Z

• ¤hw�kyo�g~zP{TzP{Y|�o\r¥g~r�u	g~�sm�zPkn¦�ry�§�sz�m�g~|\�¨¦�i�rnzPrn©`��rnz
kng~j�knt�zPm�|�r�g�zP{Tz�r¥kyo\j�©?o\{]�Tz���j�z�m�mPz7kª��rxo\u]jlkªzp{Tk§v
|sg�|«{�u]j¬g�zP{TzP{T|su]{`o�qs|­kn®?gF{]{�u]{T{`o\r§iY¯]r¥°`o\{`o
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» o\j�©?o\{]�2j�zPm�m�z��n�«g�|s|F��o�©]rng¼i��xo x qs| y g�r��½Q8�B��pV�  H g~¦��?o��­uT®T®]¦�i�m�mPz�r.���s¾­knt�zPm�i�r���z
• ¿À¦ y = g(x) �`w�g~r g(ax) = ay

�
a g�r¥¦Lo�kÁ�yz

• ¿À¦ y1 = g(x1) qs| y2 = g(x2) �?weg~r
g(x1 + x2) = y1 + y2

Â¥ÃQÄ�ÅÇÆQÈ�ÉËÊ\Ì?Í�Î]È�ÏQÄÇÏQÄ�ÉÐÈ«ÊcÍFÑ«Ê�Ò7Ó7È«Ê�ÍFÔ
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â g~|�r�u]{
y = g(x) =

∫ t

−∞

x(τ) � τ
�?o�r�kngFj

g(ax) =

∫ t

−∞

ax(τ) � τ

= a

∫ t

−∞

x(τ) � τ = ag(x) = ay

qs|
g(x1 + x2) =

∫ t

−∞

(x1(τ) + x2(τ)) � τ

=

∫ t

−∞

x1(τ) � τ +

∫ t

−∞

x2(τ) � τ
= g(x1) + g(x2) = y1 + y2

g~r¥m�vP{�uYm�g~|�o��s|�g~rn�
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� z��?r�u]{

y(t) =
� x(t)

� t = g(t)

�?o�r�kngFj
g(ax) =

� (ax(t))

� t = a
� (x(t))

� t = ag(x) = ay

qs|
g(x1 + x2) =

� (x1(t) + x2(t))

� t
=
� x1(t)

� t +
� x2(t)

� t
= g(x1) + g(x2) = y1 + y2

g~r¥m�vP{�uYm�g~|�o��s|�g~rn�
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� 0

• ��� kngFj}m�vp{�uTm�g~|­ryw�kyo�g~zP{TzP{T|­¦L�§r¥¦�ryw�u]jl°s�«g�r�¯
knvP{�u�g~r

p(t) = v(t)i(t)

• ¿À¦ p(t) < 0 �`w�g~r¥ryw\kyo\g�zp{YzP{T|szP{ o\�lm�w£�xo�¦�ryw
k
	�r�o��2q�|lg~¦ p(t) > 0 g�r¥ryw�k�o\g~zP{Yzp{Y|szP{ o\���xo\t\o
��z�m�knvP{ o\�

•
» o\j�t����.j¶�hknt�zPm�|�r�g�zP{TzP{T|su g~r

p(t) =
� w(t)

� t
• ��r�t\o�{2kngFj}ryw�kyo�g~zP{TzP{T|­¦Q��r¥¦�ryw�uTjl°«�sg~rn¯ knvP{�u
g~r

w(t) =

∫ t2

t1

p(t) � t =

∫ t2

t1

v(t)i(t) � t
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�� µ�µ����
• ��	¼����z�r�g�r.�n�«g~|�|£��oe®��smpo�ryw�kyo�g~zP{TzP{T|AkªgFj
kyo\j­o�{Tkª��gF{]�TuTr�o\¦��n�«g�zPj m�g�zP�«o�{T�Tz�®]m�¾��yuTj¬qs|
g~zP{]o�{T|�ryo�{]�Yz�g�¦Q{Tz�w�j�zPm�m�z

d

A

• �]i�r�z�r¥��	��n��z�g~r�k�o�j�©`o�{]�	kª��rxo\u]jlk.qs|­kn®9g~{]{�u
g~r¥|�g~¯T�Aj�g��¶�Á¾s¦Q{�u]{]{Yz

i(t) = C
� v
� t

�?o�r�kªgFj kª�yuT�suTm�m�zp{T{ C t�o\m�mpo�kÁ� Z���;JE
��	¼�n�yzPknzP{Tk¥qs|­°Tg�¦QuTr.g~zP{Yzp{Y|«uT{`o�¦Lo\ryo���� ���

• ¿ÀzP{TzP{T|�zp{2g�r �
� =

���� �
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�� µ�µ����

• " g��l�Y�Yv�o����yg�|sryo�©`w\��o�r¥°Tm�z���o�r��Á¾s¦Q{�u]{]{]o\r§¦�ryw
t = −∞ ��z�m�g�zp{T°«�sg~r�k.�yvPj­o�®`uT{Tt��yk t0 ¦L��kª�

v(t0) =
1

C

∫ t0

−∞

i(t) � t

•
â g~|�rnzP� ∫ t0

−∞
i(t) � t g�r�{Tg¼�n�#�s°Tm�g~�sknmpo�{ q kng~j

kyo�¦Q{`o\kª��°Tg�¦QuTr¥¦piYrnz�r¥v���	��n��zP{�uTj}�Yz��l��vPj­o�{T{ t0

o\¦��s¾smP�]uTj kª��ryo�uTjlknzP{]k¥kngFj¬kª��rng�iTj¶�h°Tg�¦QuTr
zP{]{	v���	¼����zP{]{�¦�ryw t = −∞ ��z�m t = t0

� �%$ g&$
q(t0) =

∫ t0

−∞

i(t) � t
• ��w�g�r

v(t) =
q(t)

C
¦�i�rnzPr¥¾�m�m t

qs|��?o\r�j�g~�lg~r
� v
� t =

1

C

� q
� t =

1

C
i(t)
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�� µ�µ����

• ��	¼����z�r�g~r.m�vP{�uYm�g~|�ryw�kyo�g~zP{TzP{T| � kyo�j1©?o�{T�Tz��lj�zPm�m�z
kn®?gF{]{�u�qs|­°Tm�g~�sknmPu2g~r¥m�vP{�uTm�g�|���qs|
kª��ryo�uTjeuTrnzP{]{	¯`{T{]kª��j�g~�­�T��v�o��A�Yz��?rxo
°Tm�g��«knmPu]{]o � kngFj}g~r�m�vP{�uYm�g~|�o��s|�g~rn�

• ��	¼����z�r�g�r¥ryw�kyo�g~zP{TzP{T|AkªgFj¬|�g�iYj�z�rh°Ym�g~�«kªmpu��]�T�Yv
j�g�zPrnz�°Tm�g��«knmPu kng~j °`o\{]{	|�g�iYj�z�r � �Tg~zPj jeu]{
°`�§rnrnz�kn®?gF{]{]o�j­��m�zPkª��iY¯Tr�°]o�{T{

v(t) =
q(t)

C
¦�i�rnzPr¥¾�m�m t

�

'

&

$

%


�� µ�µ����
• ��	¼����z�r�g�r¥|sg�r��suTr��Yr.���sg~zPj¬m�g~z���o\{]�Tz�®TmP¾\�yu]j
j�g��­g�zp{]o�{Y|sryo�{T�Tz���ryo\¦�kª�so�rxo��§g~¦Q{Yz�wlj�zPm�m�z

• ��g�|�o\r¥¦Qo�kª�yuTr¥kª��ryo�uTjeuTr I kª��rng�iYj�z�r�� u]j
	
��	¼�n�yz��`w�kyo�¦Q{`o\kª�Ç�nw\t������«o\r�°YmPg��«knmPuYrÇ��o�¦Q{«�¥q�|
��	¼�n�hw�®]m�¾��yuT{`o��`o\r¥kngFj kª��ryo�uTjeuTrnzP{]{
kª��rng�iYj�z�r�zP{T{

+ + + + + + + + + + 

- - - - - - - - - -
+

+
I

• ��w�t��s�§��o�r�°YmPg��«knmPuYr��?�§��o��Y���Tr.��	¼�n�yzP{�u]j
°TzP{�u]jlj�g�|szP{2kª�«q­o\�l°Yg~z�mP�`o\r�°Ym�g~�«kªm�o\{ we�Tg~z�rnr�z
®]m�¾\�xuc�«g~rn�suTr�{Tg�z�t��s�§��$ ��o\r¥kng~j kª��ryo�uTjeuTr����
g~r��no\¦Q{2kÁ�#��r¥q�|AkÁ�yryo\u]jeuYr¥zp{T{	�?weg~rÇ�no\¦Q{	kª� �sr
°Tm�g��«knmpo­w�©?w\�su]j}®TmP¾\�yu]{�uTj � q(t) � o\�sg�zP{]k
j�g��Aj�zPk�j�u]{`o\{]�Yz�¦�q�ryj�g~rnt�z $
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�� µ�µ����
• " z�m�m�z]�nw\t������su °Ym�g~�«kªm�o\{]{]o­wlo�{T{`o\rnrnz
®]m�¾\�xuT{]{Yz�q�|A{Yg~z�t������su °Tm�g~�sknmpo�{]{]o­w�°TzP{T{Tz
®]m�¾\�xuT{]{Yz�rnv�t�z�rho\�s�Tryw��n�xo\rnt�ryo�¦��yuTr � � $ g $
��	¼�n�yz�rnzP{]{  `V�¡�;JI�Z­G9Z���B $

• ��g~k�kyo�q�r�t�u jlw�¯]{]{`o�kng~j}��g~|�rnzP�co�¦�o\�Tzp{�u
kng~j¬��	¼�n�yz�rnzP{]{ °Yg~¦QuYr¥¦�g~{T|�zP�l¦�ryw�u]jl°s�«g~rn¯
knvP{�u � �Yz��lg~zP{]°s�«g~r�{	��vPj­o t = t0

w(t0) =

∫ t0

−∞

p(t) � t =

∫ t0

−∞

v(t)i(t) � t
� q��yu]j o\� i(t) = � q/ � t

w(t0) =

∫ q(t0)

q(−∞)

v(t) � t =

∫ v(t0)

v(−∞)

Cv(t) � v
j�g�� v(−∞) = 0 ¦L�.kÁ�

w(t0) =
1

2
Cv2(t0)

g~�«o­o�mPj�gF{T{«�
w(t) =

1

2
Cv2(t)

aya
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�� µ�µ����
• ��o�r�j�g��­g~r�o��]z��

p(t) = Cv(t)
� v
� t = v(t)i(t)

• fhg~r�uTj {���rxw��­¦piYrnz�r�®]m�¾\�xuY��	¼����z�kng~j
kyo\j­o�{Tkª��gF{]�TuTr�o\¦�®TmP¾\�yu]j j�g~�­�?o£�xo\r�j­w\m A
qs|­o\�«kªt�z�mP{`o\� d

d

A

• ¿À¦�®]m�¾��yuYry{]o\r�°]o\¦Lo�°Ym�g~�«kªmpu Q �?w�g�r¡���Z\X�G?Z£C7>~M���V�C7>F��B ��� H~H �pVTI���I

ρs =
Q

A

aª±
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�� µ�µ����
• � <]U >���IpC9>F> H ¡�Z���B�Z E j�zPm�m�z�®Tm�o£�y{`o�{T{`o�g�r
g~zP{Tknm�g~z��yuTr�qs|Ao\¦�kª� i�r�t

E =
ρs

ε

j�g�� ε = εrε0 �`o\r�kng~j ε0 g~rZ£<`U >����?Z�B�8�<]Z\> H B�C7B������pG9U H~H�� ;JI�> qs| εr g�rM���B H UW<`�Q��>F�pV� 9B�Z	Z�<]U >����9Z\B�8�<`Z\> H B�C9B��Q�
g~¦�{TzPknzP{]k¥j�z�mPm�z�®Tmpo��y{`o\{]{`o

• ��mpu���¦Lo\m�mPknm�g~|suTr�ryo\¦Qkª�s¾sr�u]{]o\r�kª�yuT�suTm�m

¿À¦Q{Yz εr = ε/ε0

fhm�g~r �
� iYm�q«{ 	
 o\t�g~m�z���g �
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�� µ�µ����

d

A

•
» ®?gF{T{`o�{ci�¯]r.��	��n��zP{]{	g~r¥�`w

v =

∫ 2

1

E � s = Ed

qs|�r
�Yjl�TzP{
C =

Q

V
=

Q

Ed
=

εA

d
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�� µ�µ����
â �«g�z�r�j�z�t�z�m��s�§|sz�r�g~z�|szP{YmPg�z�t�o\r���	¼�n�yzPk
• ¿À¦�kn®9g~{]{]oeiY¯Tr¥� 	��n��z�g~r�knvP{�uTknmpo\|«o

vC(t) = V sin(ωt)

�?w��«g~rn�suTr�kÁ�yryo\u]jeuYr�zP{T{
iC(t) = CωV cos(ωt)

�%$ g $�v�©9g~zP{�u °Ympu���¦Lo\m�m�z��Yz��l��v��«{YzP{`o
°]we��v��«{Tz −→ °`w�r�kª��ryo�u]j�uTr
mpw\|l��v��«{Yz −→ m�v���z�mPm�kª��rxo\u]jeuYr

• ¿À¦���vP�s{TzP{	g~r�j��ª¾s|­°]w�j­w�kng��L��o�knt\o�jljl°Ympo�uT®
v�kª�xo\����	��n��zPknzP{]k¥qs|�g~¦�°��]{�g~r�{��YmPm �Q��� ��j­w
kng¼�W�no�qs®]{`o�ryw�k.v�kª�xo\�l� 	��n��zPk $

•
â zPm�o\�­kn®9g~{]{]o�{ vC(t) i�¯]r.��	¼����zP{]{	|sg¼��z
©]rng¼iTkª� �skyo�j�¦�g~m�m����«g�rn�«uTr�kª��ryo�u]j�uTrnzP{]{ iC(t)

o\���«g~ryo ��gF{]�]o�{YmPg�|�o�°`w�r � � $ g $ÇzPj�®]�TmPk
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�� µ�µ����

����v�j­wlkªg~|£�nolo\�lg�¦�g~{T|sz�r¥zpj�®`�TmPkyo�r�g�ryu���z�m�kª�xo\�«o\r
�?w��«g~rn�suTr�kª®9gF{T{`o\{�i�¯]r.��	¼����zP{]{ o\m�m��xo\¦�kyo�j�¦�g~m�mP� �
�%$ g $�gF{T|�zP{ kn®?gF{T{�uT�Trng~®2g�ryu2j�¾�|«uTm�g�| �L{YgFj­o
zPj�®`�YmPkyo\r¥tsq«j�z���z�m �
=⇒ � ßlÖÚÏ��������
» ®?gF{T{`o�iY¯Tr�k
	~r�°«�sg~r�{	��	��n��z���z�� t > 0 ry�§�«kª�ho�¦
�n�«g~{]{�u��
• ���so\�«olkÁ�yryo\u]jeuYr�°Tg~¦�uTr.�?�����¥zP{]{	v���	¼����zP{]{
knv���o\{ t = 0

• ���so\�«olkª®9gF{T{`o��so�r¥i�¯]r.��	��n��zP{]{���z�� t = 0

��g¼���xo�jlwlknt�rnzP¦Qolkng~j
vC(t) =

1

C

∫ t

−∞

iC(τ) � τ

=
1

C

∫ 0

−∞

iC(τ) � τ +
1

C

∫ t

0

iC(τ) � τ

a �
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�]i�r�ryoe��g~|srnz��­g~r�{Tg¼��� �s°Tm�g~�sknmpo�{ kng~j kyo�¦Q{`o\kª��°Tg�¦QuTr
v���	¼�n�yzP{�u]j-we��vPj­o\©TzPm�zP{�u −∞ < t < 0 $ ��g�|�o�r
�Tg�z�m���g~r�j�g��­r �Tjl�	��	¼����zPknzP{]k C �?we¦L�.kÁ��kn®?gF{T{`o�{
iY¯Tr¥� 	��n��zP{]{��Yz��l��vPj­o\{]{ t = 0 $
��g~k�k��«g�|«{`o�g~r

vC(t) = vC(0) +
1

C

∫ t

0

iC(τ) � τ
g~�«o

vC(t) = vC(0) +
1

C

∫ t

−∞

iC(τ)u(τ) � τ
kng~j kng�|sz�rho��­v�kª�xo��l��	¼����zPk�kngFj¬°Tg�¦QuTr
uT®T®`°]o\¦Qkn|�z�mp�Yz7�Yz�� t = 0 j­wlkªg��L��o���o�¦Q{]kÁ�#��ryo�{	� 	��n��z
kng~j¬g~r �«°Ym�o��szP{]{��Yz�� t = 0 qs|lryo\����g~{T|«�]o
kn®?gF{]{�uTm�zP{]�2j�g~�Akn®?gF{]{�u vC(0) $

+
-

+

--

+

C C

v  (0)C

v  (t)
C

v  (t)
C

i  (t)i  (t)C C

a !
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�� µ�µ����

=⇒ � ßlÖÚÏ���� � �

Cp

+
v
-

p2C C1

i p
ii2 1

¿À¦��n�«g~z�r¥��	��n�xo\r C1 qs| C2 g�r�u °YmPz��\�yg~{T|s�Tz�r�j­w
kng¼�W�no�v�kª�xo��l�]g�zPrnryo�g~zP{T{���o�¦Q{T|�z�mp�YzPkn��	¼����z Cp $

ip = Cp
� Vp

� t
g~�«o

ip = i1 + i2 = C1
� V1

� t + C2
� V2

� t
qs|l�?o�r�kªgFj Vp = V1 = V2 �`w�g~r

ip = (C1 + C2)
� Vp

� t
g~�«o

Cp = C1 + C2

a '

'

&

$

%


�� µ�µ����

C1

C2

+

-

Cs

+
v
-

s

v2

v1-+

¿À¦��n�«g~z�r¥��	��n�xo\r C1 qs| C2 g�r�u2ryo\�\��gF{T|s�Tz�r�jlw
kng¼�W�no�v�kª�xo��l�]g�zPrnryo�g~zP{T{���o�¦Q{T|�z�mp�YzPkn��	¼����z Cs

vs(t) =
1

Cs

∫ t

−∞

is(τ) � τ
g~�«o��`o\r¥g�� vs = v1(t) + v2(t) �?weg~r

vs(t) =
1

C1

∫ t

−∞

i1(τ) � τ +
1

C2

∫ t

−∞

i2(τ) � τ
qs| is = i1 = i2 kª�«q­o\�

vs(t) =

(

1

C1
+

1

C1

)
∫ t

−∞

is(τ) � τ
g~�«o

Cs =

(

C1C2

C1 + C2

)

a
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•

�
vPr�j­we�YzP{]�]o�uT®T®2q�|Aj¶iT{]�]o�kn® �smPu

• ��vP{�uYm�g~|Akn® �smpo�g~r¥ryw�kyo�g~zP{TzP{T|­�`o\r¥kngFj
kyo\j�©?o\{]�2kª��ryo�uTjlk¥q�|­kn®?gF{]{�u�g~r�|�g~¯T�­j�g~�
�ª¾�¦Q{�uT{]{Tz

v(t) = L
� i(t)
� t

•
» �yuY�«uTm�m�zP{]{ L t�o�mPmpo\kª� >���<?8 kn®���mPu]{]{]o\r.qs|
°Tg�¦QuTr.g~zP{Yzp{Y|«uT{`o�°TgF{Yrªi�� � �

• " g��l�Y�Yv�o����yg�|sryo�©`w\��o�r¥°Tm�z���o�r��Á¾s¦Q{�u]{]{]o\r§¦�ryw
t = −∞ ��z�m�g�zp{T°«�sg~r�k.�yvPj­o�®`uT{Tt��yk t0 ¦L��kª�

i(t0) =
1

L

∫ t0

−∞

v(t) � t
�%$ g $Çkª��rxo\u]jeuYrnzp{T{2v�kn®���mPu]{]{Yz�ry�§�«kª�ho�¦��T��v
°«�sg~r�{Tz�|Akn®?gF{T{`o�{ci�¯]r¥°`o�{]o�°Tg�¦QuTr��«g�rnzP�­¦�rxw
uT®T®`°]o\¯
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�
zP�l|sg¼�yu]j k 	~�Ao\�­kn®���m�o\{	g~r¥q�rntYuT|�g�iYj­o�{T�Tz
ryw�kyo�g~zP{TzP{Y|Aj�g~�­�Y�Yv�o\�l¯`{]{]o�°Tg~z�mP�`o�rnqsrntYuT{`olkng~j
°��T{2°Tg�¦QuTr.�]g�|sz��l¦�rywluTjl°«�sg~rn¯ kªvp{�u �

w(t0) =

∫ t0

−∞

p(t) � t =

∫ t0

−∞

v(t)i(t) � t
g~�«o

w(t0) =

∫ t0

−∞

L
� i(t)
� t i(t) � t = L

∫ i(t0)

i(−∞)

i(t) � i
" g�� i(−∞) = 0 ¦L��kª�

w(t0) = L
i2(t0)

2

g~�«o­o�mPj�gF{T{«�
w(t) =

1

2
Li2(t)

��o�r�j�g~�lg~r�o��]z��
p(t) = Li(t)

� i(t)
� t = i(t)v(t)
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��v��yu]j we�n�«q­j�z�t�z�m��s�§|�olg~z�|szP{YmPg�z�t�o­kn®���mPu �
• ¿À¦�kª��ryo�u]j�uTrnzP{]{	v�kn®���mpuT{]{Yz�g~r�knvP{�uTknmpo\|«o

iL(t) = I sin(ωt)

�?w��«g~rn�suTr�kª®9gF{T{`o\{
vL(t) = LωI cos(ωt)

�%$ g $�v�©9g~zP{�u °Ympu���¦Lo\m�m�z��Yz��l��v��«{YzP{`o
°]we��v��«{Tz −→ °]w�kn®?gF{]{]o
mpw\|���v��«{Tz −→ mpw�|Akn®?gF{T{`o

• ¿À¦���vP�s{TzP{	g~r�j��ª¾s|­°]w�j­w�kng��L��o�qs®]{`oeryw�k.v
kª�xo\�lkn®���mpuT{]{]o\r.qs|lg~¦�°��T{	g~r�{��Tm�m��Q��� �§j­w
kng¼�W�no�knt�o\jljl°Ym�o\uT® v�kª�xo��­kn®���mPu]{]{]o\r

• ¿À¦�gF{Y|sz�r�kn®?gF{T{�uTzPj�®]�TmPkyo�r¥g~r�u	��z�m�kÁ�¼o���o�r¥�?w
g~r�kÁ�yryo\u]jeuYr�zP{T{2v�kn®���mpuT{]{Yz�kyo\j�¦�g�mPmP�TuTr � �%$ g&$
gF{Y|szP{]{2kª��ryo�uTj��]rng~®2g~r�u2j�¾s|suTm�g~| �Q{YgFj­o
zPj�®`�YmPk�t�q«j�z7��z�m �

±y±
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φ

-

v

+

i

n

•
� ��j�z�|sg�rn�ckn® �smpo�g�r�u]{T�TzP{2�Tr
�Yz��s{`w�j�knmpo�u]knu]j}�Yv�r�j�g�� n �YzP{]�Yzp{Y|«uTj $Ç¿À¦
kª��ryo�uTjeuTr i ¦�g�r�u]j¬kn® �smPu]{]o��?w�j¶iT{]�]o�kª�
kng�|«uTmPkª��z�� φ(t) kng~j °Tg�¦QuTr.m�qst\o\��o�r
kng�|«uTmPkª��z��«knm�vP{�uYr $

•
» ®?gF{T{`o�{ci�¯]r¥kn®���mpuT{`o�g�r.��vpjloso\�Tg~z���o\{ o�¦
kng�|«uTm��`����zp{�u nφ

�

v(t) =
�
� t (nφ) = n

� (φ)

� t
• ��w�t��s�§�­kn®9g~{]{`oe���Y��z�r�o\�­kng~|suTmPkª�Yz���zP�Ak 	eo��
�so��]o �]{Tg~z�t«�s�§�Akn®9g~{]{`oe���Y��z�r�o\�l�?o\��¦Lo\rnz
j�zP{]{Yt�o\{]�Tz $
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» �x�§rn�szP{ w�kng�|«uTm��`����zp{�u φ ry�§�«kª�ho�¦�kª��ryo�u]j�{�u]j
i(t) $ » 	¶kn®���m�o\{2m�vP{�uYm�g~|­|sz�mP�Tz�r

φ(t) =
L

n
i(t)

��g¼iTk�uTj}¦�iYrnz�r�kª��ryo�uTj�zP{]{
i(t) =

1

L
nφ =

1

L

∫ t

−∞

v(τ) � τ
g~�«o

nφ =

∫ t

−∞

v(τ) � τ
kng~j¬�����sz�r�o\�­kng�|«uTmPkª��z��sz��Ary�§�«kª�ho�¦��T�Yv�°s�«g�r
kn®?gF{]{]o�{	°Tg�¦QuTr��«g�rnzP�­¦�ryw�uT®T®`°]o\¯%$
» ®`o�{	°«�sg~rnryo\r�kn® �smPu	ry���skª�ho\¦�kÁ�¼�§rn�A°YgF{T{`o\r.qs|
m�¾s|su]{

± ã
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A

R

i

i

�]i�r�z�r�°\� ��m�o\knm�¾«{Y|«uTmpo�|�olkn® �smPu2j�g�� n �YzP{]�Yzp{Y|�o
|sz�mP�Tz�r

L =
µrµ0n

2A

2πR
�?o�r�kngFj µ0 g~r >¼V� 9B��Q>����?Z�B�8�<]Z\> H B�C7B�����pG9U H~H�� ;JI�>��

µr g~r M���B H UW<?���Q>F�pV� 9B�Z2>�V� 9B����>����9Z\B�8�<]Z�> H B�C9B���� g~¦Q{YzPk�kn® �smPuTtF��o\r�{`o � A g�r
�T�sg~r�knt�uTrn��o�r��`o��xo\r�j­w�m�kn®���mpuYt£��o�r�{`o�{Tk.q�| R g~r
ryo��YvPz�kn®���mPu]{]{]o\r $
��mpj�gF{]{s��|�zPmP�YzPrho��­kn®?o\{Tz��lg~r¥v�r
	��n�yu °YmPuY��¦Lo\m�m�z��Yz��
�YzP{T�TzP{T|«o\¦ �ª¾�mP�`o�{T{	v�¾s��r�u	�sg~mP�Tz�qs|lv�r 	¼�n�xu2°TmPu��y¦Qo\m�m�z
�Yz��l�T�sg~r�kntYuYrn��o\rn�`o��xo\r�j­w�mPz�� � g~{	v�¾�¦QuT|su2°YmPuY��¦Lo\m�m�z
�Yz��lm�gF{T|s�2m�g�zP�«o\rnzP{]{]o\rhkng~j kng�|«uYmP�`����z��­¦�g~r � l $
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" g��
L =

µn2A

l

¦L��kª�
φ = Pni

�?o�r�kngFj
P =

µA

l

t�o�m�m�o\kª� >¼V� 9B��Q�pVTIpC78�I m�g�zP�«o\rnzP{]{]o\rhkng~j kng�|«uYmP�`����z��
¦�g�r $
��o�¦Q{`o\{2° 	�r�o\�lq�¦Lo�{	g�r¥�T��v�{Tqst�tYuYrykªtsq«{]o\r �¨°Tj
m�¾s|sj­w\m�¦�i�r�z�r�kng�|«uYmPryw\knz�r � �?o\r�kªgFj kªg~|«uYm��?�§�sz�� φ

kyo\jlkª�so�ryo\r�kÁ�yryo\u]j � o�j�®?g~rª�YzP{]�YzP{T|�o�r�{Tz�r ni �Lj�j�¦ �
kng�|«uTm�vPkn®?gF{]{]o ��kyo\jlkª��o\ryolkn®9g~{]{�u	q�|>�V� 7B�� H Z�V� ?C`<?8

R = 1/P kyo�jlkÁ�so\ryo�r¥�Yz��s{`w�j�z
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¿À¦�g~¦Q{Yz��Akng~j kng�|«uYmP�`����z��A¦�g�r�u]j}g~r¥m�q�¦���g~�«o
m�qs¦��n�x��j�z���t£�no\r�{`o�m�o\u]k¥kn®���m�o��§�`w�g�r R ¦Lo\kª��z�qs|
kyo\j�©?o\{]�Tz��­j�z�m�mPz φ qs| ni m�vp{�uTm�g~|\�
» 	¶t£�no\r�{TzP{]{	�Tr���w\r�{Tz�g���o�¾s��ryu	¦�g�r�r
�sj­o\|s{Tg���vPknt�u
g~¦�{Tz��?weg~r µ ��qs|l�`o\r�j�g�� R �§¦Qo\m�m�o�¦ φ kª�«qAo��
kyo\j�©?o\{]�Tz��­j�z�m�mPz φ qs| ni �«g�r��suTr ��mPvP{�uTm�g~|\�
��o�¦Q{`o\{ v = L � i/ � t |�zPmP�YzPr��`w�g~t�t�z
���«qsrª��kng~j kn® �smpo�{	g~r¥m�vP{�uYm�g~|Ag���o�g~t�t�z��?we|sz�mP�Tz�r

w(t0) =

∫ t0

−∞

v(t)i(t) � t
qs|

v(t) =
� (nφ)

� t
g~�«o

w(t0) =

∫ t0

−∞

� (nφ)

� t i(t) � t =

∫ φ(t0)

φ(−∞)

ni(t) � φ
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φ

φ
φ1

2

∆w

ni

• ��r�t\o�{2kngFj}©?����zpkÁ�¥�Yz��­|�g�iYjl�`o�qsrntYu�v
kn® �smPu]{T{Tz7�]g~|«o\r¥�`����zP�l�sg ��¦�rxw φ1 ��zPm φ2 g~r
�ª¾�¦Q{��?o��xo�ryjlw\m�zP{�u ∆w

•
» uTj}¦�g~rnr
�«jlo\|«{Yg���vPknt	g�¦Q{Tz�°]o\¦Lo�j�zPk�j�u]{`o\{]�Yz
φ(ni) ¦�g~rnmpo�g~¦���z�r��Y�Yv�°s�«qsrª� ni g~r.�so �To�{T�Tz
�Qkn®���mpo���g~t�uTr���zPm�knvP{2q�rntYu ��g~�«olj�zp{T{Tt\o�{]�Yz
�Qkn®���mpo�mp���xuYr¥¦�rywlk 	~r¥qsrnt�u �

• ��g¼���xo�¦piYrnz�r�©`��rnz�t�o�m�m�o\kª� >¼V� 9B��QM�VY�QE�8�I
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•
» 	¶kª��rxo\u]jeuYrnzp{T{ knvP{�uTknmpo\|�o��?weg~r�¾�m�m
kng�|«uTmP°Yg~mP�]{YzPm�i�t�t£�no�{2¦Lo�r�zP{	v�°«�sg~rnrnz�m�q\�xu

• ��mpo��xo\r�j­w�mPz��AzP{]{]o�{	m�iYt�t£�nuT{]{]o\r.|sg~¦�uTr.��z�m
t�iY{]{]o�q�rntYuY�xo�®]z��­v�kª®��smPuT{]{Tz�v�°s�«g�r�rnz�mPq\�yu $» ��qsrnt�o�u]j�©Trng�i���zPkª��v7�so\r�j­o�qsrntYu $
=⇒ � ßlÖÚÏ������ �

• �]i�r�z�r t > 0 |sz�mP�Tz�rho\�­kª��ryo�u]j�uTr¥v�kn® �smPu	g~r
i(t) =

1

L

∫ t

−∞

v(τ) � τ

=
1

L

∫ 0

−∞

v(τ) � τ +
1

L

∫ t

0

v(τ) � τ
g~�«o

i(t) = i(0) +
1

L

∫ t

0

v(τ) � τ
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• �§kª�xo\�­kn®���mpu	j�g~�­uT®T®`°`o�¦Qk�kª��ryo�uTj ����zP� t = 0 �
j­w��T��v�kng��L��o�kª®��smPu w\{2uT®T®`°]o\¦Qk�kÁ�yryo\u]jlk�qs|
°Tm�z�����g~{T|£�nolkª��ryo�uTj�m�zP{]� i(0) qs|�r�g�z�tY{`olkªvP�«o�{
kª��ryo�uTj­o�q�|­kn®?gF{]{�uTr.¦�iYrnz�r t > 0 ����¦�rxw
�]g~k�k�uTj}|sz�mP�]u]j

i(0)LL

i

i

vv

-

+ +

-

• ¿À¦��n�s�§r�kn®���mpuYr L1 q�¦ L2 g~r�u2°Tm�z�����gF{Y|«�]o\r�jlw
kng¼�W�no�v�kª�xo��l�]g�zPrnryo�g~zP{]oh��o\¦Q{Y|sz�mP�TzPk�kn® �smPu Lp

i1 =
1

L1

∫ t

−∞

v1(τ) � τ

i2 =
1

L2

∫ t

−∞

v2(τ) � τ
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L

i p

i1 i 2

L2

L1

ip

qs|
ip = i1 + i2

v1 = v2 = vp

kª�sq
ip = i1 + i2 =

(

1

L1
+

1

L2

)
∫ t

−∞

vp(τ) � τ

=
1

Lp

∫ t

−∞

vp(τ) � τ
g~�«o

Lp =
L1L2

L1 + L2
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¿À¦��n�s�§r�kn® �smPuTr L1 qs| L2 g~r�u	ryo\����g~{T|«�]o\r�j­w
kng¼�W�no�v�kª�xo��l�]g�zPrnryo�g~zP{]oh��o\¦Q{Y|sz�mP�TzPk�kn® �smPu Ls

v1 = L1
� i1
� t qs| v2 = L2

� i2
� t

gF{
i1 = i2 = is

qs|
vs = v1 + v2 = (L1 + L2)

� is
� t = Ls

� is
� t

g~�«o
Ls = L1 + L2

L

L

L1

2i s
i

i

2

1

=⇒ � ßlÖÚÏ������ �
=⇒ � ßlÖÚÏ������ �
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