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a b

c d

• g:hjiKilknmporqKsVs,ilt�qKupvxwyq�z{tAsj|}qlw�~{vno�vxs	�ViK�V~��3�}i
~y�:tAsVsOh�ilqKsV�VvxwyqKsVs�v�w��jqlu�t���wyq��:�}i1��qKu}s��xo�~yqKsV~��
v�mn|����Vvx�Gv�~y�po_h	~y�3t�sVs�h��p����u�~�z{w�vnh�o�s�h�o
i �

• ��qKsV~��Vvx�Gv_��hVsjkOz�vxw{sjqKw���m}|��,~��po_h,~y�3t�sVsOhT�
• ���:tAs�s�vns��T�VhVs�kpz{q v�t�w v(t) �}m}i¡z�hVo¢��£Qw{wyqTtAs
~y�:tAsVsVvns��T��h�s�kpz�qT�n�V~��pm�vxu�~y�3t�sVs�vxs��
��h�s�kpz�q1�,t�w�t�qKsVsjqK| v(t) �pm}i¡z�hVo¤�V£¥wywyq�t�s
~y�:tAsVsVvns��T��h�s�kpz�qT�T�

• g�w�����hVsjkOz{qT��z{qli�v�t�w 9�¦c§�2�2T= UxD�9 hj�V��� v(t)

m}|�~y�luOvns 9�¦c§j2�2T= ¨©7:ª�ª ��w����	z{qli �T�
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¬ ¦c§�2�2T=�ª®�¯168°�ª¥±²D³Ux´xH�H�B�µ¶9²·�±,¸	¹�º¼»
½ ¾�¿�À3Á�Â1Ã�Ä Å�ÆRÄ¤ÇÈÀ1ÁÉÇËÊ³Ì�À�Í3Á:Æ�ÎVÏ
Î:Ã�ÄÐÄ¢ÇÑÎxÒÓÀ3ÔÓÔÓÃ�Á:Õ�Î�Ç¢Ã�ÄÖ¾�¿ËÀ3ÁR×²Î
ÊyØ�ÏQÇ�Ù�Ç¤ÊyÀ3Õ�Ù¤ÆÚÁjÛ�Î#ÔÓÜ�ÊRÊ
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��� �jqlu�w�v�unz{tAsj|¼æyh�oçzy�}£Qw�~y�:tAsVsOh�ilqKsV�jqKw v1 m}| v2è �_t�w{h è £¥wcæyvx�Lsj|}qliK��vxw�t�qKsVs�q�~y�3t�sVsOh�ilqKsV�,ort�u
~y�:tAsVsOh	~ytAo¢t�w�~yhVo�o�vr��qKs�s�v_zy�pt�|}|Aæ{v

+
−

+
−

+
−

+ +

- -

v1(t)

v2(t)

va veq(t)
vb

(a) (b)

v1 + v2 − va = 0 => va = v1 + v2

m}|
vb = veq

~��}m<vxu va = vb

è ��m}| è ��� vxu}t�qKsV~�v�u
veq = v1 + v2
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• ��kOqliK|nwyt�qKs�h�o H�2TS C ¦�=�2�� C ~ytAo¤�}�pt�w{s è vxsVs
��h�s�kpz��Tw��n~ è vxw�~ytAo¢�:�}i®vxw�zy�pt�|}|Aæ{v�t�upv���t�qlwyq
w��n~�v�t�qKs�qKsj|Ov�z{tAsj|¼æ{vx~�z�~{vno�vxsT�

• � s��jz{�VhVs�kpz�h�w�|nt�z�h�w�t�k�k�qT|nt��jo+z���ilt�u}~yiKh,m}|è ���Tt�w��jt�qliK��vxw{~�z{w�vnh�o_h�wyqKsVs²vxu
�VsO�jz{��h�s�kpz�qKsOhVo¢vxur�}t�w�v æ{vx��s
��t�qli®�Vvxw{~�z{w�vnh�o�s�h�o¤��w��r��m}s�h�o¤���}�pt�wLæyh�o
z{�Ko�vj�

¬ C U¼7:=�6Eª®:¯368°:ªQ±²D³Un´�H�H�B:µ¶9²· ±��_¹�º¼»
½ Î
	3ÁV¾�¿ËÀ1Á�Â3Ã�Ä Å�ÆRÄ¢Ç À3ÁÉÇ�Ê®Ì�À Í1Á:Æ{Î�Ï
Î:Ã�ÄÐÄ¢Ç Ç�ÊRÊ©Á�ÇÐÎ3ÅAÁ�ÇcÃ�Ä¤Ç Ç¶Ù
Û�Ï�¿ËÀ�Ù�ÔÓÃ�Ä ¾�Ô�Ü Å©Ò�Ã�Ô ÏcÅ�Õ?ÔÓÜ�ÊRÊ

=⇒ Ý,Þ�ßáà�â ã���ã
=⇒ Ý,Þ�ßáà�â ã�cã
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i

R2

R1

vo

� �}£Qw�w��n~�v�t�qKs�qKsj|Ovxw�t�w�h	w�vxuxz�t�s�|}��vxw è �rmn| è ���
vxunt�qKsV~�vxu
• vns�s�v�w��:�}ili�vxsVs�v�w�vxw¥z�t�s�|nq®~ z��}unw{hVo¢�:�}i
��qKs�s�vxw�����s���z��VhVsjkOz{q

• tAsj|Ov�w�vxu}w�v�w�w��x~�vxt�qKs�qKs�|pvxw�z{tAs�|nqK~�z è t�q®o¢�
�VsO�jz{��h�s�kpz�q

����h�zy�}£Qw�w��n~{vxt�qKsjq®sj|Ov�w�w�vxuxz�t�s�|}��vxw�t�w »
• ~�z{w�vnh�o_h�wyqKsVs,~��r~�vxorq�� è t�qKo¢�:��uphVo
• ��t�qli®�Vvxw{~y�:tAsVsVvns�æ��}��s,~yhVo�o_h,~y�:tAsVsVvns�s�v�����w
�p�}m}w�v�t�qKs�qKs�|}h,���jwyqlw�~yql|
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g ��w{qlw�z{�}��w�vxuxz�t�s�|}�	��qKu}s��xo¤o��!��s�s�vPR7�¨ 2�¯3D�ªL@�D�9�"�D³>32�°:6$# è vxurt�w�t�q¡z{z���qlups��xo¤~yt�o
|}t��Lh�w�~{vno�vr~�vno+�:vns��,orqlililq�~y�3t�sVsOh	mn|<~ z�w�vxhVo�~
m}|�w�vxuxz�t�s�|nq®sj|}qKsT�

+ +

- -

(a) (b)

i i

R2

R1

Req
vo vo

% t�u'&)()*E�L£�~�z »
vo = iR1 + iR2 = i(R1 + R2)

+ ���}t�wyuphjw�vxu�|}qliK��v v = iReq ~��pm Req = R1 +R2 �, tRz{z�vro�����z{���lk�knv�� n w�v�unz{tAsj|p���jqlupsV�no
Req =

n
∑

i=1

Ri

- v��Ls�|nqKiK�jq®~ �jqlupsV�no¤w�vxuxz{tAs�|nqKs�|Ov�w�t�w vxili¡z�vx��~�z�£¥wyw�v
tAs,~�z�£Qw�~ zRv��jqlupsV�norqlu<�Tw�v�unz{tAsj|}qKs�h�sVs�qG�
=⇒ Ý,Þ�ßáà�â ã/.�ã
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+ +

- -

(a) (b)

i

R2 R1 Req
vo vo

i2

i1

� �}£Qw�w��n~�v�t�qKs�qKsj|Ovxw�t�w�h,��ilqlunz{t�s�|p�Vvxw è ��mn| è �j�
vxunt�qKsV~�vxu
• vns�s�v�w��:�}ili�vxsVs�v�w�vxw¥z�t�s�|nq®~ z��}unw{hVo¢�:�}i
��qKs�s�vxw�����s���z��VhVsjkOz{q

• ��qKsjqKw��3�ni³v�w{s�qlw�z{tAsj|¼æ{vx~�z�t�qKsVsjqK|�~�vxo�vns	�
�}unw{hVo¤��s���z��VhVsjkOz{q

����h�zy�}£Qw�w��n~{vxt�qKsjq®sj|Ov�w���ilqlunz{t�s�|p�Vvxw�t�w
• ~y�:tAsVsVvns	~{�,~{vno�v2����w è £¥w����xuOv�w
• ��t�qli®�Vvxw{~�z{w�vnh�o_h�wyqKsVsræ{vx�Ls	~{h�o�o_h
~�z{w�vnh�o�vns�s�v����}�pm}wywyq�t�qKs�qKs�|}h,�4�jwyqlw�~yql|
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g ��w{qlw�z{�}����ilqlunz{t�s�|p�	��qlups��xo¤o��!��s�s�v
æ{v��Ls�|nqKiK�jq®~ �jqlupsV�no	�

+ +

- -

(a) (b)

i

R2 R1 Req
vo vo

i2

i1

% t�u'&�� *E�L£�~�z
i = i1 + i2 =

v

R1

+
v

R2

= v

(

1

R1

+
1

R2

)

t�upv
i

v
=

1

R1

+
1

R2+ ���pt�w{u}h�w�vxu�|nqKiK�Vv v = iReq t�uOv i/v = 1/Req

~��}m
1

Req

=
1

R1

+
1

R2

t�upv
Req =

R1R2

R1 + R2
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1 `������ ���e
2�3�e�������^

+ +

- -

(a) (b)

i

R2 R1 Req
vo vo

i2

i1

, t�~{~�vrsjqKu}h�w{~�z{�}u}h�o���vxh�un�}t�iK��ilt�|Ov���zy�j�lk�kxv�� n

��ilqlunz{t�s�|p�	��qlups��xo
1

Req

=
n

∑

i=1

1

Ri

- v��Ls�|nqKiK�jq®~ �jqlupsV�norqlu<t�w�v�iKi¡z�vx�corqKs�s�v�tAs,orqKsVsV~ zRv
�jqlu}s��no�qKu��

=⇒ Ý,Þ�ßáà�â ã���ã
=⇒ Ý,Þ�ßáà�â ã�� ã
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• �Oz{w�vnh�oril�}|}o��xi
&ÓqKw{���V��m��3~�|}qliK��qlw�t�qKsVsjqK|����jwyqlw
ilm}k�h�u����Vwy�:m}wyu # sjt��Ls�� ;e7:=�9A9�����U��cB:U¼>

• �Óvnh�~{~ ����wy�3m}wyu�t�w�ilm}knv�uphjw���t�w{qlili �T��i³vxs�qKs�h
t�upvrilmnknvxu ���Vwy�3mnwyu�� è wytAo�h�w����K�V�Vh�o è v�w
~yt�oç�pt�i�t�w�~yk�qlil|}wyt�qKs}z��p�nvxu�t�w��4��w{qlw�h�zRvxs	m}|
�p�nvxu��4�jwyqlw�qKsVsVvns

• � o��Óvnh�~{~ ���Vwy�:m}wyu�|}qliK��qlw » ��� �! #"%$'&)(+*�(+,.-/-10(%23$+04,5-101(6 '-7*�8�-1090�:<;= 6:!01>@?A$B�! 3CD0'E
F 0�,.(+(+&)(+*#2G>@?H$I"J8�$6:9K1LNM� %$3O%,.-�23&)-�09 %$QPSR5�)�

Gauss yfirborð
i (t)

i  (t)

i  (t)

1

2

3
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W �³z è t�kOk¼æyh�oÑ��qlu��jt�qliK��v�w�~��3tAs�s�h ���Vw�w�v�unz{tAsj|}qKs�|}h
zy�pt�|}|¼æyv���qKu}s��xo�vrt�s è hjwy�LhVo¤v�u���qlz�vr~y�3t�sVsOhVs�v
����w�vxsVsVvxur��qKu}s��xorqluV�

+   v1  -

R1
R2

+

v2

-

+

-

vo

i

( qKi æyh�oçz¼� �T� ��sVsVv v2 t�� �jqlu è t�kOk¼æyh�o vo X o��jsV�SYR�
� t�z�h�o¢�Lh�sV��qlu i ort�u è �j� v�u�s�mxzRv
æ{v��Ls�|nqKiK�jq®~ �jqlupsV�no

i =
vo

Req

=
vo

R1 + R2

m}|�~y�luOvxs,~�vxorkO�n£�o+z�il�}|po��xilq W �Vo�~
v2 = iR2 = vo

R2

R1 + R2

Z�«
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+   v1  -

R1
R2

+

v2

-

+

-

vo

i

• �¼æy�nhVo¤v�u R2/(R1 + R2) < 1

•

, t�~{~yq�~�z�£Qw{u�~yt�|}qlw�z{qli h�o¤�p�}t�w{~{h,~ z��nw�z
��iKh�z��Lvxili �jt�qliK��vxw{~y�:tAs�s�hVs�s�v�w vo �³t�iliKh�w ���Vw
�jqlu}s��no�qKu R2 �

• � ~{vno�vr���¼z{z�t�w
v1 = vo

R1

R1 + R2
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• ���}�Lh�oÑz{�}�<~{vno�~y�lupv�z{tAsj|p����qlups��xo	�
��t�qliK��vxw{~�z{w�vnh�o_h�w�t�w io �j��qli æ�hVo �VsVsVvr~�z{w�vnhVo
���p�}m}w{h��jqlupsV�norqT�4�jwyqlw�~yql|V�

+

-

R2 R1 vo

i2

i1

io

•

+ mnz�hVo æ{vx�Lsj|}qliK��qK~���qKu}s��xo
v = ioReq = io

R1R2

R1 + R2

~�vxorkO�n£�o+z�il�}|po��xilq W ��o�~�t�w
i1 =

v

R1

= io
R2

R1 + R2

m}|
i2 = io

R1

R1 + R2

• �Oz�£Qwyw{q���iKhjz{q�~�z{w�vnh�o�~yqKsV~���t�w��T|nt�|}s�hVo¢orqKsVsVv
�jqlu}s��no�qKu X orqKs�sV~�z�v_�jqlupsV�norqlu.Y��

Z é

'

&

$

%

1 ����^���`��	�R�
� �����
	 ��	����������� ����������� �"!�# �%$&# �&' (�) *,+�-�.%/,) .10123) 465�*�- 7 8 9:) 9�;=<,) >%+?A@ >�-�) *&B�CED3-�9 @ .�-�*�F�(�-�G37 - 0H+I<J.1-�*&9 K @ .H>L56GMGM. @ -M0HD3+19H',N�OQP �M��RS �Q# T����"U:# VXW%�,���HU:U�'�Y�Z ZQ��'�[6��\�#]Y
� Y����	�^�	�_Q`H��V:V�'a5�*cbd*&4 . @ F�2&0H4 ) @ *c4 @ /,) .10123) 4�5�*�- 7 8�9:) 9fe�5hg38 9:4"+:>=956GMGM. @ -M0HDM',!�`�i
����jE��k�# � � ']��l�mMnM'a[6��\����o��	 pq�A��	 l

Z �


