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• cedJfJgihjdlk_monqp�rspltbgNuovxwynzuow�{jk_m}|~n�k_pJg,�b�Nu~txdJpJgj�
rspJgjg�hjn�w�k@v�pJgjg}��|~��{Nu�k_n��s�y��|~�ipJtxf��jdJh��z�K|~dldlp
rsplt�{UkQ�q��|�k_pJgN|�pJgUgb�Q|��3�

• ��pJgUgjplm�k_��{Uk��y��|�k�p�gU|xpJgUg}��|���k_n�v�|~nymb�K|~dJ�N|�t
vxk�t��F|~w���| k {Nu�k_n����q��|���plt�k�pJgUgjplm
v�|�nqmo�F|~dJ�U|~t;vxk�t��F|~w���| k �

����� Z ��
��	����
��+������
��_� Z ���Qa;�b�

• cedJfJgihjdlk_monqp�rspltbgNuovxwynzuow�v�k_t��Uk�plnqpSk@g	k_pJgN|
�}�Uu~t}|�dJpJgj�S�s{9u`v�u�nqk�pl�sgN|����q��|����Fw��3k@gjg�h;k_t}|
w��qnz|ohjv;�PfSnzuow�v�k_t�{jrsf�|�t�dlk_mom��q|�wz|~v�|og
�qpldJdlk�mbm;�b�Nu�t}h	dlpJgU�U|ogUgU|��br}k�nqnz|�n�����nqpln�wyplm
{Uk�mi|�n��jpJgN|�n�dJpJgj�jplnqgN|~n�k�nzh,g��sdld�w �zpldld¡��|~n_�
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Ras með
viðnamum
og lindum

• ·�r}k�mbm@�q|��3�od�|xnzuow�pJn`���qr�fl�3�bd�|�nQ�Pk_nqh	�o|~dld�|~t}|~n
�q|��KgjmopJdJ�U|~n�vxplti|�t�rsplt��3�bd�|~gN|,�¸|�¹¸º3�ek_��wz|~vxp
w��qnz|ohjv`hjn�w��qnyk��svxpln�p�gjg	fSº9u�ti|�n�n�u~wypln�{jk_mi|�n
wz|~v�|�w��3k@gjgN|`k_n»uxvxpldldlp��3�od�|~gUgU|s¼jk_t}|x½o�Khjm~�@�

• ¾+¿Àvxp�hUvÁw�dJfl�~|~nÂ�q|~�ÃgjmbpldJ�jpJwynzu~wypln»k�nqh
�q|��KgjmopJdJ�sp�w rsplt}gUuov����snypln»�sdlpJt~�qk@gjmopJgjmi|�n�Äbm
nz|~t~�zk_gjmop�gsmi|�n�rspltbgNuov�|s�
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• ·(�jÆ�rbk@gsp�g	Äbm�Ç»Äbn��qÄ}g,w�Èjgj�Uh��Ãnz|ovÁu�|~t�nzuow
wyk_v�pJgUgsp��sk_dJ�Uhsn�dlfJg�hsdJk�m�r�pJtbgNu~v�Äbm�dlpJgU�jpln
�Kwy�3k_gUgih	k�ti|xw��qnz|ohUv��Nw��ÉÈsnyt}|~n�k_t}|x�b�Nu�ti|~n��
�jk��Khjn��q|��KgjmopJdJ�sp�w�n�u~w»u��ÃÄbnqvxpJgihSÊ

i  (t)N GNv  (t)
RTh+

-

a

b

a

b

i

+

-
v

+

-
v

i

Thevenin Norton

Th

• ËÌuowypJg	mok��zhjn�pJgjgjpJ�N|�d��splt;k_pJgjw�v�|�nqm}|~n�dJpJgj�jpln
Äbm�r}k_nz|�wy�~|~dF�Â����wz|ov�|��i�znypSn�u~wypJg,k�n(�qk@gjmb�
rsplt��3�od�|~gN| a Äbm b {9u��F¿Àw��»|~dldJw�w���|~ti|�n�wz|ov�p
w��qnz|ohjv`hjn i Äbm�wz|ov�|xwy�9k@gUgU| v �

• ·ÀpJd�|~t�ÍNgjgN| vTh � RTh � iN Äbm RN �j½o�KhUvÎr�pJt
nzuowyplnqgN|�n�����nqw����~�qk@gjmb�N|�n`�Ã�i�qn�|`rspltbgNuov
R = ∞ ���ÂÏ�u`k_n»|ohsmbd ���bw��Ì|~t i = 0 Äbm
wy�9k@gUgihjnqgN|�n�k�nqh,{N¿Àn�wy½bv`hS�
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• �»½bdldJhUvÁwy�3k_gUgihUgN| VocB 015��N692��38@8����s2�2S<�2�6 �	���qu~hUvÁ|�t
Voc = VTh = INRN

• ��flt}|og,wy�o|~v�v��jdlkQ�s�Nhjv rsplt;v�pJdldlp��9�bd�|ogjgN| a

Äbm b ���i�znz|`r�plt}gNu~v R = 0 �Q�ÂÏ�u�k_n v = 0 Äbm
w��qnz|ohjv�|~nqgjpln��jd ���o��|�|~txrbk_nz|x{Uk�pln�wy½}v`h1�

• �»½bdldJhUvÁw��qnz|ohUv�p�gjg Isc8�
�6N5D5DG���6N<
��8@8 B T�69<�5 �
• ���yuohUvÁ|�t

Isc = IN =
VTh

RTh

• �Àk_nqhUv�wz|ov�|og	Äb�F|~gjmbnyk�p�gj�N|�n ��½b�Kgihjn(Äbm�wÃ�quohjv
|~t

RTh = RN

RN
RTh

R Rv=0 i=0
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i  (t)N GNv  (t)
RTh+

-

a

b

a

b

i

+

-
v

+

-
v

i

Thevenin Norton

Th

� �����9k@gjg�hjdlpJgU�spJg	f�·(�jÆQr}k@gspJgs¹¸nzuowypJgUgsp�k_n
�q�}vxm}|ogsm}wqwy�9k@gjgN|�nzuow�nqpJgjgN|~n VTh = Voc �

� ���i�qnz|ohjvxdlpJgU�jpJg,fSÇ»Äbn��qÄ}g�¹Inzu~wypJgUgjpSk_n
wy�~|ov�v��sd�|ohj�Uwqw��qnz|ohjv`hjn�n�u~wz|~nypJgUgU|~n IN = Isc

� �(ËÌ|~t~�zk_gjmb�N|`r�pJtbgNu~vxplt�f�·��sÆ�r}k_gjpJgs¹¸nzuow�p�gjgjp�k�n
�q|��KgUw��q�ony�(Äbm��jdlplto�qk@gsm}�N|�r�plt}gNu~vxplt�f
Ç»Äbn��qÄ}gs¹¸nzuow�p�gjgjp RTh = RN �ÂÏ�|�t�k_n�Äo���
�o|�dld�|�t R B �96N2��18���C�=12��N5 �

� ����½om}v�u�d�� �jv�w(�qk@gsmbpln�wz|~v�|og��q�}vxm}|ogjmbw�¹
wy�9k@gUgihUgU|s�jwy�o|~v�v��jd�|~hj�Nwyw��qn�|~hUvxpJgjg,Äbm
�s�qm}|ogjmbw�rspltbgNuov�pJt

Voc = IscRTh = IscRN
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• ��pJgUgjplm�wK�qu~hUvÎrsplt�|�t�k_��wy�3k_gUg�hsdlp�gj�jpJg	f
·(�jÆ�rbk@gsp�g�¹¸n�u~wypJgUgsp�k_n�g��sdld�w �zpldld¡�x�Fw��o|ovxv��jd�|ohs�3�
{9u`k_n RTh {N|~txrsplt}gUuov�wyk@vÎrsplt;wÃ�quohjvÁu
vxpldldlp��3�od�|~gUgU|s�

• �j|~v�|�mbpldJ�jpln»hjv�Ç»Äbn��qÄ}g	n�u~wypJgN|�¼Uk_�
w��qnz|ohjvxdlp�gj�jpJg,k_n�gi�jdldJw��qpldJd¡���ÃÄo�UpJg,nzu~w��P{Nu�k_n
RN {N|~txr�pJtbgNu~v®w�k@v r�plt;wK�yuohUvÁuxvxpldldlp
�3�od�|ogUgU|s�

RN
RTh

R Rv=0 i=0
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� ��nqpln��}rb|�ti|�nzuow�wyk_vÁk�n`��rsplt}gUuov�Äom�dlpJgU�splnQ�Àv�u
ÍNgjgN|��q|��KgjmopJdJ�sp�w����zm}|ogsm}w�r�pJtbgNu~v	Ê
� �(ÇÌ�jdldJw��qpJdld�|;|~dld�|~n��}�Uu~t}|~n(dJpJgj�jpln

• w�k��F�q|xwy�~|ov�vx�jd�|ohs� ���snypln�wy�3k_gUgihjdlpJgU�
• Äo�NgU|�nzuow(����nqpln�w��qn�|~hUvxdlpJgU�

� � � pJgUgN|»�q|��KgjmopJdJ�sp�w rsplt}gUuovÁvxpldldJp��3�bd�|~gUgN|��
� dJmok@gsmi|ow �Q|�dlk_pltbpJg k_n»|�t�wykQ�¸�y| � �
�Unqhs�KhUw��qnz|ohjvÎpJgUg	u`nzuowypJgU|,�Kvxpldldlp��9�bd�|ogjgN|}��Äom
ÍNgjgN|��}rbk_n�wy�3k_gUgN|~g�r}k_nytbhjn»uxvxpldJdlp��9�bd�|ogjgN|��
�s�	wy�3k_gUgN|`k�n�{9u`�z½odJhjdlk_m}|Ì�q|~�Kgjw��q�bn(Äom
�q|��KgjmopJdJ�sp�w rsplt}gUuovxpltU�U{�� ko�

RTh =
Vo �  �!
1 � � ! = Vo [Ω]

·ÀpJd�|~t�ÍNgjgN|�·��sÆ�rbk@gjpJg�¹eÄbm�Ç»Äbn��qÄ}gs¹l�q|��Kgjmopld��spJwynzuowypln
����nqpln(�zpld¡�qk_��gN|xnzuow(k�n»gN¿Pmbpldlk_m~� |�t�ÍUgUgN|��yrb¿Pn»|~�
w���¿PnqtbhUgihUv�{jnyk@v`hsn RTh � Voc Äom Isc �
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� ���ihjm}|�º3k�n»|~t�·��sÆ�r}k_gjpJgs¹�Äom�Ç»Äbn��qÄ}g�¹
�q|��KgjmopJdJ�sp�w�n�u~wypln�k_nqh |�tbk�p�gjw �q|��Kgjmopld��U|~n�vxplti|~txrsplt
�3�od�|ogN|,� a Äbm b ��¼j{N¿Àn�wyk�m��q|�k_�i�bk�ny�»hjvÁ�brb|~t
mbk�nyp�w �»pJgUgspSf�nzuowypJgjgjpF�j�@� �1�e|��j�q½b�S�
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���oÄbtbhUv�g�� I − V �ok@gUgspldJfJgihjn»·��sÆ�rbk@gjpJg�¹�Äbm
Ç»Äbn��qÄ}gs¹¸nzuowq|ogUgU|s�
���9k@gjgN|og v f�·(�jÆ�rbk@gsp�g�¹¸n�u~wypJgUgsp��K¿(w��»wq|ovx�}rb¿Àv+�
�  �eÊ

v = Voc − iRo

i = −
1

Ro

v +
Voc

Ro

= −
1

Ro

v + Isc

wyk_v �F¿(w �Àk�p�gjgjplm�vxk_t ���	�7�s�P�Ãnzu+Ç»Äbn��qÄ}g�¹¸n�u~wypJgUgsp¸�

R
R

+
-

a

b

a

b

i

+

-
v

+

-
v

i

Thevenin Norton

v  (t)oc
o
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R
R

+
-

a

b

a

b

i

+

-
v

+

-
v

i

Thevenin Norton

v  (t)oc
o

osci   (t)

� k@gUgspldJfJgU|og,k_n�{srsfSº9k_pJg,dlfJgN|xvxk�t;�N|~dld�|��q½od�h
−1/Ro Äbm�w��shjnyto�NhUgs�i�(r�plt i− u~w�f i = Isc �ÂÏ�|~t
{jÈ�tbpln»|~t�����nqpln�wyÆ�nq�}r}k�n��»mbpldJ�jp�u v mok��zhjn i �N|�����k_p¡�y�
Äbm;|~tok_pJgUw(k_p¡�y�»mopJdJ�spP�ÃÄbm�½b�Khsmo�Q���

i

v

V   /R    = Ioc Th sc

Voc
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·�k@gsm��yhjvÎrsplt}gUuov�vxpldJdlp��9�bd�|ogjgN|�ux·(�jÆ�rbk@gsp�g�¹
nzuowypJgjgjp�Äomx�qk_pl�sgihUv i − v �bk_gUgjpldlfJg�h	r�pJtbgNu~v�wypJgUw
pJgUg uxwy½bv`h v �jgU��Äbm i − v �bk_gUgspJdlfJg�h ·(�jÆQr}k_gjpJg
nzuowz|�nyp�gjgN|�n@�

i

v

V   /R    = Ioc Th sc

Voc
v

i

o

o
~ -1/R  

~ 1/R  

Th

L

R  

R  L

Th

+
-Voc

i

����hjnytb�UhUgs�i�zhjn(dlfJgN|~gUgU|�wyk�mbpln��qpld�hjv {9uxwy�3k_gUgih
Äbm�{9|~gUg	w��qnz|ohjvÁwyk_vÁhj�j�U����dldJpln�wy��pld¡�snytbp�º9k_mbm@�q|
nzuowz|~�jdJhs��|�Äbm�k_n��U|ogUg`�q|��Kgj��n�|~v+��k_pJgN|xd�|ohjwqgjpJg
(vo, io) �
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• Ï�|�t;|~t�gjÄ~�Q|�wy�shsnqto�Nhjgj�i��|`�bk_gUgspJdlfJgN|��qpld�|�t
ÍNgjgN| ��CK2�2S<
��<�2

 B k�n�vxk@w��»gsÄo��|~t�f
nz|~�Ãk�pJgU�N|���¿À��gjp�{N|~n�wyk@vÎ�q�bd�k�nqh,m@�q|~nqgN|~g
�bdlfJg�hsdlk_m;Äom�k_pJgs�F|~dJ�N|~w�� |�t�dlk��swz|�rb|~gU�N|~v�u~d
vxk�t�mon�|��ÃfJwy�shjv®|~tb��k_nyt}hjv

• ËÌ|~�Ãk�pJgU�N|��q�bdlplt;�jk_�Ãhjn(�bdlfJg�hjdlk�mi| i − v

�bk_gUgspJdlfJg�h1� �i�shjnyto�NhUgs�i�zhjnPr�pJt�u~d�|~mbwydlf�gih,mbk��Khjn
w��qnz|ohjv�Äbm�wy�3k_gUg�h

•
4	��CÃ8 B <�T k_n��odlf�gihjdlk_m��yr}k_mom��q|`�3�bd�|�nzuowz|�k_pJgjpJgjm
wyk_v�k_n�v�pJ�iplt�gjÄ~�zhjt�fSnz|~��n�u~wqhUv

•  pJt�dlf¡��hjv�Äb���»u��yr�p�w �»wyk@v�gjÄb�i�shsnzw��bÄ}gU|~n
k_pJgjw��qk_�KgihjdlÄb�~|s�Nwyk@v��jdlk����Upln»w �znz|~hUv
��rsplt}gUuov�w�d�|~hUw��Q�Pf�|~tbnz|�u��y�qpJgN|�k_g,k_gjm}hjv�f
�jpJgU|s�

+ -v

i
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• Ï�kQ�q��|�k�n�monq�o��gNu�dJmbhUg1�ÂcPnz|ohjg}rbk_nqhjdlk_monyp��jfl�btbh
r}k�nyt}hjn»|�dldl��|�� k�p¡�q�z�br}k_n��Ìwy�9k@gUgihj�F|�dldS{jk_mi|�n����jg
k_n�� T�6N5D8����j2�2 B Äom;u�|�txrsplny�o|xk�pJgUw�Äom
��� ½bnydlk_plti|�nqpF¼NÄbm�k�pJgUw�nyk_gUg�hsn�w��qnz|ohUv�hjn�hUv
�N|~gN|�{jk_m}|~n����jg�k_n�� 6 
�8����j2�2 B Äbm;u�|~t
rsplny�o|xk�pJgUw�Äom�Äo�UpJg	nzuow��

+ -v

i

• �j|~v�º9|~gU�,w �znz|~hUv�w(Äom;wy�9k@gjg�h�f
nz|ohjg}r}k�nqhjdlk_monqp��Ngs¹I�sfJ�ot}hD�Ã�if�w�pJd��Pk_n�mok_ÍUg,vxk_t

i = Io( k 19.3V
− 1)

{9|�n�w�k@v Io k_n 5�� B@B <�2�6UTo8 B T�6N<�5><�T k_t}|� � 
�6N8 B T�6N<�5><�T Äbm�k�n�vxpJwqv`hjgN|ogj�jpS�Ãnzu��sfJ�ot}h
�qpld��jfl�ot}hS�j{j�x�sÍjnydJk�p¡�q� |���w���¿Ànyti|�nymbnzu~tbhUgUgsp �
µ
� �
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Ras með
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RL

� r}k_nqgspJm�u�|~t�r}k_d �q| RL �qpJd�|~t��Uuov�|�ny�o|�|~�jplt�f RL�

� pJgUg�hjv�����nqw��»·(�jÆQr}k_gjpJgs¹l�q|��KgjmopJdJ�sp�w�n�u~w»���snypln
nzuowypJgU|s� � pJgUg�hjvÁwyflt}|og |~�Uplt�f RL � PL(t) �Uw�k@v��F|~dld
|~� RL �

RL

RTh

VTh
+-

X �

'

&

$

%

Y 
����+��a�����*�* \�] �	����
 \ �

RL

RTh

VTh
+-

� k�t;wy�9k@gjg�hU�sk_pldlpJgjm}h	�F¿Àw��»|~t
vo(t) = VTh(t)

RL

RTh + RL

Äbm;|~dlÍjt�f RL k_n
PL(t) =

v2
o(t)

RL

=
V 2

Th
(t)

RL

R2

L

(RTh + RL)2

=
V 2

Th
(t)RL

(RTh + RL)2

¾ p
	9nqhUvÁvxk_tx�qpJdldlp¡�qp��qpJd RL Äbm�wykQ�F�yhUv
�jp
	3hsnq�}r}�~�Q|~gUg,g��sdJd

∂PL(t)

∂RL

= 0

X �
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V 2

Th

(RL + RTh)2 − RL2(RL + RTh)

(RL + RTh)4
= 0

k_t}|
R2

L
+ 2RLRTh + R2

Th − 2R2

L
− 2RLRTh = 0

k_t}|
R2

Th − R2

L
= 0

Äbm
RTh = RL

� uov�|�nq��wz|~�jplt�r}k_nytbhjn�{9u
(PL(t))max =

v2
o

RL

=
V 2

Th

4RTh

�o|�dld�|�t�vxk_w���|x�Kuogjdlk�mo�Ì|~�	Äbm�{N|~t�k_n��Fuo|ogjdlk�mo�
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