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CAPÍTULO 1
CIRCUITOS RL Y RC SIN FUENTE

Problemas Resueltos

Problema 25: “Grafíquese vR contra t, -1 < t < 4 µs, para el circuito de 
la figura 1.85” (Hayt Jr. y Kemmerly, 1988, p. 173).

  

    

  

Figura 1.85

Figura 1.86

3DUD�W������HQ�OD�¿JXUD�������HO�LQWHUUXSWRU�HVWi�DELHUWR�WDO�FRPR�VH�
PXHVWUD�HQ�OD�¿JXUD�������(O�FDSDFLWRU�VH�DEUH��GHELGR�D�ODV�FRQGLFLRQHV�GH�
HVWDGR�HVWDEOH�\�FRUULHQWH�FRQWLQXD�GH�OD�IXHQWH�GH����$�
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(Q�OD�¿JXUD�������VH�DSOLFD�GLYLVRU�GH�FRUULHQWH�HQ�HO�QRGR�'�

6H�DSOLFD�OD�/H\�GH�2KP�HQ�OD�UHVLVWHQFLD�GH���ȍ�

6H�DSOLFD�OD�/H\�GH�2KP�HQ�OD�UHVLVWHQFLD�GH����ȍ�

 

 

 

Para t > 0,�HQ�OD�¿JXUD�������HO�LQWHUUXSWRU�HVWi�FHUUDGR�WDO�FRPR�VH�
PXHVWUD�HQ�OD�¿JXUD�������6H�SXHGH�VHSDUDU�HQ�GRV�FLUFXLWRV�GHELGR�D�TXH�
ORV�SXQWRV�$%&�VRQ�ORV�PLVPRV��FRUWRFLUFXLWR���(O�FLUFXLWR�VH�PXHVWUD�HQ�
OD�¿JXUD������

  

    

  

Figura 1.87
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Figura 1.88

Figura 1.89 (a) y (b)

(a)

(b)

(Q�OD�¿JXUD�������HO�FLUFXLWR�GH�OD�L]TXLHUGD�QR�LQWHU¿HUH�HQ�ORV�FiOFX-
ORV�GHO�FLUFXLWR�GH�OD�GHUHFKD��SRU�OR�TXH�VH�SXHGH�VHSDUDU�HQ�GRV�FLUFXLWRV�
LQGHSHQGLHQWHV��¿JXUD�������D��\��E���
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(Q�OD�¿JXUD�������E���ODV�UHVLVWHQFLDV�GH����ȍ�\���ȍ�VH�HQFXHQWUDQ�
FRQHFWDGDV�HQ�SDUDOHOR�FRQ�VX�5HT� ���ȍ�FRPR�VH�PXHVWUD�HQ� OD�¿JXUD�
������5HGXFLHQGR�HO�FLUFXLWR�GH�OD�¿JXUD�������E���WHQHPRV�OD�¿JXUD������

   

/D�¿JXUD������HV�XQ�FLUFXLWR�5&�VLQ�IXHQWHV�FX\D�IyUPXOD�HV�

����������������������������������������������������������������������������GHELGR�D�TXH�HO�FDSD-
FLWRU�QR�SHUPLWH�FDPELRV�EUXVFRV�GH�YROWDMH�

 
 

 
 

 
 

(Q�OD�¿JXUD�������E��

Figura 1.90

x x
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Figura 1.91. Gráfico de vR(t) vs. t

 
     

       

 

/D�¿JXUD������PXHVWUD�OD�JUi¿FD�GH�OD�HFXDFLyQ��������FRQ�VXV�FRQ-
GLFLRQHV�LQLFLDOHV�

Problema 26:�³'HG~]FDVH�XQD�H[SUHVLyQ�SDUD�v&�W��HQ�OD�¿JXUD������
TXH�VHD�YiOLGD�SDUD�W�����\�W�!��´��+D\W�-U��\�.HPPHUO\��������S�������

x
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Figura 1.92

Figura 1.93

Solución:

Para t < 0,�HQ�OD�¿JXUD�������HO�LQWHUUXSWRU�HVWi�FHUUDGR�WDO�FRPR�VH�
PXHVWUD�HQ�OD�¿JXUD�������(O�FDSDFLWRU�VH�DEUH��GHELGR�D�ODV�FRQGLFLRQHV�
GH�HVWDGR�HVWDEOH�\�FRUULHQWH�FRQWLQXD�GH�OD�IXHQWH�GH����9��6H�XWLOL]D�HO�
DQiOLVLV�GH�PDOODV�\�VH�SODQWHDQ�ODV�HFXDFLRQHV�
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0$//$��

6H�DVXPH�TXH�OD�FRUULHQWH�GH�PDOOD�,��SRODUL]D�GH�PiV�����D�PHQRV�
�±��HQ�FDGD�XQR�GH�ORV�HOHPHQWRV�SDVLYRV��/DV�RWUDV�FRUULHQWHV�GH�PDOOD��
VL�HVWiQ�HQ�OD�PLVPD�GLUHFFLyQ�GH�,���VH�VXPDQ�\��VL�HVWiQ�HQ�GLUHFFLRQHV�
RSXHVWDV�� VH� UHVWDQ��$�FRQWLQXDFLyQ� VH�DSOLFD� OD�/H\�GH�9ROWDMHV�GH�.LU-
FKKRII��/9.��\��HQ�FDGD�HOHPHQWR�SDVLYR��OD�/H\�GH�2KP�

0$//$��

6H�DVXPH�TXH�OD�FRUULHQWH�GH�PDOOD�,��SRODUL]D�GH�PiV�����D�PHQRV�
�±��HQ�FDGD�XQR�GH�ORV�HOHPHQWRV�SDVLYRV��/DV�RWUDV�FRUULHQWHV�GH�PDOOD��
VL�HVWiQ�HQ�OD�PLVPD�GLUHFFLyQ�GH�,���VH�VXPDQ�\��VL�HVWiQ�HQ�GLUHFFLRQHV�
RSXHVWDV�� VH� UHVWDQ��$�FRQWLQXDFLyQ� VH�DSOLFD� OD�/H\�GH�9ROWDMHV�GH�.LU-
FKKRII��/9.��\��HQ�FDGD�HOHPHQWR�SDVLYR��OD�/H\�GH�2KP�

0$//$���

6H�DVXPH�TXH�OD�FRUULHQWH�GH�PDOOD�,��SRODUL]D�GH�PiV�����D�PHQRV�
�±��HQ�FDGD�XQR�GH�ORV�HOHPHQWRV�SDVLYRV��/DV�RWUDV�FRUULHQWHV�GH�PDOOD��
VL�HVWiQ�HQ�OD�PLVPD�GLUHFFLyQ�GH�,���VH�VXPDQ�\��VL�HVWiQ�HQ�GLUHFFLRQHV�
RSXHVWDV�� VH� UHVWDQ��$�FRQWLQXDFLyQ�VH�DSOLFD� OD�/H\�GH�9ROWDMHV�GH�.LU-
FKKRII��/9.��\��HQ�FDGD�HOHPHQWR�SDVLYR��OD�/H\�GH�2KP�



Solucionario de circuitos eléctricos
en estado estable y transiente

16

&RQ�ODV�HFXDFLRQHV����������������\��������VH�SODQWHD�HO�VLVWHPD�GH�
GHWHUPLQDQWHV�
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(Q�OD�¿JXUD�������VH�DSOLFD�OD�/H\�GH�2KP�

 

 

Para t > 0,�HQ�OD�¿JXUD�������HO�LQWHUUXSWRU�HVWi�DELHUWR�WDO�FRPR�VH�
PXHVWUD�HQ�OD�¿JXUD�������(Q�HVWD�¿JXUD��VH�UHWLUD�HO�FDSDFLWRU�SDUD�HQFRQ-
WUDU�HO�HTXLYDOHQWH�GH�7KpYHQLQ�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD�������D��

Figura 1.94

 

  

 

  

 

���9
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(a)

(b) (c)

 

  

 

  

Figura 1.95. (a), (b) y (c)

(Q�OD�¿JXUD�������D���ODV�UHVLVWHQFLDV�GH����.ȍ�\���.ȍ�HVWiQ�HQ�VHULH�
FRQ�VX�HTXLYDOHQWH�D����.ȍ��FX\R�FLUFXLWR�HV�HO�GH�OD�¿JXUD�������E���/DV�
UHVLVWHQFLDV�GH����.ȍ�\���.ȍ�HVWiQ�HQ�SDUDOHOR�FRQ�VX�HTXLYDOHQWH�5HT�� �
��������ȍ��(VWD�HVWi�FRQHFWDGD�HQ�VHULH�FRQ�OD�UHVLVWHQFLD�GH����.ȍ�FRQ�
VX�HTXLYDOHQWH�5HT�� ����������ȍ��)LQDOPHQWH��ODV�UHVLVWHQFLDV�GH����.ȍ�
\����������ȍ�HVWiQ�FRQHFWDGDV�HQ�SDUDOHOR�FRQ�VX�5HT�� ����������ȍ��TXH�
VH�PXHVWUD�HQ�HO�FLUFXLWR�GH�OD�¿JXUD�������F��
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/D�UHVLVWHQFLD�5DE� �5HT�� �57+� ����������ȍ

(O�HTXLYDOHQWH�7KpYHQLQ�HVWi�HQ�OD�¿JXUD������

 

Figura 1.96

/D�¿JXUD������HV�XQ�FLUFXLWR�5&�VLQ�IXHQWHV�FX\D�HFXDFLyQ�HV�OD�VL-
JXLHQWH�

 

 
 

 
 
���������������������������������������������������������������������������GHELGR�D�TXH�HO�FDSD-

5219.12Ω 0.1µF
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FLWRU�QR�SHUPLWH�FDPELRV�EUXVFRV�GH�YROWDMH�

 

 

Problema 27:�³(O�LQWHUUXSWRU�GH�OD�¿JXUD�����KD�HVWDGR�FHUUDGR�GX-
UDQWH�PXFKR�WLHPSR��*UDItTXHVH�vx�FRQWUD�W�SDUD������W�����V´��+D\W�-U��\�
.HPPHUO\��������S�������

    

  

Figura 1.97

Solución:

Para t < 0,�HQ�OD�¿JXUD�������HO�LQWHUUXSWRU�HVWi�FHUUDGR�WDO�FRPR�VH�
PXHVWUD�HQ� OD�¿JXUD�������(O�FDSDFLWRU�VH�DEUH�GHELGR�D� ODV�FRQGLFLRQHV�
GH�HVWDGR�HVWDEOH�\�FRUULHQWH�FRQWLQXD�GH�OD�IXHQWH�GH����9��6H�XWLOL]D�HO�
DQiOLVLV�GH�PDOODV��OD�IXHQWH�GHSHQGLHQWH�GH�FRUULHQWH�VH�DEUH��6H�SODQWHDQ�
ODV�HFXDFLRQHV�
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Figura 1.98

0$//$��

6H�DVXPH�TXH�OD�FRUULHQWH�GH�PDOOD�i1��-��SRODUL]D�GH�PiV�����D�PHQRV�
�±��HQ�FDGD�XQR�GH�ORV�HOHPHQWRV�SDVLYRV��/DV�RWUDV�FRUULHQWHV�GH�PDOOD��VL�
HVWiQ�HQ�OD�PLVPD�GLUHFFLyQ�GH�i1��-���VH�VXPDQ�\��VL�HVWiQ�HQ�GLUHFFLRQHV�
RSXHVWDV�� VH� UHVWDQ��$�FRQWLQXDFLyQ� VH�DSOLFD� OD�/H\�GH�9ROWDMHV�GH�.LU-
FKKRII��/9.��\��HQ�FDGD�HOHPHQWR�SDVLYR��OD�/H\�GH�2KP�

 

 

(Q�OD�IXHQWH�GHSHQGLHQWH�
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&RQ�ODV�HFXDFLRQHV��������\���������VH�SODQWHD�HO�VLVWHPD�GH�GHWHU-
PLQDQWHV�

 

(Q�OD�HFXDFLyQ��������

(Q�OD�¿JXUD�������HQ�OD�UHVLVWHQFLD�GH���ȍ��VH�DSOLFD�OD�/H\�GH�2KP�

(Q�HO�/$=2�FHQWUDO�GH�OD�¿JXUD�������VH�DSOLFD�OD�/9.�
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3DUD�W�!����HQ�OD�¿JXUD�������HO�LQWHUUXSWRU�HVWi�DELHUWR�WDO�FRPR�VH�
PXHVWUD�HQ�OD�¿JXUD�������D���OD�IXHQWH�GH����9�\�OD�UHVLVWHQFLD�GH���ȍ�VH�
UHWLUDQ�GHO�FLUFXLWR��\D�TXH�QR�DIHFWDQ�HQ�ODV�UHVSXHVWDV�GH�YROWDMHV�vc(t)�\�
vx(t)�TXH�VH�GHVHDQ�REWHQHU��(O�FLUFXLWR�VH�PXHVWUD�HQ�OD�¿JXUD�������E��

  

  

Figura 1.99 (a) y (b)

(a)

(b)
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(Q�OD�)LJXUD�������E���VH�UHWLUD�HO�FDSDFLWRU�SDUD�FDOFXODU�OD�UHVLVWHQFLD�
GH�7KpYHQLQ�FRPR�VH�LQGLFD�HQ�OD�¿JXUD��������D��

  

  

Figura 1.100 (a) y (b)

(a)

(Q�OD�)LJXUD��������D���VH�HQFXHQWUD�HO�HTXLYDOHQWH�GH�7KHYHQLQ��GH-
ELGR�D�TXH��HQ�HVWH�FLUFXLWR��QR�H[LVWHQ�IXHQWHV�LQGHSHQGLHQWHV��HO�YROWDMH�
97+� ����3DUD�FDOFXODU�OD�UHVLVWHQFLD�GH�7KpYHQLQ�HQ�ORV�SXQWRV�D�E��VH�SRQH�
XQD�IXHQWH�GH�FRUULHQWH�GH���$�HQWUDQGR�SRU�HO�WHUPLQDO�GH�PD\RU�WHQVLyQ��
HQ�HVWH�FDVR�HO�SXQWR�D��WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD��������E���&RQ�
HVWR�VH�ORJUD�H[FLWDU�D�OD�IXHQWH�GHSHQGLHQWH�GH�FRUULHQWH�SDUD�GHWHUPLQDU�
OD�UHVLVWHQFLD�5DE��6H�XWLOL]D�HO�DQiOLVLV�GH�PDOODV��VH�DEUHQ�ODV�GRV�IXHQ-
WHV�LQGHSHQGLHQWH�\�GHSHQGLHQWH�GH�FRUULHQWH�\�VH�SODQWHDQ�ODV�HFXDFLRQHV�
SHUWLQHQWHV�

(Q�OD�IXHQWH�LQGHSHQGLHQWH�GH���$�

 

(Q�OD�UHVLVWHQFLD�GH���ȍ��VH�DSOLFD�OD�/H\�GH�2KP�
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Figura 1.100 (b)

(b)

(Q�OD�IXHQWH�GHSHQGLHQWH�GH�FRUULHQWH�GH����vx�

5HHPSOD]DQGR�vX��

 

 

 
  

 

 

 

 

1A
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(Q�OD�¿JXUD��������E���HQ�HO�OD]R�GH�OD�L]TXLHUGD��VH�DSOLFD�OD�/9.�

 
 

 
 

 

 

 

(O�FLUFXLWR�HTXLYDOHQWH�GH�7KpYHQLQ��LQFOXLGR�HO�FDSDFLWRU��VH�PXHV-
WUD�HQ�OD�¿JXUD��������(VWH�HV�XQ�FLUFXLWR�5&�VLQ�IXHQWHV�\�VX�HFXDFLyQ�GH�
YROWDMH�HQ�HO�FDSDFLWRU�HV�

 

  

Figura 1.101
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����������������������������������������������������������������������������GHELGR�D�TXH�HO�FDSD-

FLWRU�QR�SHUPLWH�FDPELRV�EUXVFRV�GH�YROWDMH�

3RU�GH¿QLFLyQ��OD�FRUULHQWH�HQ�HO�FDSDFLWRU�HV�

(Q�OD�¿JXUD�������E���HQ�HO�QRGR�VXSHULRU�VH�DSOLFD�OD�/H\�GH�&RUULHQ-
WH�GH�.LUFKKRII��/&.��

 

 

 

$SOLFDQGR�OD�/H\�GH�2KP�
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([SUHVDQGR�HQ�IXQFLyQ�GHO�WLHPSR�

(Q�OD�¿JXUD�������E���/H\�GH�2KP�

(YDOXDQGR�HQ�W� ���

(YDOXDQGR�HQ�W� ���VHJ�
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/D�¿JXUD�������PXHVWUD�OD�JUi¿FD�GH�OD�HFXDFLyQ��������GHO�UDQJR�GH�
W� ���KDVWD�W� ��VHJ��LQFOXLGDV�ODV�FRQGLFLRQHV�LQLFLDOHV�GHVGH�±���VHJ�

Figura 1.102

Problema 28:�³(O�LQWHUUXSWRU�GH�OD�¿JXUD�������VH�PXHYH�GH�$�D�%�
HQ�W� ���GHVSXpV�GH�KDEHU�HVWDGR�HQ�$�GXUDQWH�PXFKR�WLHPSR��(VWR�SRQH�
HQ� VHULH�D� ORV�GRV�FDSDFLWRUHV��SHUPLWLHQGR�TXH�YROWDMHV�GH�FG� LJXDOHV�\�
RSXHVWRV�TXHGHQ�DWUDSDGRV�HQ�ORV�FDSDFLWRUHV��D��&DOF~OHVH�vc1��-��\�vc2��-���
E��&DOF~OHVH�vc1������vc2�����\�vR������F��&DOF~OHVH�OD�FRQVWDQWH�GH�WLHPSR�GH�
vR�W���G��&DOF~OHVH�vR�W��SDUD�W�!����H��&DOF~OHVH�i�W�´��+D\W�-U��\�.HPPHUO\��
������S�������
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Figura 1.103

Figura 1.104

Solución:

3DUD�W������HQ�OD�¿JXUD��������HO�LQWHUUXSWRU�HVWi�FHUUDGR�HQ�HO�ERUQH�$�
WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD��������(O�FDSDFLWRU�XQR�HVWi�DELHUWR�GHELGR�
D�ODV�FRQGLFLRQHV�GH�HVWDGR�HVWDEOH�\�FRUULHQWH�FRQWLQXD�GH�OD�IXHQWH�GH�����
9��\�SRU�HO�FDSDFLWRU�GRV�QR�FLUFXOD�QLQJXQD�FRUULHQWH��VLHQGR�HVWD�LJXDO�D�
FHUR��$�FRQWLQXDFLyQ�VH�SODQWHDQ�ODV�HFXDFLRQHV�
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(a)

5HVSXHVWD�D�

 
 

Para t > 0,�HQ�OD�¿JXUD��������HO�LQWHUUXSWRU�HVWi�FHUUDGR�HQ�HO�ERUQH�
%�WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD��������D���/D�IXHQWH�GH�����9�\�OD�UHVLV-
WHQFLD�GH����.ȍ�QR�DIHFWDQ�HQ�ORV�FiOFXORV�GHO�FLUFXLWR�GH�OD�GHUHFKD�FRPR�
VH�PXHVWUD�HQ�OD�¿JXUD��������E���(Q�HVWH�FLUFXLWR��ORV�GRV�FDSDFLWRUHV�HVWiQ�
FRQHFWDGRV�HQ�VHULH�\�VX�&HT� ��ȝ)�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD��������(O�
FiOFXOR�VH�SUHVHQWD�D�FRQWLQXDFLyQ�
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Figura 1.105 (a) y (b)

(b)

/D�¿JXUD�������HV�XQ�FLUFXLWR�5&�VLQ�IXHQWHV�\�VX�HFXDFLyQ�GH�YROWDMH�
HQ�HO�FDSDFLWRU�HV�

 

Figura 1.106

5HVSXHVWD�E�

�������������������������������������������������������������������GHELGR�D�TXH�HO�FDSDFLWRU�
QR�SHUPLWH�FDPELRV�EUXVFRV�GH�YROWDMH�

����������������������������������������������������������GHELGR�D�TXH�HO�FDSDFLWRU�QR�
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SHUPLWH�FDPELRV�EUXVFRV�GH�YROWDMH�

 

 

 
 

 
 

 
   

 
  

 

6H�SURFHGH�D�UHDOL]DU�HO�VLJXLHQWH�FiOFXOR�

3RU�GH¿QLFLyQ��OD�FRUULHQWH�HQ�HO�FDSDFLWRU�HTXLYDOHQWH�HV�
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(Q�OD�¿JXUD��������E���OD�FRUULHQWH�HQ�HO�FDSDFLWRU�XQR�HV�

 

 

 

 

 

 

 

 

(Q�OD�¿JXUD��������E���HO�YROWDMH�HQ�HO�FDSDFLWRU�GRV�HV�
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&RQ�HVWR�TXHGD�GHPRVWUDGR�OR�TXH�VH�GLMR�DQWHULRUPHQWH�TXH�HO�YRO-
WDMH�HQ�HO�FDSDFLWRU�HV�FRQWLQXR�HQ�ORV�DOUHGHGRUHV�GH�OD�LQWHUUXSFLyQ�

5HVSXHVWD�G�

(Q�OD�¿JXUD�������

 
 

 
 

 

 

���������������������������������FRQ�HVWR�VH�FRQFOX\H�FRQ�ODV�UHVSXHVWDV�GHO�OLWHUDO�
F��



Solucionario de circuitos eléctricos
en estado estable y transiente

36

 

 

Problema 29: “El interruptor de la figura 1.107 se abre en t = 0 des-
pués de haber estado cerrado durante un tiempo muy grande. Calcúlese 
v30(t) para t > 0” (Hayt Jr. y Kemmerly, 1988, p. 174).

 

 

 

Figura 1.107

Solución:

Para t < 0, en la figura 1.107, el interruptor está cerrado tal como se 
muestra en la figura 1.108. Los dos inductores se comportan como un cor-
tocircuito, debido a las condiciones de estado estable y corriente continua 
de la fuente de 9 A. A continuación se plantean las ecuaciones:
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!

!

!!

!
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Figura 1.108

(a)

Para t > 0,� HQ� OD�¿JXUD�������� HO� LQWHUUXSWRU� HVWi� DELHUWR� WDO� FRPR�
VH�PXHVWUD�HQ�OD�¿JXUD��������D���/D�FRUULHQWH�GH�OD�IXHQWH�GH���$�TXHGD�
DWUDSDGR�HQ�OD�UHVLVWHQFLD�GH����ȍ��SRU�OR�TXH�QR�DIHFWD�DO�FLUFXLWR�H[WHUQR��
/DV�UHVLVWHQFLDV�GH����ȍ�\�����ȍ�HVWiQ�HQ�VHULH�FRQ�VX�HTXLYDOHQWH�GH�����
ȍ��/DV�GRV�LQGXFWDQFLDV�HVWiQ�HQ�VHULH�FRQ�VX�HTXLYDOHQWH�GH����P+��(O�
FLUFXLWR�¿QDO�VH�PXHVWUD�HQ�OD�¿JXUD��������E���FRUUHVSRQGH�D�XQ�FLUFXLWR�
5/�VLQ�IXHQWHV�
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Figura 1.109 (a) y (b)

(b)

 

 

 

 

(Q�OD�¿JXUD��������D��
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 Problema 30:� ³(O� FLUFXLWR�PRVWUDGR�HQ� OD�¿JXUD�������KD�HVWDGR�
RSHUDQGR�FRQ�OD�FRQ¿JXUDFLyQ�PRVWUDGD�GXUDQWH�XQ�WLHPSR�PX\�ODUJR��(Q�
W� ����XQD�SLH]D�ÀRMD�GH�DODPEUH�GH�FREUH�FDH�VREUH�HO�FLUFXLWR�SRQLHQGR�
HQ�FRUWRFLUFXLWR� ODV� WHUPLQDOHV� VXSHULRUHV�GH�FXDWUR�HOHPHQWRV�� FRPR�VH�
LQGLFD��(QWRQFHV�FDOF~OHVH iL�W��SDUD�W�!��´��+D\W�-U��\�.HPPHUO\��������S��
�����

  

   

Figura 1.110

Solución:

3DUD�W������HQ�OD�¿JXUD��������HO�DODPEUH�D~Q�QR�KD�FRUWRFLUFXLWDGR�
ORV�FXDWUR�HOHPHQWRV�FRPR�OR�LQGLFD�OD�¿JXUD��������6H�XWLOL]D�HO�DQiOLVLV�GH�
PDOODV�SDUD�FDOFXODU�OD�FRUULHQWH�LQLFLDO�HQ�HO�LQGXFWRU��
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Figura 1.111

/D�IXHQWH�GH����$�VH�DEUH��ODV�PDOODV���\���IRUPDQ�XQD�VXSHUPDOOD��$�
FRQWLQXDFLyQ�VH�SODQWHDQ�ODV�HFXDFLRQHV�

683(50$//$

6H�DVXPH�TXH�ODV�FRUULHQWHV�GH�PDOODV�i1��-��H�i2��-��SRODUL]DQ�GH�PiV�
����D�PHQRV��±��HQ�FDGD�XQR�GH�ORV�HOHPHQWRV�SDVLYRV��/DV�RWUDV�FRUULHQWHV�
GH�PDOOD��VL�HVWiQ�HQ�OD�PLVPD�GLUHFFLyQ�GH� i1��-��H� i2��-���VH�VXPDQ�\��VL�
HVWiQ�HQ�GLUHFFLRQHV�RSXHVWDV��VH�UHVWDQ��$�FRQWLQXDFLyQ�VH�DSOLFD�OD�/H\�
GH�9ROWDMHV�GH�.LUFKKRII��/9.��\�HQ�FDGD�HOHPHQWR�SDVLYR�OD�/H\�GH�2KP�
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0$//$��

6H�DVXPH�TXH�OD�FRUULHQWH�GH�PDOOD�i3��-��SRODUL]D�GH�PiV�����D�PHQRV�
�±��HQ�FDGD�XQR�GH�ORV�HOHPHQWRV�SDVLYRV��/DV�RWUDV�FRUULHQWHV�GH�PDOOD��VL�
HVWiQ�HQ�OD�PLVPD�GLUHFFLyQ�GH�i3��-���VH�VXPDQ�\��VL�HVWiQ�HQ�GLUHFFLRQHV�
RSXHVWDV��VH�UHVWDQ��$�FRQWLQXDFLyQ�VH�DSOLFD�OD�/9.�\��HQ�FDGD�HOHPHQWR�
SDVLYR��OD�/H\�GH�2KP

 

 

0$//$��

6H�DVXPH�TXH�OD�FRUULHQWH�GH�PDOOD�i4��-��SRODUL]D�GH�PiV�����D�PHQRV�
�±��HQ�FDGD�XQR�GH�ORV�HOHPHQWRV�SDVLYRV��/DV�RWUDV�FRUULHQWHV�GH�PDOOD��VL�
HVWiQ�HQ�OD�PLVPD�GLUHFFLyQ�GH�i4��-���VH�VXPDQ�\��VL�HVWiQ�HQ�GLUHFFLRQHV�
RSXHVWDV��VH�UHVWDQ��$�FRQWLQXDFLyQ�VH�DSOLFD�OD�/9.�\��HQ�FDGD�HOHPHQWR�
SDVLYR��OD�/H\�GH�2KP�

 

 

(Q�OD�IXHQWH�GH����$�
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/D�HFXDFLyQ��������VH�UHHPSOD]D�HQ�OD�HFXDFLyQ��������

/D�HFXDFLyQ��������VH�UHHPSOD]D�HQ�OD�HFXDFLyQ��������

&RQ�ODV�HFXDFLRQHV����������������\���������VH�SODQWHD�HO�VLVWHPD�GH�
GHWHUPLQDQWHV�
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Para t > 0,�HQ�OD�¿JXUD��������HO�DODPEUH�KD�FRUWRFLUFXLWDGR�ORV�FXDWUR�
HOHPHQWRV�FRPR�OR�LQGLFD�OD�¿JXUD��������D���/DV�UHVLVWHQFLDV�GH���ȍ�����
ȍ�\����ȍ�HVWiQ�HQ�SDUDOHOR�FRQ�VX�HTXLYDOHQWH�GH�5HT� ������ȍ�FRPR�VH�
PXHVWUD�HQ�OD�¿JXUD��������E��

   

(a)

 

Figura 1.112 (a) y (b)

(b)

 



Solucionario de circuitos eléctricos
en estado estable y transiente

44

 

 

/D�¿JXUD�������HV�XQ�FLUFXLWR�5/�VLQ�IXHQWHV�FX\D�IyUPXOD�HV�

 

 

 

 

Problema 31:�³D��([SUpVHVH�D�vc��-��FRPR�XQD�IXQFLyQ�GH�N�HQ�HO�
FLUFXLWR�PRVWUDGR�HQ�OD�¿JXUD��������E��([SUpVHVH�D�vc�W��FRPR�XQD�IXQFLyQ�
GH�N�SDUD�W�!����F��(YDO~HQVH�VXV�H[SUHVLRQHV�SDUD�N� ���\�N� �����´��+D\W�
-U��\�.HPPHUO\��������S�������
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Figura 1.113

Figura 1.114

Solución:

3DUD�W������HQ�OD�¿JXUD��������HO�LQWHUUXSWRU�HVWi�FHUUDGR�WDO�FRPR�VH�
PXHVWUD�HQ�OD�¿JXUD��������(O�FDSDFLWRU�VH�DEUH��GHELGR�D�ODV�FRQGLFLRQHV�
GH�HVWDGR�HVWDEOH�\�FRUULHQWH�FRQWLQXD�GH�OD�IXHQWH�GH���9��$�FRQWLQXDFLyQ�
VH�SODQWHDQ�ODV�HFXDFLRQHV�
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/$=2�LQWHUQR�GH�OD�¿JXUD�������

 
 

 

Para t > 0,�HQ�OD�¿JXUD��������HO�LQWHUUXSWRU�HVWi�DELHUWR�WDO�FRPR�VH�
PXHVWUD�HQ�OD�¿JXUD��������/D�IXHQWH�GH���9�QR�DIHFWD�DO�FLUFXLWR�GH�OD�GH-
UHFKD��UD]yQ�SRU�OD�FXDO�VH�UHWLUD�\�HO�FLUFXLWR�¿QDO�VH�PXHVWUD�HQ�OD�¿JXUD�
�������(Q�HVWD�¿JXUD�VH�UHWLUD�HO�FDSDFLWRU�SDUD�FDOFXODU�OD�LPSHGDQFLD�GH�
7KpYHQLQ��(Q�ORV�SXQWRV�D�E�VH�SRQH�XQD�IXHQWH�GH�FRUULHQWH�GH���$�HQ-
WUDQGR�SRU�HO�WHUPLQDO�GH�PD\RU�SRWHQFLDO�WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD�
�������SDUD�H[FLWDU�DO�FLUFXLWR�\�KDOODU�OD�UHVLVWHQFLD�5DE�

  

Figura 1.115
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Figura 1.116

Figura 1.117

(Q�OD�¿JXUD��������VH�XWLOL]D�HO�DQiOLVLV�GH�QRGRV�\��HQ�FDGD�QRGR��VH�
SRQH�XQ�SRWHQFLDO�SRVLWLYR�FRQ�UHVSHFWR�DO�QRGR�GH�UHIHUHQFLD��WLHUUD���WDO�
FRPR�VH�PXHVWUD�HQ�OD�¿JXUD��������$�FRQWLQXDFLyQ�VH�SODQWHDQ�ODV�HFXD-
FLRQHV�GH�QRGRV�
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Figura 1.118

12'2�$

6H�DVXPH�TXH�HO�QRGR�$�HV�PiV�SRVLWLYR�TXH�ORV�GHPiV�\�VH�DSOLFD�OD�
/H\�GH�&RUULHQWHV�GH�.LUFKKRII��/&.��

 

 

12'2�%

6H�DVXPH�TXH�HO�QRGR�%�HV�PiV�SRVLWLYR�TXH�ORV�GHPiV�\�VH�DSOLFD�
OD�/&.�
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(O�FLUFXLWR�HTXLYDOHQWH�GH�7KpYHQLQ��LQFOXLGR�HO�FDSDFLWRU��VH�PXHV-
WUD�HQ�OD�¿JXUD��������(VWH�HV�XQ�FLUFXLWR�5&�FRQ�VX�YROWDMH�LJXDO�D�



Solucionario de circuitos eléctricos
en estado estable y transiente

50

Figura 1.119

 

 

 

F��&XDQGR�.� ���

 
 

 
 

: 
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Figura 1.120

Figura 1.121

Problema 32:�³(Q�HO�FLUFXLWR�GH�OD�¿JXUD��������VHD�is� ����$�SDUD�
W�����\�FHUR�SDUD�W�!����&DOF~OHVH�v�W��SDUD�WRGR�W´��+D\W�-U��\�.HPPHUO\��
������S�������

Para t < 0,�HQ�OD�¿JXUD�������� OD�IXHQWH�GH�FRUULHQWH�YDOH����$��(O�
FDSDFLWRU�VH�DEUH��GHELGR�D�ODV�FRQGLFLRQHV�GH�HVWDGR�HVWDEOH�\�FRUULHQWH�
FRQWLQXD��(O�LQGXFWRU�VH�FRPSRUWD�FRPR�XQ�FRUWRFLUFXLWR��HO�FLUFXLWR�¿QDO�
VH�PXHVWUD�HQ�OD�¿JXUD�������
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(Q�OD�¿JXUD��������OD�UHVLVWHQFLD�GH���ȍ�VH�DEUH��QR�FLUFXOD�FRUULHQWH��
GHELGR�D�TXH�HVWi�HQ�SDUDOHOR�FRQ�HO�FRUWRFLUFXLWR��&RPR�UHVXOWDGR�VH�WLHQH�
HO�FLUFXLWR�GH�OD�¿JXUD��������$�FRQWLQXDFLyQ��VH�SODQWHDQ�ODV�HFXDFLRQHV�

Figura 1.122

 

 

 

Para t > 0,�HQ�OD�¿JXUD��������OD�IXHQWH�GH�FRUULHQWH�YDOH����HQWRQFHV�
HO�FLUFXLWR�UHVXOWDQWH�VH�PXHVWUD�HQ�OD�¿JXUD��������6H�PXHVWUDQ�GRV�FLU-
FXLWRV�LQGHSHQGLHQWHV��5/�VLQ�IXHQWH�\�5&�VLQ�IXHQWH��$�FRQWLQXDFLyQ�VH�
SODQWHDQ�ODV�HFXDFLRQHV�
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Figura 1.123

&LUFXLWR�5/�VLQ�IXHQWH�

&LUFXLWR�5&�VLQ�IXHQWH�

 

 

 

 

L
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(Q�OD�¿JXUD��������HQ�HO�OD]R�LQIHULRU�L]TXLHUGR��VH�DSOLFD�OD�/9.�
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CAPÍTULO 2
CIRCUITOS RL Y RC CON FUENTE

Problemas Resueltos

Problema 1: en el circuito de la figura 2.1, calcular ȣc(t) e i(t) (Hayt Jr. 
y Kemmerly, 1988, p. 192).

Figura 2.1. Circuito RC para obtener la respuesta
completa de υc(t) e i(t)

Solución:

Para t < 0,�HQ�OD�¿JXUD������HO�LQWHUUXSWRU�VH�HQFXHQWUD�HQ�OD�SRVLFLyQ�
D��WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD������(O�FDSDFLWRU�VH�FRPSRUWD�FRPR�XQ�
FLUFXLWR�DELHUWR�GHELGR�D�OD�IXHQWH�GH�FRUULHQWH�FRQWLQXD�GH�����9�\�D�ODV�
FRQGLFLRQHV�GH�HVWDGR�HVWDEOH�TXH� VH�HQFXHQWUDQ�HO� FLUFXLWR��6H�SURFHGH�
D�FDOFXODU�ODV�FRQGLFLRQHV�LQLFLDOHV�GH�OD�FRUULHQWH�L��-��\�HO�YROWDMH�ȣF��-��
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Figura 2.2. Circuito para t < 0. Condición de estado estable

(Q�HO� OD]R� LQWHUQR�GHO�FLUFXLWR�GH� OD�¿JXUD�����VH�DSOLFD� OD�/H\�GH�
9ROWDMH�GH�.LUFKKRII��/9.��

(Q�HO� OD]R�H[WHUQR��HQ� OD� UHVLVWHQFLD�GH����ȍ��VH�DSOLFD�GLYLVRU�GH�
YROWDMH�

Para t > 0,�HQ�OD�¿JXUD������HO�LQWHUUXSWRU�VH�HQFXHQWUD�HQ�OD�SRVLFLyQ�
E��WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD������VH�SURGXFH�XQD�YDULDFLyQ�GH�FR-
UULHQWH�DO�FRQPXWDU�GH�OD�SRVLFLyQ�D�KDFLD�OD�SRVLFLyQ�E��HV�GHFLU��H[LVWH�XQ�
YROWDMH�WUDQVLWRULR�R�QDWXUDO�ȣn�
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Figura 2.3. Circuito para t > 0. Respuesta transitoria o natural

Figura 2.4. Circuito para t > 0 reducido

3DUD�FDOFXODU�OD�FRUULHQWH�L�W��\�HO�YROWDMH�ȣF�W���OD�UHVLVWHQFLD�GH����ȍ�
TXH�VH�HQFXHQWUD�HQ�VHULH�FRQ�OD�IXHQWH�GH�YROWDMH�GH�����9��QR�DIHFWD�HQ�
QDGD�DO�FLUFXLWR��HO�FLUFXLWR�VH�UHGXFH�D�OD�¿JXUD�����

3DUD� REWHQHU� HO�PRGHOR� GHO� FLUFXLWR�5&� VHULH�� HQ� OD� ¿JXUD� ����� VH�
UHWLUD�HO�FDSDFLWRU�\�VH�DSOLFD�HO�WHRUHPD�GH�7KpYHQLQ�HQ�ORV�SXQWRV�G�H��WDO�
FRPR�VH�PXHVWUD�HQ�OD�¿JXUD������(Q�HVWD�¿JXUD��SDUD�HQFRQWUDU�HO�FLUFXLWR�
HTXLYDOHQWH�GH�7KpYHQLQ�HQ�ORV�SXQWRV�G�H��VH�FDOFXOD�HO�YROWDMH�GH�7KpYH-
QLQ�\�OD�UHVLVWHQFLD�GH�7KpYHQLQ��

&iOFXOR�GHO�YROWDMH�GH�7KpYHQLQ�

(O�YROWDMH�GH�7KpYHQLQ�97+�HV�LJXDO�DO�YROWDMH�9DE��/DV�UHVLVWHQFLDV�
GH����ȍ�\�����ȍ�VH�HQFXHQWUDQ�FRQHFWDGDV�HQ�SDUDOHOR�\� VX� UHVLVWHQFLD�
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HTXLYDOHQWH�HV�LJXDO�D����ȍ��FRPR�VH�PXHVWUD�HQ�OD�¿JXUD�����

Figura 2.5. Circuito para calcular el voltaje de Thévenin

Figura 2.6. Circuito reducido para calcular
   el voltaje de Thévenin

(Q�OD�¿JXUD������VH�DSOLFD�GLYLVRU�GH�YROWDMH�SDUD�REWHQHU�9GH�

&iOFXOR�GH�OD�UHVLVWHQFLD�GH�7KpYHQLQ

3DUD�HQFRQWUDU�OD�UHVLVWHQFLD�GH�7KpYHQLQ��VH�KDFH�FHUR�OD�IXHQWH�GH�
YROWDMH�GH����9��¿JXUD������\��FRPR�UHVXOWDGR��VH�REWLHQH�OD�¿JXUD������SRV-
WHULRUPHQWH�FDOFXODPRV�OD�UHVLVWHQFLD�HQ�ORV�SXQWRV�G�\�H�
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Figura 2.7. Cálculo de la resistencia Rde en los puntos d y e

Figura 2.8. Circuito equivalente de Thévenin en los puntos d y e

&RQ�HO� YROWDMH�\� OD� UHVLVWHQFLD�GH�7KpYHQLQ�� VH� REWLHQH� HO� FLUFXLWR�
HTXLYDOHQWH�GH�7KpYHQLQ�TXH�VH�PXHVWUD�HQ�OD�¿JXUD�����

)LQDOPHQWH�VH�FRQHFWD�HO�FDSDFLWRU�HQ�ORV�SXQWRV�G�\�H��TXH�VH�PXHV-
WUD� HQ� OD� ¿JXUD� ����� TXH� UHSUHVHQWD� HO� FLUFXLWR� HTXLYDOHQWH� GH�7KpYHQLQ�
XQLGR�FRQ�HO�FDSDFLWRU��(VWH�FLUFXLWR�HV�HO�PRGHOR�SDUD�SODQWHDU�OD�HFXDFLyQ�
GH�YROWDMH�HQ�HO�FDSDFLWRU�FRQVWLWXLGR�SRU�XQ�YROWDMH�QDWXUDO�\�XQ�YROWDMH�
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IRU]DGR��HVWR�HV�

Figura 2.9. Circuito equivalente de Thévenin,
con el capacitor de 0.05 F conectado

&XDQGR�HO�FLUFXLWR�GH�OD�¿JXUD�����VH�HVWDELOL]D��HO�FDSDFLWRU�VH�FRP-
SRUWD�FRPR�XQ�FLUFXLWR�DELHUWR�GHELGR�D�OD�IXHQWH�GH�YROWDMH�GH�FRUULHQWH�
FRQWLQXD�GH����9�GDQGR�FRPR�UHVXOWDGR�HO�FLUFXLWR�GH�OD�¿JXUD�������\�VH�
FDOFXOD�HO�YROWDMH�IRU]DGR�ȣI�HQ�HO�FDSDFLWRU�

Figura 2.10. Voltaje forzado υf
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/D�UHVSXHVWD�WRWDO�GH�YROWDMH�HQ�HO�FDSDFLWRU�HV�

3DUD�FDOFXODU�OD�FRUULHQWH�L�W���VH�UHJUHVD�DO�FLUFXLWR�GH�OD�¿JXUD������
HVWR�HV�

(O�JUi¿FR�GH�OD�HFXDFLyQ�������VH�PXHVWUD�HQ�OD�¿JXUD������FRQ�ODV�
FRQGLFLRQHV�LQLFLDOHV��(O�JUi¿FR�GH�OD�HFXDFLyQ��������VH�PXHVWUD�HQ�OD�¿-
JXUD������FRQ�ODV�FRQGLFLRQHV�LQLFLDOHV�

���������������������������������������������GHELGR�D�TXH�HO�FDSDFLWRU�QR�SHUPLWH�
FDPELRV�EUXVFRV�GH�YROWDMH�
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Figura 2.11. Gráfico de υc(t) contra t

Figura 2.12. Gráfico de la corriente i(t) contra t

Problema 2:� ³6XVWLW~\DVH� OD� UHG� D� OD� L]TXLHUGD� GHO� LQGXFWRU� GH� OD�
¿JXUD������SRU�XQ�HTXLYDOHQWH�7KpYHQLQ��\�OXHJR�FDOF~OHVH�L�W��SDUD�W�!��´�
�+D\W�-U�\�.HPPHUO\��������S������
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Figura 2.13

Figura 2.14

Solución:

3DUD� W������HQ� OD�¿JXUD������� OD�DPSOLWXG�GH� ODV� IXQFLRQHV�HVFDOyQ�
XQLWDULR�ȝ�W��VRQ�LJXDOHV�D�FHUR��UD]yQ�SRU�OD�FXDO��ODV�IXHQWHV�GH�FRUULHQWH�
\�GH�YROWDMH�VRQ�LJXDOHV�D�FHUR��+DFHU�FHUR�XQD�IXHQWH�GH�FRUULHQWH�HTXL-
YDOH�D�XQ�FLUFXLWR�DELHUWR�\�KDFHU�FHUR�XQD�IXHQWH�GH�YROWDMH�HTXLYDOH�D�XQ�
FRUWRFLUFXLWR��(O�FLUFXLWR�UHVXOWDQWH�VH�PXHVWUD�HQ�OD�¿JXUD�������(Q�HVWH�
FLUFXLWR�FRPR�QR�H[LVWHQ�IXHQWHV�LQGHSHQGLHQWHV�GH�YROWDMH�\�R�FRUULHQWHV��
OD�FRUULHQWH�HQ�HO�LQGXFWRU�HV�

Para t > 0,�HQ� OD�¿JXUD������� OD�DPSOLWXG�GH� ODV� IXQFLRQHV�HVFDOyQ�
XQLWDULR�ȝ�W��HV�LJXDO�D�XQR��UD]yQ�SRU�OD�FXDO��OD�IXHQWH�GH�FRUULHQWH�H�LJXDO�

+
–
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D���$�\�OD�IXHQWH�GH�YROWDMH�HV�LJXDO�D�����9��HO�FLUFXLWR�UHVXOWDQWH�HV�HO�TXH�
VH�PXHVWUD�HQ�OD�¿JXUD�������(Q�HVWD�¿JXUD��VH�UHWLUD�HO�LQGXFWRU��WDO�FRPR�VH�
PXHVWUD�HQ�OD�¿JXUD������\�VH�SURFHGH�D�KDOODU�HO�HTXLYDOHQWH�GH�7KpYHQLQ�
HQ�ORV�SXQWRV�D�E�

Figura 2.15

Figura 2.16

&iOFXOR�GHO�YROWDMH�GH�7KpYHQLQ

(Q�HO�FLUFXLWR�GH�OD�¿JXUD�������HQ�HO�OD]R�GH�OD�GHUHFKD��VH�DSOLFD�OD�
/9.�SDUD�FDOFXODU�HO�YROWDMH�9DE�
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Figura 2.17

Figura 2.18

&iOFXOR�GH�OD�UHVLVWHQFLD�GH�7KpYHQLQ

3DUD�HQFRQWUDU�OD�UHVLVWHQFLD�GH�7KpYHQLQ��VH�KDFH�FHUR�OD�IXHQWH�GH�
YROWDMH�GH�����9�\�OD�IXHQWH�GH�FRUULHQWH�GH���$��FRPR�UHVXOWDGR�VH�REWLHQH�
OD�¿JXUD�������(Q�HVWH�FLUFXLWR��VH�REWLHQH�OD�UHVLVWHQFLD�HTXLYDOHQWH�HQ�ORV�
SXQWRV�D�E��HVWR�HV��5DE� ��������� ����ȍ�

(O�FLUFXLWR�HTXLYDOHQWH�GH�7KpYHQLQ��LQFOXLGR�HO�LQGXFWRU��VH�PXHVWUD�
HQ�OD�¿JXUD������
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/D�¿JXUD������HV�XQ�FLUFXLWR�5/�FRQ�IXHQWH�FX\D�IyUPXOD�GH�FRUULHQ-
WH�L�HVWi�GDGD�SRU�OD�HFXDFLyQ�������

/D�FRUULHQWH�LI�VH�REWLHQH�FXDQGR�HO�FLUFXLWR�GH�OD�¿JXUD������VH�KD�
HVWDELOL]DGR��HQWRQFHV��HO�LQGXFWRU�GH���+�VH�FRPSRUWD�FRPR�XQ�FRUWRFLU-
FXLWR�FX\R�UHVXOWDGR�VH�PXHVWUD�HQ�OD�¿JXUD������HQ�OD�FXDO�VH�FDOFXOD�OD�
FRUULHQWH�LI�

Figura 2.19
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3RU�OR�WDQWR��OD�FRUULHQWH�WRWDO��HV�

�������������������������������������������GHELGR�D�TXH�HO�LQGXFWRU�QR�SHUPLWH�FDP-
ELRV�EUXVFRV�GH�FRUULHQWH�

/D�JUi¿FD�GH�OD�HFXDFLyQ�������VH�PXHVWUD�HQ�OD�¿JXUD������

Figura 2.20

Problema 3:�³(O�LQWHUUXSWRU�GH�OD�¿JXUD������VH�EDMD�HQ�W� ����'HG~]-
FDVH��D��L�HQ�W� �����VHJ��E��OD�PDJQLWXG�GHO�YROWDMH�Pi[LPR�TXH�DSDUHFH�HQ�
HO�LQGXFWRU´��+D\W�-U��\�.HPPHUO\��������S�������
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Figura 2.21

Figura 2.22 (a) y (b)

(a) (b)

Solución:

Para t < 0,�HQ�OD�¿JXUD�������HO�LQWHUUXSWRU�HVWi�FHUUDGR�HQ�HO�ERUQH�
VXSHULRU�WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD�������'HELGR�D�OD�IXHQWH�GH�FR-
UULHQWH�FRQWLQXD�GH�����9�\�HO�FLUFXLWR��HVWi�HQ�HVWDGR�HVWDEOH��HO�LQGXFWRU�
VH�FRPSRUWD�FRPR�XQ�FRUWRFLUFXLWR��/DV�UHVLVWHQFLDV�GH���ȍ�\����ȍ�HVWiQ�
HQ�SDUDOHOR�\�VX�HTXLYDOHQWH�HV�GH�5HT� ������ȍ�

(Q�OD�¿JXUD�������E���VH�DSOLFD�GLYLVRU�GH�YROWDMH�
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Figura 2.23

Figura 2.24

(Q�OD�¿JXUD�������D��VH�DSOLFD�OD�/H\�GH�2KP�

Para t > 0,�HQ�OD�¿JXUD�������HO�LQWHUUXSWRU�HVWi�FHUUDGR�HQ�HO�ERUQH�
LQIHULRU� WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD�������6H�UHWLUD�HO� LQGXFWRU�SDUD�
GHWHUPLQDU�HO�HTXLYDOHQWH�GH�7KpYHQLQ�HQ�ORV�SXQWRV�D�E��FRPR�VH�LQGLFD�
HQ�OD�¿JXUD������
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&iOFXOR�GHO�YROWDMH�GH�7KpYHQLQ

(Q�HO�FLUFXLWR�GH�OD�¿JXUD�������VH�DSOLFD�GLYLVRU�GH�YROWDMH�SDUD�FDO-
FXODU�HO�YROWDMH�9DE��

&iOFXOR�GH�OD�UHVLVWHQFLD�GH�7KpYHQLQ

3DUD�HQFRQWUDU�OD�UHVLVWHQFLD�GH�7KpYHQLQ��VH�KDFH�FHUR�OD�IXHQWH�GH�
YROWDMH�GH�����9��FRPR�UHVXOWDGR�VH�REWLHQH�OD�¿JXUD�������(Q�HVWH�FLUFXLWR��
VH�REWLHQH�OD�UHVLVWHQFLD�HTXLYDOHQWH�HQ�ORV�SXQWRV�D�E��HVWR�HV�5DE� ����ȍ�

Figura 2.25

(O�FLUFXLWR�HTXLYDOHQWH�GH�7KpYHQLQ�� LQFOXLGR�HO� LQGXFWRU��VH�
PXHVWUD� HQ� OD�¿JXUD� ������ TXH� HV� XQ� FLUFXLWR�5/�FRQ� IXHQWH�� \� OD�
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HFXDFLyQ�GH�FRUULHQWH�HV�OD�VLJXLHQWH�

Figura 2.26

Figura 2.27

&XDQGR�HO�FLUFXLWR�GH�OD�¿JXUD������VH�KD�HVWDELOL]DGR��HO�LQGXFWRU�VH�
FRPSRUWD�FRPR�XQ�FRUWRFLUFXLWR�\�HVD�FRUULHQWH�HV�OD�IRU]DGD�LI��FRPR�OR�
LQGLFD�HQ�OD�¿JXUD�������GRQGH�
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/D�FRUULHQWH�WRWDO�L��HV�HQWRQFHV�

3RU�GH¿QLFLyQ��HO�YROWDMH�HQ�HO�LQGXFWRU�HV�

����������������������������������������������GHELGR�D�TXH�HO�LQGXFWRU�QR�SHUPLWH�
FDPELRV�EUXVFRV�GH�FRUULHQWH�
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Problema 4:�³2EWpQJDVH�L/�SDUD�W�!���HQ�HO�FLUFXLWR�PRVWUDGR�HQ�OD�
¿JXUD�����´��+D\W�-U��\�.HPPHUO\��������S�������

Figura 2.28

Figura 2.29

Solución:

3DUD�W������HQ�OD�¿JXUD�������OD�DPSOLWXG�GH�OD�IXQFLyQ�HVFDOyQ�XQLWD-
ULR�ȝ�W��HV�LJXDO�D�FHUR��UD]yQ�SRU�OD�FXDO�OD�IXHQWH�GH�YROWDMH�HV�LJXDO�D�FHUR��
+DFHU�FHUR�XQD�IXHQWH�GH�YROWDMH�HTXLYDOH�D�XQ�FRUWRFLUFXLWR��(O�FLUFXLWR�
UHVXOWDQWH�VH�PXHVWUD�HQ�OD�¿JXUD�������(Q�HVWH�FLUFXLWR��FRPR�QR�H[LVWHQ�
IXHQWHV�LQGHSHQGLHQWHV�GH�YROWDMH�\�R�FRUULHQWH��OD�FRUULHQWH�HQ�HO�LQGXFWRU�
HV�



Solucionario de circuitos eléctricos
en estado estable y transiente

74

Para t > 0��HQ�OD�¿JXUD�������OD�DPSOLWXG�GH�OD�IXQFLyQ�HVFDOyQ�XQLWD-
ULR�ȝ�W��HV�LJXDO�D�XQR��UD]yQ�SRU�OD�FXDO�OD�IXHQWH�GH�YROWDMH�HV�LJXDO�D�����
9��(O�FLUFXLWR�UHVXOWDQWH�HV�HO�TXH�VH�PXHVWUD�HQ�OD�¿JXUD�������(Q�HVWD�¿JX-
UD��VH�UHWLUD�HO�LQGXFWRU��WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD�������\�VH�SURFHGH�
D�KDOODU�HO�HTXLYDOHQWH�GH�7KpYHQLQ�HQ�ORV�SXQWRV�D�E�

Figura 2.30

Figura 2.31

&iOFXOR�GHO�YROWDMH�GH�7KpYHQLQ

(Q�HO�FLUFXLWR�GH�OD�¿JXUD�������VH�XWLOL]D�HO�DQiOLVLV�GH�PDOODV�SDUD�
FDOFXODU�HO�YROWDMH�9DE��WDO�FRPR�OR�LQGLFD�OD�¿JXUD�������/D�IXHQWH�GHSHQ-
GLHQWH�VH�DEUH��$�FRQWLQXDFLyQ�VH�SODQWHDQ�ODV�HFXDFLRQHV�

0$//$�,

6H�DVXPH�TXH�OD�FRUULHQWH�GH�PDOOD�L��SRODUL]D�GH�PiV�����D�PHQRV�
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Figura 2.32

�±��HQ�FDGD�XQR�GH�ORV�HOHPHQWRV�SDVLYRV��/DV�RWUDV�FRUULHQWHV�GH�PDOOD��
VL�HVWiQ�HQ�OD�PLVPD�GLUHFFLyQ�GH�L���VH�VXPDQ�\��VL�HVWiQ�HQ�GLUHFFLRQHV�
RSXHVWDV�� VH� UHVWDQ��$�FRQWLQXDFLyQ� VH�DSOLFD� OD�/H\�GH�9ROWDMHV�GH�.LU-
FKKRII��/9.��\��HQ�FDGD�HOHPHQWR�SDVLYR��OD�/H\�GH�2KP�

(Q�OD�IXHQWH�GHSHQGLHQWH�GH�FRUULHQWH�

3HUR�

5HHPSOD]DQGR�
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5HHPSOD]DQGR�OD�HFXDFLyQ�������HQ�OD�HFXDFLyQ��������VH�WLHQH�

(Q�OD�¿JXUD�������HQ�HO�OD]R�H[WHUQR�VH�DSOLFD�OD�/9.�
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&iOFXOR�GH�OD�UHVLVWHQFLD�GH�7KpYHQLQ

(Q�OD�¿JXUD�������SDUD�HQFRQWUDU�OD�UHVLVWHQFLD�GH�7KpYHQLQ��VH�KDFH�
FHUR�OD�IXHQWH�GH�����9��SHUR��FRPR�H[LVWH�XQD�IXHQWH�GHSHQGLHQWH�HQ�HO�
FLUFXLWR��QR�VH�SXHGH�VDEHU�FXiO�HV�HO�YDORU�GH�OD�UHVLVWHQFLD��UD]yQ�SRU�OD�
FXDO�VH�SURFHGH�D�HQFRQWUDU�OD�FRUULHQWH�GH�1RUWRQ�LN��

3DUD�HQFRQWUDU�OD�LN�VH�FRUWRFLUFXLWDQ�ORV�SXQWRV�D�E�\�HVWD�FRUULHQWH�
YD�GLULJLGD�GH�PD\RU�D�PHQRU�SRWHQFLDO��HQ�HVWH�FDVR��GH�D�KDFLD�E��WDO�FRPR�
VH�PXHVWUD�HQ�OD�¿JXUD������

Figura 2.33

(Q� OD�¿JXUD������� OD� UHVLVWHQFLD�GH���ȍ��TXHGD�HQ�SDUDOHOR�FRQ�HO�
FRUWRFLUFXLWR��SRU�OR�TXH�OD�FRUULHQWH�L$ ���HQWRQFHV��OD�IXHQWH�GHSHQGLHQWH�
GH�FRUULHQWH�GH����L$�HV�LJXDO�D�FHUR��(QWRQFHV�VH�DEUH�HVD�IXHQWH��HO�FLUFXLWR�
UHVXOWDQWH�HV�HO�TXH�VH�PXHVWUD�HQ�OD�¿JXUD�������(Q�OD�UHVLVWHQFLD�GH����ȍ��
VH�DSOLFD�OD�/H\�GH�2KP�SDUD�FDOFXODU�OD�LN�

LN
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Figura 2.34

Figura 2.35

3DUD�FDOFXODU�OD�UHVLVWHQFLD�GH�7KpYHQLQ��VH�XWLOL]D�OD�VLJXLHQWH�IyU-
PXOD�

(O�FLUFXLWR�HTXLYDOHQWH�GH�7KpYHQLQ��LQFOXLGR�HO�LQGXFWRU��VH�PXHVWUD�
HQ�OD�¿JXUD�������(V�XQ�FLUFXLWR�5/�FRQ�IXHQWH�FX\D�IyUPXOD�SDUD�HQFRQWUDU�
OD�FRUULHQWH�WRWDO�HQ�HO�LQGXFWRU�HV�
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/D�FRUULHQWH�IRU]DGD�VH�REWLHQH�FXDQGR�HO�FLUFXLWR�GH�OD�¿JXUD������VH�
KD�HVWDELOL]DGR��HQWRQFHV��HO�LQGXFWRU�VH�FRPSRUWD�FRPR�XQ�FRUWRFLUFXLWR�\�
OD�FRUULHQWH�TXH�FLUFXOD�HV�OD�LI�

/D�FRUULHQWH�WRWDO�HV�

��������������������������������������������GHELGR�D�TXH�HO�LQGXFWRU�QR�SHUPLWH�FDP-
ELRV�EUXVFRV�GH�FRUULHQWH�
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Problema 5:�³(Q�HO�FLUFXLWR�PRVWUDGR�HQ�OD�¿JXUD�������HO�LQWHUUXSWRU�
KD�HVWDGR�DELHUWR�GXUDQWH�PXFKR�WLHPSR��&DOF~OHVH��\��´��+D\W�-U��\�.HP-
PHUO\��������S�������

Figura 2.36

Solución:

3DUD�W������HQ�OD�¿JXUD�������HO�LQWHUUXSWRU�HVWi�DELHUWR�WDO�FRPR�VH�
PXHVWUD�HQ�OD�¿JXUD�������'HELGR�D�OD�IXHQWH�GH�FRUULHQWH�FRQWLQXD�GH������
9�\�D�TXH�HO�FLUFXLWR�HVWi�HQ�HVWDGR�HVWDEOH��HO�FDSDFLWRU�VH�FRPSRUWD�FRPR�
XQ�FLUFXLWR�DELHUWR�FX\R�YROWDMH�HV�
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Figura 2.37

Figura 2.38

Figura 2.39

Para t > 0,�HQ�OD�¿JXUD�������HO�LQWHUUXSWRU�HVWi�FHUUDGR�WDO�FRPR�VH�
PXHVWUD�HQ�OD�¿JXUD�������6H�UHWLUD�HO�FDSDFLWRU�SDUD�GHWHUPLQDU�HO�HTXLYD-
OHQWH�GH�7KpYHQLQ�HQ�ORV�SXQWRV�D�E��FRPR�VH�LQGLFD�HQ�OD�¿JXUD������
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&iOFXOR�GHO�YROWDMH�GH�7KpYHQLQ

(Q�HO�FLUFXLWR�GH�OD�¿JXUD�������VH�XWLOL]D�HO�GLYLVRU�GH�YROWDMH�HQ�OD�
UHVLVWHQFLD�GH�����ȍ�SDUD�FDOFXODU�HO�YROWDMH�9DE�

&iOFXOR�GH�OD�UHVLVWHQFLD�GH�7KpYHQLQ

(Q�OD�¿JXUD�������SDUD�HQFRQWUDU�OD�UHVLVWHQFLD�GH�7KpYHQLQ��VH�KDFH�
FHUR�OD�IXHQWH�GH������9�\��FRPR�UHVXOWDGR��VH�REWLHQH�HO�FLUFXLWR�GH�OD�¿-
JXUD�������/D�UHVLVWHQFLD�HQ�ORV�WHUPLQDOHV�D�E��5DE�HV�HO�VLJXLHQWH�

(O�FLUFXLWR�HTXLYDOHQWH�GH�7KpYHQLQ��LQFOXLGR�HO�FDSDFLWRU�HQ�ORV�SXQ-

Figura 2.40

VTH = Vab = 900V
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Figura 2.41

WRV�D�E��VH�PXHVWUD�HQ�OD�¿JXUD�������TXH�HV�XQ�FLUFXLWR�5&�FRQ�IXHQWH�FX\D�
HFXDFLyQ�GH�YROWDMH�HQ�HO�FDSDFLWRU�HV�

(O�YROWDMH�IRU]DGR�GHO�FDSDFLWRU�VH�GHWHUPLQD�FXDQGR�HO�FLUFXLWR�VH�KD�
HVWDELOL]DGR��HO�FDSDFLWRU�VH�FRPSRUWD�FRPR�XQ�FLUFXLWR�DELHUWR��FRPR�OR�
LQGLFD�HQ�OD�¿JXUD�������\�VX�YROWDMH�HV�
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Figura 2.42

/D�UHVSXHVWD�WRWDO�HQ�HO�FDSDFLWRU�HV�

(YDOXDQGR�HQ�W� ����PV�\���PV��VH�WLHQH�

x
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Figura 2.43

Figura 2.44

Problema 6:�³(Q�HO�FLUFXLWR�GH�OD�¿JXUD�������REWpQJDVH�XQD�H[SUH-
VLyQ�~QLFD�SDUD�Yx��W��TXH�VHD�YiOLGD�SDUD�WRGR�YDORU�GH�W´��+D\W�-U��\�.HP-
PHUO\��������S�������

Solución:

Para t < 0,�HQ�OD�¿JXUD�������OD�IXQFLyQ�HVFDOyQ�XQLWDULR�YDOH�FHUR��
(QWRQFHV��OD�IXHQWH�GH�����9�HV�FHUR��FRUWRFLUFXLWR��\�OD�IXHQWH�GH�FRUULHQWH�
HV���$��(O�QXHYR�FLUFXLWR�VH�PXHVWUD�HQ�OD�¿JXUD�������(Q�OD�UHVLVWHQFLD�GH�
���ȍ��VH�DSOLFD�OD�/H\�GH�2KP�
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Para t > 0,�HQ�OD�¿JXUD�������OD�IXQFLyQ�HVFDOyQ�XQLWDULR�YDOH�XQR��(Q-
WRQFHV��OD�IXHQWH�GH�YROWDMH�YDOH�����9�\�OD�IXHQWH�GH�FRUULHQWH�HV�OD�UHVWD�GH�
ORV�GRV�WpUPLQRV����� ���$��(O�QXHYR�FLUFXLWR�VH�PXHVWUD�HQ�OD�¿JXUD������

Figura 2.45

Figura 2.46

(Q�OD�¿JXUD�������VH�UHWLUD�HO�FDSDFLWRU�SDUD�HQFRQWUDU�HO�HTXLYDOHQWH�
GH�7KpYHQLQ�HQ�ORV�SXQWRV�D�E��WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD������
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&iOFXOR�GHO�YROWDMH�GH�7KpYHQLQ

/D�FRUULHQWH�GH���$�DO�SDVDU�GH�GHUHFKD�D�L]TXLHUGD�SRU�OD�UHVLVWHQFLD�
GH����ȍ��SRODUL]D�GH���D�±��SHUR�HVWRV�VLJQRV�QR�WLHQHQ�QDGD�TXH�YHU�FRQ�ORV�
VLJQRV�TXH�HVWiQ�HQ�HO�YROWDMH�9[��(Q�HO�OD]R�H[WHUQR�VH�DSOLFD�OD�/9.�HQ�
HO�VHQWLGR�GH�ODV�PDQHFLOODV�GHO�UHORM��$O�SDVDU�SRU�OD�IXHQWH�GH�YROWDMH��HO�
SULPHU�VLJQR�TXH�³YH´�HV�HO�PHQRV��HQ�HVWH�FDVR�VH�HVFULEH�±�����DO�SDVDU�
SRU�OD�UHVLVWHQFLD�GH����ȍ��HO�SULPHU�VLJQR�TXH�³YH´�HV�HO�PHQRV��HO�VLJQR�
TXH�SRODUL]y�OD�FRUULHQWH�GH���$���DO�SDVDU�SRU�OD�UHVLVWHQFLD�GH����ȍ��GHELGR�
D�TXH�SRU�DKt�QR�FLUFXOD�QLQJXQD�FRUULHQWH��SRUTXH�HQ�D�E�HVWi�DELHUWR��HO�
YROWDMH�HV�FHUR��¿QDOPHQWH��DO�SDVDU�SRU�9DE��HO�SULPHU�VLJQR�TXH�VH�³YH´�HV�
SRVLWLYR�GHELGR�D�TXH�OD�ÀHFKD�HVWi�UHIHUHQFLDGD�HQ�HO�QRGR�D��/D�HFXDFLyQ�
GHO�OD]R�H[WHUQR�HV�OD�VLJXLHQWH�

&iOFXOR�GH�OD�UHVLVWHQFLD�GH�7KpYHQLQ

6H�KDFHQ�FHUR�WRGDV�ODV�IXHQWHV�LQGHSHQGLHQWHV�GH�YROWDMH�\�GH�FR-
UULHQWH��+DFHU�FHUR�XQD�IXHQWH�GH�FRUULHQWH�VLJQL¿FD�circuito abierto�\�KD-
FHU�FHUR�XQD�IXHQWH�GH�YROWDMH�VLJQL¿FD�cortocircuito��&RPR�UHVXOWDGR�VH�
REWLHQH�HO�FLUFXLWR�GH�OD�¿JXUD�������/D�UHVLVWHQFLD�HQ�HO�SXQWR�D�E�HV�5DE�
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Figura 2.47

Figura 2.48

(O�FLUFXLWR�HTXLYDOHQWH�GH�7KpYHQLQ�LQFOXLGR�HO�FDSDFLWRU�VH�PXHVWUD�
HQ�OD�¿JXUD�������(Q�XQ�FLUFXLWR�5/�HQ�VHULH�FRQ�XQD�IXHQWH��HO�YROWDMH�WRWDO�
HV�LJXDO�D�OD�VXPD�GHO�YROWDMH�QDWXUDO�9Q�\�HO�YROWDMH�IRU]DGR�9I��/D�IyUPX-
OD�HV�OD�VLJXLHQWH�

3DUD�HO�YROWDMH�QDWXUDO��VH�DSOLFD�OD�VLJXLHQWH�IyUPXOD�

n
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(Q�HO�QRGR�$�GH�OD�¿JXUD�������VH�DSOLFD�OD�/H\�GH�&RUULHQWHV�GH�.LU-
FKKRII��/&.���FRQVLGHUDQGR�HO�VLJQR�SRVLWLYR�GH�ODV�FRUULHQWHV�TXH�VDOHQ�

n
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GHO�QRGR�\�HO�VLJQR�QHJDWLYR�GH�ODV�FRUULHQWHV�TXH�HQWUDQ�DO�QRGR��HVWR�HV�

6H�DSOLFD�OD�/H\�GH�2KP�HQ�OD�UHVLVWHQFLD�GH����ȍ�WRPDQGR�HQ�FXHQWD�
ORV�VLJQRV�GHO�YROWDMH�9[��\�OD�FRUULHQWH�L[�

(O�YROWDMH�SDUD�WRGR�W�HV�

Problema 7:�³&RQVLGHUDQGR�HO�FLUFXLWR�GH�OD�¿JXUD�������FDOFXODU�OD�
FRUULHQWH�Lx�W��SDUD�WRGR�W�\�JUD¿FDU´��+D\W�-U��\�.HPPHUO\��������S�������
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Figura 2.49

Figura 2.50

Solución: 

3DUD�W������HQ�OD�¿JXUD�������ORV�YDORUHV�GH�ODV�IXHQWHV�GH�YROWDMH�\�
FRUULHQWH�GH�DFXHUGR�D�ODV�IXQFLRQHV�HVFDOyQ�XQLWDULR��FX\R�JUi¿FR�VH�HQ-
FXHQWUD�HQ�OD�¿JXUD�������WLHQHQ�ORV�VLJXLHQWHV�YDORUHV�
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(O�QXHYR�FLUFXLWR�VH�PXHVWUD�HQ�OD�¿JXUD�������7RGD�OD�FRUULHQWH�VH�YD�
SRU�HO�FRUWRFLUFXLWR��HQWRQFHV�

Figura 2.51

3DUD�����W������GH�ODV�¿JXUDV������\�������OD�IXHQWH�GH�YROWDMH���ȝ�W�
9� ����9��OD�IXHQWH�GH�YROWDMH��ȝ�W���9� ���9���VH�FRPSRUWDQ�FRPR�XQ�FRU-
WRFLUFXLWR��\�OD�IXHQWH�GH�FRUULHQWH�GH��ȝ��W�$� ���$��VH�FRPSRUWD�FRPR�XQ�
FLUFXLWR�DELHUWR���WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD�������/DV�UHVLVWHQFLDV�GH�
��ȍ�\��ȍ�HVWiQ�FRQHFWDGDV�HQ�SDUDOHOR�FRQ�VX�YDORU�HTXLYDOHQWH�GH�5HT� �
������ȍ�FX\R�FLUFXLWR�HTXLYDOHQWH�VH�PXHVWUD�HQ�OD�¿JXUD�����

-

ȍ
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Figura 2.52

Figura 2.53

(Q�HO�FLUFXLWR�GH�OD�¿JXUD�������VH�DSOLFD�OD�/9.�

3DUD�W�!����GH�ODV�¿JXUDV������\�������ODV�GRV�IXHQWHV�GH�YROWDMH�YDOHQ�

 
 

 
 

�

�
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���9�\���9��PLHQWUDV�TXH� OD� IXHQWH�GH�FRUULHQWH�YDOH�FHUR� �VH�FRPSRUWD�
FRPR�XQ�FLUFXLWR�DELHUWR���WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD�������8WLOL]DQGR�
HO�DQiOLVLV�GH�PDOODV��VH�SODQWHDQ�ODV�HFXDFLRQHV�

0$//$���

6H�DVXPH�TXH�OD�FRUULHQWH�GH�PDOODV�L���-��SRODUL]D�GH�PiV�����D�PH-
QRV��±��HQ�FDGD�XQR�GH�ORV�HOHPHQWRV�SDVLYRV��/DV�RWUDV�FRUULHQWHV�GH�PD-
OOD��VL�HVWiQ�HQ�OD�PLVPD�GLUHFFLyQ�GH�L���-���VH�VXPDQ�\��VL�HVWiQ�HQ�GLUHF-
FLRQHV�RSXHVWDV��VH�UHVWDQ��$�FRQWLQXDFLyQ�VH�DSOLFD�OD�/H\�GH�9ROWDMHV�GH�
.LUFKKRII��/9.��\��HQ�FDGD�HOHPHQWR�SDVLYR��OD�/H\�GH�2KP�

 
 

 
 

       

Figura 2.54

0$//$��
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6H�DVXPH�TXH�OD�FRUULHQWH�GH�PDOODV�L���-��SRODUL]D�GH�PiV�����D�PH-
QRV��±��HQ�FDGD�XQR�GH�ORV�HOHPHQWRV�SDVLYRV��/DV�RWUDV�FRUULHQWHV�GH�PDOOD��
VL�HVWiQ�HQ�OD�PLVPD�GLUHFFLyQ�GH�L���-���VH�VXPDQ�\��VL�HVWiQ�HQ�GLUHFFLRQHV�
RSXHVWDV��VH�UHVWDQ��$�FRQWLQXDFLyQ�VH�DSOLFD�OD�/9.�\��HQ�FDGD�HOHPHQWR�
SDVLYR��OD�/H\�GH�2KP�

 
 

 
 

        

&RQ�ODV�HFXDFLRQHV�������\��������VH�SODQWHD�HO�VLVWHPD�GH�GHWHUPL-
QDQWHV�

(O�JUi¿FR�GH�OD�FRUULHQWH�ix�W��SDUD�WRGR�W�VH�HQFXHQWUD�HQ�OD�¿JXUD�
�����
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Figura 2.55

Figura 2.56

Problema 8:�³&DOF~OHVH�Yx�HQ�OD�UHG�GH�OD�¿JXUD������D�LQWHUYDORV�GH�
��V��GHVGH�W� �������V�KDVWD�W� �����V´��+D\W�-U��\�.HPPHUO\��������S�������

Solución:

$QDOL]DQGR�ODV�IXQFLRQHV�HVFDOyQ�XQLWDULR�GH�OD�¿JXUD�������ODV�IXHQ-
WHV�LQGHSHQGLHQWHV�GH�FRUULHQWH�\�YROWDMH�VH�DFWLYDQ�HQ�ORV�UDQJRV�TXH�DSD-
UHFHQ�HQ�OD�¿JXUD������
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Figura 2.57

Figura 2.58

3DUD�W��������GH�ODV�¿JXUDV������\��������ȝ���W�� ���$����ȝ��W�� ���9��
ȝ�W���� ����OD�IXHQWH�GH�FRUULHQWH�VH�FRPSRUWD�FRPR�XQ�FLUFXLWR�DELHUWR��\�HO�
LQWHUUXSWRU�HVWi�FHUUDGR��WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD�������8WLOL]DQGR�
HO�DQiOLVLV�GH�PDOODV��OD�IXHQWH�GH�FRUULHQWH�GH���$�VH�DEUH��HQWRQFHV�
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0$//$��

6H� DVXPH� TXH� OD� FRUULHQWH� GH�PDOODV� L����-�� SRODUL]D� GH�PiV� ���� D�
PHQRV��±��HQ�FDGD�XQR�GH�ORV�HOHPHQWRV�SDVLYRV��/DV�RWUDV�FRUULHQWHV�GH�
PDOOD��VL�HVWiQ�HQ�OD�PLVPD�GLUHFFLyQ�GH�L����-���VH�VXPDQ�\��VL�HVWiQ�HQ�GL-
UHFFLRQHV�RSXHVWDV��VH�UHVWDQ��$�FRQWLQXDFLyQ��VH�DSOLFD�OD�/9.�\�HQ�FDGD�
HOHPHQWR�SDVLYR�OD�/H\�GH�2KP�

 
 

 
 

      

/D�HFXDFLyQ�������VH�UHHPSOD]D�HQ�OD�HFXDFLyQ��������

 
 

 
 

 
 

 

 
 

(Q�OD�UHVLVWHQFLD�GH�����ȍ��VH�DSOLFD�OD�/H\�GH�2KP�
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3DUD�±�����W������GH�ODV�¿JXUDV������\��������ȝ���W�� ����OD�IXHQWH�GH�
FRUULHQWH�VH�FRPSRUWD�FRPR�XQ�FLUFXLWR�DELHUWR�����ȝ��W�� ���9��ȝ�W���� ���
�OD�IXHQWH�GH�FRUULHQWH�VH�FRPSRUWD�FRPR�XQ�FLUFXLWR�DELHUWR��\�HO�LQWHUUXS-
WRU�HVWi�FHUUDGR��WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD������

Figura 2.59

(Q�OD�¿JXUD�������VH�DSOLFD�GLYLVRU�GH�YROWDMH�SDUD�FDOFXODU�HO�YROWDMH�
HQ�OD�UHVLVWHQFLD�GH�����ȍ�

3DUD�����W������GH�ODV�¿JXUDV������\��������ȝ���W�� ����OD�IXHQWH�GH�
FRUULHQWH�VH�FRPSRUWD�FRPR�XQ�FLUFXLWR�DELHUWR�����ȝ��W�� ����OD�IXHQWH�GH�
YROWDMH�VH�FRPSRUWD�FRPR�XQ�FRUWRFLUFXLWR���ȝ�W���� ����OD�IXHQWH�GH�FR-
UULHQWH�VH�FRPSRUWD�FRPR�XQ�FLUFXLWR�DELHUWR��\�HO�LQWHUUXSWRU�HVWi�FHUUDGR��
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WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD������

Figura 2.60

Figura 2.61

&RPR�HQ�OD�¿JXUD������QR�H[LVWH�QLQJXQD�IXHQWH�LQGHSHQGLHQWH�GH�
YROWDMH�\�R�FRUULHQWH��HQWRQFHV�

3DUD�����W������GH�ODV�¿JXUDV������\��������ȝ���W�� ����OD�IXHQWH�GH�
FRUULHQWH�VH�FRPSRUWD�FRPR�XQ�FLUFXLWR�DELHUWR�����ȝ��W�� ����OD�IXHQWH�GH�
YROWDMH�VH�FRPSRUWD�FRPR�XQ�FRUWRFLUFXLWR���ȝ�W���� ���$�\�HO�LQWHUUXSWRU�
HVWi�FHUUDGR��WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD�������HQ�HVWD�¿JXUD�VH�FRQ-
YLHUWH�OD�IXHQWH�UHDO�GH�FRUULHQWH���$�FRQ���ȍ��HQ�XQD�IXHQWH�UHDO�GH�YROWDMH�
���9�FRQ���ȍ���WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD������
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Figura 2.62

Figura 2.63

(Q�OD�¿JXUD�������VH�DSOLFD�GLYLVRU�GH�YROWDMH�

 
 

3DUD�W�!����GH�ODV�¿JXUDV������\��������ȝ���W�� ����OD�IXHQWH�GH�FR-
UULHQWH� VH�FRPSRUWD�FRPR�XQ�FLUFXLWR�DELHUWR�����ȝ��W�� ��� �OD� IXHQWH�GH�
YROWDMH�VH�FRPSRUWD�FRPR�XQ�FRUWRFLUFXLWR���ȝ�W���� ���$�\�HO�LQWHUUXSWRU�
HVWi�DELHUWR��WDO�FRPR�VH�PXHVWUD�HQ�OD�¿JXUD������
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(Q�OD�¿JXUD�������VH�DSOLFD�OD�/H\�GH�2KP�

 
 

&RQ�WRGRV�ORV�YDORUHV�REWHQLGRV�HQ�ORV�GLIHUHQWHV�LQWHUYDORV�GH�WLHP-
SR��VH�JUD¿FD�HO�YROWDMH�Yx�W��versus�WLHPSR��HO�PLVPR�TXH�VH�HQFXHQWUD�HQ�
OD�¿JXUD������

Figura 2.64




