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&DStWXOR �
3�� �,��× ���P/V 3�� �D�~D= 〈−�; − �; �〉 �E�~E= 〈−�; − �; �〉
�F� 9HUGDGHLUR �G�~F= 〈�; �; �〉 �H� 9HUGDGHLUR �I� )DOVR 3��

〈�,��; − �,�; ��,�〉 3�� 〈�,��; �,��; �,��〉 � 〈�,��; �,��; �,��〉
3�� ���,��P/V� 〈�,������; �,������; − �,������〉
3�� �D� 〈�× ��−��; − �× ��−��; �× ��−��〉 P �E� �,�× ��−��P
�F� 〈�,��; − �,��; �,��〉
3�� �D� 〈−�,�; − ��; �〉P �E� ��,��P
3�� �D� 〈−��× ����; − ��× ����; �〉P
�E� 〈��× ����; ��× ����; �〉P 3�� 〈[S − [H; \S − \H; ]S − ]H〉 �
〈[H − [S; \H − \S; ]H − ]S〉
3�� �D� 〈−�,��× ���; �,�× ���; − �× ���〉P/V
�E� �,��× ���P/V 3�� �D� 〈���; �; ���〉P �E� 〈�,��; �; �,��〉P/V
3�� �,� V� 〈�,��× ��� − �,��× ���; �,��× ���〉P
3�� �D� 〈�,�; − �,�; �〉P/V �E� 〈�; − �,�; �〉P/V �F� 2 LQWHUYDOR GH
WHPSR GH W= �,� V D �,� V �G� 〈�,���; − �,���; �〉P
3�� �D� 〈�; �× ���; − �× ���〉P/V �E� 〈�,��; �,��; − �,��〉P
3�� ���P 3�� �D� 〈��,�; ��,�; �〉P/V �E� 〈��,�; ��,�; �〉P
�F� ûW= �,� V HUD PXLWR JUDQGH� 3�� �,� NJ ÂP/V
3�� �,��× ��� NJ ÂP/V 3�� �,� NJ ÂP/V 3�� �D� 〈−�PY[; �; �〉
�E� � 3�� 〈�; �,�; �〉 NJ ÂP/V 3�� �� ��� NJ ÂP/V
3�� 〈��; ��.− ��〉P/V 3�� 〈�; �; − ��〉P
3�� �,�× ��−�� NJ ÂP/V 3�� �,�× ��−�� NJ ÂP/V 3�� ����

3�� �,��F

&DStWXOR �
3� 〈−����; �; �〉1 3�� 〈���; − ���; ���〉1
3�� �D� 〈�,���; − �,���; − �,���〉 NJ ÂP/V
�E� 〈�,���; − �,���; − �,���〉 NJ ÂP/V �F� 〈−�,���; − �,���; �〉1
3�� 〈��; ���; ��〉P/V 3�� �D� ��P/V �E� �,�� V �F� �,�× ��� 1
�G� �� �H�~YPHG=(~YL +~YI)/� HUD YiOLGD 3�� 'HSHQGH GH TXH

DSUR[LPDo}HV YRFr ID]�

3�� 〈�,��; �,��; �〉P, 〈�; �,��; �〉P/V�
〈�,�; �,��; �〉P, 〈�; �,��; �〉P/V� 〈�,��; �,��; �〉P, 〈�; �,��; �〉P/V
3�� 〈−�,��; �; �,��〉P
3�� �D� � P/V �E� �� P 3�� �D� ��� NP �E� ���� NP/K �F� ����
NP/K 3�� �D� QHQKXP �E� � �F� � �G� � �H� QHQKXP �I� QHQKXP �J� �

�K� � �L� � 3�� �D� � �E� � �F� � 3�� VXSRQGR TXH R SRWH GH IORUHV

FDLX D SDUWLU GR UHSRVR� HOH HVWDYD LQLFLDOPHQWH ���P DFLPD GD MDQHOD

3�� �D� 〈−��; ��,�; − �〉P/V �E� DULWPpWLFD
�F� 〈−��; ��,�; − �〉P/V �G� 〈�,�; �,�; − �〉P �H� �
�I� �= ��P/V+ (−�,�1/NJ)ûW �J� �,�� V �K� ��P
3�� �D� ûW=

√

�K/J �E� YI\=−J
√

�K/J 3�� �D� � �E� ��� �F� ���

3�� �� FP 3�� 〈�; �,����; �〉P 3�� (P W= �,�� V� V= �,����P
H /= �,����P� (P W= �,�� V� V= �,����P H /= �,����P 3��

�D� ûW≈ �,��× ��−�� V �E� �� FP

&DStWXOR �
3�� ���� 3�� �D� 〈�,�× ���; �; − �,�× ���〉P �E� �,�× ���P
�F� 〈�,�; �; − �,�〉 �G� 〈−�,��× ����; �; �,��× ����〉1
3�� ����×���� 1 3�� �D� �× ���� 1 �E� �× ���� 1
3�� �D� 〈−�× ����; �× ����; �〉P �E� �,�× ����P
�F� 〈−�,��; �,��; �〉 �G� �,�× ���� 1 �H� �,�× ���� 1
�I� 〈−�,�× ����; �,�× ����; �〉1
�J� 〈�,�× ����; − �,�× ����; �〉1 3�� FHUFD GH �×��−� 1 H
FHUFD GH �� 1 3�� ���×��� P 3�� PJ

3�� �D� 〈�,��× ��−�; − �,��× ��−�; − �,��× ��−�〉1
�E� 〈�,�× ��−�; − �,��× ��−�; − �,��× ��−�〉 NJ ÂP/V
3�� �D� 〈�,��× ���; �,���× ���; �〉P/V �E� 〈�����×�����
����×����� �〉 P �F� )RUoD H YHORFLGDGH QmR VmR FRQVWDQWHV� ORJR XP
JUDQGH SDVVR GH WHPSR LUi JHUDU UHVXOWDGRV LPSUHFLVRV� 3�� �E�

FHUFD GH � NJ ÂP/V �F� FHUFD GH ��� P 3�� 3DUD D GLUHLWD 3�� F

3�� �D� 〈−�,�; �,�; �〉P �E� �,��P �F� 〈−�,���; �,���; �〉
�G� �,��× ��−�� 1 �H� 〈�,��× ��−��; − �,��× ��−��; �〉1
�I� �,��× ��−� 1 �J� 〈−�,��× ��−�; �,��× ��−�; �〉1
�K� ����×��� �L� ����×��� 3�� �,�× ��−� 1� �,�× ��−�� 1� LUmR
VH UHSHOLU 3�� �D� 〈�,�; − �,�; �,�〉 NJ ÂP/V �E� 〈�; − �,��; �〉1
�F� 〈�,�; − �,�; �,�〉 NJ ÂP/V 3�� �,�× ���P� QR LQWHULRU GD 7HUUD
3�� �D� 〈�,���; �,�; �〉 NJ ÂP/V �E� 〈�,��; �,��; �〉P/V
3�� 〈−�; ��; �〉 NJ ÂP/V 3�� �D� 〈�; �,��; − �,��〉 NJ ÂP/V
�E� 〈�; �,��; − �,��〉 NJ ÂP/V �F� 〈�; �,�; − �〉P/V 3�� �D� P |~Y|
�E�

∣

∣

∣

~)
∣

∣

∣
�F� P |~Y| �G� |~YPRVTXLWR| ≈ (0/P) |~YFDUUR|

3�� �D� 〈��; �; �〉 NJ ÂP/V �E� DSUR[LPDGDPHQWH ]HUR
�F� 〈��; �; �〉 NJ ÂP/V �G� 〈�; − �; �〉 NJ ÂP/V
3�� 〈����; − ����; ����〉P/V 3�� 〈��,�; − �,�; �〉P/V
3�� YI[= [P(Y�[− Y�[) +0Y] /0� YI\= [P(Y�\− Y�\)] /0
3�� −(P/0) 〈Y FRV �; Y VHQ �; �〉
3�� FHUFD GH �× ��−��P/V

&DStWXOR �
3�� �,�× ��� NJ/P� 3�� �D� ����×��−�� NJ�iWRPR �E� ����×���
iWRPRV �F� �,��� NJ 3�� �,��× ��� 1/P
3�� ���1/P 3�� ����1/P 3�� ��1/P 3�� ��1/P
3�� �D� �,��× ��−��P� �E� �,�× ��−�P� �F� �,�× ��−�P�
3�� ���� PP 3�� ���×���� 1�P�
3�� �D� −)/(P� + P� + P�) �E� −P�)/(P� + P� + P�)�
−(P� + P�))/(P� + P� + P�) �F� 〈−P�)/(P� + P� + P�); �; �〉
3�� � 1 3�� 〈��,�; �; �〉 P� 〈�,��; �; �〉 P/V 3�� GHSHQGH GH

VHXV GDGRV 3�� �0J

3��−�,��� P 3�� ��� V 3�� ��� V 3�� �D� ���� P/V �E� ��P/V�

3�� �D� GS/GW=−PJ VHQ (V//) �E� G�V/GW� + (J//)V= �
�F� ��

√

(//J) 3�� ���� P/V
3�� FHUFD GH �×���� PROpFXODV 3�� ���� P� ���� P

5��
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&DStWXOR �
3� �D� ~� �E� � �F� −���1 �G� ���1 �H� ���,�1 �I� ���,�1
�J� −���,�1 3� �D� ~� �E� ~� �F� FRUGD� FKmR �G� ���,�1
�H� −���,�1 �I� 7HUUD� FKmR� FRUGD �J� ���,�1 �K� ���1 �L� ���1
3�� �D� ����1� ����1� ����1 �E� �,���� �,���� �,��� 3��

�D� ���� 1� ���� 1 �E� ��� 1� ��� 1 3�� �D� �,��P/V� �E� ��,�1
3�� ���� P/V� WDQJHQFLDO 3�� �D� ��,�× ���� 1�Ŝ
�E� �,��× ���� NJ ÂP/V 3�� 〈−�,��× ����; �,��× ����; �〉1�
〈�,��× ����; �,��× ����; �〉1 3�� �D� ���� P/V �E� WDQJHQWH j
WUDMHWyULD �F� SDUD GHQWUR� HP GLUHomR DR FHQWUR 3�� �D� G �E� E

�F� �,��× ��−�� 1 3��~�� ����� P/V� ���� NJ ÂP/V� ����� 1 3��

���� P/V� ���� 1 3�� ���� 1 3�� �D� D �E� ~� �F� ��� 1 �G� +[
�H� 〈���; �; �〉 1 �I� 〈���; ���; �〉 1 3��

√
5J

3�� �D� ��� NJ ÂP�V�V �E� ���� 1 �F� ��� 1 �G� 〈�; ����; �〉 1
�H� �,�× ��� 1/P 3�� �,��× ���� NJ 3�� ���� P/V
3�� �D� ���� P/V �E� D GLUHomR PXGD �F� D PROD H[HUFH XPD IRUoD
�G� ��� 1 �H� ���� NJ 3��

√

���P5/(NV(5− /))
3�� �,�× ��� P/V 3�� �D� 〈�; ���; �〉 NJ ÂP/V�
�E� 〈�;−���; �〉 1 �F� 〈�; ���; �〉 1 �G� 〈�;−���; �〉 NJ ÂP/V�
�H� 〈�;−���; �〉 1 �I� 〈�; ���; �〉 1 �J� PDLV SHVDGR �K� PDLV OHYH
3�� ���� P/V� ���� V 3�� �D� �,��× ��� P �E� ���� V �F� �� PLQ

= ��� KU �G� �,�× ��� P/V �H� ���� V = ��� KU
3�� �D� �,��× ��� P/V��,���F� �E� VLP �F� �,��× ���� NJ
�G� ��� PLOK}HV GH PDVVDV VRODUHV

&DStWXOR �
3� � 3�� �,��������F� �,�× ��−�� - 3�� �D� �,��× ��−�� -
�E� QR �F� �,��× ��−�� - �G� & 3�� ���� - 3�� �

3�� ��� - 3�� ��� - 3�� 〈�;−�,�; �〉1� ��� -
3�� −��� - 3�� �,�× ��−�� -
3�� �� - 3�� �,��× ��−� -� �,��× ��−�� -� �,��× ��−� -�
�,��× ��−� -� �,��× ��−�� -� �,��× ��−� -
3�� ���� P/V 3�� ��� P/V 3�� ���� P/V 3�� �× ��−�� 1
3�� D� E� H� I� ���� 3�� ��� 0H9

3�� �D� �,������× ��−� - �E� �,������× ��−� - �F� GLPLQXLX
�G� ���� 0H9 3�� �E� �,���× ��−�� - �F� �,�× ��−�� -
�G� �= �,��� 3�� ���� P/V 3�� −���� - 3�� ��� P/V
3�� �D� ��� - �E� ��� P/V 3�� ��� P 3�� �D� ���� P/V �E� ����
P/V 3�� ���� P/V 3�� �,��× ���P/V 3�� �,��F
3�� PJ5/�� PHWDGH 3�� �D� PJ/(�− FRV �) �F� −PJ VHQ �
�G�

√
�J/ 3�� �E�

√

�− P�/0�F� DOWD UDSLGH] �F� �,��F
�G� �,�× ��−��P 3�� �D� 〈�; ��; �〉 P�E� 〈�; − ���; �〉 1
�F� −�,��× ��� - �G� � �H� −�,��× ��� - �I� � �J� −�,��× ��� -
�K� � �L� −�,��× ��� - �M� −�,��× ��� -
�N� DOO WKH VDPH 3�� �D� �,��× ���P/V �E� �,��× ��−��P
�F� �,��× ��−��P� ODFXQD PHGH VRPHQWH �× ��−��P
�G� �,�× ���� -

&DStWXOR �
3�� ��� P/V 3�� �D� 0J/NV� − �

�
(0J)�/NV �E� −�0J/NV

�F�
√

NVV�/0− �J(/− V) 3�� ���� P 3�� ������ P

3�� �D� −�,� H9 �E� ��� H9 �F� �D/U� 3�� ��,�◦& 3�� −��� -
|��| �D� ��,�◦& �E� WUDQVIHUrQFLD GH HQHUJLD HQWUH VLVWHPD H HQWRUQR p
GHVSUH]tYHO� FDSDFLGDGHV WpUPLFDV LQGHSHQGHQWHV GD WHPSHUDWXUD

�F� �,��× ��� - 3�� ��� -� ���� NJ�V 3�� �: 3�� �D� � - �E� �

- �F� � P/V �G� ��� V �H� � �I� −� - �J� �� P/V �K� �� P/V �L� ��� -
�M� ��� - �N� �� - �O� ��� P �P� �� - �Q� � P �R� �� - �S� −� - 3��

���� P� PXLWR JUDQGH 3�� �D� ��� 1 �E� ��� 1 3�� �D� LJXDO j GD

PmR �E� SHTXHQD �F� JUDQGH �G� UHGX]LGD

&DStWXOR �
3� ���� H9 3�� ���� iWRPRV 3�� ��� H9 3�� �D� HVWDGRV

H[FLWDGRV GH ���� H9 H ���� H9 DFLPD GR HVWDGR IXQGDPHQWDO�

HVWDGRV H[FLWDGRV GH ���� H9 H ���� H9 DFLPD GR HVWDGR IXQGDPHQWDO

�E� %RPEDUGHDU FRP HOpWURQV FXMD HQHUJLD FLQpWLFD VHMD PDLRU TXH

���� H9 H PHQRU TXH ���� H9� H REVHUYDU VH Ki XPD OLQKD HVFXUD�

3�� �D� ��� H9� ��� H9� ��� H9� ��� H9� ��� H9� ��� H9 �QRWH TXH Ki

GXDV WUDQVLo}HV GH ��� H9� �E� ��� H9� ��� H9� ��� H9 3�� ��� �� ��

�� � H � H9� �� � H �� H9 3�� �D� � H9� ��� H9� ��� H9� ��� H9� ���

H9� ��� H9 �E� ��� H9� ��� H9� ��� H9 3�� �D� XP SRVVtYHO

HVTXHPDR� HVWDGR IXQGDPHQWDO H ��� H9� ��� H9 H ��� H9 DFLPD GR

HVWDGR IXQGDPHQWDO �E� QmR �F� ��� H9� ��� H9� ��� H9 3��

�D� ����� H9 �E� �,�× ��−�� NJ �F� ����� H9� ����� H9� ����� H9
3�� �D� ����� H9 �E� ��� H9 �F� ��� �G� ���� DQG ����� H9

&DStWXOR �
3� �,�× ��� P GR FHQWUR GD 7HUUD 3�� 〈//�; //�; �〉 GR FDQWR
LQIHULRU HVTXHUGR� 〈−�//�; //�; �〉 GR FDQWR LQIHULRU GLUHLWR 3��

�,�× ��� - 3�� �D� 〈��; ��; �〉 NJ ÂP/V �E� 〈�,���; ��,���; �〉P/V
�F� ��� - �G� ���,��� - �H� ���,��� - �I� ��,��� - H ���,��� -� TXH
WRWDOL]DP ���,��� - 3�� �D� FHQWUR GH PDVVD PRYH�VH FRP

YHORFLGDGH FRQVWDQWH �E� RV FHQWURV GDV GXDV yUELWDV FRLQFLGHP FRP

R FHQWUR GH PDVVD� 0� GHYH VHU PDLRU TXH0� �F� �,�× ���� NJ H
�× ���� NJ 3�� ���� - 3�� ��� - 3�� ���� UDG/V
3�� �D� �,��× ��� P/V �E� �,���× ���� - �F� �,��× ��−� UDG/V
�G� �,��× ���� - �H� �,��× ���� - 3�� �D� ����� - �E� ���� P/V
�F� ����� - �G� ��� UDG/V 3�� �D� ���� P/V �E� ��� - �F� �� - 3��

UHVXOWDGRV WtSLFRV VmR ���� 1� −��� - H ��� V 3�� �D�
√

JK+ Y�L

�E�
(

(0+ P)JK+ (0+ �
�
P)Y�L )/(0+ �

�
P)

)
�
�

3�� �D�
√

)E/0 �E� )(G− E) 3�� �D�
(

�)Z/0+ Y�L
)
�
�

�E�
(

(�)G)/(�PU�) + &�L
)
�
� 3�� �D� ���� - �E� ���� -

3��
√

�0J(\− \�)/,+ &�L 3�� �D�
√

�)G/(0+ �P)

�E�
(

)Z/(�PE� + �
�
05�)

)
�
� 3�� �D�

√

�)G/(0+ �P)

�E� )V− �
�

(

05� + P/�
)

&�

&DStWXOR ��
3�� Y�,I= Y�,L(P� − P�)/(P� + P�)� Y�,I= �P�Y�,L/(P� + P�) 3��

�D� 〈���;−���; ���〉P/V �E� �,�× ��� - �F� �
3�� �D� 〈����;−����;−����〉 NJ ÂP/V �E� �,��× ��� - �F� �
�G� �,��× ��� - �H� �,��× ��� - �I� �,�× ��� - �J� � 3�� �D� FDUUR

+ FDPLQKmR� 3ULQFtSLR GR 0RPHQWR �E� � �F� �,��× ��� -
�G� LQHOiVWLFD 3�� �D� 〈−�,��× ��−��; �; �〉 NJ ÂP/V
�E� 〈�,��× ��−��; �; �〉 NJ ÂP/V �F� ���� 0H9 �G� ���� 0H9
�H� �,��× ��−��P 3��

∣

∣~S
Q

∣

∣= |~S�− |� (Q + (�− = ����0H9�

(�Q − (SQF)
�=(���0H9)�� (�− − (S�−F)

�=(���0H9)�

3�� �D� �,�F �E� �,�� P 3�� �D� � P/V �E� �,�× ��−� H9�
GHVSUH]tYHO IUHQWH D ���� H9 3�� ��� 0H9� �× ��� P/V 3��

�UHVSRVWDV SDUD DV FRPSRQHQWHV [� �D� PY�/(P+0)
�E� 0Y�/(P+0)� −PY�/(P+0) �F� 2V PRPHQWRV WrP PHVPD
PDJQLWXGH DQWHV GD FROLVmR� H DSyV D FROLVmR HOHV WDPEpP WrP PHVPD

PDJQLWXGH� SDUD TXH R PRPHQWR WRWDO SHUPDQHoD QXOR� 6H XPD

PDJQLWXGH PXGDVVH� LPSOLFDULD XPD PXGDQoD GH HQHUJLD� YLRODQGR R

3ULQFtSLR GD (QHUJLD� �G� −(0− P)Y/(0+ P)� �PY/(0+ P)


