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LMNJOKMF�PKJQRSHJNG�OT�UVJRKVR�MKW�XRVIKOFOYG�Z<U<U&�ZOHVO[&���'''�&�\DHHJM

EK�RKRSYRNJVMFFG�JHOFMNRW�HGHNR]�[MH�VOKHJWRSRW�JK�NIR�TOS]�OT�MK�RFMHNJV�SOW�TJ^RW�_RN[RRK�N[O�M_HOFDNRFG�HOFJW�HD``OSNH��E�]RVIMK3

JVH3_MHRW�RKRSYG�]OWRF�[MH�DHRW�NO�O_NMJK�NIR�QOFD]R�WJHNSJ_DNJOK�MKW�NJ]R�QMSJMNJOK�OT�NIR�RFMHNJV�MKW�aJKRNJV�RKRSYG�VO]`OKRKNH�TOS�NIR

]MJK� TOS]H�OT� FOKYJNDWJKMF&� NSMKHQRSHR&� MKW� NOSHJOKMF�QJ_SMNJOKH��XIRHR� VIMSMVNRSJHNJVH�[RSR� VMFVDFMNRW�_G� HD`RS`OHJNJOK�DHJKY�WRSJQRW

RbDMNJOKH�OT�]ONJOK�MKW�NRKHOS�VO]`OKRKNH��EKMFGHJH�OT�NIR�HNSDVNDSR�OT�aJKR]MNJV�JKQMSJMKNH�MHHOVJMNRW�[JNI�RKRSYG�GJRFWRW�RbDMNJOKH�TOS

VMFVDFMNJKY�RJYIN�NG`RH�OT�FOVMF�RKRSYG&�JKVFDWJKY�N[O�NG`RH�NIMN�WO�KON�MTTRVN�NIR�QOFD]R3JKNRYSMF�HNSMJK�RKRSYG�OT�NIR�_OWG��<N�[MH�HIO[K

NIMN�NIR�RKRSYG�HNMNR�MKW�NIR�JKNRSMVNJOK�OT�`MSNJVFRH�MSR�WRNRS]JKRW�_G�[MQR�RbDMNJOKH��cG�MKMFOYG�[JNI�TSRR�OHVJFFMNJOKH�JK�RFMHNJV�_OWJRH&

[IRK�NIR�YRO]RNSJV�HNSDVNDSR�VIMKYRH�[JNIODN�RKRSYG�JKTFO[�NISODYI�NIR�ODNRS�_ODKWMSJRH�OT�NIR�HGHNR]&�YRO]RNSJV�VIMKYRH�]MG�OVVDS�JK

]JVSOQOFD]RH&�[IJVI�MSR�]MKJTRHNRW�JK�NIR�RbDMNJOKH�OT�]ONJOK�MKW�OVVDS�WDR�NO�JKNRSKMF�HODSVRH�[JNIODN�RKRSYG�R^VIMKYR�[JNI�KRJYI_OS3

JKY�`MSNJVFRH��<N�[MH�HDYYRHNRW�NIMN�NIR�RKRSYG�`MSNH�MTTRVNJKY�NIR�QOFD]R�JKNRYSMF�`MSNH�RKHDSR�NIR�TDFTJFF]RKN�OT�NIR�VOKHRSQMNJOK�FM[�TOS�NIR

HGHNR]�MH�M�[IOFR&�[IJFR�NIR�ONIRS�N[O�MFFO[�NIR�TDFTJFF]RKN�OT�M�FOVMF�VOKHRSQMNJOK�FM[�JK�NIR�`MSNJVFR�QOFD]R�NMaJKY�JKNO�MVVODKN�NIR

WJTTRSRKNJMF�RbDMNJOKH�OT�]ONJOK��XIR�HIM`R�MKW�QOFD]R�OT�`MSNJVFRH�JK�NIR�FOKYJNDWJKMF�HRVNJOKH&�NISODYI�[IJVI�R^NRSKMF�FOMWH�MSR�M``FJRW

NO�R^VJNR�OHVJFFMNJOKH&�WO�KON�VIMKYRd�KO�RKRSYG�JH�H`RKN�TOS�̀ MSNJVFR�WRTOS]MNJOK��XIR�̀ RSJOW�MKW�TSRbDRKVG�OT�OHVJFFMNJOKH�[RSR�WRNRS]JKRW&

MKW�NIR�VOKHRSQMNJOK�FM[�[MH�TODKW�NO�_R�TDFTJFFRW�TOS�NIR�QOFD]R3JKNRYSMF�QMFDRH�OT�aJKRNJV�MKW�RFMHNJV�RKRSYG��<K�MWWJNJOK�NO�NIR�[RFF3

aKO[K�HOFDNJOKH�TOS�M_HOFDNRFG�SJYJW�MKW�WRTOS]M_FR�_OWJRH&�NIR�O_NMJKRW�SRHDFNH�VOKTJS]�NIR�QMFJWJNG�OT�DHJKY�NIR�RKRSYG�]OWRF�NO�HOFQR

QMSJODH�]RVIMKJVH�`SO_FR]H�

"#$%&'()8�RbDMNJOKH�OT�]ONJOK&�eMYSMKYR�QMSJM_FRH&�JKQMSJMKNH&�YRKRSMFJfRW�HVMFMS�TDKVNJOK&�RKRSYG�]OWRF&�TSRR�OHVJFFMNJOKH&�HD`RS`O3

HJNJOK&�HNSRHHRH&�HNSMJKH&�RFMHNJV�_OWJRH
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∂τ ∂τ   
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π πα  ∆ψ α = θ α + ×    
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α −πλ   α = α + π      
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α β =β ∆ψ− γ ∆ψ+
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α −πλ    = β + π ∆ψ − γ ∆ψ        
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α −πλ    = β + π ∆ψ + γ ∆ψ        
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π πα −πλ    = ∆ψ −ψ ζ ∆ψ+ γ ∆ψ ∆ψ − ∆ψ        
π πα −πλ    ∆ψ +ψ ζ ∆ψ − γ ∆ψ ∆ψ ∆ψ          
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