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_$X%E9F%GMZU³`d�k�G\d{E9X%^�k-|�O�^�~UFHGTZ=O�^=bKy+OJQ$Z�Y"NsO=^=L$~�GTIUb�~�FMIUY"~�[MIKb°EUGTX%^�k-Y"IULuI�d¶bKE9_;Z�XMO�NPZUl ¦ G\d�NPZ�XTIUY�k°d�NPy�O
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Ë6IURsN

λ
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t;vSr$W9E9¥%O=NCË6IURPN¿�
λ ≈ 750nm

��E-t$_;EBd�NPIUtuIz[M~VbUE9RsE9XMEBd�N'O=^�Z=XHd{E9L3Z=Y�rm�;b�XMhUGMFM^=Z��
λ ≈ 400nm

�e¬uE9RPZ}GTEBd�Z=Y�rm�
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Y"IUW9L$Z}G\k>O�^=L$Z�E�t;vSr$W9E9¥%O=NSIKOJQjY�L$NsZ�[%FM^}k-OJQ¨E-t

400nm
GTE�r$R�GTXTI�¬uE9RPZ}G���_$X%E9Y�NPZ=L3NPEBdeIKL$NPZ"XMZ=LgGMW9Z=L$EBd�F%b-NsZU�

_$X%E9Y"NsZ=L$NsEBdeIUL3NPZ+W9IUY"Y"I3��I�Ë6IKRPZ+E�t1vwr$W9EU¥MO=NPIUOJQ d�NPy�b-F%^�k-OJQ¨GME�_;E-t$O�^=Z=XHd�NPZ�£m��Y�NPb�X%EUË6IURPZ�E9XMIU^+Ë6IURsZ�XTI��
t$NsEzd�ZUleD tuIURPF%^=Z\[]O=^�y=¥MO�N�Y�k-¥%RPY�k�[%Z�t$LuIUb�E"¥%d�NPZ}GTRsZfd�Nst$^=NPIURPLgk-Yx�uOJQ$E>O�NSIUi�XMEU^�d{IUi�IUL3NSI�GTZ�Y"E9i�LuI"agk�d
^�IKFTIUt$^�NPZf_$X%^=Z=_3XMEBdeIKt$^=Ns|�t$RPI�NPL$Lgk-OJQ�t1vwr$W9EU¥MO=NmË6IKRmZ=RsZ=bgGTX%E9Y+IKW9L$Z�G\k-O�^=Lgk-OJQml

µ�E9^=I+auIUXHde~"¥%d�NSI�G�vwE"Y+I
[%Z=F%^=O=^�Z�NPL3Lu~�d{IUi=L$~+O=Z�OJQ$y��e_1E9RPIUX%k-^�IKO�[%yUl��@IURPIVZ�RPZ�b�GMXME9Y"IUW9L3Z�G\k-O=^�LuIf[%Z=FHG
Ë6IURP~)_;EU_$XM^�Z=O=^�Lu~3�gO�E�EU^=LuIUO�^�I3�gi�Ze_1E9RPZeZ�RPZ�b�GMX%k-O=^�L$Z�N3Y"IUW9L$Z}G\k-O=^=L3Z�t$XMWgIB[M~)dÊb�NPZ�XMr$L3bKIKOJQ�_3XME9FHGTE9_uIKt;vSk-OJQ
t$E�b�NsZ=XMr3L$b�rxX%E9^=OJQ3E>t$^�Z=L$NPI�FMNsy)Ë6IURsN�l��]E9^}deIKi=Y�k�Ë6IURPy�Z=RsZ=bgGTX%E9Y+IKW9L$Z�G\k-O�^=Lu~3�>bgGTh9XMI�_uIUtuI�_3XME9FHGTE9_uIKt$RPZ�LuI
b�IUX%GMbUyfbgGTh9XM~�d
v�IU¥%L$NPZ`O�^�k�GJIUO�NPZKl�µ�E9_$X%^=Z=O�^=L$EU¥M|�Ë6IKRPN1E9^=LuIKO=^�I>�ui=Zf_;EURSI�Z�RPZ=bgGMX%k-O=^�L$Z�NCY"IUW9L3Z�G\k-O=^�L$Zfa;y�tu~
d�Z=bgGTE9XMIUY�N�RsZ=i�~KO�k-Y"N�dÂ_;vwIUFM^�O=^}k>²�L$NPZ+bKIKX%GTb�NÄl�ÈjXMhBd�LuIU£/��I��-d{Z�RPRSI�d�k-L$NPb�I3��i�Z+b�NPZ�XMr$L3b-N¿t$X%WgIU£·_1E9RPI
Z=RsZ=bgGTXHk-O=^=L3Z=W9E�N�Y+IKW9L$Z�G\k-O�^=L$Z�W9E�FM~�t3E�F%NPZ=a3NPZ�_$X%E9F%GME9_uIUt;vSZUl"¾UZ=¥%RPN�_1E9RsZ�Z=RPZ�bgGTX%k-O�^=L$Z�t$XMW9I�dcb�NPZ=X%r$L$b�r
_$NsE9L$EBd�k-Y�GTE�_;E9RsZfY+IUWUL$Z�G\k-O=^�L$Z�t3XMWgI�d b�NPZ�XMr$L$b�r�_;E9^�NPE9Y�k>Yxl���Y�Ezd�L3NPZf_$XM^}k�[%Y�r�[%Z=Y�k9�1i=Z�b-NsZ=X%r$L$Z=b
_1E9RSIUXHk-^�IUO\[%N�¥%d�NSI�G�v�I�GTExb�NPZ=X%r$L$Z�b©t$X%WgIU£�_;EURSI�Z=RPZ�bgGTX%k-O�^=L$Z�W9E$l
	-d�NSIKG}vwExY+I�_1E9RSIUXHk-^�IUO\[%y�_3NPE9L$EBd{~�[%Z�¥MRPN
_1E9RPZ�Z�RPZ=bgGMX%k-O=^�L$Z]Ë6IKRPN3t3XMWgI`dÀb�NPZ�XMr$L3b-r�_$NsE9L$EBd�k-Y�l ¯ LuIURsE9W9NPO�^=L$NsZ{Y�hBd�NPY�kU�gi=Z�¥%d�NPIKG�vSE�Y"I
_1E9RSIUXHk-^�IUO\[%y
_1E9^=NsE9Y+~�[%Z=¥%RPNn_1E9RPZ�Z=RsZ=bgGTXHk>O�^=L$Z�t3XMWgI�dÂb-NsZ=X%r$L$b�r _;EU^=NPEUY�k-Y�l�	-d�NPIKG�vSE�Y�E9i=Z"agk>|+FM_1E9RSIUXHk-^=EBdeIKL$Z+d
t$EBd�E9RPLgk-Y b-NsZ=X%r$L$b�rÀL$_ml§_1E>tjb�~KGTZ�Y

45◦
t3E·_1E9^=NsE9Y�rm�¿deIUi�L$ZV[%Z�F%G"G\k>RsbUE®agkjb�NPZ�XMr$L$Z�b/_;E9RPIUX%k-^=IUO�[%N

RPZ�i�I-v�d _;v�IUF%^=O�^�k-²=L$NsZ�b�IUX%GMb-Ne�6_$X%E9F%GME9_uIUt3RPZ�t$E+b-NsZ=X%r$L$b�r�XME9^�OJQ$E>t3^=Z=L3NSI�FMNsy�Ë6IURsNw� l É Z=agkxd�k�G\d{E9X%^�k-|VGJIUb
FM_1E9RPIUX%k-^=EBd{IUL$Zx¥%d�NPIKG�vSE�d�k-FHGJIUX%O=^�kj_$X%^=Z�_$r$¥MO�NP|x¥%d�NPIKG�vSE�L3NPZ=F%_;EURSIUXHk>^�EBdeIUL3ZxL3_ml¨^�i=IUXMhBd�b�N���d�GTIUb�NPY
¥%d�NsZ�GMRPZ�[%Z=F%G+Y"L3h9F%G\d�E·Ë6IUR�E·^�r$_1Z�vwL3NPZx_$XM^}k>_$IUt$bUEBd�k-OJQ�_;E9RPIUX%k-^=IUO�[MIUOJQÊN]t3RSIKGMZ=W9E�d
v�IU¥%L$NPZ�LuIU^}k-d{IUY�k
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