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��Q� �WRwt� ltm �Dm u�QW�v ���tvQvy Gw� xm �� �xyO p��w� QO
u�Rwt�Vv�O ��Q� u�Dt w u� Rw ���Dm uDi�� �Ow� u��wHWv�O w u�Rwt�Vv�O
Q�m OvOW�t pt�W �Q xat�H pm R� �mOv� QWk xm R�Dtt u��wHWv�O w
C�v w OYk u�ty �� C�Q�WDv� u�� �Ow� umttQ�e OL QO w Q�wWO Q��U�
C�r�ai CyH u� QO w xOQm ���U�vW �Q 	�Dm Q�R�� 
qN xm O�OQo T�U
�D
�YYND �Dm �tra ��yO��Btr� �r�w�O u�Rwt�Vv�O ��Q� �OD�� QO �Ovm
�CiQo Q�Qk u�Rwt�Vv�O lOv� u� p��kDU� OQwt xm OQm QWDvt w u� wOD
�y�oWv�OV�B w u�DUQ��O VwyR�D w R�Dtt u�Rwt�Vv�O ��Q� xt�O� QO
��O�OW xm Owtv QWDvt Q�R�� QO OwHwt �Dm R� R��tDt �WRwt� ltm �Dm
u�� Q�WDv� xm OQm xHwD O��� �CiQo Q�Qk xat�H R� QWk u� p��kDU� OQwt
xiQYx� uwQkt �r�t Q�v R� u�W� Q�t� �xat�H uOw� u���B Q��N x� �Dm
Cty O�Qi� u�� ��Q� �Dm QWv R� u� QW�v �xOta p�rO u�ty x� �OW���tv
CU� C�y��t �x��t C�Q�WDv� u�� CU��U x� xHwD �� �t� Ovvm�tv �v�OvJ
�xLwrQU OvW�� p�rk xJQo � R�Dtt O�Qi� x� CtON �O�t OwU R� Q�vhQY

�OQ�o Q�Qk �yC�r�ai
�Hwt �U�vWxQ�DU w swHv OQwt QO ��Dm xrUrU QWv �DU�Q u�ty QO
w C�Q�v CU� Ovt���kD �t�Qo u�oOvv�wN swta R� �Ow� Oy�wN Q�NDi�
�xO�iDU� ut� �D OvQ�Po� u��t QO C�Q�WDv� u�� �� �Q OwN C�O�yvW�B
u�DQ�N ��aO R� �Q �t �s�W�� sQorO u�tD�r�ai �xt�O� QO ��yu� R� xv�y�
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�OQ�O xyO wO x� l�ORv ��xk��U sOQt u��t QO �QwD�t� swHv w swHv Qw�L
jQw �Q hrDNt ��yu�oQ� QO u�tHvt p�ai Qw�L M� Q�D C�LiY s�y�wN� Qo �
�wQW R� xm s�wW�t xH�wt �QyBU QO �Q�U� ��w�O�Q xt�vQ� �� CUNv 	s�vR�
p�U hwQat hwUm R� Oa� �D w OQm Q�m x� R�e� w�O�Q QO �O�WQwN O�Diy xyO
QO swHv xOQDUo Qw�L R�e� Q� �awQW xm �Q xt�vQ� u�� �Ci�� xt�O� R�v 
��
�R�U�twta QO pt�wa u� QDQ�PoQ�F��D R� �m� u�wD�t C��QH x� Ow� �t�U w �OY

�OQm O�Otrk swHv �v�tU� Vv�O
u�ty �DL w Ow�v xawtHtQ� R ��yxv�UQ Qo�O w CvQDv�� R� �Q�N O�Diy �xyO QO
R��v �t�tD Ow� Qw�Ht xm OW�t �r�v�m xU 	wO x� OwOLt sy u�tOwN uw� R�wrD
X�YDN� ��Q� ���H Qo�O w Ovm hQ�Q� �Hm� �Q xat�H �v�UQ�q�� w �Q�N
�y��Wt C�a�w sy C�Q�WDv� xv�tR QO �Ov�t�tv �k�� �tra X�N ��yxt�vQ�
	�m�t�v�O swHv 	xO�U u�� R x� swHv Ovv�t ��Dm OvJ RH x� w Ow� �tQitmL
u�w�Qi V�a u�WQ�WDv� �� ��xQwO QO xm 	xQ�e w �yu�Wmym w u�oQ�DU Q�DN�U
V��Ri� �� xRwQt� �t� �OQwN�tv sWJ x� �Qo�O ���vt OvOW woNU�B �Q u����Nt
x� R��v �D xOW Ea�� CvQDv�� pFt �a��vt x� u�v� �UQDUO w u����Nt O�OaD
CLY QO u�y�m R� �t C�aq�� QO �mOv� C�Q��eD �� xm sHUvt w s�vt ���Dm
�HQ�N ��y��Dm Ovv�t u� �v�UQRwQx� C�r��k �� OwW OQ�w �QDtm prN V�r��t

�OUQ� Q�v x� �QwQ� 	OW�� xDW�O OwHw swU w swO ��yA�J QO
w �vw� R�wrD p�v�m u�OvJ Oy�W RwQt� xm ���H �D 	O�yv Ow�y� x� wQ smsm OvwQ u��
�Y�N xHwD 	�tra w xDN�yQi u�Q�Ot C� Q�Ot �� xv�DN�WwN xm s�DUy ��w�O�Q
xt�vQ� VNB �� xm CU�yp�U w Ov�xDW�O pwP�t u�Q�� �twHv �xat�H x� �Q
u�owJ� ��yxt�vQ� ��Q�N� w �t�U � w � ��yxm�W QO ��W u�tU�� �vw� R�wrD
����kD u�QyD w�O�Q R� �swHv Gwt �wQ� w �vW� ��OY �v�yH w�O�Q R� �lri
swHv �R�U�twta ��Q� �y�o��H w C��F �vw�� QD uDW�O x� �Q �twHv �xat�H
CvQDv�� sy RwQt� 	OQ�O Q�Qk �Qo�O x�o��H QO u�Q�� swHv RwQt� �t� �Ov�xOw� woNU�B
QO xm u�Dq �twHv ��y��Dm w C�aw��t s��a �x�O�Qo sy xQ�wy�t sy CUy

�OvwW�t Ci�� sy �twHvQ�e ��Q�N� w �twHv ��yx�oWwQi QFm �
QO �OYQ �vDiQ�PB C�aq�� O�rwD x� l�ORv ��xrLQt QO u�Q�� swHv RwQt�
xO�UQ C� wQ QO sy �vwoQoO u�� ��yxv�Wv u�rw� 	OQ�O Q�Qk prtr�u�� �xYQa
Ovtxkqa 	OvOt� �O�� R O�Qi� �QwD�t� swHv x�Dwm xJN� Q�D R� ��xQwO QO �CU�

�� � � RwQt� w OvOW xQyJ 	OvOQm C�r�ai 	OvOW
u�tU� Qo�O xm wQu�� R� xv �OvOQm ��i�L�ON swHv �� u�v� R� �t��a p�N RwQt�
�U�vt C�v�mt� xm �O�Qi� s��xOw� Oy�W �yQ�� �OwW�t Qot �OvQ�Ov CUwO �Q
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xYLvt x� �xOW x�ov u� x� QD�YYND Q�N� ��yp�U QO xm � pqy sy �OYQ
��yxt�vQ� R� �m� QO AwmUrD CWB R� xO�U x�ov l� �� �yvD OvQ�Ov Qwy�
O�Qi� u�� �OvwW�t �twHv ��y��Dm w CqHt XQk �B w QB �QDWt 	�OYQ
OvJ �Q Q��H ���LU Qo�O� xm ��� u�� R� xmr� u�tU� R� �oDUN ��� R� xv
�tm xrtH u�� O��W �Ov�xOQm ��i�L�ON �twHv �xat�H �� ��O�O u�wD�t Q��
�t �CU� xDiyv C�O�kDv� R� �t��a p�N u� CWB QO �t� OUQ� Q�v x� �L�U
�twHv 	u�tU� x� jWa �wQ R� ���a� xm s� Q�O �O�� R u�wH u�tHvt xRwQt�
swHv �xYQa QO sOk �tra C�r�ai s�Hv� x� x�ov �� R�v �ywQo w Ov�xOW
�OvQ�Po�t w xDW�Po QD�YYND ��yC�r�ai x�o w swHv O��Btr� 	�D��U�Lt
xOQ QO w ��vO ��yQwWm Q��U QO Qot �t� CU� XNWt xm u�kW�a CWwvQU
VqD w �ON h�r x� �s� Q�Ov RwQt� �t xm OvQ�O �QDxDiQW�B Q�R�� xJ �QwD�t�
l� x�yD ��Q� u�QoOYQ Qo�O RwQt� �twHv C�R�yHD x�yD QO u�DUwO R� ��xOa
p�wLD �Q ��xDU� �JDUB �wQ �D OvRwO�tv QO x� sWJ �yx�t xO�U �tWJ
��Hm Qy QO RwQt� �OW�� xOW Ow��v ���a� w �w�at VD��wDLt O��W �D OyO�
p�L �OQ�o�t Q�Qk u�tQ��DN� QO R��vOQwt Q�R�� Ca�U �� hQ� s�W�� xm u�Q��
QO w u�tU� j�ta� s�QH� R� �U�ma w OYQ hQY 	ki C�v�mt� xty u�� �QJ
u�ty �� xm CU� u�� xv Qot �OwW�t s�Hv� OYQ CaQU uOQm CUD 	��QW �k��
��yC�r�ai s�Hv� ��Q� �Q �ys�o u�DUNv s�v�wD�t u�txO�U p�D�H�O u�� QwO
�UQQ� �� �wQm ��yxWwN ��yxQ�DUl�miD 	�HvUh�� Q��v �WywSB � �tra
�� s�v�wD�t xm CU� ���yQ�m u� QD�rwtat �ysOk u�� �s� Q�OQ�� � � w �yQDN�wvQ��

�s�yO s�Hv� OQ�O Q�Qk u�tQ��DN� QO xm �Q�R�� u�ty
u�t�oW�B C�tLR �� I�y 	�QwD�t� swHv xm sUQ� xH�Dv u�� x� �D sDiov �Q �yu��
s�Hv� RwQt� x� �D xJv� xm �Q� R s� Q�� p� �wU Q� R �Q RwQt� x� �D u�Q�� swHv
Qo � �s�wo� sy�wN�t �CU� xOw� u�WOwN �v�tR xwO QO �yQ�m u� QDy� xOW
VwQ u�� x� O��W w Ovvm �U�ma Ovv���t xJv� R� OvQ�O CUwO u�tU� u�kW�a
hkwDt �Hv�� QO Q�m �t� 	OvQ�Po� V��tv ZQat x� �Q OwN �twHv ��y���v�wD
QO OQ�O Q��DN� QO xm �D�v�mt� u�ty �� Ov�wD�t u�Q�� u�wH �twHv xat�H �OwWv
xDUy� 	xDUy� Ov�wD�t sqm l� QO w Ovm CmQW �rrtr�u�� �OYQ ��yxSwQB

�OQ�OQ� s�o �tra ��wDLt O�rwD CtU x�
�
��� p�Ut� R���B p��w� R� xm s�OvUQN Q��U� OW xDio xJv� x� xHwD ��
w u� QDy� �Q�mty �� w h�r��D QO CkO QFm �OL �� �twHv ��y��Dm xawtHt
x� xm s��xOQm sQDLt u�ywSBVv�O x� s�OkD xO�t� QwWm swHv O�D�U� u� QDQ�Dat



O�DU� w CUwO �Q�mty �� w u�wNWwN C�Q�WDv� QO �yv� hrDNt u� w�va QwQt
�xN�W l� u�wvaCLD w C�Q�WDv� sQDLt Q�Ot xO�R�H�L ��k� ��vH OvtHQ�
�O�UQ Oy�wN stHvt u�DUwO CUO x� �D�Q�WDv� xwQo u�� ��yC�r�ai QO O�OH
x��DW� xvwo Qy R� �Q�a �Q Q��L ��y��Dm xm CU�v �vat u�O� u�� xD�r�
C�P XDNt ��N R� uOw� �Q�a w xOw� ��Nr�R��H xD�Pr�i u�Uv� xm s�v�O�t
uwvm � sy xm �t�Qo u�ywSBVv�O �tW �xty R� u��Q��v� �CU� �r�aDjL TOkt
�Q OwN �r�tDL� CqmWt xm svm�t ���kD O�DUy ��Dm u�� R� xO�iDU� �xO�t�

�O�WN�� �t Q� w O� Q�Po� u��t QO C�Q�WDv� �DUB TQO� ��
Q� xwqa Q�N� �Dm h�r��D R� hOy xm sv�O�t �QwQ� �Q xDmv u�� QmP u���B QO
Ovtxkqa u�Rwt�Vv�O ��Q� R��vOQwt �r��t T� QOD w s�N l �QwN uOQw� sy�Qi
��yxwQo �tra ��ve� ��Q� �U�vt �QDU� O�H�� 	swHv O��Btr� QO CmQW x�
��xQwO �wQW ��DU�Q QO OW xDio xm Qw�u�ty w CU� xOw� R�v u�tHvt w �twHv
xDUH ��yCmQL� syO�t u� x� �Q u�Q�� QO �QwD�t� swHv u�wv QYa s�v ut xm
xHwD �� �t� Ow� xOW s�Hv� u�� R� V�B w �DU�Q u�ty QO R�v �Qo�O xDN� Qo w
	Ow� Oy�wN ��q� QYa u�� R�e� QO s�o u� QDsyt ���vt uOQm sy�Qi xmu�� x�
	�OW�� xQwO u�� �tUQ R�e� ��Q� ��wN pw�QkV�B CmQL u�� xm sQ�wO�t�
�wQW ��Q� O�it �t�Ok� CmQL u�� xm s� Q�O u� O�t� w OwW�t xtHQD w xO�t�
hQ� w u�tR QwQt x� �D OW�� j��U xQwO ���L� w �QwD�t� swHv u�wv xQwO
w s�W�� xH�wt sra u�� u�oOvywSB ��Q� �QDtm CqmWt �� xOv�� p�U xU 	wO
�a�iQ x�o��H x� w OQ�o pmW �QwD�t� swHv QO ��wrH x� wQ w �tra CmQL

�s�OQoQ� CU� xDW�O u�DU�� swHv ���vO QO u�tR� Ra u�Q�� xm
�k�� u�vJty C��mL QDiO u�� Ot� u���B x�

�k�DWt p�Lr��UL Cio O��Wv QDiO OY x�
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Ov�xDUw�B u�oQ�DU x� xm ur� w QOB ��Q�

��y�oO�J�B KQW x� �D sOQm R�e� �Q �QiU w xDiQo CUO x� srk �Qo�O Q��
�yu� u��t QO xm �t�QH� Q��U w �yu�Wmym �u�oQ�DU R�Q w RtQ QB w ��� R
OwHw u� QO �Q��U� ��ysN w I�B w �yx�Q xm �QiU �sR�OQB� �OQ�O Q�Qk
�O��t xm sv�QPo� �v�Qov u�� �� �Q �O�tDt ��yCa�U OW Ea�� w CW�O
xm ���Qi� ��woxYqN �� �X�N �w�wt l� �U� w KQW x� OL R� V��
p�L Qy x� �OwW s��yxDWwv R� �Qo�O ��H QO �r�t uOW swyit�v Ea��
xOW xO�yv u�tR Q� �ut VwO R� u�ovU Q�� u�� w Ot� Q�R�� x� 	�Dm ��D��yv
�OW�� xDiQo Q�Qk �tW Q��DN� QO 	�Dm ���yv xNUv uwvm �sy �D OW Ea�� w
R� xm s�xOw� Tv�W VwN �i�m �xR�Ov� x� 	�Dm u�� VQ�ov pw� s�tD QO
T�vWQDN� l� s�kt QO xm �Um �sW�� Q�OQwNQ� �swr� �Qy �sQW�v C��tL
w Ov�xDi�� �OH ��xDi�D �U�vWQDN� u�ir 
wt xm Ov�O�t ��wN x� ��xiQL
CUwO R� O��� u�vJty �Owtv OQwNQ� �yu� �� �Q��OQ� w Ci�qt �� O���
Cki�wt xm �s��tv QmWD R�v �Qov� QBU� u�Q�mty R� �uwDU�w u�H �sR� Ra
R� �OwN u�W�� �Owtv sqa� 	�Dm �xO�mJ u�rw� uOv�wN R� TB �Q OwN
	�Dm l� QO O��� ��r��t xJ Ov�O�t ��k�kO w CU� QwD�t� u�U�vWQDN�
�OOQo hPL u� R� O��� ���yR�J xJ �xty R� QDsyt O��W w OwW xOv�Hvo
u�YYNDt u� QDnQR� R� uD OvJ Q�Lt QO xm CU� ut �r��k� VwN R�
�CU� ut C�y��t �x��t u�v� �� ���vW� sy Rwvy w s�xOQm PtrD u�yH
QO xJ QDQ� �v�U�vWQDN� �yvD xv O�Qi� u�� xm s�wo� O��� �vDwQi p�tm QO
R�v xO�ar�jQ�N �v�Q�oRwt� xmr� OvDUy ��xOy�Wt xJ w �Q�v �xRwL
CQ��Q �uwUrwm�v u��� �p�m lt ur� �u�J�mT� Qm uwJty �O�Qi� �OvDUy

�Ov�xOw� ut O�D�U� u� QDy� �yu� �VQ�twr swLQt w CUQ�i
T�rov�� l��t QDmO
���� ��m� Qt� �Ovr�� nvq

Q�DioW�B

hrwt



u� QO xm �v�yH w �yu�Wmym 	u�oQ�DU sra � l� R�iQDN� 	�O�a O�Qi� QFm � ��Q�
w Ci�� u�wD�t �y�oWv�O �Dm K�U QO xm CU� �v�wva � s�vm�t �oOvR
�twyit w �vat 	pw� x�ov QO 	QwD�t� u�U�vWQDN� ��Q� l� R�iQDN� ��tvy�Q u��Q��v�
l� Otyi� Ov�wD�t �Um Qy xm syO�t u�v�t�� �tW x� ut �rw �CW�O Oy�wNv
pwLDt �yu�Wmym xvwoJ 	OQ�t�t w Ovm�t �oOvR 	OwW�t OrwDt xvwoJ xQ�DU
�DL w 	O�wo�t �t x� xJ �yu� uU w ��Wvt �xQ�� QO 	�yu� pmW w OvwW�t
x� EL�t u�� QO �k�w QO �O�UQ Oy�wN �yDv� x� Qw�J w xOW R�e� sr�a Qw�J
	�Q� OLQO �R�J 	OwW xO�iDU� ���� Q R� sy Qo � w 	CU� R��v �mOv� C����� Q

�OW���t �tH w j� QiD 	s�UkD
s�y�it u� QDsy�t xm OvwW�t xO�O�W u�tU� QO �R�ov�CioW s�UH� 	xwqa x�
l� w �Q�oO�� jwW 	O� Q�O R��v xJ u� s�tD �O�O Ovy�wN KQW �Q l� R�iQDN�

�CU� �W QO xQ�D u�tU�
s�ovy x� xJ u� �� 	xQ�DU �Q�opmW x� QHvt ��yOv��Qi �xQ�� QO �D�mv uDNwt�
CU� �J�B Q�t �yu�Wmym ��a� pmW xm u�� Cra �DL �� 	OyO�t MQ u� nQt
��Q� �OQm Oy�wN QDVN� CPr �Q �tW C�Oy�Wt �OvDUy �w��� Qo�O ��a� w
Q���H �mri CQwY QO 	Q���Hr� pHQ �xQ�DU 	QwD�t� u�U�vWQDN� R� �Q��U� p�Ft
u� sQH 	CU�ypwe �RH xQ�DU u�� xm O�v�O�t �tW R� Qiv OvJ �t� 	OvU�vW�t �Q
OvJ �OW���t u� R� QDxOvWNQO Q��Q� uw�r�t s�v ���� QkD w CU� O�WQwN Q��Q� ��
	xrUrUtr�x�Qt� QO M�� 	�t x� nQR� u�Wmym u� QDl�ORv xm O�v�O�t �tW R� Qiv
uw�r�t  � u� sQH xm CU� xOQm u�yvB OwN RmQt QO sQH Q�� �xr�Jy��U l�
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��� ���pc OwOL x� �Q xrY�i �Q�oxR�Ov� xr
Ut u�� �CU� pmWt Q��U� QiUtD� Q�F��D p�rO x� �u�tR
x� w�R �Q�oxR�Ov� x� QO�k �xOW 
�DQB ��i x� ��� p�U QO xm TwmQ�B�y xQ�wy�t �rw �Ovm�t OwOLt
����OR�U�t QU�t �Q ��� pc OwOL �D xrY�i u��aD u�� wCU� Twkx�v�F ����CkO �� Q�vthqDN�

�m�ORv �D�Uv pY�wi QO xm CU� O�it �v�oQ�DU ��Q� �yvD �xrY�i u��aD QO nQR� CiQW�B u�� �t�
TB �Owtv �Q�oxR�Ov� �Q �yu� Q�vt hqDN� u�wD� xm OvDUy u� R� QDQwO �u�Wmym u�oQ�DU QFm � �OvQ�O Q�Qk

�OW pUwDt �Qo�O VwQ x� O��� �yu� OQwt QO

��OwW�t xDio Q�eDt u�oQ�DU �yu�� x�� Ovm�t Q��eD �yu� ���vWwQ xm OvDUy �v�w�Qi u�oQ�DU �k�w QO
��y�oS� w C���RH OQwt QO xJQo � �Ovvm�t �i�� ��xOta Vkv xrY�i u��aD QO u�oQ�DU u�� R� ��xQ�B

�CU�v h�r R� �r�N �H u�� QO u�oQ�DU u�� x� �mJwm �xQ�W� �t� OQm s�y�wN EL� �Oa� �yu�

w �Uww�i�k Q�eDt u�oQ�DU �OvQ�o�t Q�Qk xO�iDU� OQwt xrY�i u��aD QO Q�eDt u�oQ�DU R� xvwo wO
���� j��rW Q� Q� Q�eDt u�oQ�DU

OvDUy �v�oQ�DU w OvwW�t �Ov�xk�� �xOvBD ��yQ�eDt �xQtR QO u�oQ�DU xvwo u�� R� �wv wO Qy
�� �vWwQ xm CU� u�� QO u�oQ�DU u�� C�ty� �OwW�t Q��eD VwNDUO u�tR QwQt x� �yu� Q�k xm
���vWwQ Q��eD u�tR COt xJQy �CU� 	�DQt Qo�Om� x� �yu� �Q�PB Q��eD 
w�vD w 	UwDt ����oOvWNQO
QwyWt C�Uv xm CU� p�rO u�ty x� �Ow� Oy�wN QDW�� u� �oOvWNQO ��
w�vD� OW�� QD�vqw� xQ�DU

����OwW�t x�HwD p��k�oOvWNQO x� 
w�vD

�OvDUy u� s�Hv� x� QO�k R�v QwD�t� u�U�vWxQ�DU wCU� u�U� �D�Uv �Q�m �xQ�DUl� 
w�vD �Q�oxR�Ov�
�vWwQ u�R�t xm ��oOvWNQO xU��kt �� �OQw� CUO x� �Q xQ�DU �oOvWNQO u�wD�t �
w�vD �Q�oxR�Ov� ��
����OQw� CUO x� �Q xQ�DU �xrY�i u�wD�t �u�tU� QO u� �Qy�� �vWwQ x� C�Uv �CU� xQ�DU �D�P



u�QoOYQ ��Q�l� R�iQDN� �

x� �Qwv p�U uw�r�t �� OwOL �D �rY�wi uwvm �D �HQt u�wva x� �Uww�i�k ��yQ�eDt R� xO�iDU� ��
�Ov�xOt� CUO

�y�Uww�i�k R� �yu� �oOvWNQO xm OwW�t xO�iDU� j��rW Q� Q� u�oQ�DU R� ��Qo�O x��Wt VwQ QO
p�U uw�r�t � �D �rY�wi x� u�wD�t u�oQ�DU u�� �wQ R� �CU� RwQ l� R� QDtm R�v �yu� 
w�vD w QDtm

�Ci�� CUO �Qwv

�i�� �Ov�xk�� uDi�� �� VwQ u�� QO �CU� �i�� Q�vthqDN� R� xO�iDU� �xrY�i u��aD Qo�O x�Q
xrY�i ��Qy�� ���vWwQ w u� �xU��kt ��TBU w �xOQw� CUO x� �Q u� �D�P �oOvWNQO u�wD�t �xQ�DU

�Owtv u��aD �Q

��yu�Wmym�va� ��t R� QwO Q��U� s�UH� �xrY�i u��aD ��Q� �yu� R� xm OvQ�O OwHw R�v �Qo�O ��yVwQ
x� �OvQ�o�t Q�Qk xO�iDU� OQwt �p��y hwQat uwv�k w �QW�i �r�D ODt ��yVwQ u�� QO �OwW�t xO�iDU�

�CN�OQB s�y�wN �Oa� �p��y uwv�k w QW�i �r�D ��Uww�i�k Q�eDt �va� ��yVwQ u�� QDW�� C���RH

��yVwQ u�� �� xm O�vmv u�to �CU� xHwD u���W xm OQ�O OwHw xrY�i u��aD OQwt QO ��xDmv �C��yv QO
�qwtat ��N u�� �OQ�O OwHw �mJwm ���N xW�ty �CU�v Qw�u�� �O���t CUO x� �k�kO qt�m Q�O�kt
�Dkw O�W�� xDW�O Q��N x� �CU� xDW�O OwHw R�v ��N  �� �D �y�o �DL w CU�  �� �D � OwOL
u�O� �OW�� xDW�O OwHw �CU� xOW xOR u�tND �Qwv p�U !��� u� xrY�i xm ��xQ�DU QO ��N  ��
�� R� �DUQyi � pwOH QO �OQ�O Q�Qk �Qwv p�U ���� u�� ��xrY�i QO xQ�DU u�� xm CU� �vat

�CU� xOt� �Ov�xOW �k�w �t x� xrY�i u� QDl�ORv QO xm xQ�DU

�W u�tU� QO u�oQ�DU u� QDl�ORv R� ��xQ�B OQwt QO EL� x� ���xOy�Wt Q�v x�kv R� O����� p�L
�v�U�x� xm OwW�t �v�oQ�DU pt�W �rw CU�v pt�m u�wva I�y x� �� pwOH� p�P CUQyi �s� R�OQB�
p�mW� �� �yu� xOy�Wt Cra u�ty x� w OvQwvsm �OvDUy �tl�ORv xm �v�oQ�DU R� �Q��U� �OvwW�t xO�O
�Q�Pot�v ��Q� �
�Dm pw� s�tD QO �Ov�xOWv xOv�HvoCUQyi u�� QO u�oQ�DU u�� p�rO u�ty x� �CU� x�Qty
xOt� u� �tra s�v u� R�TB xm CU� xQ�DU G��Q s�v pw� VN� �CU� xOW xO�iDU� p�P VwQ R� u�oQ�DU
xQ�DU xm Ovm�t xQ�W� ���yx�t x� Oa�VN� w OyO�t u�Wv �Q p�t w Oa"� x� u� C�akwt Oa�VN� �CU�

�OQ�o�t Q�Qk u�mt u� QDy� QO OYQ ��Q�

w �Qy�� QOk �xrtH R� �OyO�t V��tv �Q EL� OQwt �xQ�DU OQ�Ov�DU� C�aq�� w �yxO�O Oa� 	N
�OQ�O Q�Qk u� QO xQ�DU xm �mri CQwYC��yv QO w xQ�DU x� #w� Qt X�N ��yxO�O �jr�t QOk u� R�TB

�� Tully Fisher �� Hubble
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CU� Qwvsm xJQo � w CU� �UtW xtw�vt x� xQ�DU u� QDl�ORv w u�tR x� l�ORv xQ�DU u�twO u��
OwQ�t Q�tW x� �Q�QW xQ�DU l� w MQU xrwDwm l� xQ�DU u�� �CU� xOW xOv�Hvo CUQyi u�� QO �rw
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Q�N� ��yxO�O �CU� QOk l� OwOL u� �xvt�O xv�W�� w OQ�o�t pmW u� QO �D�Q�Hiv� sw�Ot Qw�x� xm
QO xmr� �Ovm�tv �y�Qty �Q TQw�vk �ir� �xQ�DU u�� �u�W�B C�QwYD hqN Q� xm CU� u�� R� �m �L

�Ovm�t Qw�a �xtw�vt u��t R� �yvD w OOQo�t u� QwO x� �rwrPy �Q�Ot QO Ck�kL

A u�t� ��QaW �Q�m � �rm � � ��h!��m ���!�� x� Qwi� x� wv�S� Q�t�UO
��!!m �!�M ���l�y� ������� Q�m � �rm

l�ORv �xQ�DU u�tWW xQ�DU u�� �CU��� R Q��U� �Ov� wo�t R�vnU �xQ�DU u� x� xm �v�t� ��QaW
xm ����� R ��ynvQ p�rO x� xQ�DU u�� QwD�t� u�tHvt u��t QO �CU� u�tU� QO xQ�DU u� QDu�WNQO w
xm �CU� xQ�DU u�� x�Qty xrwDwm xQ�DU l� �CU� QwyWt �OyO�t V��tv OwN R� �QiUtD� QF� xH�Dv QO
�OQ�Po�tV��tv x� OwN R� �QY� x�oDUO Qy QO xOvvmxQ�N ��xwrH w CU� xOW hWm �xvwtv u�DUNv

�t�W ��QaW �QeY� �rm �� ��h����m ������ x� wv�S� x� Qwi� Q�t�UO
��!�m ����M �! l�y� ������� QeY� �rm

Ovv�t R�v xQ�DU u�� �CU� xQ�DU u�tDWy �VWNQO Q�v R� w u�tyORv�B ��m�ORv Q�v R� �t�W ��QaW
�CU�v Q�PBC� wQ �QwD�t� ��yAwmUrD �� �t� OQ�O OwN x�Qty O�iU �xrwDwml� ��v�t� ��QaW �V�x��Uty

OQvQ�� xQ�DU �HD���� �h����m �!���� u�wS� �t� p� Qw�
���!m ���!M ���!l�y� ���!��� �$wL

u� QDnQR� xm CU� u�� �xOQm hwQat �Q xQ�DU u�� xJu� �CU� MQU xrwDwm l� �l�ORv xQ�DU u�twU
xQ�DU xm �OQvQ�� xQ�DU CaQU �p�U QO Twk x�v�F ��! �va� ����OQ�O u�oQ�DU u��t QO �Q X�N CmQL
Oy�wN pw� p�U �� �yvD CaQU u�� �� �CU� x�v�F QO !�km �OwW�t xOv�wN R�v OQvQ�� ��B R� Qo
xQ�DU u�� xm OW�t u�to QDV�B �O��t�B� u�tU� xvyB QO �Q x�t Q�k �� Q��Q� �Di�Ut xQ�DU u�� �D O�Wm

�CU� �xr�y C�atH� u�Wmym x� jraDt

� xH�HO A V ���cyg �h����m ����!�� Q�t�DBU� CUwo �� �qwH
����Vm ��!�M ���l�y� ������� xH�HO

��� u�mt x� w�R w Twk �x�v�F ���� ���OH �� ����DwO �xQ�DU l� R� �� wN �xvwtv xQ�DU u��
u�� �k�w QO �OvQ�O ����� R �HvQ�vnvQ w OvDUy xrwDwm xQ�DU wO Qy ��O���tv xaH�Qt ���VN� x�� CU�
�� Barnard
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xrUrUtr�%x�Qt� Grb�� �!!��� ��h���m Q�Dm �� Q�t�DBU � CUwo �
����Vm ����M ���l�y ������� xrUrUtr�%x�Qt�

l� OwN �x�rw� �xQ�DU w CU� ���DwO ��xtw�vt R� xOW xQ�W� MQU ��yxrwDwm R� �m� xQ�DU u��
��OwOL �CU� A�! G� Q�twQo u� Qo�O s�v xm xrUrUtr�%x�Qt�GX �OwW�t 
wULt �i�� ���DwO �xQ�DU

�CU� xDiQo Q�Qk �� xrUrUtr�%x�Qt� �r�tW ����� QO

Lacille HD��������� ��h���m ������� Q�Dm � � Q�t�DBU � CUwo �
����m ����M ����l�y� ����!�� �� wvH CwL

u�oQ�DU u��t QO �Q s�kt u�tQ�yJ �X�N CmQL CaQU '�Lr R� xm CU� MQU xrwDwml� xQ�DU u��
OwOL u��Q��v� �O��t�B�t �Q Twk �x�v�F � OwOL �Di�Ut p�U l� QO xQ�DU u�� �CU�Q�O xOW xDN�vW
QO Lacille �O��tv Qw�a CU� ���� xm pt�m x�t ��x� w�R �xrY�i R� xm O�Wm Oy�wN pw� p�U ���
�CU� xOW �k�w �� wvH CwL � R� �kQW
wvH � QO �V� wN �mri CQwY �kQW 
wvH x�r��yDvt

T��k UV �L���� �A� h����m ������ Q�t�wv � Q�Dm � � Q�t�DBU
����Vm ��!�M ����l�y� ������ T��k

�CU� pmWt Q��U� xJQo � �yu� OYQ xm CU� MQU ��yxrwDwm R� ��xtw�vt �l�ORv �xQ�DU u�tDiy
��y
�Dm QO �OvDUy �Q�QW u�oQ�DU �u� w�a wO xm CU� u�� R� �m �L UV OvwV�B �CU�v umtt�v
�u�Dwr ��H �w�r�O u� hW�m s�v R� xm CU� xOW xO�t�v u�Dwr �Q�QW �xQ�DU QDQwvsm �xQ�DU �QD�t�Ok

�Owtv OYQ �!� p�U QO �Q u� Q�� u�rw� xm CU� xOW xDiQo

Qyv uwr�UB� �HD���!�� ��h����m ������� Q�t�UO � Q�t�wv � Q�Dm �
����m ���M ��!�l�y� ����� Qyv

CU� u�� R� �m �L Q�N� C�Oy�Wt �Owtv xOy�Wt KrUt Q�e sWJ �� u�wD�t �Ql�ORv xQ�DU u�tyO
O��tv �y�Qty �Q xQ�DU u�� �O�WQwN sQH ���!� ���� QkD �lJwm Q��U� sQH �� ��xQ�DU CU� umtt xm

�OwW�tv xO�O xm
�� F�W�Bessel �� W�J�Luyten
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�oOvWNQO w ���vWwQ ���

x� �Ov��Qi u�ty R� �Q OwN �SQv� QDW�� xm OvQ�O OwHw �v�w�Qi ��yu�Wmym w u�oQ�DU �u�tU� QO
x��W �yu� �xty xm CU�v �vat u�O� xr
Ut u�� �O��tv�t u�t��D �Q O�WQwN CNwU xm OvQw��t CUO
u� QDsyt R� �m� �OvDw�iDt Qo�Om� �� xQ�e w xR�Ov� �sQH uwJty �Q��U� ��yx�vH R� u�oQ�DU �OvDUy
R� ��� Q	 �� ��W � C�w �UL Q� �re� �oOvWNQO �CU� �L� �oOvWNQO ��yu� ��yxY�YN
p�Uo OwN R� x�v�F Qy QO xQ�DU xmCU� �SQv� Q�Okt w OwW�t �Q�oxR�Ov� �L� �����O�WQwN �oOvWNQO
�u� ���vWwQ �Q� R s� R�OQB� xQ�DU l� �oOvWNQO �Q�oxR�Ov� x� ��t�kDUt s�v�wD�tv �t p�L u�� �� �Ovm�t
��Q� �OQ�O �oDU� u� �ak�w �oOvWNQO Qw�u�ty w V�xrY�i x� �OwW�t xOy�Wt u�tR R� xm xvwou�
u�tR R� u� �xrY�i �Q� R �OwW�t xO�O Qwv R� QOm ��x�kv CQwYx� A TQw�vk �ir� �oOvWNQO p�Ft

�CU� u�tR �D O�WQwN �xrY�i R� QDW�� Q��Q� ������ OwOL
���vWwQ �CU� �QwQ	 u� �Qy�� ���vWwQ uDUv�O xQ�DUl� �ak�w �oOvWNQO uOQw�CUOx� ��Q�
�Ovm�t CmQL xQ�DU R� Qwv xm �t�ovy �����OUQ�t u�tR x� K�U OL�w QO xm CU� �Qwv Q�Okt �Qy��
�OwW�t xO�t�v QwPHtTma uwv�k xJu� R� �k�w QO w OwW�tVNB ��i R� �QDnQR� �L�wv QO G� QOD x�
�� Q	 �� CQwY u�� QO �Ow� u� �vwvm �xrY�i Q��Q� wO u�tR R� O�WQwN �xrY�i Qo � �O��tv�t C�a�D
�s� Qov� O�WQwN x� u�tR �� u� �xrY�i Q��Q� � ��xrY�i R� �t Qo � �O�UQ�t Q�v x� QDQwvsm �� � !
O�WQwN x� OQ�O Q�Qk u� QO A TQw�vk �ir� xm �v�mt R� Qo � �OUQ�t Q�v x� QDQwvsm Q�� �� xQ�DU u��

�Q�� OQ��r�t �� �va� �OwW�t QDQwvsm x�DQt ������� u�R�t x� u� Qwv �s� Qov�
s��a ��xQm �OyO�t KQW �Q R�UQ�mW� l� �� �tW sWJ x� xOQ�w �SQv� Q�Okt �QwPHt Tma uwv�k
K�U R� �� Qt QDt Qy R� xm �Qwv Q�Okt �CU� xDiQo Q�Qk u� RmQt QO ��xQ�DU xm O�vm QwYD d ��aW �� �Q
xmu�� x� xHwD �� p�L �Ow� Oy�wN xQm pm CL�Ut Q� VN� �L� pm �oOvWNQO OQPo�t �	Qi �xQm
V��Ri� d �OwW QDnQR� xQm xJQy xm Ci�� O�y�wNQO �O���t CUO x� !�d� pwtQi �� xQm pm CL�Ut
xQ�DU R� xm �oOvWNQO Q�Okt �QJ xm O��xO�tyi p�L �O����t Vy�m R�v ���vWwQ Q�Okt xH�Dv QO w xDi��
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h�YwD �Oqwi ��� nvQ x� ���r�e xQ�DU u�� �OUQ�t Q�v x� QDQwvsm p�rO u�ty x� w CU� u� R� QDQwO
�q�tDL� xm �CU� xOW xOy�Wt u� h�Q�� QO Q��e R� �YQk xmCU� �v�oQ�DU u�rw� �xrtH R� w OwW�t
���� QO �k�w QUv �OQm QwYD �Q�opmW p�L QO �UtW �xtw�vt l� �x�rw� Cr�L �Q u� u�wD�t
�OW Oy�wN ���k xQ�DU ��OOHt �Qo�O p�U ���� R� TB w CiQ�t Q�tW x� ���k xQ�DU V�B p�U

Q��� QUv ���ka �ir	 ��h�
��m ������ CUwo 	 � �qwH � u�wS


���Vm ���
M �����l�y� ��ka

�u�WNQO u�oQ�DU u��t QO xm OQ�O �Q u�� Q�NDi� �CU� u�WNQO �xQ�DU u�tyOR�wO xm Q��� QUv
pt�m �Q VOQo �xQwOl�Ca�U �� Qy ���� QkD xQ�DU u�� �OW�� OwN QwO x�VNQJ QO xQ�DU u� QD�� QU
�xH�Dv QO w CU� xO�O Q��eD OwW�t xO�t�v uyB ���� xJu� x� �Q xQ�DU pmW q�� CaQU u�� �Ovm�t
xQ�DU u�� nvQ �OW�� u� ���k Q�k Q��Q� wO u� ���wDU� Q�k xm OwQ�t QwYD �R�ov�CioW �oS� w u��

�Ov�xOwtv xOy�Wt u� QO �tm �OQR ��a� xJQo � �xOW VQ�Ro O�iU �qt�m

Q��� QUv ���ka �ir	 ��h����m ������� Q�Dm � � Q�t�DBU � CUwo 	

����Vm ����M ���
�l�y� ��ka

Q�v QO �QiUtD� C�Q�F��D Cra x� xm CU� u�WNQO �xQ�DU u�tyOHy �nvQ O�iU �xQ�DU u��
xDiQo Q�Qk u�tU� R� CwrN ��xk�vt QO xQ�DU u�� �OUQ�t Q�v x� RtQk x� p��tDt �r�tW u�oOvvmxOy�Wt
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Q�Qk u�tR R� xrY�i u�ty QO �OQ�Ov u� �� ��x�P�H Ovw�B I�y xm �u� �m�ORv QO ��xQ�DU xm CU� �r�H w
C��	Qi ��a� �CU� CmQL p�L QO ��i QO Q�Ut u�ty QO w CwLr�si x��W �Dr�L x� w CU� xDiQo
xOvm �QB V�B �yCOt xm OvDUy ��xQ�DU ��tDH� �� xWwN l� u�oOv�tR�� R� �yxQ�DU u�� xm OvQw�� u�� Q�

�CU� xDiQo Q�Qk CwLr�si �� wvH �� QO CU� ��� u� QOk xm �HvQ�v �xQ�DU u�� �Ov�xOW

Qyvr�QN� �Qyv �ir�� �h����m ����!� Q�t�wv � Q�Dm � � Q�t�DBU
��!�Vm �����M !!l�y� 
�ka

Q�Qk 
�ka �mri CQwY �� wvH x�r��yDvt QO CU� u�tU� QO u�WNQO �xQ�DU u�tyv xm xQ�DU u��
CU� �v�oQ�DU OwOat R� xQ�DU u�� �u�WNQO u�oQ�DU u��t QO �CU� QwO Q��U� �r�tW u�Q��v ��Q� w xDiQo
�CU���Ha ��xQ�DU xm OyO�t u�Wv Tqm u�� w xDiQo Q�Qk �P � Tqm QO ��v�oQ�DU �Ov�xk�� QO xm

u�Q)�)O �QwF �ir�� �!h����m ����� Q�t�UO � Q�t�wv � Q�Dm �
����m �����M ���l�y� QwF

X�qk ��xQ�DU �xWwN QO xm OUQ�t Q�v x� CU� u�WNQO �xQ�DU u�tyOQ�yJ xm xQ�DU u��
���a� �xrY�i hYv u� �xrY�i w OQ�Ov Q�Qk xWwN u�� QO �m� R�i '�Lr R� �rw �OW�� xOW �k�w
O�WQwN R� QDxOvWNQO Q��Q� �� ���� QkD �CU� nvQsm �HvQ�v nvQ x� xm xQ�DU u�� �CU� xWwN Qo�O
C��yv�� u� x�Qty �xQ�DU xm �Hu� R� �rw OwQ�t Q�tW x� R�v xv�owO ��yxQ�DU R� xQ�DU u�� �OW���t
�CU� MQU �xrwDwml� xm x�Qty �xQ�DU QOk �CU� pmWt Q��U� �Q�m sy R� wO u��l�miD �CU� Qwvsm

�OQ�O Q�Qk ����� xrY�i QO ��!�PA u�mt x� w�R �� w xOw� ��!

Q�$�Hr�pHQ �Q�$�H �D�� ��h!��m ������ x� wv�S � Q�t�UO � Q�t�wv
����Vm �����M ���l�y� Q�$�H

u�� �OQ�O Q�$�H �ir� R� QDW�� �WWNQO �CU� u�tU� QO u�WNQO �xQ�DU u�tDiy xm Q��Hr�pHQ
�s� Q�O Q�Qk u� QO R�v �t xm CU� u�Wmym R� VN� u� QO u�oQ�DU u� QDu�WNQO R� �m� pweQ)�)� �xQ�DU
�QDQwO �xrY�i QO �u�WNQO u�oQ�DU Qo�O x� C�Uv �rw CU� O�WQwN Q��Q� ������ u� �oOvWNQO
u� sQH � CU� Q�OQwNQ� �O�� R Q��U� sQH R� w OwW�t h�YwD ��� �re� xQ�DU u�� nvQ �OQ�O Q�Qk
x� w�R xm OQ�O �ovQ��� x�Qty xQ�DU u�� �CU� O�WQwN Q��Q� �� R�v u� Q�k w O�WQwN Q��Q� �� OwOL
l� �� Cra u�ty x� �CU� Twk �x�v�F � u� �xrY�i w ��� u� �Qy�� QOk �����PA u� u�mt



�� Q�m Q�R��

Q�Qk xO�iDU� OQwt �OYQ ��Q� p�xO�� 	��QW QO xm �QDlJwm AwmUrD �DL �� �QDt�Dv�U � AwmUrD
�CU� Q�PBC� wQ �CU� xDiQo

jw$�a �u�Qx��Q� �ir�� ��h���m �!����� x� wv�S � Q�t�UO � Q�t�wv
�����Vm ���!�M !�l�y� u�Q x��Q�

xJQo � �CU�tvh�� �xv�owOl�Ck�kL QO �CU� u�tU� QO u�WNQO �xQ�DU u�tWW xm xQ�DU u��
� OwOL �syO QOk �� �QDQwvsm �xQ�DU p�L u�� �� �O�O R�tD Qo�Om� R� �Q wO u� u�wD�tv AwmUrD ��
MQU �xrwDwml� xQ�DU u�� �Ovm�t �y�Qty �Q �yu� ����PA QO w jQW 
wvH CtU x� Twk �x�v�F
u��Q��v� ��OwW�t C� �wQ nQR� ��yAwmUrD �� �yvD� OwW�t 
wULt xv�owO �xQ�DU l� OwN xm CU�

�CU� xDiQo Q�Qk �w�a Q�yJ �xtw�vt l� QO jw$�a

�RwHr�	�� �Q�$�H �ir�� ��h����m ����!� x� wv�S � Q�t�UO � Q�t�wv
���!�Vm ���!M !��l�y� Q�$�H

u�� �CU� u�oOvvm OYQ �xkqa OQwt Q��U� �CU� u�tU� QO u�WNQO �xQ�DU u�tyO xm xQ�DU u��
xm �Q�N� C�Oy�Wt �CU� Q�OQwNQ� �t�vt�v 
w�vD R� xm CU� Q�eDt pwe l� RtQk � �HvQ�v �xQ�DU
���y�oS� w �OwN K�U Q� xQ�DU u�� xm OyO�t u�Wv �CU� xO�UQ s�Hv� x� p��y ����i AwmUrD 	UwD
l� O��W �yxmr u�� xm �Qw�x� �OyO�t u�Wv OwN R� u� R� QDnQR� Q��U� �rw �O�WQwN ��yxmr x� x��W
u� �wQmQ�e pmW pw
Ut Ov�wD�t xm OQ�O R�v �y�Qty xQ�DU u�� �OvW�� xOv�WwB �Q xQ�DU u�� K�U syO
u� sQH w CU� Q�OQwNQ� �v���B Q��U� �r�oJ R� OwQ�t Q�tW x� pwe u�oQ�DU R� xQ�DU u�� xJQo � �OW��
�CU� O�WQwN �r�oJ Q��Q� ����������� �k�w QO u� �r�oJ �va� u�� �CU� O�WQwN sQH Q��Q� ��

nvQ ���

�OvDUy O�iU nvQ x� �yu� QFm � xm s�v���t �Q �Q�tW�� u�oQ�DU �s�vm�t x�ov u�tU� x� �Dkw �y�W

Qkar��rk Ovv�t �Q��H �ir�� �RwHr�	�� �OvwW�t xO�O �R��tDt ��ynvQ x� �yu� R� �OwOat O�OaD xD�r�
�� �CU� j�Q� ���nvQ x� �j��rW �ir�� �k�w QUv w �nvQ OQR �u�Q x��Q� �ir�� jw$�a �CU� RtQk �
Qka �ir��
u�� QwOl� u��t R� Qo � �rw OW�� xDW�Ov sy �� �O�� R Cw�iD u�oQ�DU QFm � nvQ OUQ�t Q�v x� p�L u��
���tvOwN QDW�� �nvQ w pmW QO �yCw�iD w ����Ovm�t Q��eD Q��U� C�a	w �s� Qov� �yu� x� AwUmrD ��

(��	�Ovvm�t
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l� ��tO R� CU� QDu���B �MQU �xQ�DU l� ��tO Ovm�t u��aD u� K�U ��tO �Q xQ�DU l� nvQ
CU� ��xvwtv u�� �OQ�O ��� �xQ�DU l� R� QDu���B ���tO OwN �x� wv x� OQR �xQ�DU l� w OQR �xQ�DU

��O���tv xaH�Qt �� �xDmv x�� OwW�t xO�t�v �u� w uwv�k xJu� R�
p�Uo h�� MQUwQi �D RtQk VN� QO �Q OwN �SQv� QDW�� �u���B ��tO �� u�oQ�DU �uwv�k u�� j���t
�Ov��tv�t p�Uo h�� Viv��Qi �D ��� ��yVN� QO �Q OwN �SQv� �QDsQo u�oQ�DU xm �r�L QO Ovvm�t
p�rO u�ty x� w Ovvm�t p�Uo Viv��Qi QO �Q OwN �SQv� s�a� CtUk �sQo Q��U� u�oQ�DU R� ��xQ�B
QO �Q OwN Qwv �t�tD ���� QkD �u�oQ�DU R� �Q��U� xwqax� �s���tv�t xOy�Wt �Q �yu� Qwv R� �QUm �yvD �t
u�oQ�DU u�� xm CU� �DioW ��H �s�DU�v �yu� uO�O x� QO�k RoQy �t xH�Dv QO w Ovvm�t p�Uo MQUwQi
OvyO�t p�mWD �Q �t u�Wmym u�oQ�DU �� �CQ�QLsm w �OW Oy�wN EL� �yu� OQwt QO ��Oa�� sQHsm

�O�v��� u�tU� QO �Q �yu� CUv�wD O�y�wNv CU� h�Y �wy xm ��W QO �DL �tW w
	UwDt �SQv� xm p�rO u�� x� QDsQo s�UH� xm CU� u�� �OQ�o Q�Qk Q�vOt �Hu�� QO O��� xm �tyt xDmv

�Ov��tv�t p�Uo �yGwt pw� �t�tD QO �Q �QDW�� �SQv� CU� QDq�� �yu� QO �yuwDwi
hrDNt �xQ�DU xU Qwv �� RwD �xwLv ��yQ�Owtv �CU� xOW xO�O V��tv �� pmW QO xr
Ut u��
Qwv �pw� Q�Owtv �CU� h�� ��Qt VN� Qou���tv �ovQ uwDU �OyO�t u�Wv �OvQ�O xm ���tO x� xDU� �Q
OwOL QO �vLvt 	N xm O�vm xHwD �OyO�t u�Wv �Q ����K ��tO �� �ovQ ��xQ�DU R� xOW �Q�oxR�Ov�
��xQ�DU �swO Q�Owtv �OwW xO�O MQU xQ�DU xm OwW�t Ea�� u�� w OUQ�t xv�W�� �x�kv x� ��nm
xv�W�� �x�kv x� ��Qt h�� �xv��t QO xm ��O�WQwN ��tO x� x��W� OyO�t u�Wv �Q ����K ��tO ��
u�Wv �Q �����K ��tO �� sQo Q��U� ��xQ�DU �QN� Q�Owtv �OwW�t xO�O nvQ OQR xH�Dv QO w OUQ�t
x�kv R� �u��Q��v� �OUQ�t Q�v x� nvQ��� xH�Dv QO w CU� !��nm OwOL QO u� xv�W�� x�kv �Oy�t
x�Dwm Gwt pw� �OQ�O �vLvt xv�W�� x�kv uDiQo Q�Qk pLt x� �oDU� xQ�DU l� nvQ �DN�vWQDN� Q�v
QDOvr� Gwt pw� xm �r�L QO �CU� ��� x� p��tDt w O�iU d�O �xQ�DU l� Qov���tv �Q�Owtv AJ CtU�

�CU� MQU x� p��tDt w �HvQ�v OQU xQ�DU l� �xOvyO u�Wv �Q�Owtv CU�Q CtU�
�t�tD R� Qwv R� ��wrNt xm �Hu� R� �OUQ�t xvW�� x�kv x� h�� nvQ R�U VN� QO O�WQwN
p��tDt O�iU nvQ x� �Q O�WQwN �t � OQR w RtQk ���� ��yQwv �va� � OQ�O OwHw ��Qt h�� ��yVN�

�s�v���t OQR x�
xm �xHQO �yuw�r�t O��W �OvDUy sQo �QOk x� u�oQ�DU R� �O�OaD xm CU� u�� xHwD �r�H �xDmv
�Ovv���D�t Tm�� �xaW� OwN R� u�oQ�DU u�� �k�w QO �Ovvm�t p�Uo �SQv� x�Dwm Q��U� ��yGwt pw� QO

(OvDUy �vwQDwv u�oQ�DU �yu��

�� The Wien law



� Q�m Q�R��

�tO w nvQ u�� �x���Q ���� pmW

��tO �CU� u� K�U ��tO Qw�vt �s�vm�t C�LY xQ�DUl� ��tO R� xm �v�tR �O�W�� xDW�O xHwD
u��Q��v� �Ovvm�t u��aD �Q�v CQwY x� �Q u��re� w OQ�O Q�Qk �Q�oxR�Ov� OQwt ��t�kDUt u�wD�tv �Q �vwQO

���
�CU� u� K�U ��tO Qw�vt �CU� �����K ��xQ�DU ��tO xm O�v�wN�t �Dkw

u	 w uwv�k �� xDmv

�OQm u��� xvwou�� u�wD �t �Q u� w uwv�k

�max �
�������
T �Kelvin�

nm
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���K w ����K ��DQD x� Qyvr���U uwQm�t"� w QeY� �rm �ir� �xQ�DU wO ��tO �

*CU� QOkJ �yu� xv�W�� Gwt pw� �CU�

�max �
�������
���� nm � ��nm �����Viv��Qi �va��

�max �
�������
��� nm � ���nm �����MQUwQi QO �va�� w

�OWNQO�t �m �v��D O�iU nvQ x� xJQo � �Ovm�t p�Uo Viv��Qi QO �Q �O�� R Qwv �v�t� ��QaW
xQ�DUl�nvQ �tra h�YwD �s� wW �r�t u� Qo�O ��y�oS� w R� �D Ovm�tltm �t x� xQ�DU ��tO
�CU� xDU��w xQ�DU ��tO w ����t�W ��mQD x� OwN �x� wv x� xm OQ�O Q�Qk �v�oQ�DU �Ov�xk�� T�U� Q�
XN�W u�� �OQ�o�t Q�Qk xO�iDU� OQwt u�U�vWQDN� 	UwD �re� xm CU� �Lq�Y� ��nvQXN�W�
���nm w !!�nm ��yGwt pw� �� ��DQD x� xm �V w B �i�Y wO �� xQ�DU �xOy�Wt j� Q� R�
��y�i�Y R� xOt� CUO x� skQ wO j� QiD �� �O���t CUO x� u� ���vWwQ �Q�oxR�Ov� w �OvQ�O Ck���t
�qwtatnvQ ��� u�oQ�DU �OwW�t xDio sy nvQ�� Q	 u� x� xm OwW�t pY�L nvQXN�W V w B
�D w CU� QiY R� QDW�� RtQk � �HvQ�v u�oQ�DU ��Q� skQ u�� ������ �qFt� OvQ�O �ivt nvQ XN�W
�� VN� x�� OwW�t R�v QDW�� �QDnQR� w M�� RtQk Q��U� u�oQ�DU ��Q� w �OUQ�t � C�Ft OwOL
R� ��xawtHt �s� R�Ov��t xvwtv OvJ x� �y�ov s��xOQm EL� u�oQ�DU nvQ OQwt QO xm p�L ��O�vm xaH�Qt
u�oQ�DU VN� QO �OvQ�O OwHw Q�PBC� wQ w �ovQ xQ�DU u�Q�Ry xD�r� �s��xOQm 
�NDv� �Q u�WNQO u�oQ�DU
xwqax� �OvQ�Po�tV��tv x� OwN R� �R��tDt ��ynvQ xm Ov�xOW �iQat �v�oQ�DU R� ���yxvwtv u�WNQO
�Dw�iDt ��yx��U w �ynvQ xm �CU� xOWv xQ�W� �yu� x� �Hu�� QO xm � OvDUy �Q��U� �xv�owO u�oQ�DU
RH x� �CU� u�W�B CUQyi Ovv�t xDiQo Q�Qk xO�iDU� OQwt �Hu�� QO xm �DUQyi �OvyO�t u�Wv OwN R�

�CU� xOW xOwRi� R�v xQ�DU nvQ w �tO u� QO xm u��

�ovQ u�oQ�DU �����

sRQt �Q�$�H �t�o � ��h����m ������ Q�t�wv � Q�t�UO � x� wv�S
��!m �����M �!��K ��� Q��H

�u�QoOYQ R� ��a� �OUQ�t Q�v x� j�Q� ���nvQ x� OwW�t xO�t�v R�v uwR�t� �xQ�DU xm sRQt �xQ�DU
VN� xm OW�� �twta �m �vQ�� R� �WN� �Cr�L u��CU� umtt �t� Ov�xO�O VQ�Ro u� QO �Q ��RH �m �vQ��

�CU� xDiQo Q� QO �Q Q�$�H �mri CQwY s�a�
�� Color Index�CI




