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K,LNM�OPMRQTS,OPUVM�LNWXOZY\[6YT]^M�LN_`OPS

acbedgf4h�i#jkf
l'm S,OonBO`LNM�pqYXOPrVStsV_?u�v,M�M�_PW^vts-UwM'x2M�M�S)ytWXM�n)OPS)LNrVx2rzYNOPp�W|{}rwL�W~M�UVM�L\sz_2�VM�szL\W^S,r6uR���&v,M��
rz�?M�L�s�LNrVx2rzY�s�v,OP�Vv�nBM��VLNM�M�rV{�{}LNM�M�nBr m OPS m r6UwM m M�S9Y����&v,M�s-U-sVO`_oszxt_`Me��O`StntW/rV{
r m S,OonBOPLXM�p�YNO`rwStsz_BszLNM|��S,r6u�S�YXr�vts-UwM�WXM�UVM�LNsV_9n,OPWNsVnBU6sVSwY\sz�wM�W��-WXytp\v�sVW�s'_Pswp\�Rrz{tu�v,M�M�_
�VLNOP��u�O`YXv�YNv,M+�VLNrVytStn�r6UwM�L�u�v,Oop\v�YXv,M�LNrVx2rzY m r6UVM�W��+�&vtM�{�sVW~YXM�L/s)LNrVx2rzY m r6UwM�W��
YXvtM m rVLNM/n,OZ�+pqyt_ZY�OZY�x2M�pqr m M�W�YXr�W�YNM�M�L!O`Y'YNr)s�n,M�WXO`LNM�n��2rwWXO`YXOPrVSg����s6YNv��,LNM�nBOop�YNO`rwS
sz_P�VrwLXO`YXv m W�sVLXM�YNv,M m szOPS m MqYNv,rBn�ytW~M�neYXr�s-UwrVOon+YNv,M�WXM#�,LNrVxt_`M m WTS,r6u^swn,s-�BW��k�&vtOPW
�tsV�DM�L4�VOPUVM�W4s��ty,LXM�_`� m M�p\vtsVS,Oop�sz_9W~rw_`y,YXOPrVS�YXr�O m �,LNr6UVMkp�rVS9YXLNrV_P_PsVx,OP_`O`Y��'sVStnRMq�+p�O`M�Stpq�
rz{�r m S,OonBO`LNM�pqYXOPrVStsV_�nBLXOPU�O`St�t�?�,LNM�WXM�S9YXOPS,��s�S,M�u�u�v,M�M�_�nBM�WXOP�VS�xDsVWXM�n	rwS���M�y,_PM�szy,�9�
YXLNOoszS,�w_`M�W��

�c���) q� i �+¡=¢ f4h�£qi#¤e¥  q� d
¦ WXrz�§p�sV_`_PM�n=��M�yt_`M�szyB���¨YXLNOPsVS,�V_PMR©}Sts m M�n�x��#YXvtM!ª!M�L m szS�M�St�VOPS,M�M�LkK,L\szS,«��TM�y,_PM�sVyB�t¬
OoW)s�VM�r m MqYXLNOop	W~vDsz�2M�rz{�p�rVStW~YNsVS9Y�u�OPnBYXvg� m M�szS,OPS,�YXvtszY�Y�u^r��tszL\sz_P_PM�_TY\szS,�wM�S9YNW
YXrwytp\v,OPS,�RYNv,M!WXvtsV�DMw® W|rVyBY\W~OonBM'sV_`u&s-�BW�vts-UwM�YXv,M�WNs m M�nBOoW�Y\szStp�MV�9O`SDnBM��2M�Stn,M�S9Y^rV{¯YXv,M
WXvtsz�2MV® W�rwLXOPM�S9Y\s6YXOPrVS4�!�&v,M m rwW~Y�WXO m �t_`M�W~vDsz�2M�rz{^pqrVSDW�Y\szS9Y'u�Oon�YXv�OPW�s)pqOPLNp�_`Mw��]^yBY
sz_oWXr�rzYXvtM�L��wM�r m M�YXLNOPp!°D�Vy,LNM�WTp�szS�x2M#Mq��YNM�StnBM�n�YXr�vts-UVM#p�rVStW~YNsVSwYTu�Oon�YNvg�TK±O`�wy,LXM�²
WXv,r6uTW^v,r6uIs=��M�y,_PM�sVyB�+YNLXOoszS,�w_`M!OoW�pqrVSDW�YNLXytpqYXM�n¯��]^swW~M�n+rwS)szSeM�³9y,OP_os6YXM�LNsV_tYNLXOoszSt�V_PM
u�O`YXv�W~OonBM^_`M�S,�zYNv

l
�wpqrVSDW�Y\szS9Y�u�Oon�YXv=OoW±swp\v,OPM�UVM�nRx���sVntnBO`St�'pqOPL\pqy,_oszL�szL\p�W�u�OZYNv/L\sVn,O`ytW

l
YNr�M�swp\v�rz{¯YNv,MTYNLXOoszS,�w_`Mw® W|W~OonBM�W��9u�OZYNv+YXvtM�OPL�pqM�S9YXM�L\Wk�t_PswpqM�n+O`S�YNv,M'p�rVLNS,M�L|rV�,�2rwWXO`St�
YXvtMRLXM�W~�2M�pqYXOPUVMRW~OonBMw´
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¦ _oWXrt�6YNv,M�WXvtsz�2MV® W�UVrw_`y m M m s-�#x2MTOPStpqLNM�swW~M�n�x��/Mq��YXM�StnBOPS,��YXv,M'W~OonBM�x2M��VrwStn/YXv,M
pqrwLXStM�L\WRx���_PM�S,�VYXv

x
���&v,MeszL\p�LNswnBOPOkMq��YXM�Stn�YNr

l + x
�kszStn�YNv,M��9sz�tW#YXvtszY/LNM�WXy,_ZY

rVy,YNWXOPnBM+YXv,M+rwLXOP�VOPStsV_�YXLNOPsVS,�V_PM+szLNM+pq_PrwWXM�n�x���p�O`L\pqyt_PsVL#szL\p�WRu�O`YXv¼L\sVnBOPytW
x
��½§S�YXv,M

{}rV_P_Pr6u�O`S,�D�BYXvtM m M�S9YXOPrVS,M�n�szL\p�W�u�OP_P_4x2M#LXM�{}M�LNLXM�n)YXr+sVW
lx
�§W~M�p�YXOPrVS¼©}YXv,M=W m sz_P_PM�L�sVLNp�W

rz{�L\sVnBOPytW
x
¬�sVStn

lr
�§W~M�p�YXOPrVS�©¾YNv,M#_oszLN�VM�L&szL\p�W\¬��

µ|¶Z·z¸B¹Nº#¿
�&v,M�nBM�WXp�LXOPxDM�n�p\vDszL\sVp�YNM�LNOPW~YXOop�W'rz{�YXv,M���M�y,_PM�szy,�9�¨YXLNOoszS,�w_`Mw�¯u�v,OPp\v�u^M=vDs-UVM'À�ytW�Y

pqrwStW~YXLNytp�YNM�n¯�^M�StsVx,_PM�W/YXv,M	WXvtsV�DM�YNr�x2M�LNrzYNszYXM�nOPStWXOPnBM�sVS�sV_ m r9W�Y�WX³9ytsVLXM�WXvtsz�2MV�
Á�M�LXM�_`��YXvtM�p�rVLNS,M�L\W�sVLXM�LXrwy,StnBM�n¯�ÃÂTrVYXOopqM�YXvtszY)YNv,M�YXLNOPsVS,�V_PMV® W�p�M�S9YXM�L�ÄVÅ�º�Æ�Ç2Å6È
LNM m szOPS�O`S�YNv,M'WNs m MT�t_PswpqMTu�v,OP_PMTLXrVYNszYXOPS,�RYXvtM�YXLNOPsVS,�V_PMV�wx,yBY�YXL\s-UVM�_oWksVLXrwy,Stn�s#pqytLXUwM
YXvDs6Y'p�rVStWXOPW~YNW&rV{�{}rVy,LTM�_`_POP�tW~M#sVLNp�W��^K,rwL�YXv,M�u�v,M�M�_4nBM�WXOP�VSeYXvtszY�OoW��,LNM�WXM�S9YXM�n)OPS�YXvtOPW
�tsV�DM�L��DYXv,OoW�pqy,LNUVM�OPW!sz�,�tLXr-�BO m szYXM�n�x9��s)pqOPLNp�_`Mw�'�&v,M=pqOPLNp�_`Mw® W'nBOPs m MqYXM�L

du

p�sVS	xDM
rVx,YNszOPS,M�n�x��+YNv,M!{}rV_P_`r6u�OPS,�={}rVL m yt_Pst´

du = l · (
4

3
· cos(30◦) − 1)

�&v,OoW|nBOos m M�YXM�L^sz_Pu^s-�BW&¹Xº�É�Ê6¶¾Ç,Æ'È¾Ëtº'ÆqÊzÉ�º�{}rwL�sR�wO`UwM�S
l
�wO`Stn,M��2M�StnBM�S9Y�rz{¯YNv,M�p\v,r9W~M�S

Mq��YNM�StWXO`rwS)rV{±_PM�St�zYXv
x
���&v,M�LNMq{}rwLXMw�wYNv,MR�,LNO`SDpqOP�tsz_¯rV{ m r6UVM m M�S9Y�p�szSexDMR�wM�S,M�LNsV_`OoWXM�n

{}LNr m W~O m �,_PM���M�y,_PM�szy,�9�¨YXLNOoszS,�w_`M�W�u�OZYNv
x := 0

YNrMq��YNM�StnBM�nÌYNLXOoszS,�w_`M�W���u�vtOPp\vÍOoW
O m �2rVLXYNsVS9Y)W~OPStp�M	YXvtM�u�v,M�M�_�nBM�WXO`�wSÌ�,LNM�WXM�S9YXM�n�v,M�LNM m sz�wM�W+yDW~M	rV{RYXv,M�Mq��YXM�StnBM�n
U6szLNOPsVS9Y&rV{±��M�y,_PM�szy,�9�¨YXLNOoszS,�w_`M�W��

Î Ïe���� ¼Ð)� d�£q¥#¤
�&v,M/r m S,OonBO`LNM�pqYXOPrVStsV_4u�v,M�M�_±�,LNrV�2rwWXM�n�OPS�YXv,OoW!�tsz�2M�L'xtsVWXOop�sz_P_P�ep�rVStWXOPW~YNW�rz{�YNv,M�{}rw_Z�
_Pr6u�O`S,���tsVL~Y\W�´
²w���4u^rRnBOPWNp�W|xtsVWXM�n=rwS��TM�y,_PM�sVyB���ÑYNLXOoszS,�w_`M�W��VM�sVp\v�p�sVLXLN��O`St�'YNv,LNM�M��tswWXWXO`UwM�u�v,M�M�_PW
Ò � ¦ �wM�sVL�p�rVS,StM�p�YNO`St��YNv,M�WXM�nBOoWXp�W�sz_P_`r6u�OPS,��LXrVYNs6YNO`rwStsz_^YNLNsVStW m OoWXWXOPrVS�x2MqY�u^M�M�S
YXv,M�W~M!Y�u^r�n,OPWNp�W

Ó � ¦ S�M�p�pqM�S9YNLXOopTYNvts6YTvtrV_on,W&xDrVYXv�nBOoWXp�WTszSDn+YNv,MR�VM�szL��

Ô�Õ4Ö�×~ÕgØ�Ö�ÙÛÚ'Ü~Ý�Þ¯Ý
¦ ��M�y,_PM�sVyB���ÑYNLXOoszSt�V_PM+rz{�M�S,vtsVStpqM�n¼UVrw_`y m M)OPW�pqrwStW~YXLNytp�YNM�n�YNr	{}rVL m YXvtMeWXvtsz�2M�rV{
YXvtM�p�r m �2rVS,M�SwY�u�v,Oop\v�v,rw_PntW�YNv,LNM�M�rz{kYNv,M�W~O`�	�tswWXWXO`UwM�u�v,M�M�_oW'YXvtszYRsVLXM/ytWXM�n�u�OZYNv
YXvtOPW&r m StOPnBOPLNM�p�YNO`rwStsz_?u�v,M�M�_¨���&v,M��tsVWNW~OPUVM'u�v,M�M�_PW�®B�,LNrz°t_PM!S,M�M�n,W�YXr�xDM�rV{±s=W~�2M�p�OZ°Dp
WXvtsz�2MV�?u�v,Oop\v�OoW�nBMqYNM�L m OPS,M�n	x��eYXv,M

lx
�§W~M�p�YNO`rwStW�nBM�WXp�LXOPx2M�n�sVxDr6UwMV�Rß��tswpqM�W'LNM m szOPS

s6Y&YNv,M
lr
�§W~M�p�YNO`rwStW��BM��,pqM��,Y^{}rwLTW m sV_`_gsV�,�DM�StnBOopqM�W��

Ò



µ|¶Z·z¸B¹Nº�à
�&v,M�W~M=sz�,�2M�Stn,OPp�M�W!�,LNM�UVM�S9Y�YXvtM/�tswWXWXOPUVM�u�vtM�M�_oW�YXre_`r9W~M=pqrVS9Y\sVp�Y'YXr)YXv,M=�VLNrVytStn

u�v,OP_`M�sVS,rzYNv,M�L��tswWXWXO`UwM|u�v,M�M�_BvtswW±S,rzY�LXM�sVp\v,M�nRYNv,M&�VLNrVy,Stn#�VMqY��±�&vtM^�Ds6YXv�nBM�WXp�LXOPxDM�n
x���YXvtM�WXMR�tsVWNW~OPUVM!u�v,M�M�_oW&u�O`_P_gx2MRMq�B�,_oszOPS,M�n)xDM�_`r6uR�

�&v,M#�DsVWNW~OPUVMRu�v,M�M�_±OPW�x,y,OP_ZY�x��)yDW~OPS,��YNv,M m M�S9YNO`rwS,M�n�WXvtsz�2M/swW�YNv,M#�,LNrz°t_PM#rV{|s
LNrzYNszYXOPrVStsV_wx2rBnB�V��Â�rzYXM^YNvts6Y�YXvtM��Dr9W~O`YXOPrVS/rz{tYNv,MTpqM�S9YXM�L�sz��OoW±rz{DYXv,OoW�LNrzYNszYXOPrVStsV_wx2rBnB�
©}u�vtOPp\v	OoW!sVp�YNytsz_P_P��YNv,M/�DsVWNW~OPUVMRu�v,M�M�_¨® W!s6�BOoWN¬ m s-��x2M/p\v,r9W~M�S	szLNx,O`YXL\szLNO`_P�V�T�&v�ytW'OZY
OoW&�Dr9WXWXO`xt_`M�YNr�p�rVStW~YXLNytpqY&�DsVWNW~OPUVM!u�v,M�M�_PWTrz{±n,OZ�?M�LNM�S9Y�WXO`«�M�W��

á�âDÜ~ã�Þ¯Ü~ä�Ø�×#å|æ�çèå4é|Õ�çêÕ�ã|ë
]^Mq{}rwLXM#nBM�WXp�LXOPx,OPS,��YXvtM/pqrwStW~YXLNytp�YNO`rwSerV{�YXv,M/LXM m sVO`StO`S,���DszLXYNW�OPS�YXv,OoW'u�v,M�M�_�nBM�W~OP�VSg�
O`Y�OoWkS,M�pqM�WNWNszLN�#{}rVL|YXv,M�LXM�sVnBM�L�YXr/y,StnBM�LNW~YNsVStn=YXv,M��,LXOPStp�O`�tsV_trV{¯YXv,OoWkr m StOPnBOPLNM�p�YNO`rwStsz_
u�v,M�M�_¨® W^{}y,SDp�YXOPrVSDsz_POZY��w�

¦ W|nBM�WNpqLNO`x2M�n�sVxDr6UwMV�VsR��M�y,_PM�szy,�9�¨YXLNOoszS,�w_`M&p�sVS=x2MTLNrzY\s6YXM�n=O`StWXOonBMTsRWX³9ytsVLXMw���&v,M
WN³wyDszLNMV® W^WXOonBM�W�sVLXM'YXrwytp\v,M�nesz_`YXM�LXSDs6YXM�_`��x9�+YXv,M�YNLXOoszS,�w_`Mw® W&p�rVLNS,M�L\W&szStn�YXv,M#p�O`L\pqyt_PsVL
szL\p�W�©}LNM�WX�DM�p�YXOPUVM�_`�w�&x9�YXv,M

lx
�§W~M�p�YXOPrVSÌsVStn�YXv,M

lr
�ìWXM�pqYXOPrVSD¬q�í½ m sV�VOPS,M�rVStM�rz{�YXv,M

WN³wyDszLNMV® WRW~OonBM�W#YXr�x2M�YXvtM+�VLNrVy,SDn�r6UwM�LRu�v,Oop\v�YXv,M��,LXM�W~M�S9YXM�n¼�TM�y,_PM�sVyB��nBOoWNp�WRLNrV_P_Ñ�
u�O`YXv=YXv,M&�tswWXWXOPUVM^u�v,M�M�_PW±YNrVytp\v,OPS,�'YXv,M&�wLXrwy,Stn�©�LXM m M m x2M�L�YNvts6Y�YNv,M��tsVWNWXO`UwM�u�v,M�M�_oW�®
�,LNrz°t_PM m s6Y\p\v,M�WgYXv,M|p�y,LNUVM�YXvDs6Y�nBM�WXp�LXOPx2M�W?YNv,M

lx
�§WXM�p�YNO`rwSD¬���î�rVS9YNswp�Ygu�O`YXv�YNv,Mk�VLNrVytStn

OoW��VOPUVM�S/rVS,_P�#vtsV_Z{2rz{2YXv,M^YNO m MV�V{}rVL�u�v,M�S�YNv,M
lx
�§W~M�p�YNO`rwS�_PrwWXM�W�pqrwS9YNsVpqY±u�O`YXv�rwS,M^WXOonBMV�

YXvtM
lr
�§W~M�p�YNO`rwS�LXM�sVp\v,M�W&YXv,OoW!W~OonBMV�'�&v,M

lr
�§WXM�p�YNO`rwS�OPW�Ç2ÅzÈ m rBnBM�_`M�n�OPS�YXv,M=��M�yt_`M�szyB�

nBOoWXp�W��
��r�VyDszL\szS9YXM�M	�VLNrVy,SDnÍpqrwSwY\sVpqY)YNv,M�M�S9YXOPLXM�YXO m MV��sWXM�pqrwStnI�TM�y,_PM�sVyB�InBOoWXp�OPW

sVntnBM�n�YXreYXvtM�u�v,M�M�_|nBM�WXOP�VSg�4n,M�WNpqLNO`x,OPS,�)YXv,M�M��,sVp�Y#WNs m M��ts6YNv�rV{ m r6UwM m M�S9Y�u�OZYNv
YXvtM+nBOZ�?M�LNM�SDpqM=YXvtszYROZY#OoW��,vtswW~M�WXv,OZ{¾YNM�n¯�+�&vtM=�tvtsVWXM�W~v,O`{¾Y�pqrwLXLNM�WX�2rVStn,W�YXr�M��Bswp�YN_`�
rVStM�vtsV_Z{2rz{Ds'LNrzYNszYXOPrVS#rV{tYNv,M���M�y,_PM�sVyB���ÑYNLXOoszSt�V_PM�W�®�pqM�S9YXM�L\W�szLNrVy,SDn�YXv,M�nBOoWX�,_PswpqM m M�S9Y
�tszYXv�rz{�nBOPs m MqYXM�L

du

�
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�&v,OoW¯M�SDW~y,LNM�W2YNvts6Y4YXv,M|�TM�y,_PM�sVyB�!nBOoWNp�W�®q�tsVWNWXO`UwM±u�vtM�M�_oWgsV_`u&s-�BWtYNrVytp\v!YNv,Mk�VLNrVytStn¯�
sz_`YXM�LXSDs6YXOPS,�e{}LNr m rwS,M�nBOoWXp=YNr�YXv,M+rVYXv,M�L�� ¦ W~O m y,_os6YNO`rwS�rV{&s�u^rVLN��O`St�)r m StOPnBOPLNM�p��
YXOPrVSDsz_?u�v,M�M�_2{}rV_P_`r6u�OPS,�#YNv,OoW&�,LXOPStp�O`�tsV_?OPW&WXv,r6u�S�OPS+°t�wy,LNM�ð,���&vtM!swnBU6szS9YNsV�VM�rV{gYXvtOPW
u�v,M�M�_�nBM�WXOP�VS�x2M�p�r m M�W!pq_PM�sVL'O m�m M�nBOos6YNM�_P�2´�ñ?Ë,º!òtÊ-Æ\Æ�¶¾ó6º+ô�ËtºNº�õöÆ�ÄVºqÆq÷�¹�¶�ø\º)Ê�ò?¸B¹Xº�õúù
õú¶¾Ç?ºNÊz¹'ò,ÊzÈ¾Ë¼Êzõ`Å6Ç�·�È}Ë,º/·z¹XÅz¸BÇ2Ä6û�ò2¹Xº�ó-º�ÇtÈ¨¶¾Ç9·�Ê6Çtù�¸�ò?ü�ÊzÇ2Ä	ÄwÅ6ô�Çtü§É�Å6ó6º�É�º�ÇtÈ§ý l'm S,OZ�
nBOPLXM�p�YNO`rwStsz_±u�v,M�M�_PW�swW'�wMqYRszLNM�L\s6YNv,M�L!SB�ì�VrVS�W~vtsV�DM�n¯�¯u�v,Oop\v�_PM�swn,W'YXr�s m r6UVM m M�S9Y
u�v,M�LXM�YXv,M=LXrwxDrVY'OoW!_`O`{¾YXM�n	y,��M�UVM�LX�eYNO m M�s+�tswWXWXO`UwM�u�v,M�M�_±�tsVWNWXM�W�YXv,M=�VLNrVy,SDn¯� ¦ Y
v,OP�Vv�UVM�_PrBpqO`YXOPM�W��?YXv,M=M�S9YNO`LNM/u�vtM�M�_ m OP�Vv9Y�_`r9W~M/�VLNrVy,Stn�pqrwSwY\sVpqY�� m sz��O`St�)O`Y#nBOZ�+p�y,_ZY
YXr��,LNM�p�OPWXM�_P��nBLNOPUVM�OZY��

µ|¶Z·z¸B¹Nº/þ

ÿ � d�£q¥#¤ ��� � j^j � ¤/f4h�£qj i#¤ Ð ¥ � i#h
½§S�rVL\nBM�L�YNr#sVp\v,OPM�UwM^YXv,M m r6UwM m M�S9YknBM�WXOPLXM�n¯�wsVS=M�p�p�M�S9YXLNOPp^OoW�S,M�M�nBM�n¯���&v,OPWkM�p�p�M�S9YXLNOop
OoWTv,M�_Pn�x��+YNv,M m szOPS	s6�BOoW&YXr�u�v,OPp\veYNv,MRYXrwLN³9y,MROoW�sV�,�,_PO`M�n¯�Dn,LXOPU�O`S,��YNv,M#r m StOPnBOPLNM�p��
YXOPrVSDsz_gu�v,M�M�_¨�^�&vtMR°tL\W�Y���M�y,_PM�szy,�enBOoWXpV® W'pqM�SwYNM�L�sz�BOPW�OoW��,_osVp�M�n�s6Y!nBOPW~YNsVStpqM

1

2
du

YXr
YXvtM m szOPSs6�BOoW����Ìv,M�SYXv,M)M�p�p�M�S9YXLNOop�OPW/LNrzYNszYXM�n¯�±YXv,M�nBOoWXpV® W/pqM�S9YNM�L�nBM�WNpqLNO`x2M�W#YXv,M
nBM�W~OPLXM�n)n,OPWX�,_osVpqM m M�S9YTpqy,LNUVM�©�s�p�O`L\pq_PM�rz{�nBOPs m MqYXM�L

du

¬��
¦ n,nBO`YXOPrVSDsz_P_`�w�g{}rVLRM�sVp\v¼pqr m �,_`M�YXM�LNrzY\s6YXOPrVS�szLNrVy,SDn�YNv,M�M�p�pqM�SwYNLXOop�©}x��

2π
¬���YXv,M

��M�y,_PsVyB��n,OPWNp�OZY\W~M�_Z{&S,M�M�n,W�YNr�LXrVYNszYXM�x��
−

2

3
π
sVLXrwy,Stn�OZY\W#pqM�S9YXM�L����&v,OoW#p�r m xtO`S,M�n

m r6UVM m M�S9Y&OoW�LNM�sV_`OP«�M�n�x��+Y�u^r�pqrwS,S,M�pqYXM�n)�wM�sVL�u�v,M�M�_PW��|�&v,M�°tL\W~YT�VM�sVL�u�v,M�M�_Ñ�tu�OZYNv
YXvtM�WX�,LNrBp\�VMqY\W�rwS�O`YNW�rwyBYNWXOPn,MV�gOoWRW�Y\s6YNOPp�sz_P_`�	p�rVS,S,M�p�YNM�n�YNreYXv,M=°tL\W�YR��M�y,_`M�szyB��n,OPWNpz�
½ìYNW�n,OPs m M�YXM�L m ytW~Y&x2M

3 · du

�|ß�OPStpqM!YXvtOPW&�wM�szL^u�v,M�M�_oW m r6UwM�W&szLNrVy,SDn�YXv,M m szOPS�s6�BOPW
M�p�pqM�SwYNLXOop�sV_`_P�V�¯s)pqrVytSwYNM�LNu�M�O`�wv9Y m s-�ex2M�s6YXYNsVp\vtM�n�YNr�YNv,M/M�p�p�M�S9YXLNOPpV�¯pqr m �2M�StWNs6YNO`St�

�



YXvtM!�wM�sVL|u�v,M�M�_¨® W�p�M�S9YXLNOZ{}yt�wsz_D{}rVL\pqMw���&v,M!WXM�p�rVStn��VM�szL|u�vtM�M�_¨�Bu�O`YXveOZY\W^WX�,LNrBp\�VMqY\W|rwS
YXvtM=OPStWXOPn,MV�gOoW�W�Y\s6YXOop/rVS�YXv,M�LNrVx2rzY���½ìYNW�nBOos m MqYNM�L�OPW!YNr)x2M

4 · du

��K±O`�wy,LXM���W~vtr6uTW
YXvtM#pqr m �,_PMqYNMRpqrVS,°t�Vy,L\s6YNO`rwSg�

µ|¶Z·z¸B¹Nº
	
ÂTr6u�YXvtszY�YXv,M^°tL\W�Yk��M�y,_PM�szy,�/nBOoWXp&nBM�WXp�LXOPxDM�W�YXv,M�u&szS9YXM�n m r6UVM m M�S9Y��6YNv,M�W~M�pqrwStn

nBOoWXp=S,M�M�n,W'YNrex2M�pqrwS,S,M�pqYXM�n�YXr�O m OZY\s6YXM=YNv,M�Mq�,sVpqY�WNs m M m r6UVM m M�SwY!u�OZYNv¼s��,vDsVWXM
WXv,OZ{¾Y��#�&v,M=�,vtsVWXM�W~v,O`{¾Y�OPW�p\v,r9W~M�S	O`S�W~yDp\v�u&s-��YNvts6Y!YXv,M=°tL\W~Y!nBOoWXpV® W�p�M�S9YXM�L�YNLNs-UwM�_oW
szLNrVytStn�YNv,MRnBOPWX�,_osVp�M m M�S9Y�pqy,LNUVM'YXv,LNrVyt�Vv

π
szv,M�sVn¯�Bu�O`YXv)YXvtM�n,OPWNp�W^LNrzYNszYXM�n�szLNrVytStn

YXvtM�OPL±p�M�S9YXM�LNW4x9�
1

3
π
YXr'M�sVp\v�rzYXvtM�L�©}YXv,OoW±OPW�Mq�B�,_oszOPS,M�nRszx2r6UVMkx��!YXv,M�LXM�_PszYXOPrVSRx2MqY�u^M�M�S

x2rzYXv m r6UwM m M�S9YNW\¬���]�ytO`_onBOPS,�Ts&�VM�szL¯{}rwL¯YXv,OoW?Y\sVWX��OoWgL\s6YXvtM�LgWXO m �,_PMV´¯YNv,M|WXM�p�rVStn�nBOoWXpV® W
pqM�S9YXM�L�sz��OoW�OPW^�,_osVp�M�n�szYTnBOPW~YNsVStpqM

1

2
du

YNr�YNv,M m sVO`Ses6�BOoW���OPS+YXvtM!rw�,�2rwWXOZYNM!nBOPLNM�p�YNO`rwS
rz{�YXv,Me°tL\W�Y�nBOoWXpV® W�s6�BOoW���KtrVL/YXv,M�LNrzY\s6YXOPrVSrz{TYNv,MeWXM�p�rVStn�nBOoWXp)OZY\W~M�_Z{��kYXv,M��VM�szL/OPW
pqrwStW~YXLNytp�YNM�n�YXr�M�W~YNsVx,_`OoWXv�se²w´`²'YXL\szStWX_os6YXOPrVS){}LNr m YNv,M�°tL\W�Y&YXr�YNv,M#WXM�pqrwStnenBOPWNpz�

µ|¶Z·z¸B¹Nº��

 � ¤ej  �� d�£ � ¤
�&v,M=u�v,M�M�_�nBM�WXO`�wS��,LNM�WXM�S9YNM�n�OPS	YNv,OPW��Dsz�2M�L!OPW m rVLNM/p�r m �,_PMq��YXvDszS�rVYXv,M�L�r m S,OonBOZ�
LNM�p�YNO`rwStsz_±u�v,M�M�_oW��?LNM�³9y,OPLXOPS,�)s�_PsVLX�wM�L!s m rVy,S9Y!rz{ m M�p\vDszS,Oop�sV_��tsVL~Y\W���ÂTM�UVM�L~YNv,M�_PM�WNW��
YXvtM�sVnBU6sVSwY\sz�wM�WTsV�wszOPStW~Y�rzYXvtM�L'WXrV_PyBYNO`rwStWTszLNMRrVx�U�OPrVytW��^�&vtOPW'nBM�WXO`�wS	sz_P_`r6uTW�s+LXrwxDrVY
©}rwL�rVYXv,M�LTUVM�v,OPp�_`M-¬&v,OP�Vv,_P�e�,LXM�pqOoW~M#sVStn�pqrwS9YXLNrV_P_PsVx,_`MRr m S,OPn,O`LNM�pqYXOPrVStsV_4nBLNO`U�OPS,�t�DM�UVM�S
s6Y)v,O`�wvÌW~�2M�M�n,W��TsVStn�W�YNO`_P_'p�szSÌx2M�pqrwStW~YXLNytp�YNM�n�YXr�x2M	UwM�LN��LXrwx,ytW~Y����Ìv,M�M�_��wLXOP�
OoW�rV�BYNO m sz_�x2M�p�szytWXM�nBLXOPU�O`St�eOoW�U�O`xtLNszYXOPrVS	{}LNM�Mw�4szSDn�YXvtM�O`Stn,O`U�OonBytsz_��DsVWNW~OPUVM=u�v,M�M�_PW
vts-UwM�p�rVS9YNswp�Y#u�O`YXv�YNv,M��VLNrVy,SDn�r6UwM�LRs�_PrVS,��YNO m MV�e�&v,M�{}rw_`_Pr6u�O`St�)°D�Vy,LNM+W~vtr6uTWRs
LNM�sVn,�w�¨YXrV�¨xty,O`_on�WNs m �,_PMRnBM�WXOP�VSg�BOPStpq_PytnBOPS,�+sV_`_?YNv,M#pqr m �2rVStM�S9YNW�nBM�WXp�LXOPx2M�n¯�

ð



µ|¶Z·z¸B¹Nº��

�


