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BDC
EGF HDCJI<KMLON�PQCSR�TUNWVYXOC[Z9E\CSR�]_^a`<IbZcXedfNgLhR�TUISZDRji I<Z>NgZDPkXOZ>lWm>LnISV�oQpqZ>NSr�s>C[VYCGt
C
V\N9u�vwCSKME\NgV
x C
LhRyNgZzF|{~}�scC�`�IbXOZ���m>C_PQEYX�NgZ~r�C7IgR>R9V\CSPYPGXOZ�EYs>XhP��DIb�DC
VGXhPM��r�sDISE�IbVYC<E\s>C<Z>CSKMCSP\PYISVY��IbZDR
PQm��<KMX�C
Z�E�KMNgZDR�XOEYX�NgZDP�NgZ.i�dfNgV�E\s>C
V\CGEYN�HDC�I��c�b�[�O�a�n�b�G�)�w�)�[�g���n�g���n�w�<��E\V)IbZ�PQvwC
V�PQC�E\N�iy �¡�CSK
ISLOL
I��c�b�[�O���n�S�¢�)�w�£�[�g���n�g�a�n�w����XhP�IG¤
^��>LhIbZ>C x C
LhR�R9XnPkEYV\XOH>m>E\XONWZ�lgX�vwC
Z�LON�K[IbLOL���IWP�EYs>C¢¥wC
V\Z>C
LDNbd¦I�§£^fdfNgV\`
¨ PYISEYXnP�df�9X�Z>l ¨+©<ªw¨0«z¬ {�­wXOZDK�C�r�C®IbV\C�NWZ>LO��X�Z9E\C
VYC_PQEYC_R�XOZ7KMNWZ9dfNgL�XnIbE\XONWZDP�EYV�IbZDPkvwC
V)PkC¯E\N�IGvwCSKME\NgVx C
LhR�T9r�C¢`<I
��IWPYPQmc`�C�EYs�IbE°��XnP�NgV\XOC
Z�E)ISH>LOC�T>IbZ�R ¨ XhP�I	lWLONgH�IbLOL��<R9C x Z>CSR�§£^fdfNgV\`�{

± Z>C�Nbd�EYs>C��>V\XOZDK�XO�DISL>`�NgE\XedaPUXOZGE\s>C�EYs>C[NgVY�GNSd KMNWZ9E�IgKME¦]_^a`<IbZ>X�dfNgLhR>P�XnP EYs>C�PkEYmDR9�GNSd R9��ZDIS`�XnK
ISL
�>V\Ng�DC
VYE\XOCSPGNbd²vwCSKMEYNWV x C
LhR>P	E\V)ISZDPQvwC
V�PQC<EYN�IyKMNWZ9E�IgKMEJ�w{z³�NWV�C[´>IS`��>LOC�T%µ$NbdfC
VGs�IgP�C
´�EYC[ZDPQX�vwC
LO�
PQE\mDR9X�CSR�EYscC�R9��ZDIS`�XnK
P�NSd¶¡·C
C[H�vwCSK�EYNgV x C[LnR>P%i¸Nbd¶EYscC�KMNWZ9E�IgKME°§£^fdfNgV\` ¨ TcIbZDR�XOZ��DISVYE\XnKMm>LhIbV[T�s�IgPNgHcE)IbX�Z>CSR�C
´�XnPkEYC
ZDK�C�VYCSPkm>LOE�P4dfNgV�KML�NwPkCSR�NgVYHcXOE)P�NSd%¡�C
C
H<vwCSK�EYNgV x C
LhR>P�o�Kg{¹d\{�º�§g§M»fu){%¼�Z<EYs>XhP��DIb�DC
V�r�C
r�XOL�L9C[´>IS`�XOZ>C%Ekr�N²KMLnIWPYPQC_P�Nbd2vwCSKME\NgV x C
LnR>P�TgZDIS`�C
LO�°EYs>C�½+NWV)PQC�^Y­w`�IbLOC%vwCSK�EYNgV x C
LnRcP�ISZDR	E\s>C�vwCSKME\NgV
x C
LhR>P�r�s>NwPkC$NWVYH>X�E)P%IbV\C$E\s>C°KMXOV�KMLOC x HDC
V)P%Nbd�­�C
XedfC
V\E x HDC
V\CSR�Pk�DIgK�CSPMT�IbZ�R�R9C[EYC
V\`�XOZ>C�Z>CSKMC_PYPYISVY�¾IbZDR
PQm��<KMX�C
Z�E�R9��ZDIS`�XnK
ISL�K�NgZDR9X�EYX�NgZDP$NWZyi�dfNWV¯E\s>C�C
´9XhPQE\C
ZDKMC¢Nbd·I�EYV)ISZDPQvwC[V)PQCG�DN�PQXOE\XOvwC�KMNWZ9dfNgL�XnISEYXONWZ
o¿NWV�K�NgZ�E)IgK�E�PQEYV\mDKME\m>VYCgu��w{

}�s>C�E\s>C
NWVYC
`<P�r�X�LOLUHDCGPkE)ISEYCSR�dfNgV°KMNgZ�E)IWKME�PkEYV\mDKMEYmcVYCSP�T�ISZDR�E\s>C¯dfm>L�L PQE�IbEYC[`�C
Z�E)P4dfNgV°KMNWZ9dfNgL�XnI_^
EYX�NgZDP�r�XOL�LUHDCGR9CMdfC[VYVYC_R�mcZ9E\XOLULnISEYC
V[{�À�m>E x V�PQE�LOC
E�m�P$XOZ�EYV\N�R9mDKMC®PQNW`�C¢EYC
V\`�XOZcNgLONWlg�w{�BDC[E¯Á¾Â¯Ã|F
HDC�IbZ�C
`�HDCSR>R9C_R�R�XnPQ¥<r�X�EYs�EYscC�dfNgLOL�NSr�XOZ>l��>VYNW�DC
VYE\XOCSP��¯ofX¿u�ÄUÁGÂ�XnP$E�IbZ>lWC
Z9E°EYN�i�T�X�{ÅCw{OTDÄUÁGÂ�XnP°I
KML�NwPQC_R�NgV\H>XOE%Nbd¶i~TcIbZDR7o¿XOXfu i¸XnP%EYV�IbZDPkvwC
V)PkC$E\N�ÁGÂ Æ�ÄÇÁ¾Â
{ ± VYX�C
Z�E·Á¾Â�PQN�E\sDIbE�i�XnP�EYscC�NgV\XOC
Z�EYCSR
Z>NWVY`<ISL�NgZ�Á Â Æ�ÄÇÁ Â {%¼¿d EYs>C¢XOZ�R9mDKMCSR�HÈNWm>ZDR>ISVY�<NgV\XOC
Z�E)ISEYX�NgZ<NgZ7ÄÇÁ Â XnP�EYscC¢PYIS`�C¢IgP�E\s>C¢NgV\XOC
Z9^
E)ISEYX�NgZ<lgX�vwC
Z�H���V\CSPQE\VYXnK�EYXOZcl�i�EYN�ÄUÁ Â T�EYs>C[Z�r�C¢K
ISLOL�Á Â I<ÉM�ËÊbÌ��fÍ¿Ìc�w�>Î9�\Î®R9XnPk¥�{ ± E\s>C
V\r�XnPQC�TÈÁ Â XhP
�O�O���fÍ¿Ìc�w�>Î9�\Îg{°oQ­wC
C²³�XOlWm>VYC�§g{�u

Ï L�CMdfEQ^asDISZDR9CSR�NWV�V\XOlgs�EQ^asDISZDR9CSR�R�XnPQ¥�Á Â XnP%PYISXnR�E\N����n��Ð°I¢�ÈC[VYXON�R�XnK$NWVYH>X�E4Ñ<X�dUÑ<XOZ�EYC
V�PQCSK�E)P�E\s>C
XOZ�EYC[VYXONWV�Nbd°Á Â { Ï LOCMdfEk^�NWV¯V\XOlWs9Ek^�sDISZDR9CSR.R9XhPQ¥yÁ ÂÒ �)Ìc�wÎw�wÓÇ�²IbZ>NWEYs>C
V¢L�CMdfEQ^ÔNgV¢VYX�lgs�EQ^asDIbZDR�CSRyR�XnPQ¥
Á ÂÂ X�d Õ�ÖD×MokÁ ÂÂ u�ÃzØ�oaÙqÚ+Á ÂÒ u�T9r�s>C
V\C¢Õ�ÖD×MokÁ ÂÂ u¶XnP%EYs>C�X�Z9E\C
VYX�NgV%Nbd%Á ÂÂ T>IbZ�R�Ø7�9ÙqÚ+Á ÂÒ�Û F `�Ib�DP
o¿×�Ü)Ý�u%ÞßÙàÚyÁ ÂÒ E\NGEYs>C¢EYX�`�CM^a×�áDNSrâNSd%Ý<m>ZDR9C
V�i�{4ã.C¢Z>NSr|PQE�IbE\C¯NWm>V�VYCSPkm>LOE[�
ä�å æ�çÈèSæ�é ê(ë����Çi ìM�®���c�w���[�n�gÊwíw���wÉ¯î.�wÉY�S�)Í¿ïÈðG�g�O�®�b�\�M�a�wÉ¦ñ�����Î9ò�ó�ÌD���+�nÌD��É)�G�YôW�e���n�G���c�b�[�O�a�n�b�
�)�w�9�a�w�M������É�í9����í�É£�°�+�aÉY�w���[�b�£É��S�®���Gi � ���w�>Î7�w�9��õ<� �+öa�ø÷ß���b��É�õ�ùwÍ¿�k�>ÌD��É£�®�aÉY�w���[�b�£É��S�®���Gi �n�9�Q�£É£Í
�S�\�M�n�¾�w�y�g�f��É\�w�M�a�n�gÊ<�wÉ�É)���D�)�O���n�WÊ	�D��É��n�SÎw�n���wÉ�ì
�O�ûúÔ�w�>Îyöa�n�ø÷7���b�£ÉMõ��O�O���fÍ¿Ìc�w�>Î9�\Î7Îw�e�)Ð<���O�nÌD��É����n��Ð
�	�w�

§



Left-handed disk Right-handed disk

³�XOlWm>VYCG§W�·BDC�dfEQ^asDIbZDR�CSR�vcPM{�V\XOlgs�EQ^asDISZDR9CSR

�g�f��É\�w�M���n�WÊ<�wÉ¯É)���D�)�O�ü�n�gÊ	�D��É��n�SÎw�n�¢�wÉMì
�O�Ô�wÉ$�)Ìc�wÎw�wÓÇ�®��É��ËÊbÌ��fÍ¿Ìc�w�>Î9�\Î<Îw�e�)ÐJ�Q�®�w��í��9��Ó¶�e���Q�\Î7�n�>Î9�Yô<ý
ön�[�wÎwÎ9�O�f÷<�wÉ�ì
�O�kò

}�s>C
V\C�ISLOr�I
�cP4C
´�XnPkE�NSvwC
VYEkr�XhPQEYC_RGKMNgZ�E)IWKME�PkEYVYm�KMEYm>V\CSP�EYV�IbZDPkvwC
V)PkC$E\NG½+NgV�PQCM^\­w`<ISLOC�áDNSr�P4r�s>XhK£s
PYISEYXhPþdf�0EYs>CßKMNgZ�R9XOE\XONgZ�P	NSdG}�scC
NgV\C
` §g{z¼�E�XnP�PQEYX�LOL�Z>NWE�m>ZDR�C
V)PkEYNwN�Rÿr�s>XhK£s ½+NgV)PkCM^\­w`<IbL�C�áDNSr�P
IgR�`�XOE�EYV)ISZDPQvwC[V)PQC¢E\XOlgs�E�KMNWZ9E�IgKME�PkEYVYm�KMEYm>V\CSPM{

ãyC¢Z>NSr PQE�IbEYC¢NWm>V�EYs>C[NgVYC[` dfNgV�KMNWZ9E�IgKME�PkEYV\mDKMEYmcVYCSP%EYV)ISZDPQvwC[V)PQC¢E\NGEYs>C®KMX�V)KML�C x HDC
V�P�Nbd�­wC
X�dfC
VYE
x HDC
V\CSRyPk�DIgK�CSPM{ Ï Z~Ö>^�E\m>�>L�C+o � Ò Ü������
Ü ��� u®Þâo ¬ Ü
§Su � XnP�É£�\�g�ü���[�wìM�O��Xed�E\s>C
V\CGC
´9XhPQE�P¯I��DC
V\`�m>E�IbE\XONgZo¿Ñ Ò Ü������
ÜYÑ � u�Nbd²o
	���
�Ü
o�
 Æ�	�u���
�Ü
§���
�Ü������SÜ
§���
+u�r�XOE\s ¬�� 	 � 
�ISZDR0o
	DÜ�
+u�p §�PkmDK)s�EYsDISE
����� Ñ � dfNgV�ISLOL ÕY{
ä�å æ�çÈèSæ�é �âë������ ��F Û � ìM����ïU��� �S��É)��ñ�ìM��É)�\Î��k�c�w�M�¾Ó��O�ûÌ7ïU��� �S��É)�°�n�>�
�wÉ��n�w�9�û��o��2o � u ��!bÜ[o ¨ Ò ú
" Ò u\ú¢o ¨ Â Ü " Â u�Ü������
Ü[o ¨#� Ü " � uYu\ú®ÓÇÌD��É)�$!7Þ&% �w�>Î ¬'� " � � ¨#�(� §�òâó�ÌD���0�ûÌD�£É£�+�\ôW�e���û�����c�b�[�O�a�n�b�
�)�w�9�a�w�M�4���aÉ�í9�M�aí�É£���<��É\�w���[�b��ÉY�S�¢�����ûÌD��ñ�ìM�£É��¾� �®�w�>Î<�w�9�üõ�� �®�w�È�®�Q�¢�nÌD���[�g�O�ü�wÓ��n�gÊ�Ìc�g��Îb��)
ýwò*�,+ ¬ �w�>Î$!.- ¤���Æ0¤Dò
ù>ò*�Jp ¬ �w�>Î

öa�£÷/!.- Æ�¤�úÔ�wÉ
öaìþ÷/!$p Æ�§búÇÖ « ]wú��w�>Î�o " Ò � ¨ Ò Ü������SÜ " � � ¨#� u¯�e�®É£�\�g�����[�wì��O�YúÔ�wÉ
öa�þ÷/!$p Æ�§búÇÖßp ¤�úÔ�w�>Î " Ò � ¨ Ò10 " Â � ¨ Â -â§búÔ�wÉ
öaÎ£÷/!$p Æ�§J�w�>ÎGÖßp ¬ �wÉ�Ö+p|§9ò

}�s>CG¥wC
�<XOZclgVYC_R9XOC
Z�E�XOZ�EYscCG�>VYNwNSd�Nbd·}�s>C
NWVYC
` ¤�XnP�ISZ~ISZDIbL��>PkXnP$NSd�KMNW`�`�m>E)ISEYNgV�P�NbdÔs>Ng`�C[Nb^
`�NWVY�>s>XhPQ`<P�NSd�Ù r�s>XnK)s7R9CSPYK�C
ZDR�EYN�Ù2�3%ÿp54 Ò {�}�s>C¢E\V)IbZ�PQvwC
V�PQC®KMNgZ�E)IWKME°PQEYV\mDKME\m>VYCSP�ISVYC®IbL�r�I
�cP
EYX�lgs�E�dfNgV�­wC[XedfC
V\E x HDC
V\CSR+Pk�DIgKMC_PM{

Ï dfEYC[V�EYs>XhP�r�NgV\¥Gr�IWP�KMNW`��>LOC[EYCSR�TSr�C�ZcNgEYXhKMCSRGEYsDISE%Ngm>V�`�NgE\XOvWIbE\XOZ>l¢�wm>CSPkEYX�NgZJIbHDNSvwC$rÔIgP%IgPk¥wCSR
H��G}�s�m>V)PkEYNgZ�XOZ�º ¤ ¬ »�{�}�scXnP��DIS�DC
V%XnP�X�Z9E\C
ZDR9CSR¢EYN�HDC°I x V�PQE�PQE\C
�GEYNSr�ISV)R>P%ISZDPQr�C
VYX�Z>l�EYscXnP��wm>CSPkEYXONWZVYC[lwIbV�R9XOZcl�E\XOlgs�E�KMNWZ9E�IgKME�PkEYVYm�KMEYm>V\CSPM{

¤



6 7 8:9�8:;<8:= >

}�s>XhP�PQCSK�EYXONWZ�XnP�R�C
vwNgE\CSR�E\N�EYs>C�PkEYmDR���Nbd�s>NgL�NgZ>NW`��<NWZ+áDNSrqKM��LOX�ZDR9C
V�P$ISZDR+EYs>CGV\C
LnISEYX�NgZDPks>XO��E\N
NSvwC
VYEkr�XhPQEYC_R�R�XnPQ¥cPM{�³>NgV�VYC[LnIbE\CSR�XhR9CSIWP$ISZDR+XOZDPk�>XOV�IbE\XONgZ�TÈE\s>C�V\CSIgR9C[V$XhP·V\CMdfC
VYV\CSR�E\N�­�CSKMEYX�NgZ�§g{Ë]�Nbd
º@?S»

¼�Z+r�sDISE$dfNgL�LONSr�PMT�F r�X�LOL�HDC�I�KMLON�PQCSR2T>NgVYX�C
Z�EYCSR<]_^a`<ISZ>XedfNWLnR+ISZDR�i I	Z>NWZDPQX�Z>lgmcLnIbV�áDNSr¢{²BDC[E
ØBA�� �¸Û F HDC.ISZ XO`�`�C�V)PkXONWZ~EYV�IbZDPkvwC
V)PkC+EYN�i~{ ÏDC �wÓq�
õS���n�>Î9��ÉGNbd¾ØBAJXnP�IbZ XO`J`�C
V)PkXONWZ
Øy�cÙ Ú �(Û F|T2PQN�EYs�IbE¢Ø o¿×�Ü)Ý�u%XnP�EYs>C®EYX�`�CM^a×�áDNSr|Nbd%i�T�PkE)IbV\EYX�Z>l<IbE°ØBASoaÝ�u�IbE�×�p ¬ {·ã.C�r�X�LOLPQL�XOlWs9E\LO�JIbH>mDPkC�Z>NWE)ISEYXONWZ�ISZDR�V\CMdfC
V�E\N�E\s>C¢`<Ib��Ø�IbZDR<EYs>C®PQ��IgKMC®Ù Ú � HDNWEYs.IgP C �wÓ �
õb�ü�n�>Î9��ÉY��{

E NgZDPkXnR9C[V¯E\s>C�áDNSrqK��9L�XOZDR9C[V.Fqp"Ù¸Ú~ÁGÂ¢r�XOEYs�KM��LOX�ZDR9VYXhK
IbL K�NwNgV)R�XOZDISEYCSPGo
G>Ü HbÜ�Iwu)T2PQmDK)s.EYsDISE
Á¾Â	pKJ3H2- §�L�{�BDC
E¢mDP��>m>LOL¶i ISZDR.��H�IgK)¥+EYN7Ù�Ú~ÁGÂ�v�XnIJØ ofr�CGr�X�LOL%PkEYXOL�L�K[IbLOL¶EYs>C
`'i IbZDR
�gu){�ã.C¢EYs>C[Z+sDI
vwC¢i�p MM�N ISZDR+�GXnP�lWXOvwC
Z<H��<I�KMNgZ�E)IWKME�§)^¿dfNWVY` ¨ p ª G�ÆPO ª H�ÆQ� ª I�T�dfNWV�PkNg`�Cdfm>ZDK�EYXONWZDPRO�TS�JNgZ7Ù Ú�Á Â { ± Z7ÄTFzE\s>C
VYC°XnP�ISZ+X�ZDR9mDKMC_R��£Ìc�wÉY�w���Q��É��e���a�n�¦�[�g���n�g�a�n�w�GÄTF<U<�w{�¼�E�s�IgP
Z>N�PkXOZ>lWm>LnISVYXOE\XOCSP�ofX�{ C�{OTgE\s>C¢K)sDIbV�IgKME\C
VYXhPQEYXhK4dfNgL�XnIbE\XONWZ�XnP�I�lgC
Z�m>XOZcC·dfNWLOXnISEYX�NgZ�u�T>PQX�ZDKMC�i¸XhP4E)ISZ>lgC[Z9E�E\N
ÄTF²{

E NgZDPkXnR9C[V�I�`<Ib´�XO`<ISL9X�Z9E\C
lgV�IbL�KMm>VYvwC�Ñ��wÙ Û ÄTF¢T�Ñ o¿×)u�p|o�G>o¿×)u)Ü�Hwof×£u�Ü�I9of×)uYu)Twr�X�EYsWVI�o¿×)u�+ ¬ T>NbdEYscC¢K£s�IbV)IWKMEYC[VYXnPkEYXhKÔdfNWLOXnISEYX�NgZU{�Ñ7XnP4E\s>C
Z<XO`J`�C
V�PQCSR�X�Z<ÄTF²T>IbZ�R�C[XOEYscC
V%lgXOvwC_P�IbZ<XhPQNg`JNgVY�cs>XnPk` E\N�I
LOC_I_d%NSd�Ä#F¢T>NgV°r�XOLOL�%�^þKMNSvwC
V�E\s>C�L�CSI_d\{°}�s>C
VYC�dfNgVYC�TÈr�C�r�XOL�LUZ>NgE²R9XnPkEYXOZclgm>XhPQs+HDC
Ekr�C
C
Z+E\s>C�X�Z9E\C
lgV�IbL
KMm>V\vwC�Ñ�ISZDR�E\s>C®KMNgV\VYCSPk�DNgZDR9X�Z>l�LOCSI
d\{

³>NgV�EYs>C¢dfNgLOL�NSr�XOZ>lJKMLnIWPYPkX x K
ISEYX�NgZ<Nbd�XOZ�EYC[lgV)ISL KMm>V\vwCSP�NgZßÄTF¢T>E\s>C�V\CSIgR9C[V$XhP�VYCMdfC
V\VYCSR�E\N�³�X�lgm>V\C
¤9{Gã.C�P\I
��ÑysDIWP·ñ��c�O�Q�GÌc�g���w�>�wðGõ�X�d4dfNWV¢CSIgK)s�× A Þ�Ù�EYs>C
V\CGC
´�XnPQE°EYXO`JCSP·× Ò +|× A IbZDRy×�X Ò � × A
dfNgV®r�s>XnK)sYI9o¿× A u�pZI9of× Ò u�pZI9of×�X Ò u�`�N�R~¤[��{ Ï x Z>X�EYC�s>NgL�NgZ>NW`��.K�m>VYvwC�sDIgP¢�c�b�[�O���n�b�GÌc�g���w�c�wðGõ
o¿V\CSPQ��{��È�fÊw�g�a�n�b��Ìc�g���w�>�wðGõ
u)T9X�d EYs>C[VYC�C
´�XnPkE)P�I�EYXO`JC�× Ò +ÿ× A dfNWV�r�s>XnK)s\I9of× A u%p]I9of× Ò u�`JN�R�¤[��TcIbZDR
G>o¿× A u � G>of× Ò u�ofVYCSPk�U{RG>of× A u^+_G>of× Ò uYu�{4Ñ�XhP$P\IbXhR�EYN�sDI
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