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3547698:�+�;����<>=@?A�;B-�C$&DE�+�GFHB7<>%I���KJMLONQP7RTSVUWSVX�PTYQZ[L]\TSVU_^
S[`Ta]YQ\�bWU&Sdc-U2Ye\-f�UWbhgi S[jkbl\�X�SV` i YmS[`�fnUWb&o i f�SV`poebhqrb&oebW`TU&b"qrosf�j*b�t+Yeu7X;v i u-f i jkX>w�SV`TakU&Z[XxU_^
YyoQPT`�YQZVX>vltf�`TR i u-f i j*X>wxS[`Tazj*b i b&o{Y i SVU_^
Y:f�oQb|U&X�` i osf�U i b&R~}��(�mS[` i Y&����oeX�\�b&o i SVj*bAS[Y i uTb i SVj*bj*b�f�YQPToebWR*S[` i u7b�oeb&Y i qrosf�jkb|X�q i uTb�UWZVX�U_^�t���oQX�\�b&o�ZVbW`Ta i u�SVY i uTb�ZVbW`Ta i u�jkb&f�YeP7oeb&RSV` i uTbkoQb&Y i qroef�jkb�X�q i u7bkj*b i b&olY i SVU_^+}n���V�h��������SV`�f�`�L�qroef�jkb�S[Y i uTb�RTS[Y i f�`TU&b� b i vMb&b&` i vAX*\�X�YeS i SVX�`7Y|jkb&f�YeP7oeb&Rpf i�i uTblYsf�j*b i SVj*b�}��
��� ���x�I  � ��¡¢�SVj*b£RTSVZVf i S[X�`�SVY¤YQuTX>v¤`OYeS[jk\7Z[L � L i osf�`TY¥qrX�oej*SV`7a�qroQX�j i uTb£qrosf�j*blSV`�v¤uTSVU_ui u7bkUWZVX�U_^�SVY0f i oebWY i �§¦�� i X i uTb�qrosf�jkb�S[`�v¤uTS[U_u i uTb�U&ZVX�U_^�j*X;w�b&Y i X i uTb*oeS[a�u i�§¦©¨�� � L � X�X�Y i SV`Ta�S[` i uTbl`Tb&a�f i Sdw�bzª2RTS[oeb&U i S[X�`9qroeX�j i uTb"¦¬« ¦©¨

­®*¯¤« °�±_²³µ´ « °�±_¶ ¨¯· ¨ ¯ ´O¸¹HblX�`7Z[L9`7b&b&R i uTb i SVj*bzU&X�j*\�X�`Tb&` i �±_¶ ¨ ¯�º¼» � ±½¶ ¯�¾5¿ · ¯�� º¼» ² ¸À�X�oebW` ieÁ U&X�` i oef�U i SVX�`�SVY i oeS[U_^�S[b&oWt�f�Y£vAb*j�PTY i j*b�f�YePToQb i uTb�Y i SVU_^ � L i f�^�S[`Tai u7bÂRTSdÃ~bWoeb&`7U&bÂX�q i uTb0b&R7a�b&Y£f imi uTb*Ä&Å�Æn�0�I �Æn�¤SV` i uTb0qrosf�j*blSV`Çv¤uTSVU_u i uTb"Y i S[U_^j*X;w�b&Y"� i X i uTbloeS[a�u i tTÈ�SVa�PToQb��;�h}¢�uTb0Ye\-f�UWb i SVj*b£\�X�S[` i �IbWw�b&` i �¤f�SVYW�­®*¯¤« ° ³ É ´ « °�±½¶ ¨¯· ¨ ¯ ´ ¸¢�uTb"Àx¢Êa�S[w�b&Y"� � XxX�Y i S[`Ta�SV` i uTbl`Tb&a�f i S[w�bzª2RTSVoQb&U i SVX�`9qroeX�j i uTb"¦H« ¦ ¨ �
±_¶ ¨ ¯¤ºÊ» � ±½¶ ¯�¾5¿ · ¯&� ºÊ» ¿ É· ¨ ¯¤ºÊ» � · ¯�¾5¿ ± ¯W� º¼» É� i¤i SVj*b ±_¶ ¨¯ i uTb0ZVbhq i b&RTa�b0uTf�Ymj*X>w�bWR i Xk¿ ±_¶ ¨¯¤ºÊ» ¿�Ë É }M¢�uTb0Y i SVU_^9Z[b&`Ta i uÇSV`¦©¨�SVY&� · ¨ ¯|Ì ¿ ±_¶ ¨ ¯¤ºÊ» É Ì¬» ¿ Ë É º¼» É �Í� Ì ¿ Ë � º ÉGÎ »

3�Ï�6�Ð�%(FÒÑCÓr<�B-�C��%�<½#Ô Sdw�bW` i vMXkbhw�bW` i Y ­®*Õm« ° ³³ ´ f�`TR ­®*¯l« °ÒÖ ·· ´�× v¤uTb&oQb ³�Ø Ö Ø ��t7c-`TRi u7b � X�X�Y i�i X i uTb£qrosf�j*b£SV`�v¤uTS[U_u i uTb&YQb"bhw�bW` i Yzf�oQb£YeS[j�PTZ i f�`TbWX�PTY&}
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ct’ ct

x

x’
a

o x’_a

ct’_a

length of moving stick

world−line of 
right edge of stick

world line of 
left edge of stick

È©S[a�PToebÂ�����pb�f�YePToQSV`Takf�jkX>w�SV`Ta�j*b i b&o�Y i SVU_^
��� ���x�I  � ��¡¹Hb0YeS[jk\7Z[L i osf�`TY¥qrX�oej i uTbÂ\�X�S[` i f�`7ROYeX�Z[w�blqrX�o i uTblw�f�ZVP7b"X�q©¿ i u-f i a�Sdw�bWYyfÁ bWoeX i S[jkbzUWX�j*\�X�`7b&` i �

±½¶ ¨ ¯¤º¼» � Ö · Ì ¿ · � º ³
� X i uTb � XxX�Y i SVYyS[` i uTb0ª
g	R7SVoebWU i SVX�` � LÇ¿ º Ö } � PTU_uÒf � X�X�Y i bhªxS[Y i Yzf�YyZ[X�`Taf�Y�� Ö � Ø ��}
3�)�6h?"!C��?M�GBT%(� ?AB����+���G$��zBT�;B-���
	¢|vMXka�oef�� i S�
 i f�a�a�bWoeY��kf�oeb£Y i f�`TRTS[`Ta*`Tbhª i¤i X i u7b i osf�S[` i osf�U_^�Y�YebW\-f�oef i bWR � LÇfRTS[Y i f�`TU&b��zf�Y|j*b�f�YePToQb&R�SV` i uTbWSVoAqroef�jkb��rqroef�jkb � �½}7�yY¤f i osf�SV` i osf�w�bWZVSV`7a�f i `Tb&f�oZVS[a�u i Ye\�b&bWROa�X�b&Y � L�t i uTbWL9YeSVjÂPTZ i f�`Tb&X�PTYeZdL9SV` i uTb&S[o|qrosf�j*b£jkf�oe^ i uTb i oef�SV`�v¤S i u\-f�S[` i }{¹¼u-f i S[Y i uTbl\ToQX�\�bWo�RTSVY i f�`7U&b�� � b i vAbWb&` i uTbljnf�oe^
Y&t i u-f i SVY i uTbRTS[Y i f�`TU&blj*b�f�YQPToebWR � L�X � Yeb&o¥w�bWoeYzf � X�f�oeR i uTb i osf�S[`H��qrosf�j*b � ¨ ���

� uTX>v i u-f i UWX�`TYeS[Y i b&` i f�`TYQvMb&oQYzf�oQb£X � i f�SV`TbWR2SV` � X i u2qrosf�j*b&YW}���ZVf�U&b£X�`TblX�q i uTbi f�a�a�b&oQY�f iMi uTb£X�oQSVa�S[` · º · ¨ º ³ f�`TR i uTb£X i uTb&o|f i · º ��}��zbWc-`Tb i uTbyqrX�ZVZVX>v¤S[`TabWw�b&` i YW���}¤XT��UWX�j*jkX�`�YQ\-f�UWb i S[jkblX�oQSVa�S[` ­®*Õm« ° ³³�´ SV` � X i u�qroef�jkbWY&}
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�x}¤b�� ­®��¤« ° ³ � ´ SV`�qrosf�jkb � }
�7}�qÍ� ­®���« ° ³� ´ SV`�qroef�jkb � ¨ }

�zb i b&oQjkS[`Tb i uTblUWXxX�oQRTSV`Tf i bWY|qrX�o i uTbWYeb0bWw�b&` i Y�SV` � X i u2qrosf�j*b&YW}��zb&YQU&oeS � b£u7X;vi u7b&Yeb0bWw�b&` i Yyf�oeb£X � YebWoQw�bWR�SV`2b&f�U_uÇqroef�j*b�}
��� �����(  � ��¡?AB����+�
�����;B-FH�]Ð©.�À�b i�� Y i f�^�b i u7b i osf�S[`�qrosf�j*bl¦ ¨ i X � blj*X>wxS[`Ta�SV` i uTb`TbWa�f i Sdw�b · R7SVoebWU i SVX�`�S[` i uTb i f�a�a�b&o|qroef�jkb0¦|}�¢�uTb i f�a�a�b&oQY�X � YQb&oQw�bÂf*À�X�oebW` isÁU&X�` i osf�U i bWR i oef�SV`~tTf�`TR i u7b&oebhqrX�oeb i uTbWL2UWX�`TU&Z[PTRTb i uTf i�i uTbljkf�oe^
Y i uTbWL2jkf�^�blX�`i u7b i osf�S[`2f�oeb0f�qIf�U i X�o » qrP7o i u7b&o�f�\-f�o i�i uTbW` i uTbWLÇf�oeb�}�¢�u7bWL2U&X�`TU&Z[PTRTb i uTb\ToQX�\�bWo¤ZVb&`7a i u � b i vMb&b&` i uTbljkf�oe^
Y¤SVY � º¼» ��}?A�;B-%I�	���;B-FH��Ð ¨ .¤JMb&U�f�PTYeblvAb"f�oQb£jkb&f�YePToQSV`Ta i uTbl\ToeX�\�b&o�R7SVY i f�`TUWb"f�`TR i uTbjkf�oe^
Y¤f�oQb"f i oeb&Y i t-vMb0R7X�` � i uTf>w�b i X�vAX�oQoQL2f � X�P i j*b�f�YePToQSV`Ta i uTbl\�X�YQS i SVX�`TY|f ib�

P-f�Z i SVj*b&YW}�¢�uTb&oQbWqrX�oQb�t-vMb0U&f�`ÇYeSVj*\TZdL i osf�`TY¥qrX�oej i uTblbWw�b&` i UWXxX�oeRTS[`-f i bWY|®��h�

°�±½¶ ¨ �� ´ º ° » ¾ » ¿¾ » ¿ » ´ ° ³ � ´ º ° ¾ » ¿ �» � ´¢�u
PTY&t�� º¼» ��}
�W��<>�
�
���;��<>B7<;%r���:.��	` i uTb i oef�SV`�qrosf�jkb � ¨ t i u7b0jkf�oQ^��"S[Y�jnf�RTblf i�i S[jkb±_¶ ¨ � º¼» ¿ �lf�q i b&o i uTbljkf�oe^nf i�� }��	` i uTSVY|qroef�jkb i uTb i f�a�a�b&oQYmf�oeb£YebW\-f�oef i bWR � L2fRTS[Y i f�`TU&b � Î » }��mX>vMbWw�bWo&t � b i vAbWb&` i uTb i S[jkb i uTbljnf�oe^
Y¤f�oebljkf�RTb�t i uTb i f�a�a�bWoeYu-f�w�b0j*X;w�b&RÇSV` i u7bÂ¾ · ¨ RTS[oeb&U i S[X�`2f*R7SVY i f�`TUWb0¿ ±_¶ ¨ � ºÊ» ¿�Ë���}�¢�u
PTY�vMb0a�b i qrX�oi u7b i X i f�Z�RTSVY i f�`7U&b � b i vAbWb&` i uTbljnf�oe^
Y&t

� º �» ¾ » ¿ Ë � ºÊ» ��� »�� Ë ¾ ¿ Ë � º¼» �
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ct’ ct

x

x’

proper length

o f

e

left tagger
right tagger

left mark

right mark

È©S[a�PToeb �x���{w�bW` i Y�f�YOYQb&b&` S[` i uTb i osf�SV` qroef�j*b�} ¢�u7b i f�a�a�b&oQY�jkX>w�b i X i uTboeS[a�u i v¤S i u9YQ\�bWb&R��*f�ZVX�`7a i u7bzRTX i g	R-f�YQuTb&R�vMX�oeZ[Rxg	Z[SV`TbWY&t
YebW\-f�oef i bWR � LnfÂRTS[Y i f�`TU&b· ¨ �mÌ · ¨ÕMº � Î » }7¢�uTblZVbWq i jnf�oe^nS[Y|jkf�RTb£f i \�X�S[` i X � P i�i u7b£oeSVa�u i jnf�oQ^kS[Y|jkf�RTbZ f i b&oyf i \�X�SV` izi SVj*b ¶ ¨ � t�u-f�w�SV`Ta2j*X>w�b&R�qroQX�j · ¨ � i X · ¨ � }0¢�uTb�jnf�oe^
Y£\ToeX�U&bWb&RÒX�`w�bWo i SVU�f�Z�vAX�oQZVRxgEZVS[`Tb&Y|S[` i uTS[Y|qrosf�j*b*� i uTbWL�R7X*`7X i jkX>w�b��h}
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rotating searchlight beam
warns B of bullet shot at A�
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put back speed of light c








