
1385  ¤�ú� ,14 ý ù¤�Þª ,�õ�ð °�Öã� ý �ÜÿÆõýÀÞ½õ�ì� Â�õ��� ù¤��Þû ÇµäÂ¨ ¤�¢Â� �î (ü�¤�Øª) ÝÆ� ×þ ́ îÂ� ý �ÜÿÆõ ü�ãþ °�Öã� ý �ÜÿÆõ´�aã®ø À�� ý �Â� �ÜÿÆõ ßþ� �ó�Öõ ßþ� ¤¢ .´¨� (¤�Øª) ÂÚþ¢ í Â½µõ Ý Æ� ×þ ́ Þ¨.¢�ªüõ �ãó�Îõ «�¡�õÀÖõ 1×È¡ ß�õ¥ �î üþ�� �� üµìø .Ýþ�ªüõ ¢¤ ´¨� Å�¡ ß�õ¥ �î üþ�� ¥� ø Ý�µÆû ý��¡Â�ø¢ ¤��¨ø ¸î¢a¤ Ý�÷�¤üõ �¤  Â� �õ �î ý¤�� ´¨� ßØÞõ .À÷�õüõ ß�õ¥ ý ø¤ Â� �û Â�¢a¤ ,Ý�¨Â� ´¨�́ îÂ� ß �� ¤¢ .¢¤�¢ ýÂ�Ýî ý ��½÷� �fÞµ� °Öä   Â�¢a¤ üóø À÷�Þ� ß�õ¥ ý ø¤ Â� �Ü�   Â� ¥� ý��ó�î�� �Ü�   Â� § �Þ� ý �ÎÖ÷ ù¤�øÝû °Öä   Â� ø ¢¥�¨üõ Ý¡ ×þ ß�õ¥ ýø¤ �Ü�   Â�¢a¤ ,�¡Â�ø¢° �Öã� ¤¢ �¤ ßþ� � �±ª ý�ùÀþÀ� .À¨¤üÞ÷ ö� �� ù�ðº�û �î ´¨� üúþÀ� �µ±ó� .À�îüõ °�Öã� �¤ ß�õ¥À�ì ý��Ø� .À÷�´îÂ� ¤¢ Ýû ñ �±÷¢ �� �î Àþ¢ �¤ �û��¤�õ ¥� ý¤�Îì ü÷�õ¥ (aßÞ�þ�ê .Ý����üõ �û��¤�õüÚ÷¤¢ �Àõ �� �¤ ñø� ý ��¤�õ Â �Æõ ø� .À�î �À�� �¤ ö� ý���¤�õ �î Àª ÂÑµ�õ ø ´ª�Áð ��Þ� ö �ø ¤¢ �¤ý �û��¤�õ .¢�� üð��Úþ¥ ø ý�ó�îø¸î Â �Æõ ×þ ñø� ý ��¤�õ Â �Æõ .´ª�Áð ´õ�ä ß�õ¥ ý ø¤́ Þ¨ �� ýÂ�¤�øÝû Â �Æõ ¤¢ �ØÜ� À÷¢ÂîüÞ÷ üÏ �¤ Â�Æõ ö�Þû �fÖ�ì¢ À÷Àõ�üõ �Áè ñ �±÷¢ �� �î ýÀã�ý ø¤ ùÀ�Þ¡ Â�Æõ ý ���� À�îüõ °�Öã� �¤ üÜ±ì ý ��¤�õ ��¤�õ Âû üµìø âì�ø ¤¢ .[1,2℄ À÷Àõ�üõ �Áè́ îÂ� Â �Æõ ¸þ¤À� �� ßþ� Â� ��� .À�îüõ ´îÂ� ´¨� üþ�Ü� ý ��¤�õ ́ Þ¨ �� �î üÞ�ÖµÆõ Â �Æõý¥��õ ¤ø�¹õ ý ��¤�õ ø¢ ́ äÂ¨ ¤�¢Â� �î üõ�¢�õ âì�ø ¤¢ .À���±� �¤ 1 Û Øª .¢�ªüõ Â�¤�øÝû �û��¤�õö�ª�Ü¬�ê À��î ´îÂ� üµ¨�¤ Í ¡ ý ø¤ ��¤�õ ø¢ ßþ� �î üµìø ø ¢�ªüõ Ýî ��¤�õ ø¢ ý �Ü¬�ê ´Æ�÷Ý�ÖµÆõ Í ¡ ×þ ý ø¤ �ûö� ,¢�ª ý¥��õ �û��¤�õ ý �Þû ́ äÂ¨ ¤�¢Â� ü÷�õ¥ Âð� ùÂ¡��� .À÷�õüõ ´���.À÷�õüõ ´��� Ýû ö�ª�Ü¬�ê ø À��îüõ ´îÂ��î ¢¤�¢ ¢��ø ñø�ÂìÇ�� ×þ ñø� ý �µ¨¢ ¤¢ .¢�ªüõ Ý�ÆÖ� �µ¨¢ ø¢ �� �f �¬� °�Öã� ý �ÜÿÆõ¥� ��Àî Âû ñø�ÂìÇ�� ¥� Â�è �ÜÿÆõ ßþ� ¤¢ .¢�ªüõ ñ�±÷¢ �ûÂð°�Öã� ¥� ý��µ¨¢ �þ Âð°�Öã� Í ¨��59



�Áè ñ �±÷¢ �� ñø�ÂìÇ�� ý ��¤�õ ×þ ñ �±÷¢ �� �î üþ�û��¤�õ Â �Æõ ö Àª ¤�øÝû :1 ÛØª.À÷ø ¤üõ�î À�µÆû °�Öã� Û ��Æõ ¥� ýÂÚþ¢ ý �µ¨¢ .À�îüõ °�Öã� �¤ ¢�¡ üþ�Ü� ý �þ�¨Ýû �ûÂð°�Öã�° �Öã� Û��Æõ ¥� �µ¨¢ ßþ� �� .À�îüõ °�Öã� �¤ ýÂÚþ¢ ��Àî Âû ø ¢¤�À÷ ¢��ø ý�þ�Þµõ ñ ø�ÂìÇ��.[3℄ Àª �ÂÎõ 1877 ñ �¨ ¤¢ (b§�î�ó Í ¨�� �î ý��ÜÿÆõ �� ¢¢ÂðüõÂ� ñ�·õ ß�óø� .À�þ�ðüõý��¡Â�´¨� ö�¨×þ �ûÙ¨ ́ äÂ¨ .À�µÆû á�®��ýø�Æµõ ¶ Ü·õ ×þ ý �û§�b¤ ý ø¤ Ù¨ �¨ �ÜÿÆõ ßþ� ¤¢.Àª ���¤� �ÜÿÆõ ßþ� ý �Â� üÜa� ù�¤ [4℄ ¤¢ Àã� ñ�¨ �¨ .À�îüõ °�Öã� �¤ ¢�¡ ¤ø�¹õ Ù ¨ ��Àî Âû ø�ûö� ø Àª�� Â��Â� Ýû �� �ûùÂÈ� ́ äÂ¨ Âð� .[5℄ ´¨� ùÀª Û� ��÷ ùÂÈ� n ý �ÜÿÆõ ö���ä �� ö� Ý�Þã��ûö� ý üÚÞû ý¢øÀ½õ ö �õ¥ ¥� Å� Àþ¢ Ý�û��¡ �îö��� À�ª�� ÝÑµ�õ ý üãÜ® n×þ ý�û§�b¤ ý ø¤́ äÂ¨ Âð� �þ À�ª�±÷ ÝÑµ�õ ý üãÜ® n ý �û§�b¤ ý ø¤ �ûùÂÈ� Âð� .À�¨¤üõ Ýû �� üãÜ® n � îÂõ ¤¢.À����� [6℄ ¤¢ À�÷���üõ �¤ �ûñ��ÿ¨ ßþ� ¥� üÈ¿� ¾ ¨�� ?¢�ªüõ �� Àª�±÷ Â��Â� �ûö�ý¢�Àã� À��îÂê .´¨� ���¤ ý¢�Àã� ý �ÜÿÆõ �µêÂð ¤�Âì ���� ¢¤�õ �fÂ�¡� �î üÜ��Æõ ¥� üØþ¤¢ ßþ� �û���¤ ßþ� Ý�û��¡üõ ø ¢¤�¢ ¤¢ ×þ ë��� ßþ� .Ýþ�ù¢Âî �û¤ üì��� ö ø ¤¢ ý�ùÂµî ¤�Ï �� �¤ ���¤ýø¤ ñø� ý �Ü�Âõ ¤¢ �û���¤ ßþ� �î ´¨� ö� ù�¤ ×þ .À÷�ª �¤�¡ ë��� ¥� ÝÑ�õ ¤�Ï�� ø ù¢Âî �À�� �¤ý ��Ö� ø ¢�ª �¤�¡ ¤¢ ¥� ¢�� Â�×þ¢�÷ ¤¢ �� �î ü���¤ Âû ö� ¥� Å� ø À��î ´îÂ� ý�ùÂþ�¢ Â �Æõ ×þ���¤ Âû �î ´¨� ßþ� ñ��ÿ¨ ��� .À÷�ª �¤�¡ ¤¢ ¥� ÂÚþ¢ � ��¤ Â¨ ́ È� ��Àî Âû °��Â� �� Ýû �û���¤¥� ü÷�¢Âð¢�¡ ý �ä�Þ¹õ ß��� .[7℄ Àª�� ùÂþ�¢ ý ø¤ ÇµîÂ� �û���¤ ý �ä�Þ¹õ �� À�î ´îÂ� �÷�ð��.�µêÂð ¤�Âì ���� ¢¤�õ ö�È÷Ç�� ý �û���¤ �f ·õ ��¹÷ ý �ûùøÂð ¤¢ ,üõ�Ñ÷ ý �û¢Â�¤�î Â� ùø�ä �û���¤
60



¤�Âê ù�¤ ×þ ¥� �ûö� Ý Ñ�õ � øÂ¡ ø �û���¤ ö Àª °�Âõ :2 ÛØªü�¤�Øª ø ¤�Øª 2�� ¢�ªüõ ÛþÀ±� �ÜÿÆõ Ý��î ¢øÀ½õ ¢���õ ø¢ �� �¤ ö�õ¢�¡ ,ñø�ÂìÇ�� �� °�Öã� ý �ÜÿÆõ ¤¢ Âð�,Ù�Ü�¥�þ �f ·õ,ü�¤�Øª ø À�îüõ ´îÂ� Ý¡ ×þ ý ø¤ ,�û� �f ·õ ,¤�Øª .ü�¤�Øª ø ¤�Øª ý �ÜÿÆõ´îÂ� ´��� ́ äÂ¨ �� ø ùÀªù¢�¢ Ý ¡ ×þ ý ø¤ ¤�Øª �î ´¨� ö� Â�ù¢�¨ ñ Àõ .À�îüõ °�Öã� �¤ ø�¤¢ .ÝþÂ�ðüõ ¤�Øª ́ Þ¨ �� ù¤�øÝû �¤ ÇµäÂ¨ ¤�¢Â� ́ ú� üóø ´��� �¤ ü�¤�Øª ́ äÂ¨ ý ù¥�À÷� .À�î�û� �� ü��ãõÀa � ¥� Ù�Ü�¥�þ üµìø �f �Þµ�� .À�îüÞ÷ ´îÂ� ü��ãõ Ý ¡ ý ø¤ ¤�Øª Â�üãì�ø ñ ÀõÙ�Ü�¥�þ ¢�ªüõ ¶ä�� ßþ� ø ´Æ�÷ ü÷� Ýû Ù�Ü� ¥�þ ¾ ¨�� .Àû¢üõ ´ú� Â��ç� �û� ¢�ªüõ Â�×þ¢�÷¤¢ .¢Â�ðüõ �÷�È÷ �¤ Â��Ü� üÞî �îÛ� ¢ø¤üÞ÷ �û� ́ Þ¨ �� �fÖ�ì¢ �f �Þµ�� ��÷ Ù�Ü�¥�þ .ÀµÔ�� °Öä� �µª ø ´äÂ¨ ßþ� Â� ùø�ä .À÷¤�¢ ýÂ�ðÝ�ÞÊ� ¤¢ ü÷�õ¥ Â �¡�b � ×þ ü�¤�Øª Ýû ø ¤�Øª Ýû âì�ø��Àî Âû ü�¤�Øª ø ¤�Øª üãì�ø ý �ÜÿÆõ ¤¢ �î Ý�ª�� �µª�¢ ���� .´Æ�÷ ´��� Ýû ü�¤�Øª ø ¤�Øª.¢¤�¢ üð¤�� �¢e ù��ø ¤ .¢¤�¢ ý¢�þ¥ ¤�÷e�õ � ¤Àì ü�¤�Øª ö���ä �� ù��ø ¤ �f ·õ ,À÷¤�¢ ý�ùÄþø � ��¬�Ê¡�� �¤ ©¢�¡ ́ îÂ� ́ ú� À÷���üõ üµ��¤ �� ý��þø�¥ �÷�Ø� ý üÚµÆþ�� ¥� ù¢�Ôµ¨� ø �¢e ö À÷�¡Â� ��.À�î üõ Â�´¿¨ �¤ �ÜÿÆõ �ûßþ� ý �Þû ß µêÂð ÂÑ÷ ¤¢ .Àµî �ä ´äÂ¨v �¤ ü�¤�Øª ́ äÂ¨ ø r �¤ ü�¤�Øª ö �Ø õ ¤�¢Â � ,u �¤ ¤�Øª ́ äÂ¨ ,R �¤ ¤�Øª ö �Ø õ ¤�¢Â �Û ¬�ø Í ¡ ý �µ¨�¤ ¤¢ Ýû �¤ ü�¤�Øª ́ äÂ¨ ¤�¢Â� .R� r �ûö� ý ü±Æ÷ ý �Ü¬�ê ¤�¢Â� .ÝþÂ�ðüõÝþ¤�¢ ;ÝþÂ�ðüõ ü�¤�Øª ø ¤�Øª_r = v R� rjR� rj :Û �Æ÷�ÂÔþ¢ ý �ó¢�ãõ �µ¨¢ ×þ ùÀª ù¢�¢R(t) ×þ ø _R � _R = u2 ý �ó¢�ãõ �� ù�¤Ýû �ó¢�ãõ ßþ�:Ý��îüõ ü¨¤Â� ��ßþ� �¤ ñÀõ ø¢ �õ .À�û¢üõ ü�¤�Øª ö �Øõ ý �û�Ôó�bõ ý �Â� ùÀª´Ô�,À�îüõ ´îÂ� Ý�ÖµÆõ üÎ¡ ý ø¤ ¤�Øª (161
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.À�îüõ °�Öã� �¤ ø� ü�¤�Øª ø À�îüõ ´îÂ� Ý�ÖµÆõ üÎ¡ ý ø¤ ¤�Øª :3 ÛØª.À�îüõ ´îÂ� ùÂþ�¢ ×þ ý ø¤ ¤�Øª (2À�îüõ ´îÂ� Ý�ÖµÆõ üÎ¡ ý ø¤ ¤�Øª 1.2ö� �þ .´¨� ¤Àì�� ö�õ¥ ßþ� ø ¢Â�ðüõ �¤ ¤�Øª ü�¤�Øª ùÂ¡��� �þ� �î �î Àª�� ßþ� ñ��ÿ¨ ´¨� ßØÞõ´¨¢ �� Ý�÷���üõ ýÂ�ù���î ý �±¨�½õ �� �¤ ñø� ñ ��ÿ¨ � ��� .Àª�� ü�¤�Øª Â �Æõ ¢¤�õ ¤¢ ñ��ÿ¨ �î.Ýþ¤ø�.´¨� x = L ý �ÎÖ÷ ¤¢ ø x ¤�½õ ý ø¤ ¤�Øª ø �bÀ±õ ¤¢ �Àµ�� ¤¢ ü�¤�Øª Ý��îÂê üð¢�¨ ý �Â�¥� ý��ÎÖ÷ ¤¢ .´¨� D �f ·õ ��� ×þ ø¢ Âû ö �Øõ y ý �Ôó�õ ý üþ������ À¨Â� ¤�Øª �� ü�¤�Øª Âð�ý �Ôó�b õ �î ßþ� �� ���� �� .ÝþÂ�ðüõ � �¤ ¢¥�¨üõ x ¤�½õ �� ü�¤�Øª ́ äÂ¨ ¤�¢Â� �î ý��þø�¥ Â�Æõ¢�ªüõ �¹�µ÷ ´¨� v sin � ü�¤�Øª ́ äÂ¨y8<:D = R T0 v sin � dt;D = uT; ) Z T0 sin � dt = uTv (1)�� �¤ �ûö� ý �Ü¬�ê Âð� .´¨� L �Àµ�� ¤¢�ûö� ý �Ü¬�ê .´¨� ¤�Øª �� ü�¤�Øª ö À�¨¤ ö �õ¥ T �îÅ� .´¨� _S = u sin � � v ,Ý�û¢ Çþ�Þ÷ S62



� L = Z 0L dS = Z T0 (u sin � � v) dt; (2)Àþ�üõ ´¨¢ �� T ,��� ý �Î��¤ ¤¢ (1) ý �Î��¤ ¥� R T0 sin � dt ý ý¤�Áð�� �� �îT = Lvv2 � u2 : (3)´ó�� ßþ� ¤¢ .À¨¤ üõ ¤�Øª �� ¢øÀ½õ ö �õ¥ ¤¢ ü�¤�Øª Àª�� v > u �î ü�¤�¬ ¤¢ �ú��D = Lvuv2 � u2 : (4)ö�Øõ �� ¯��Âõ ý �û�Êµ¿õ �¤ y ø x Âð� .Ýþ¤ø� ´¨¢ �� �¤ ü�¤�Øª Â �Æõ ý �ó¢�ãõ À�þ�� � ���ÝþÂ�Ú� ü�¤�Øª_x = v os �_y = v sin �: (5)ü�¤�Øª Â �Æõ ° �ª ý ø¤ ýÀ�ì � ¤�¬ �� ö���üõ �¤ Àª�� ¤�Øª �� ø ¤ ü�¤�Øª ́ äÂ¨ �î ö� ̄ Âª´ª�÷tan � = ut� yL� x : (6)¢�ªüõ �¹�µ÷ (5) ý �û�Î��¤ ¥� _y ø _x ý ý¤�Áð�� ø ö�õ¥ �� ´±Æ÷ �Î��¤ ßþ� ¥� ýÂ�ðÕµÈõ ��u os � = L� xos � _�: (7),ü�¤�Øª � ��¤�� ¤¢ ¤� Øª ́ äÂ¨ .Ý þ¤ø� ´¨¢ � � Ý � µÆ ÷�� �ü õ Ýû ýÂÚ þ¢ ¤�� �¤ �Î ��¤ ß þ�´¨� ü�¤�Øª ø ¤�Øª Û ¬�ø Í ¡ ý �µ¨�¤ ¤¢ üØþ ¢¤�¢ �Ôó�bõ ø¢ ,w = u� v_S = wk = u sin � � v; (8),´¨� ´äÂ¨ ßþ� ý ü®Âä ý �Ôó�bõ ýÂÚþ¢ øS _� = w? = u os �: (9)¥� ù¢�Ôµ¨� ø _� Â� _x Ý �ÆÖ� �� .Àþ�üõ ´¨¢ �� (7) ,��� ý �Î��¤ ¤¢ S = (L� x)= os � ý ý¤�Áð�� ��¢�ªüõ �¹�µ÷ (9) ø (5)dxd� = v(L� x)u os � ) Z x0 u dx0v(L� x0) = Z �0 d�0os �0 : (10)¢�ªüõ �¹�µ÷ éÂÏ ø¢ ¥� ýÂ�ðñ�ÂÚµ÷� ��63



R S�
�� !t

xr
y

.À�îüõ ´îÂ� ùÂþ�¢ ×þ ý ø¤ ¤�Øª :4 ÛØªtan � = sinh huv ln� LL� x�i : (11)Å� .´¨� ü�¤�Øª Â�Æõ ° �ª tan � �õ�dydx = sinh huv ln� LL� x�i (12)= 12 �� LL� x�u=v � � LL� x��u=v� : (13)Àþ�üõ ´¨¢ �� y(x) �Î��¤ ßþ� ¥� ýÂ�ðñ�ÂÚµ÷� ��y(x) = L2 �1� (1� x=L)1�(u=v)1� (u=v) � 1� (1� x=L)1+(u=v)1 + (u=v) � : (14)
À�îüõ ´îÂ� ùÂþ�¢ ×þ ý ø¤ ¤�Øª 2.2.À�îüõ ´îÂ� ´��� ý ý��þø�¥ ́ äÂ¨ �� R á �ãª �� ý�ùÂþ�¢ ý ø¤ ¤�Øª Ý��îüõ Âê¥� ´¨� �¤�±ä ¤�Øª ö �Øõ ¤�¢Â�R = R(i os!t+ j sin!t): (15)��÷ ü�¤�Øª ́ äÂ¨ ý ù¥�À÷� .´¨� S = R � r �ûö� ýü±Æ÷ ö �Øõ ¤�¢Â� ø r ü�¤�Øª ö �Øõ ¤�¢Â�64



´¨� ü�¤�Øª ́ äÂ¨ ́ ú� ¢¤�õ ¤¢ ¢¤�¢ ¢��ø �î ýÀ�ì .Ý�û¢üõ Çþ�Þ÷ v �� �¤ ö� �õ ø ´¨� ´���´¨� ¤�Øª �� ø ¤ ù¤�øÝû �î_r = v s: (16)¢¤�¢ �Ôó�bõ ø¢ ü�¤�Øª ø ¤�Øª ý ü±Æ÷ ́ äÂ¨ ¤�¢Â� .´¨� S ¤�¢Â� ý �µ¨�¤ ¤¢ ý �Øþ ¤�¢Â� ŝ_S = R! sin(�� !t)� v;S _� = R! os(�� !t): (17)¥� Å� ßþ� Â� ��� ø _S < 0 Å� .v > R! ,´¨� Â�Ç�� ¤�Øª ́ äÂ¨ ¥� ü�¤�Øª ́ äÂ¨ �î üµó�� ¤¢.¢�ªüõ S = 0 ü�Àõ´ó�� ßþ� ¤¢ .¢�ªüõ _S < 0 ´¨� sin(�� !t) = 1 �î üãì�õ �� ´¨� v = R! �î üµó�� ¤¢.S! = 0 ¢�ªüõ �¹�µ÷ (17) �ø¢ ý �Î��¤ ¥� ø � = !t+ k�=2S ¤�¢Â� ¢Âî Û� ¢�È� �¤ (17) ý ùÀª´Ô� ý �ó¢�ãõ ø¢ Âð� .´¨� v < R! À÷�õüõ üì�� �î üµó��Â�çµõ Â��ç� �� .Àþ�üõ ´¨¢ �� ü�¤�Øª Â�Æõ ý �ó¢�ãõ ùÂ¡��� ø r ü�¤�Øª ö �Øõ ¤�¢Â� ��ö� ¥� ø = �� !t; (18)�� À÷�ªüõ ÛþÀ±� (17) ý ùÀª´Ô� ý �û�ó¢�ãõ_S = R! sin � v;S _ = �S! +R! os : (19)�ó¢�ãõ ×þ �� Ý��î ý¤�Áðý�� ö� ¤¢ �¤ _S ø S ø ÝþÂ�Ú� ÕµÈõ ö�õ¥ �� ´±Æ÷ �ø¢ ý �ó¢�ãõ ¥� Âð�,Ý�¨¤üõ  ý �Â� ý üÎ¡Â�è Û �Æ÷�ÂÔþ¢� �R os _ + ! �+ _ (2R sin � v) + !(R! sin � v) = 0: (20).¢¥ §À� ¢�ªüõ ö� ý �Â� ���� ×þ �õ� ´¨� üÎ¡Â �è Û �Æ÷�ÂÔþ¢ ý �ó¢�ãõ ×þ �ó¢�ãõ ßþ� ��Âð�� þ ,Àª� � _ = 0 �Ñ½ó ß�Þû ¤¢ ø ,´¨� sin  := v=(R!) �î  =   ý��Ñ½ó ¤¢ À� � î Âêßþ� ¥� �¤�¬ ßþ� ¤¢ . � = 0 �î ´¨�À�� (20) Û �Æ÷�ÂÔþ¢ ý �ó¢�ãõ ¥� �¤�¬ö� ¤¢ ,S = R os �î ´¨� üµó�� �� ¯��Âõ ���� ßþ� .¢�ªüõ _S = 0 ´ó�� ßþ� ¤¢ . =   ü�ãþ À÷�õüõ ´���  Å�¤�Øª ý ý��þø�¥ ́ äÂ¨ ö�Þû �� üóø r = r := R sin  á �ãª �� ÂµØ��î ý�ùÂþ�¢ ý ø¤ Ýû ü�¤�Øª.À¨¤üÞ÷ ¤�Øª �� ù�ðº�û ü�¤�Øª ´ó�� ßþ� ¤¢ .¢ø¤üõ Çó�±÷¢ ��65
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.À��îüõ ´îÂ� ùÂþ�¢ ý ø¤ ü�¤�Øª ø ¤�Øª :5 ÛØª  © �� ø ñ�� ��÷  ø r © �� ø ñ�� r Âð� ü�ãþ Ý��î ü¨¤Â� �¤ ���� ý ý¤�¢ý�� À�þ��� ���.Ý�û¢üõ Âþ¥ � ¤�¬ �� ýÂ�çµõ Â��ç� .Àµê�eüõ üì�Ô�� �� Àª��S = R os  + Æ; =   + �: (21)° Æ� Â� ñø� ° þÂÖ� �� ø (21) ø (19) ¥� ù¢�Ôµ¨� �� .À�µÆû ×��î � ø Æ ´¨� r � r ø  �   üµìø.Ý�¨¤üõ �ûö� ý �Â� Âþ¥ ý �û�ó¢�ãõ �� � ø Æ_Æ = �R! os ;_� = �Æ! + �R! sin R os  : (22)Àþ�üõ ´¨¢ �� Æ ý �Â� üþø¢ ý �±�Âõ Û �Æ÷�ÂÔþ¢ �ó¢�ãõ ,�ó¢�ãõ ø¢ ßþ�Ûa � ���Æ + ! tan  _Æ + !2Æ = 0: (23)ßþ� ý ý¤�Áðý�� �� .ÝþÂ�ðüõ ���� ö ���ä �� �¤ ep t ý ù¢�ú÷ ,�ó¢�ãõ � ��� ö ¢¤ø� ´¨¢ �� ý �Â�Àþ�üõ ´¨¢ �� p ý �Â� ¤�ÀÖõ ø¢ ����p = �!2 �tan  �ptan2   � 4� : (24)66



ö�¨×þ ́ äÂ¨ �� ø À�µÆû á�®��ýø�Æµõ ¶ Ü·õ ×þ ý �û§�b¤ ý ø¤ �î ù¤£ �¨ :6 ÛØª.À��îüõ °�Öã� �¤ ÂÚþ¢Ýûü���� ¥� Âð� ü�ãþ .Æ ! 0 ö�õ¥ ́ ªÁð �� Å� .À�µÆû üÔ�õ �û����ßþ� ý ø¢ Âû ý üÖ�Ö� Ç ¿�.À�îüõ Û�õ r = r ø  =   ́ Þ¨ �� ���� ßþ� À�ª�� r � r ø  �   �î Ý��î áøÂªý��¡Â� ° �Öã� 3ù¤£ �¨ ́ ó�� 1.3Âû �î ´¨� ý��÷�ð �� �ûö� ́ îÂ� .À�µÆû üä�®��ýø�Æµõ ¶ Ü·õ ý �û§�b¤ ý ø¤ ù¤£ �¨ À��îÂê¤¢ .¢�ªüõ ������ vdt ý ù¥�À÷� �� ù¤£ Âû dt ù���î ö �õ¥ ¤¢ .À�îüõ °�Öã� �¤ ¢�¡ üþ�Ü� ý ù¤£ ×þ.À÷¤�¢ ¤�Âì ´¨� Â�×��î üÞî �î ýÂÚþ¢ á �®��ýø�Æµõ ¶ Ü·õ ý �û§�b¤ ý ø¤ ù¤£ �¨ �Ñ½ó ßþ�ö� § �b¤ ý ø¤ ù¤£ �¨ �î ü·Ü·õ À����üõ 6 Û Øª ¤¢ �î ¤�Ïö�Þû .´¨� ùÀ�¡Â� Ýû üÞî ¶Ü·õ ßþ�.À�¨Â� Ýû �� ¶Ü·õ �îÂõ ¤¢ ù¤£ �¨ �î ßþ� �� ¢�ªüõ ×��î ø À¡Â�üõ À�µÆûÛ¬ø ¶Ü·õ � îÂõ � � �î üÎ¡ �� ø ´¨� ¶Ü·õ á �®� ¥� üØþ ý � µ¨�¤ ¤¢ ù¤£ Âû ́ äÂ¨ ¤�¢Â �.Ý�Æþ��� ü±Îì ù�Úµ¨¢ ¤¢ �¤ ´äÂ¨ ý �û�Ôó�bõ ´¨� üê�î .¢¥�¨üõ � = �=6 ý �þø�¥ ù¤�øÝû ¢�ªüõ_r = �v os�;r _� = v sin�: (25)À�þ�üõ ´¨¢ �� �(t) ø r(t) �û�ó¢�ãõ ßþ� ¥�67



r d� ��
.À¡Â�üõ ¶Ü·õ ù�¤Ýû �î ü���¤�� ¤¢ ý�ù¤£�¨ ý ý��¡Â� ° �Öã� :7 ÛØªr(t) = d� v os� t;�(t) = tan� ln� dd� v os� t� : (26)ý �ó¢�ãõ ø¢ �î ´¨� ßþ� ÂÚþ¢ ù�¤ ×þ .Ýþ¤ø� ´¨¢ �� ��÷ �¤ r(�) Â�Æõ ý �ó¢�ãõ Ý�÷���üõ t é Á� ��Ý��î Ý�ÆÖ� Ýû Â� �¤ (25)drr = � ot� d�; ) r(�) = d exp(�� ot�): (27)Àþ�üõ ´¨¢ �� T ��ßþ� ¥� ø ´¨� r(T ) = 0 À�¨¤üõ Ýû �� ��¤£ �î ü÷�õ¥T = dv os�: (28)�� ¶Ü·õ �îÂõ ¤¢ ��¤£ üµìø âì�ø ¤¢ .¢�ªüõ ´þ�ú÷ü� � ,T ö �õ¥ ¤¢ �î ´¨�À�� (26) � ø¢ ý �ó¢�ãõ ¥�À¨Â� ÂÑ÷ �� üØþ��êÂ�è �¹�µ÷ ßþ� ´¨� ßØÞõ .À÷�ùÀ�¡Â� ¶Ü·õ �îÂõ ¤ø¢ �ãê¢ ´þ�ú÷ü� À�¨¤üõ ÝûÂð� .´¨� ùÀª üª�÷ ��¤£ ö ¢�� Àã�eü� ý üØþ��êÂ �è  Âê ¥� °ÜÎõ ßþ� Ý�ª�� �µª�¢ ���� Àþ�� üóø¤¢ ø ´Æ�÷ ÂÔ¬ ÂÚþ¢ ¶Ü·õ � îÂõ ¥� ö�ª�Ü¬�ê À�¨¤üõ Ýû �� ��¤£ üµìø Ýþ�ª Û��ì Àã�e ��¤£ ý �Â�.¢¤�¢ ¢øÀ½õ ý¤�ÀÖõ � Ýû �Àõ ßþ�ý ý��þø�¥ ́ äÂ¨ �� ¶Ü·õ ù�¤Ýû �î ý¤�øa¢ � ��¤�� ¤¢ �¤ �ó�bÆõ �î ´¨� ö� ÂÚþ¢ ý ù¢�¨ ,ù�¤ ×þù¤£ Âû ø ¢�ªüõ ×��î ÍÖê �îÛ� À¡Â�üÞ÷ ÂÚþ¢ ¶Ü·õ ���¤�� ßþ� ¤¢ .Ý��î ü¨¤Â� À¡Â�üõ _�.¢�ªüõ ×þ¢�÷ ´¨� ´��� �î ¶Ü·õ �îÂõ �� v os� ́ äÂ¨ �� üµ¨�¤ Í ¡ ý ø¤68



×þ ý �û§�b¤ ý ø¤ �î Ý�µª�¢ ù¤£ N ,ù¤£ �¨ ý �� �� Âð� .� = �=3 á�®��ýø�Æµõ ¶ Ü·õ ý �Â�.Ý�û¢ ¤�Âì �=N ,� ý �� �� (26-28) ý �û�ó¢�ãõ ¤¢ ´¨� üê�î ,À�ª�� ÝÑµ�õ ý üãÜ® Nr(t) = dN � v os(�=N) t;�(t) = tan(�=N) ln� dNdN � v os(�=N) t�T = dNv os(�=N) ; (29).´¨� ÝÑµ�õ ý üãÜ®À�� �îÂõ �� §�b¤ ý �Ü¬�ê dN�û´ª�¢¢�þ 4[1℄ R. P. Feynman; Surely you are joking Mr. Feynman, W. W. Norton & Company,1985[2℄ G. S. Ranganath; Why is an ant's trial straight? problems of pursuit, Resonane(1996) 74.[3℄ E. Luas; Nouvelles Correspondane Mathematique 3 (1877)[4℄ H. Broard; Nouvelles Correspondane Mathematique 6 (1880)[5℄ A. Watton, D. W. Kydon; Analytial aspets of the N-bug problem, Amer. J. Phys.37 (1969) 220-221.[6℄ F. Behroozi, R. Gagnon; Cyli pursuit in a plane, J. Math Phys. 20 (1979) 2212-2216, T. Rihardson; Non-mutual aptures in yli pursuit, Annals of Mathemat-is and Arti�ial Intelligene 31 (2001),127-146, T. Rihardson; Stable polygons ofyli pursuit, Annals of Mathematis and Arti�ial Intelligene 31 (2001),147-172[7℄ J. A. Marshall, M. E. Brouke, B. A. Franis; Formation of vehiles in ylipursuit, IEEE Transations of automati ontrol 49 (2004) 1963-1974.«�¡ üõ�¨�a) Feynman, b) Luas
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