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�¤��ð¤�� ¤À� �� ÝþÀÖ�øÝ÷��Âúõ �¤¢�õø��þ�ä ö�¤¢�Â� ø ö�Âû��¡
ö�È��Þ�¥ ¥� ý�ùÂÎì ö�Â±� §�� ��



ÂØÈ� ø ü÷�¢¤Àì
ö�Âû��¡ ø ö�¤¢�Â� ¥� ß��»Þû ø À÷À�Èî ßõ ý�Â� �úó�¨ ßþ� ñ�Ï ¤¢ �î ý�û´Þ�¥ ��Þ� ÂÏ�¡ �� �¤¢�õ ø ¤À�¥�.Ý�îüõ ü÷�¢¤Àì ø ÂØÈ� �÷�Þ�Þ¬ ö�Èê�Îó� ø ,�û´þ�Þ� ,�û×Þî üõ�Þ� ÂÏ�¡ �� ��þ�äßþ� ßþøÀ� ø Õ�Ö½� Û��Âõ üÏ ¤¢ �î ýÂ�õ ���ê Â�õ Âµî¢ ý�ì� ���� ¢�¡ �þ�� À�Ü� ÝÜãõ ø �þ�Þ÷�Âð ¢�µ¨� ¥�ßþ� ý¤ø�¢ �î üÔ¹÷ Âµî¢ ø üã�ê¤ Âµî¢ ,üÜÌê Âµî¢ ý�ì� ���� ¥� .�¤�ÁÚ¨�³¨ ,À÷¢�� ßõ ý�Þ�û�¤ �ó�¨¤ù¤��Þû �î ¤�� ��µê üÔÎÊõ ý�ì� ���� Ý��¡ ù¢�¥�Þä ¥� .Ý�îüõ ý¤�ÁÚ¨�³¨ ,À÷��µêÂð ùÀúä �� �¤ �õ�÷ö�þ��,ýÀ÷¤¥ ýÂ�Ê÷ ü±µ¹õ ,ö�þ¢�Âõ üÜä ö�þ�ì� Ý��¡ ö�µ¨ø¢ ¥� .�¤�ÁÚ¨�³¨ ,À÷¢�� Û�Ê½� �õ�¢� ¤¢ ßõ ë�Èõ.Ý�îüõ ÂØÈ� üÜ�Ê½� ù¤ø¢ ßþ� �Àõ ¤¢ ö�Èþ�û ×Þî ÂÏ�¡ �� üþ��� ö�õ�¨ ,ö��Øª�� �þ¤ø ,ýÀÞ�� ¤��÷�¥.Ý�î ö�Â±� �¤ ö��þ�ä ßþ� ý�û´±½õ ø ��Þ�¥ ¥� ý�ù¤£ Ý÷��µ� ý¥ø¤ ´¨� À�õ�

¤�ú�



ùÀ�Ø�ñ�Öµ÷�  Â÷ �±¨�½õ �õ üþ�ú÷ éÀû .¢¥�¢Â�üõ §��Öõ �÷�÷ ý�ûÝµÆ�¨ ¤¢ ý�Â÷� ñ�Öµ÷� �ó�Æõ �� �õ�÷ ö�þ�� ßþ�.´¨� é�¬�÷ ý�Ìê Ý�÷ ×þ ø §��Öõ �÷�÷ ùÂî ×þ ß�� ý�Â÷�°þÂ® �� ýÂÚþ¢ ø ǫ1 ×þÂµØó�ý¢ °þÂ® �� üØþ ¼ÎÆõ ý�Ìê Ý�÷ ø¢ ý�Â� �¤ ×þ¢�þ¢ ßþÂð â�� � �Àµ ��¥ Âõ ý¤��Þû�÷ Â�� ,üó�µ¡� ©ø¤ �� ö���üõ �÷�Ú� �î Ý�û¢üõ ö�È÷ Å³¨ .Ý��îüõ �±¨�½õ �¤ ǫ2 ×þÂµØó�ý¢ñ�Öµ÷� ,é��� ��¡ ø ´ê� ��Ìì ø �ó�Æõ ßþÂð â��� ßµÆ÷�¢ �� .¢Âî �±¨�½õ ×þ¢�þ¢ ßþÂð â��� Â� �¤ íÂµÈõö���ä �� .Ýþ¤ø�üõ ´¨À� �¤ TB ý�õ¢ ¤¢ é�¬�÷ ¥Âõ ×þ ø Tp ý�õ¢ ¤¢ ×þÂµØó�ý¢ ùÂî ×þ ß�� ý�Â÷�.Ý��îüõ ü¨¤Â� �¤ ÛØª ü¨���Æî ý¤��Þû�÷ ,Ýúõ ñ�·õ ×þ

¸��



´¨Âúê
¸�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ùÀ�Ø��÷ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �õÀÖõ§��Öõ �÷�÷ ý�úÎ�½õ¤¢ üØ�µ�� ý�úÈ�î ÝûÂ� ø ¤�÷ Û�Æð Â� ý¤øÂõ 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �ûü±Îì À�� ÍÆ� 1.13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üØþÂµØó� ü±Îìø¢ Ç��� 2.13 . . . . . . . . . . . . . . . . . ßÚÞû ý�Ìê ¤¢ üØþÂµØó� ü±Îìø¢ ý�ûö�À�õ 1.2.17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ü±Îìø¢ Ç��� 2.2.18 . . . . . . . . . . . . . . . . . . . ßÚÞû�÷ ý�úÎ�½õ ¤¢ ý�Â÷� é��� Ù�û� 3.2.110 . . . . . . . . . . . . . . . . . . . . . . ý�Â÷� ñ�Öµ÷� ø ü±Îìø¢ -ü±Îìø¢ Ç�îÝûÂ� 3.110 . . . . . . . . . . . . . . . . . . . ü�ó�î ý�ûÇ�îÝûÂ� ¤¢ �ûü±Îì À�� ÍÆ� 1.3.112 . . . . . . . . . . . . . . . . . . . . . . . . . . . . ù¤£ ø¢ ß�� ý�Â÷� ñ�Öµ÷� 2.3.118 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ù��¨ ÝÆ� Ç��� 4.1Çª



22 . . . . . . . . . . . . . . . . . . . . . . . . . . . �õÂð ñ�Öµ÷� ø Ó�Ï Â��ç� ,ü¨øÀÞû 5.1¤ø�¹õ ý�Ìê Ý�÷ ø¢ �b ÜÆõ ý�Â� ßþÂð â��� �b ±¨�½õ 225 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ßþÂð â��� Û�Æ÷�ÂÔþ¢ �ó¢�ãõ 1.233 . . . . . . . . . . . . . . . . . gxz ø gyy ,gxx ÛÖµÆõ ý�û�Ôó�õ Â� Ýî�� ��¢�ãõ Û� 2.233 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . z′ < 0 �b ���÷ ü¨¤Â� 1.2.233 . . . . . . . . . . . . . . . . . . . . . gyy �±¨�½õ (Óó�35 . . . . . . . . . . . . . . . . . . . . . gxx �b ±¨�½õ (�36 . . . . . . . . . . . . . . . . . . . . . gxz �b ±¨�½õ (�38 . . . . . . . . . . . . . . . . . . . . . gzx �b ±¨�½õ (�38 . . . . . . . . . . . . . . . . . . . . . gzz �b ±¨�½õ (�39 . . . . . . . . . . . . . . . . . . . g ÅþÂ��õ ¥� ù¢�Ôµ¨� �� G ÅþÂ��õ �b ±¨�½õ 2.2.243 . . . . . . . . . . . . . . . . . . . . . . . z′ > 0 �b ���÷ ¤¢ ßþÂð â��� ü¨¤Â� 3.2.246 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ¸þ�µ÷ �¬�¡ 4.2.2ùÀ�»�� ý¥Âõ Íþ�Âª ý�Â� ßþÂð â��� üó�µ¡� �±¨�½õ 348 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ßþÂð â��� ÍÆ� 1.3�Ìê Ý�÷ ×þ ø ×þÂµØó�ý¢ ùÂî ×þ ß�� �õÂð ñ�Öµ÷� 452 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �ó�bÆõ üêÂãõ 1.4´Ôû



é�¬�÷ ý�Ìê Ý�÷ ø ù¤£ ß�� �õÂð ñ�Öµ÷� Â� �Ìê Ý�÷ ¥Âõ ý¤��Þû�÷ Â�� 565 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Y (1)(z, K‖) �b ±¨�½õ 1.566 . . . . . . . . . . . . . . . . . . . . . . . ù��¿ó¢ ζ(K‖) ý�Â� PB→P (1)(ω) �b ±¨�½õ 2.569 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �ûñ�·õ 1.2.5ýÂ�ð �¹�µ÷ 680 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ´¨���
A ´¨��� A

B ´¨��� B

C ´¨��� C

D ´¨��� D102 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . â��Âõ

´Èû



�õÀÖõüõ� µ ÷�� î ø ü þ� õÂ ð ý�û� �¡ ø ´ê� ¥� üª� ÷ � î üÆ�Ï� � ç õøÂ µØ ó� ö�À � õ � �¡ø ´ê� � � ý�ù¢� õ Âû é�ÂÏ�¥� Â µØ��î ¼Î¨ ¥� � Ü¬� ê �î üµ ìø) ¼Î¨ �� ×þ¢� ÷ .´¨� ùÀª �Ï��� ,´¨� ù¢� õ öø¤¢ ö� þÂ� üó�Ú�ý�¤�¢ ¼Î¨ �î üÏÂª �� ,¢�ªüõ üþ�Ìê ø ü÷�õ¥ 1ü¨øÀÞû ý�¤�¢ üþ�õÂð Ç��� (Àª�� λT = c0~/kBT,℄16[ Àª�� 4ü½Î¨ ö�÷�ê ö�µþ¤��e ,3 ü½Î¨ ö�Þ¨�� ö�µþ¤��e ,2ü½Î¨ ö�Þ¨�� Â�Ñ÷ ü½Î¨ ý�ûÀõüÈ��� �¤�Â� ñ�Öµ÷� À�÷�õ Ýúõ ý�ûùÀþÀ� ¥� ý¤��Æ� Ûõ�ä ùÀ��î ��¡ ø ´ê� ý�ûö�À�õ . ℄29[ ø ℄18[ ,℄17[.℄1[ ´¨� ��Æ�� ß�� 7Åó�ø¤À÷�ø üî�ØÎ¬� ýøÂ�÷ ø 6Åó�ø¤À÷�ø Ç�îÝûÂ� ,5¥� ��µ÷��î ×�÷�Øõ �î Ý��î ý¤ø�¢�þ �î ´¨� üê�î .´¨� �µª�¢ ×þ��ê ¤¢ üÞúõ ÇÖ÷ üþ�õÂð Ç��� �ãó�Îõ¥� �f �Þãõ �µªÁð ¤¢ .Àª ¥�è� ù��¨ ÝÆ� Ç��� �� ¯��Âõ Çþ�õ¥�Ëì��µõ ¸þ�µ÷ ¼�®�� ý�Â� ×÷�� ý�û©��ñ�Öµ÷� �fÂ�¡� ,ñ�� ßþ� �� .Àªüõ ÂÑ�êÂ¬ ,¢�� üÆ�Ï��çõøÂµØó� ��õ ¥� üµÞÆì �î üÈ���Â�è ×þ¢�÷ ö�À�õ.℄34[ ø ℄33[ ,℄32[ ,℄31[ ,℄30[ ,℄29[ ,℄28[ ,℄25[ ´¨� �µê�þ ©ÂµÆð �÷�÷ ø øÂØ�õ §��Öõ ¤¢ üÈ��� �¤�Â�ö�÷�ì Í¨�� À÷¤�¢ ¤�Âì ÂÚþÀÞû ¥� d >> λT = ~c0/kBT �Ü¬�ê ¤¢ �î ÝÆ� ø¢ ý�Â� ¼Î¨ À��ø Â� üÈ��� ¤�ª:℄7[¢�ªüõ ù¢�¢ Âþ¥ ÛØª �� 8ö�õ�µó�� - ö�Ôµ¨�
S =

π2k4
B

60~3c2
0

(T 4
1 − T 4

2 ) (1-0)���õ� ¤�Èµ÷� Í¨�� ÝÆ� ø¢ ß�� üþ�õÂð ñ�Öµ÷� À� ßþ� ¤¢ .Àª��üõ 2 ø 1 ÝÆ� ý�õ¢ °��Â� �� T2 ø T1 �î��Æ�� üþ�À� �Ü¬�ê �� �õÂð ñ�Öµ÷� ßþ� .¢Â�ðüõ �¤�¬ ,À÷�ªüõ Ç��� ÝÆ� ø¢ �Ü�¨ø �� �î üÆ�Ï��çõøÂµØó�öø¤¢ �ú÷øÂµØó� ö�þÂ� üõ�µ÷��î ø üþ�õÂð ý�û��¡ ø ´ê� ¥� üª�÷ ÝÆ�×þ ¥� ùÀª ÂÈµ�õ ���õ� .¢¤�À÷ üÚµÆ�
Coherency 1

Surface plasmons 2
Surface plasmon polaritons 3
Surface phonon polaritons 4

Radiative heat transfer 5
Van der waals intraction 6

Van der waals friction 7
Stefan - Boltzman 8�÷



¢��ø ÂÔ¬ ý�õ¢ ¤¢ üµ� ø ´¨� ´�ãÎì �Àä Û¬� �� ¯��Âõ �ú÷øÂµØó� ö�þÂ� üõ�µ÷��î ��¡ ø ´ê� .´¨� ÝÆ�ý�õ¢ ¤¢ ø ´¨� ù¢�õ ¤¢ �ú÷øÂµØó� ÝÑ�õ�÷ üþ�õÂð ´îÂ� �� ¯��Âõ �ú÷øÂµØó� ö�þÂ� üþ�õÂð ��¡ø ´ê� �õ� .¢¤�¢.¢ø¤üõ ß�� ¥� ÂÔ¬�� �ú�� ,À�þ�üõ ¢��ø �� ùÀ��î ��¡ ø ´ê� ý�ûö�þÂ� üó�Ú� �÷�Ú�þ� �Ü�¨ø �� �î üÆ�Ï��çõøÂµØó� ý�ûö�À�õ¥� �Ü¬�ê �� üþ�Þ÷ �¤�¬ �� �î À÷¤�¢ ¢��ø ��÷ 9 üÈû�î ���õ� �¤�¬ �� �ØÜ� ,À�µÆ�÷ ý¤�Èµ÷� ���õ� ÛØª,´¨� λT = ~c0/kBT üþ�õÂð ��õ ñ�Ï ¥� ÂµØ��î �ú÷� �Ü¬�ê �î üõ�Æ�� ý�Â� .À���þüõ Çû�î ¢��õ ¼Î¨.¢�ª Âµð¤�� �±�Âõ ßþÀ�� üÈû�î üÆ�Ï��çõøÂµØó� ���õ� ÂÏ�¡ �� ´¨� ßØÞõ üþ�õÂð ñ�Öµ÷�
10 − 100nm Û¬��ê ¤¢ üþ�õÂð ñ�Öµ÷� �î À÷�ªüõ ¶ä�� 10ü½Î¨ üÆ�Ï��çõøÂµØó� ���õ� ÂÚþ¢ ü�¤�±ä ��ö� ¼Î¨«��¡ �Ü�¨ø �� ö�� �üõ �¤ ñ�Ú� ù¢�õ ���¬�Ê¡ ¥� ý¤��Æ� .℄52[ ø ℄42[ ,℄40[À�� þ Çþ��ê�À�µÆû üÆ�Ï��çõøÂµØó� ö�À�õ ý�ûÀõe ùÄþø �î ,ü½Î¨ ���õ� ���¬�Ê¡ ßþ� ¥øÂ� ¤¢ .℄15[ ¢Âî É¿Èõ:ÝþÂ�üõ ��÷ �¤ ñ�·õ À�� �÷�Þ÷ ý�Â� .À��îüõ �Ôþ� ýÀ�Üî ÇÖ÷.À�îüõ Â��ç� ,¢�ª ù¢¤ø� (öøÂØ�õ ¥� ÂµØ��î Û¬��ê ¤¢) ¼Î¨×þ¢�÷ �� �î üõ�Ú�û ñ�ØÜõ ×þ ÂÞä ñ�Ï (1.℄46[´¨� ùÀª �µ¿�Ú÷�Â� ü½Î¨ ý�ûö�Þ¨�� ÀþÀÈ� ÂÏ�¡ �� á�®�õ ßþ�×þÂµØó�ý¢ ´��� ǫ(ω) �î ´¨� 1/ | ǫ(ω)+ 1 |2 �� °¨��µõ ¼Î¨×þ ø ñ�ØÜõ ×þ ß�� Åó�ø ¤À÷�ø ýøÂ�÷ (2¯Âª ßþ� .¢¤�¢ ¢��ø ,¢�ªüõ ǫ(ω) = −1 �î üµìø«�¡ Å÷�îÂê ×þ ¤¢ ýÀþÀÈ� ßþ�Â���� .Àª��üõ Í�½õ¥� ñ�ØÜõ �Ü¬�ê �� �µÆ� Åó�ø ¤À÷�ø ýøÂ�÷ ßþ�Â���� .´¨� ü½Î¨ ��õ üðÀ�ª�� �Î��¤ ¥� �¡�ª ×þ �� Õ±Î�õ,℄49[ ,℄48[â��Âõ ßþ� ¤¢ ö���üõ �¤ ÂµÈ�� ý�ûñ�·õ .℄47[Àª�� �ãê�¢ À÷���üõ ü½Î¨ ý�ûÀþÀÈ� ø ¼Î¨.¢Âî ñ�±÷¢ ℄51[ ø ℄50[Í¨�� °¨��õ ´ê��û¤ ×þ .¢¤�¢ ¢��ø ùÀ��î ��¡ ø ´ê� üÆ�Ï��çõøÂµØó� ý�ûö�À�õ ý�ãó�Îõ ý�Â� ´ê��û¤ À���Ü�¨ø �� ùÀ��î ��¡ ø ´ê� üÆ�Ï��çõøÂµØó� ý�ûö�À�õ �î ¢Âî Âê �µþ�¤ .Àª ���¤� 1953 ñ�¨ ¤¢ ℄8[11�µþ�¤�î .< jj∗ > 6= 0 �õ� ,< j >= 0 .À÷�ªüõ À�ó�� ¢��õ öø¤¢ j ö�þÂ� üó�Ú� üþ�õÂð ø üõ�µ÷��î ý�û��¡ ø ´ê�ñ�Æî�õ ��¢�ãõ ¥� ù¢�Ôµ¨� �� ö���üõ �¤ üÆ�Ï��çõøÂµØó� ö�À�õ .´¨� ü÷�õ¥ ýÂ�ð Í¨�µõ ü�ãõ �� <> ö� ¤¢��¡ø ´ê� ý�ûö�À�õ ßµÆ÷�¢ �� .¢Âî �±¨�½õ ,�ÞÈ� ö���ä �� ùÀ��î��¡ ø ´ê� ö�þÂ� üó�Ú� ßµêÂð ÂÑ÷ ¤¢ ø

Evascent wave 9
Surface electomagnetic waves 10

Rytov 11ù¢



ÝûÂ� ,��Æ�� ß�� ý�Â÷� ñ�Öµ÷� �ú÷� ¥� ù¢�Ôµ¨� �� ø ¢Âî �±¨�½õ �¤ Ç�� ¤�Æ÷�� ø Ù��µ�þ�� ¤�¢Â� ö���üõ ùÀ��î.¢¤ø� ´¨À� �¤ Â�è ø Åó�ø ¤À÷�ø Ç�îø §��Öõ �÷�÷ ùÂî ×þ ß�� �¤�Â� ñ�Öµ÷� �î ´¨� ßþ� �õ ÀÊì .Ý��îüõ ñ�±÷¢ �¤ ´ê��û¤ ßþ� �õ�÷ ö�þ�� ßþ� ¤¢ �õ.Ý��î ü¨¤Â� �¤ é�¬�÷ ¼Î¨ �� ×þÂµØó�ý¢ ý�Ìê Ý�÷ ×þ�� ÛÊê ßþ� ¤¢ .Ýþ¤�¢ §��Öõ �÷�÷ ý�ûÍ�½õ ¤¢ üØ�µ�� ý�úÈ�î ÝûÂ� ø ¤�÷ Û�Æð Â� ý¤øÂõ ñø� ÛÊê ¤¢,Ýþ¤ø�üõ ´¨À� �¤ ü±Îì ø¢ ×þ üÆ�Ï��çõ ø üØþÂµØó� ý�û ö�À�õ ,¢�¥� ý�Ìê ×þ¢�þ¢ ßþÂð â��� ¥� ù¢�Ôµ¨�ø¢ ß�� ý�Â÷� ñ�Öµ÷� �õ�¢� ¤¢ .Ý��îüõ ��Æ� ßÚÞû�÷ ø ßÚÞû ý�ûÍ�½õ ý�Â� �¤ ý�Â÷� é��� Ù�û� Å³¨.Ý��îüõ ¤øÂõ �¤ ù¤£°þÂ® �� ýÂÚþ¢ ø ǫ1 ×þÂµØó� ý¢ °þÂ® �� üØþ �Ìê Ý� ÷ ø¢ ý�Â � �¤ ×þ¢� þ¢ ßþÂð â�� � �ø¢ ÛÊê ¤¢.´¨� é�¬ Í�½õ ø¢ ß�� ¥Âõ �î Ý��îüõ Âê ÛÊê ßþ� ¤¢ .Ý��îüõ �±¨�½õ ǫ2 ×þÂµØó�ý¢üê�¬�÷ ¤�Ø�þ� ý�Â� .¢¤ø� Ý�û��¡ ´¨À� é�¬�÷ ¥Âõ �� ¤ø�¹õ ý�Ìê Ý�÷ ø¢ ý�Â� �¤ ßþÂð â��� ��¨ ÛÊê ¤¢,Àª�� ×��î δǫ ��Â��ç� �Ø�þ� Âê �� ßþ�Â���� .Ý��îüõ ñÀõ ǫ ×þÂµØó�ý¢ °þÂ® ��Â��ç� �¤�¬ �� �¤ ¥Âõ.Ý�û¢üõ ���¤� �¤ ßþÂð â��� üó�µ¡� Û��±¨�½õ ßþ� ¤¢ .Ý��îüõ ��Æ� �¤ ö� ý��� ¤¢ ×��î ù¤£ ×þ �� �Ìê Ý�÷ ×þ ¥� ý�Â÷� ñ�Öµ÷� �¤�ú� ÛÊê ¤¢.Ý�þ��üõ ¢�¨ �ø¢ ÛÊê ¤¢ ùÀª �±¨�½õ ×þ¢�þ¢ ßþÂð â��� ¥�ü¨¤Â� ý�Â� .Ý��îüõ ü¨¤Â� �¤ é�¬�÷ ¥Âõ �� �Ìê Ý�÷ ×þ ø ×��î ù¤£ ×þ ß�� �¤�Â� ñ�Öµ÷� Ý¹�� ÛÊê ¤¢.Ý��îüõ ù¢�Ôµ¨� �¤�ú� ø ��¨ ÛÊê ¤¢ ßþÂð â��� üó�µ¡� ��±¨�½õ ¥� ý¤��Þû�÷ Â��

ù¢¥�þ



ñø� ÛÊê
üØ�µ�� ý�úÈ�î ÝûÂ� ø ¤�÷ Û�Æð Â� ý¤øÂõ§��Öõ �÷�÷ ý�úÎ�½õ¤¢
Û�Æð Ç��� ���¬�Ê¡ ø Âµõ�÷�÷ ù¥�À÷� �� ý�ûÝµÆ�¨ ß�� üØ�µ�� ý�úÈ�î ÝûÂ� Â� ý¤øÂõ ÛÊê ßþ� éÀûù¥�À÷� �� ¢��õ üØ�µ�� ý�úÈ�î ÝûÂ� .À��î ù�Ú÷ ℄1[ â�Âõ �� ÂµÈ�� ������ ý�Â� .´¨� �úÞµÆ�¨ �÷�ð ßþ� ¥� ùÀª�� ö���üõ �¤ �ûñ�ØÜõøÂî�õ ÂÚþ¢ ø 1�ûß�ÿ�øÂ� ´�ó�ãê À÷�ªüõ Âû�Ò ü��Ö�Ö½� ÓÜµ¿õ ý�û���õ¥ ¤¢ ,Âµõ�÷�÷Í�½õ ö¢Âî �¹µÆ� ý�Â� ö���üõ �¤ ¤�÷ �� ùÀª ×þÂ½� 2 ý�ûñ�ØÜõ×� ;¢Âî ñ�±÷¢ üØ�µ�� ý�û×��Ø� �Ü�¨ø.À�µÆû Ýúõ üÈ¹�¨ ý�û¢Â�¤�î ÂÏ�¡ �� ¤�µ¡�¨ �÷�÷ ���Üê �� üØ�µ�� ý�úÈ�îÝûÂ� ø ;¢Âî ù¢�Ôµ¨� é�ÂÏ��� ÂµÈ�� �ãó�Îõ ý�Â� .¢Âî ù¢�Ôµ¨� üõ�µ÷��î ×�õ��þ¢øÂµØó� ¥� üµÆþ�� ù¢�õ �� ¤�÷ Ç�ØÞû Â� Õ�ì¢ Ýúê ý�Â�Ó�¬�� �� �Àµ�� ¤¢ ,´¨� ÛØÈõ ¤��Æ� �û¤�µ¡�¨�÷�÷ üõ�µ÷��î ü¨¤Â� ö�� �õ� .À��î ù�Ú÷ ℄5[ ø ℄4[â��Âõ.Ýþ�ªüõ Û¨�µõ ×�¨�î

Proteins 1
Single moleocules 2

1



�ûü±Îì À�� ÍÆ� 1.1¤¢ ù¤£ �� Âð� .ÝþÂ�ðüõ ÂÑ÷ ¤¢ ù¤£ ö���ä �� ,´¨� ×��î ¤�÷ ��õ ñ�Ï �� �Æþ�Öõ ¤¢ �î �¤ ù¢�õ ¥� ´ÞÆì ×þ.´¨� ùÀª Û�ØÈ� ñ�ØÜõ ý¢�þ¥ ¢�Àã� ¥� �õ� ´¨� ×��î ¤�÷ ��õ ñ�Ï �� �Æþ�ÖõÂÑ÷ ¤¢ ö�Øõ ¥� �µ¨��� â��� ×þ ö���ä �� ö���üõ �¤ j ö�þÂ� üó�Ú� ø ρ ¤�� üó�Ú� ü��Ø¨øÂî�õ §��Öõ ¤¢.À÷�ùÀª Û�ØÈ� ,À�µÆû �À� Ýû ¥� üþ�Ìê ÂÑ÷ ¥� �î �µÆÆð ý�û¤�� ¥� �ûñ�ØÜõ ø �ûÝ�� âì�ø ¤¢ �µ±ó� .´êÂðâì�ø ¤¢ .¢Âî ü¨¤Â� ü��Ø¨øÂî�õ ñ�Æî�õ ��¢�ãõ ¥� ù¢�Ôµ¨� �� ö���üÞ÷ �¤ ¢��õ ü��Ø¨øÂØ�õ ¤�µ¡�¨ ßþ�Â����.À�µÆû ü��Ø¨øÂØ�õ ý�ûö�À�õ üþ�Ìê ß�Ú÷��õ ü��Ø¨øÂî�õ ý�ûö�À�õüØþÂµØó� üþ�¹��� ö�À�õ Óþ¤�ã� üµÆþ�� ,ü��Ø¨øÂØ�õ ÝµÆ�¨ ×þ ¤¢ Û�Æ÷�µ� ý�Â÷� ö¢¤ø�´¨À� ¤�Ñ�õ ��ý�û¤�� ¥� �ä�Þ¹õ×þ ß�� ¢�¥� ý�Ìê ¤¢ B ø E ý�ûö�À�õ �ú�� ø ´ª�Áð ¤��î �¤ H üÆ�Ï��çõ ö�À�õ ø Dø ρ ý�� �� ø Ý��îüõ ßþ�Úþ�� �¤ H = µ−1
0 B ø D = ǫ0E ñ�Æî�õ ��¢�ãõ ¤¢ ßþ�Â���� .¢Âî ü¨¤Â� �¤ ��¹õ:Ý��îüõ ù¢�Ôµ¨� (2-1) ø (1-1) ��¢�ãõ ¥� j
ρ(r) =

∑

n

qnδ(r − rn) (1-1)
j(r) =

∑

n

qnṙnδ(r − rn) (2-1).(1-1 ÛØª)´¨� ö� ´äÂ¨ ṙn ø ��n ¤�� ´�ãì�õ ¤�¢Â� rn ��¢�ãõ ßþ� ¤¢

¾¨�� �b ä�Þ¹õ .À�î üõ Ç�îÝûÂ� ù¢�õ ý��¹õ ý�û¤�� �� üØ�µ�� Ç��� ,ü��Ø¨øÂØ�õ §��Öõ ¤¢ 1-1ÛØª℄1[ â�Âõ ¥� �µêÂðÂ� .¢�ªüõ Ó�¬�� r �bÀ±õ �� ü±ÎìÀ�� ÍÆ� �� rn ��Êµ¿õ �� �û¤�� ��Þ�2



üØþÂµØó� ü±Îìø¢ Ç��� 2.1ßµª�¢ �Ú÷ � � .Ý�û¢üõ ÍÆ� r0 ñ�� ¤�Ü � � ýÂ¨ �¤�Ê� �¤ (2-1) �b ó¢�ãõ ¤¢ ùÀª ù¢�¢ ö� þÂ� üó�Ú�:Àþ�üõ ¤¢ Âþ¥ �¤�¬ �� j ,ÍÆ� ß�þ�� ��¤¢ ý�û�ÜÞ�
j(r) =

d

dt
µ(t)δ(r − r0) (3-1):Ýþ�ù¢Âî ÓþÂã� Âþ¥ �¤�¬ �� �¤ ü±Îìø¢ ¤ø�µÈð ö� ¤¢ �î

µ(t) =
∑

n

qn(rn − r0) (4-1):Å� ,j(r, t) = ℜ[j(r)e−iωt] ¢�ªüõ �µêÂð ÂÑ÷ ¤¢ ��ÔØ� ���õ� �¤�¬ �� �ûö�À�õ ü÷�õ¥ üÚµÆ�
j(r) = −iωµδ(rn − r0) (5-1)�îÂõ ¤¢ �bÀ±õ �� ü÷�¨�÷ ü±Îìø¢ ×þ ö���ä �� ö���üõ �¤ ö�þÂ� üó�Ú� Âû ,ÍÆ� ß�þ�� ý�û�±�Âõ ¤¢ ßþ�Â����.´ª�À�� ,¤�� âþ¥��ßÚÞû ý�Ìê ¤¢ üØþÂµØó� ü±Îìø¢ ý�ûö�À�õ 1.2.1×��î �Ü¬�ê �� �î Óó�¿õ ´õ�ä �� q ü÷�¨�÷ ¤��ø¢ ¥� üª�÷ ö�À�õ ßµêÂð ÂÑ÷¤¢ �� ö��� üõ �¤ ü±Îìø¢ ö�À�õ.¢¤ø�´¨À� ,À÷¤�¢ ¤�Âì Ýû ¥� ds:À÷�ªüõ �µª�÷ Âþ¥ �¤�¬ �� �ûö�À�õ .¢�� Àû��¡ Â�À�Ôõ ßþÂð â��� ©ø¤ ¥� ü±Îìø¢ ý�ûö�À�õ ö¢¤ø� ´¨À�

E(r) = E0 + iωµµ0

∫

dv′
↔
G (r, r′, ω)j(r′) (6-1)

H(r) = H0 +

∫ [

∇×
↔
G (r, r′, ω)

]

j(r′) dv′ (7-1)
3



�� � è ¤¢ ü ± Î ìø¢ ý� ûö�À � õ H0 ø E0 ø ´ ¨� × þ¢� þ¢ ß þÂ ð â �� � ùbÀ � û¢ ö� È ÷ ↔
G (r, r′, ω) � î:À�þ�üõ ¤¢ Âþ¥ �¤�¬ �� H ø E ,(5-1) ý�Î��¤ ¥� j(r′) ý¤�ÁÚþ�� �� .À�µÆû j(r′) ö�þÂ� üó�Ú�

E(r) = ω2µµ0

↔
G (r, r0, ω)µ (8-1)

H(r) = −iω

[

∇×
↔
G (r, r0, ω)

]

µ (9-1):Ýþ¤�¢ (23-B) �ó¢�ãõ ¥� ù¢�Ôµ¨� �� .´¨� ùÀª �±¨�½õ B ´¨��� ¤¢ ¢�¥� üþ�Ìê ßþÂð â���
↔
G (r, r0) =

eikR

4πR

[

(1 +
ikR − 1

k2R2
)
↔
I +

3 − 3ikR − k2R2

k2R2

RR

R2

] (10-1).´¨� ü÷�Øþ ÅþÂ��õ ↔
I ø ©¢�¡ ¤¢ R ¤�¢Â� ü�¤�¡ �ÂÌÜ¬�� RR ø R =| r − r0 | �ó¢�ãõ ßþ� ¤¢ �îüØþÂµØó� ü±Îìø¢ ×þ ý�Â� �¤ üÆ�Ï��çõøÂµØó� ý�ûö�À�õ ö���üõ (10-1) ø (9-1) ,(8-1) ��¢�ãõ ¥�.¢¤ø�´¨À� µz ø µy ,µx ü�¤�î¢ ý�û�Ôó�õ �� µ

R >> λ �î 3 ¤ø¢ ý�ûö�À�õ ùb¥�� ¤¢ .¢¤�¢ (kR)−3 ø (kR)−2 ø (kR)−1 �¤�¬ �� üþ�û�ÜÞ� ßþÂð â���
R << λ�î 4×þ¢�÷ ý�ûö�À�õ ù¥�� ¤¢ üêÂÏ ¥� .À�÷�õüõ üì�� (kR)−1 �¤�¬ �� üþ�û�ÜÞ� ÍÖê ,´¨�ý�ûö�À�õ ùb¥�� ¤¢ (kR)−2 �¤�¬ �� üþ�û�ÜÞ� .À�÷�õüõ üì�� (kR)−3 �¤�¬ �� üþ�û�ÜÞ� ÍÖê ,´¨�:Ýþ¤�¢ (10-1) �b ó¢�ãõ ¥� ù¢�Ôµ¨� �� Å� .À÷¤�¢ ¢��ø ,´¨� R ≈ λ �î 5ü÷��õ

↔
GNF (r,r0) =

eikR

4πR

1

k2R2

[

−
↔
I +3

RR

R2

] (11-1)
↔
GIF (r, r0) =

eikR

4πR

i

kR

[ ↔
I −3

RR

R2

] (12-1)
↔
GFF (r, r0) =

eikR

4πR

[

↔
I −RR

R2

] (13-1).À÷¤�¢ ¥�ê é�µ¡� ×þ¢�÷ ø ¤ø¢ ý�ûö�À�õ �� ��¤¢ 90 ü÷��õ ý�ûö�À�õ �î ¢�ªüõ ùÀþ¢ ��¢�ãõ ßþ� ¥�ý�Â� .À÷�ªüõ ö�ÆØþ ý�ûö�À�õ �� Â¹�õ ü±Îìø¢ �Ôó�õ �¨ Âû ,¢¤�¢ ¤�Âì ßÚÞû Í�½õ ¤¢ ü±Îìø¢ ö��ý�Þ÷ ,(2-1) ÛØª ¤¢ .ÝþÂ�ðüõ z ¤�½õ ´ú� ¤¢ �¤ ü±Îìø¢ ´ú� ø r = r0 ¤¢ �¤ ��Êµ¿õ �bÀ±õ ,üð¢�¨
Far Field 3

Near Field 4
Intermediate Field 54



.´¨� ùÀª ù¢�¢ ö�È÷ �ó�Æõ üÜî

´ú� ¤¢ ü±Îìø¢ ´ú� .´¨� ùÀª ù¢�¢ ö�È÷ (r, θ, φ) ýøÂî ��Êµ¿õ ¤¢ ü±Îìø¢ ×þ ö�À�õ 2-1ÛØª℄1[ â�Âõ ¥� �µêÂðÂ� .(θ = 0)´¨� z ¤�½õ:℄19[ÝþÂ�üõ ¤�Ø� �¤ Âþ¥ ��þÀ±� .´ª�÷ ýøÂî ��Êµ¿õ ¤¢ �¤ �ûö�À�õ ö���üõ ÛØª �� ���� ��
x = r sin θ cosφ (14-1)
y = r sin θ sin φ (15-1)
z = r cos θ (16-1)
r̂ = î sin θ cosφ + ĵ sin θ sin φ + ẑ cos θ (17-1)
θ̂ = î cos θ sinφ + ĵ cos θ sin φ − ẑ sin θ (18-1)
φ̂ = −î sin φ + ĵ cosφ (19-1)
↔
I = r̂r̂ + θ̂θ̂ + φ̂φ̂ (20-1)
R = rr̂ (21-1)

5



:Ýþ¤�¢ (21-1) �� (14-1) ø (10-1) ��¢�ãõ ¥� ù¢�Ôµ¨� �� Å�
↔
G (r, r0) =

eikr

4πr

[

(1 +
ikr − 1

k2r2
)
↔
I +

3 − 3ikr − k2r2

k2r2
rr

] (22-1):Ýþ¤�¢ üØþÂµØó� ö�À�õ ý�Â� (8-1) �b ó¢�ãõ ¥� ù¢�Ôµ¨� �� ø
E =| µ | µ0µω2 eikr

4πr

[

(1 +
ikr − 1

k2r2
)
↔
I +

3 − 3ikr − k2r2

k2r2
rr

]

·
[

cos θr̂ − sin θθ̂

]

=| µ | µ0µω2 eikr

4πr

[

(1 +
ikr − 1

k2r2
+

3 − 3ikr − k2r2

k2r2
) cos θr̂ − (1 +

ikr − 1

k2r2
) sin θθ̂

](23-1):´¨� üµÞ¨ ø üä�ãª ý�û�Ôó�õ ý�¤�¢ ÍÖê üØþÂµØó� ö�À�õ Å�
Er =

| µ | cos θ

4πǫ0ǫ

eikr

r
k2

[

2

k2r2
− 2i

kr

] (24-1)
Eθ =

| µ | sin θ

4πǫ0ǫ

eikr

r
k2

[

1

k2r2
− i

kr
− 1

] (25-1):¢¤�¢ �¤ Hφ �bÔó�õ �ú�� üÆ�Ï��çõ ö�À�õ °��Â� ß�Þû ��
Hφ =

| µ | sin θ

4π

eikr

r
k

[

− i

kr
− 1

]√

ǫ0ǫ

µ0µ
(26-1).¢¤�À÷ �¤ ¤ø¢ ý�ûö�À�õ �� ¯��Âõ �ÜÞ� Er �bÔó�õ �î ¢�ªüõ ùÀþ¢ (24-1) �ó¢�ãõ �� ���� ��ý� ûö�À � õ Å� ,À � îü õ ö� ¨� ÷ ö� õ¥ � � (e−iωt) ×� ÷� õ¤� û �¤�¬ � � ùÀª � µ êÂ ð ÂÑ ÷ ¤¢ ü ±Î ìø¢ ö��ÛþÀ±� ø 6üú÷ ÝûÂ� Û¬� ¥� ù¢�Ôµ¨� �� .À��îüõ ö�¨�÷ Å÷�îÂê ö�Þû �� ø À�µÆûÅ÷�îÂê ×� üÆ�Ï��çõøÂµØó�.¢¤�¢ ¢��ø �ûö�À�õ ü÷�õ¥ üÚµÆ��ø À�ó�� ö�Øõ� �þ¤�ê:¢�ª ù¢�¢ ö�È÷ Âþ¥ �¤�¬ �� ü÷�õ¥ ¼þÂ¬ üÚµÆ� �î ´¨� Âµú� 7ùÀ�ª�� ùÂ�è ý�ûÍ�½õ ¤¢

eikrkmµ = eikr[
in

c0
]m(−iω)mµ = [

in

c0
]m

dm

dtm
µ(t − nr

c0
) (27-1)�� ¯��Âõ ��¢�ãõ ¤¢ (27-1) �b ó¢�ãõ ö¢�¢ ¤�Âì �� .´¨� 8ýÂ�¡�� ö�õ¥ t − nr/c0 ø ´ÆØª °þÂ® n �î

Principle of Superposition 6
Non-Dispersive 7
Retarded Time 86



:�î ¢�ªüõ �¹�µ÷ ö�À�õ ý�û�Ôó�õ
Er(t) =

cos θ

4πǫ0ǫ

[

2

r3
+

2n

c0r2

d

dt

] ∣

∣

∣

∣

µ(t − nr

c0
)

∣

∣

∣

∣

(28-1)
Eθ(t) =

sin θ

4πǫ0ǫ

[

1

r3
+

n

c0r2

d

dt
+

n2

c2
0r

d2

dt2

] ∣

∣

∣

∣

µ(t − nr

c0
)

∣

∣

∣

∣

(29-1)
Hφ =

sin θ

4πǫ0ǫ

√

ǫ0ǫ

µ0µ

[

n

c0r2

d

dt
+

n2

c2
0r

d2

dt2

] ∣

∣

∣

∣

µ(t − nr

c0
)

∣

∣

∣

∣

(30-1)üõ �¤ ü±Îìø¢ �î üþ�û¤�� ��µª �b Ü�¨ø �� ¤ø¢ ý�ûö�À�õ �î ¢�ªüõ �¹�µ÷ (30-1) �� (28-1) ��¢�ãõ ¥�üõ À�ó�� �û¤�� ßþ� ´äÂ¨ ø ö�Øõ �b Ü�¨ø �� °��Â� �� ü÷��õ ø ×þ¢�÷ ý�ûö�À�õ ß��»Þû .¢�ªüõ À�ó�� À÷¥�¨.À÷�ªü±Îìø¢ Ç��� 2.2.1�� �µÆ��ø 9Ù��µ�þ�� ¤�¢Â� .À÷¤�¢ ÇÖ÷ üó�Öµ÷� Éó�¡ ý�Â÷� âþ¥�� ¤¢ ¤ø¢ ý�ûö�À�õ �ú�� �î ¢�¢ ö�È÷ ö���üõ.¢�ªüõ �±¨�½õ ü±Îìø¢ ý�ûö�À�õ ¤¢ r−1 �¤�¬ �� ü��Þ� ßµª�¢ �Ú÷ �� �ú�� ¤ø¢ ý�ûö�À�õ
S(t) = E(t) × H(t) =

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

r̂ θ̂ φ̂

Er Eθ 0

0 0 Hφ

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

= r̂EθHφ − θ̂ErHφ

=
r̂

16π2ǫ0ǫ

sin2 θ

r2

n3

c3
0

∣

∣

∣

∣

d2

dt2
µ(t − nr

c0
)

∣

∣

∣

∣

2 (31-1):Àþ�üõ ´¨À� �¤�¬ �� ùÂî ¼Î¨ ýø¤ ýÂ�ð ñ�ÂÚµ÷� �� üÈ��� ö���
P =

∫

S.n̂ da =
1

4πǫ0ǫ

n3

c3
0

2

3

∣

∣

∣

∣

d2

dt2
µ(t)

∣

∣

∣

∣

2 (32-1)ü÷�õ¤�û ü÷�¨�÷ ü±Îìø¢ ý�Â� P Í¨�µõ ¤�ÀÖõ .¢�ªüõ ÂÔ¬ ýÂ�¡�� Â�� ,ÂÔ¬ ´Þ¨ �� ùÂî á�ãª ö¢�¢ Û�õ ��:´¨� Âþ¥ ÛØª ��
P =

| µ |2
4πǫ0ǫ

n3

3

ω4

c3
0

(33-1).´¨� ö�¨�÷ Å÷�îÂê ω �î
Poynting Vector 97



ßÚÞû�÷ ý�úÎ�½õ ¤¢ ý�Â÷� é��� Ù�û� 3.2.1
dw/dt ý�Â÷� é��� Ù�û� �� ü÷�¨�÷ ü÷�õ¥ üÚµÆ� �� ü÷�þÂ� âþ¥�� Âû üÈ��� ö��� Ù��µ�þ�� �b �Ìì Õ±Ï:´¨� ö�ÆØþ

dw

dt
= −1

2

∫

V

ℜ
{

j∗(r).E(r)

}

dV (34-1)ÍÜµ¿õ ¢Àä ×þ üõ�û�õ ´ÞÆì ùbÀ�û¢ Çþ�Þ÷ ℑ ø üÖ�Ö� ´ÞÆì ùbÀ�û¢ Çþ�Þ÷ ℜ .´¨� â±�õ Ý¹� V �î.´¨�:¢�ªüõ �¹�µ÷ (4-1) �ó¢�ãõ ¥� ù¢�Ôµ¨� ��
dw

dt
=

ω

2
ℑ

{

µ∗.E(r0)

} (35-1)�� (8-1) �bÎ��¤ ¥� ù¢�Ôµ¨� �� ö���üõ �¤ �ó¢�ãõ ßþ� .´¨� ùÀª �±¨�½õ r0 ü�ãþ ü±Îìø¢ �À±õ �ÎÖ÷ ¤¢ ö�À�õ �î:´ª�÷ Âþ¥ �¤�¬
dw

dt
=

ω3 | µ |2
2ǫ0ǫc2

0

ℑ
{

n̂µ.
↔
G (r0, r0, ω).n̂µ

} (36-1)�ó¢�ãõ ö�� �üÞ÷ �î À¨¤üõ ÂÑ÷ � � ñø� ù�Ú ÷ ¤¢ .´¨� ü±Îìø¢ ´ú� ¤¢ �Øþ ¤�¢Â � nµ ø µ =| µ | n̂µ �îö�� .À÷�ªüõ ´þ�ú��� r0 ¤¢ �î ¢�ªüõ Âû�Ò ö� ¤¢ eikR/R ��±ª ü��Þ� ö�� ,¢Âî �±¨�½õ �¤ (37-1)ö�� .À�ª�� ü±Îìø¢ ´ú� ¤¢ �î À÷�ªüõ �±¨�½õ ¢¤�ø E ¥� üþ�û�Ôó�õ �ú�� Å� ´¨� üÜ¡�¢ �Â® µ ø E ß��(10-1) ø (8-1) ý�û�Î��¤ ¥� .¢�ª �±¨�½õ üØþÂµØó� ö�À�õ z �Ôó�õ üµÆþ�� Å� ,¢¤�¢ ¤�Âì ẑ ´ú� ¤¢ µ:Àþ�üõ ´¨À�
Ez =

| µ |
4πǫ0ǫ

eikR

R

{

k2 sin2 θ − ik

R
(3 cos2 θ − 1) +

1

R2
(3 cos2 θ − 1)

} (37-1):Ý�û¢üõ ÍÆ� �¤ üþ�Þ÷ ´ÞÆì ü±Îìø¢ �îÂõ ¤¢ ö�À�õ �b ±¨�½õ ý�Â� .´¨� ùÀª ù¢�Ôµ¨� ω = kc0 ¥� �î
eikR = 1 + ikR + ... (38-1)8



:Àþ�üõ ¤¢ Âþ¥ �¤�¬ �� (35-1) �ó¢�ãõ R → 0 À� ¤¢
dw

dt
=

ω

2
| µ | ℑEz (39-1).Àþ�üõ ´¨À� ℑEz (38-1) ø (37-1) ý�û�Î��¤ ¥�

Ez =
| µ |

4πǫ0ǫR

(

1 + ikR + ...

)(

k2 sin2 θ + (
1

R2
− ik

R
)(3 cos2 θ − 1)

)

=
| µ |
4πǫ0ǫ

ik3 sin2 θ (40-1):Ýþ¤�¢ Å�
ℑEz =

| µ |
4πǫ0ǫ

k3 sin2 θ (41-1)�¹�µ÷ ¤¢ ø
dw

dt
=

| µ |2
8πǫ0ǫ

ωk3 sin2 θ (42-1):¢�ªüõ �¹�µ÷ ùÂî ¼Î¨ ýø¤ ýÂ�ð ñ�ÂÚµ÷� �� ø
dw

dt
=

| µ |2
12πǫ0ǫ

ωk3 (43-1)Â¹�õ R = 0 ¤¢ üÚ��Ø�×þ Ýè¤üÜä (36-1)�ó¢�ãõ ßþ�Â���� .´¨� ö�ÆØþ (33-1) �b ó¢�ãõ �� �ó¢�ãõ ßþ� �îÍ�½õ ×þ ¤¢ ùÀ��î Ç��� ü±Îìø¢ ×þ �î ¢�ªüõ ¤�Øª� üõ�Ú�û �ó¢�ãõ ßþ� ´�Þû� .Àª ´¨¤¢ �¹�µ÷ ��¥��û �¤ üê��� ý�Â÷� Ù�û� .¢�ª �µêÂð ÂÑ÷ ¤¢ �Ø±ª Â�d�d ¤¢ ñ�ØÜõ ×þ �þ í�ø�î ¤¢ Ý�� ×þ À�÷�õ ßÚÞû�÷ý�Â� ßþ�Â���� .¢Âî �±¨�½õ ùÀ��î Ç��� ü±Îìø¢ �µÆ� ¼Î¨ ýø¤ Ù��µ�þ�� ¤�¢Â� ¥� ýÂ�ð ñ�ÂÚµ÷� �� ö���üõý�ûÍ�½õ ¤¢ �Âþ¥ ,¢¤ø�´¨À� �µÆ� ¼Î¨ ý�� Âû ¤¢ �¤ üÆ�Ï��çõøÂµØó� ý�ûö�À�õ üµÆþ�� ¤�Ø�þ� ��¹÷��Ü�¨ø �� �î ´¨� ¤�ð¥�¨¢�¡ ö�À�õ ßþ� �ä ¤¢ .´Æ�÷ ü±Îìø¢ ö�À�õ ýø�Æõ üþ�ú�� �� ö�À�õ ßþ� ßÚÞû�÷üØþÂµØó� ö�À�õ �î ´¨� °¨��õ .¢�ªüõ À�ó�� Í�½õ ¥� Es ùÀª ùÀ�î�Â� ö�À�õ ø E0 ü±Îìø¢ ö�À�õ üú÷ ÝûÂ�9


