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¥� Ý�îüõ ý¤�Áð §�³¨,§Àì ,ü þ�À ÷ ,ý¢� ÷Â ê ,üú ó�À ± ä ,ü»û�î ,ü ÜÌê ,ö� � ä¤�¥ ,ýÂ � õ ,¤� � ����¡ ,ü �� ± � ) ý� ì� �� ��( ü���� ,�ó¤À÷ ,ü�Æ� ,�¢�ü�� ,¤��À��ø ,ü��±õ ,ýÀÞ½õ¤�þ( ý�¨�õ ,ü÷�ÂÔè ,üØÜõ ) Ý÷�¡ ¤�îÂ¨
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ùÀ�Ø�ü®Âä üÆ�Ï��çõ ö�À�õ ×þ ¤¢ Û��î-��Ü� üÆ�Ï��çõøÂê ñÀõ ¤¢ üõ�µ÷��î ¥�ê ý�û¤�Áð �õ�÷ ö�þ�� ßþ� ¤¢Â���� ´½� �î ÕÜÎõ ÂÔ¬ ý�õ¢ ¤¢ ´¨� S = 1 üõ�µ÷��î Ù�þ�þ� ùbÂ�¹÷¥ ×þ ÂÑ÷ ¢¤�õ ñÀõ .¢�ªüõ ü¨¤Â��ê�®� ö� Â� (D Âµõ�¤�� � � )ßþ¤�Ü� üþ�ù¤£ ×� üÚµê�Øª �b ÜÞ� ×þ ø ¢¤�¢ ¤�Âì ü�¤�¡ ü®Âä ö�À�õ ×þÉ¿Èõ ü®Âä ö�À�õ ×þ ý�¥� �� ,D Âþ¢�Öõ ¥� üþ�ùÂµÆð ¤¢ ,T = 0 ¤¢ ÝµÆ�¨ �î ¢�ªüõ ùÀþ¢ .´¨� ùÀª¤�Áð �bÎÖ÷ ,��±¨�½õ ¤¢ .¢�ª üõ Å�Ï��çõ�¤�� ¥�ê �� üÆ�Ï��çõøÂê ¥�ê ¥� üþ��µ¨��� ¥�ê ¤�Áð ©�¿µ¨¢ hxc(D)ý�Â� .Ý��îüõ Û� "Í¨�µõ ö�À�õ ý�û°þÂÖ� ' ¤¢ ´Æ¿÷ �¤ ñÀõ �¹�þ� ¤¢ .¢¤�¢ üÚµÆ� °þÂÖ� ´ì¢ ��üþ��ª�¡ ø¢ ý�û°þÂÖ� ø �µ� ý�û°þÂÖ� ¥� üþ��ó�±÷¢ ¥� �÷�ð�¨ ü÷�Â½� �bÎÖ÷ ß��»Þû ø ü÷�Â½� ¯�Ö÷ �b ±¨�½õ"°þÂÖ� �b�¤¢ ' �� ü÷�Â½� ¯�Ö÷ Â��ç� ùb�½÷ �î ¢�ªüõ üã¨ �û°þÂÖ� �b ó�±÷¢ ßþ� ¥� ×þ Âû ¤¢ .¢�ªüõ ù¢�Ôµ¨�,�þ�� ý�Â÷� ¤�µê¤ ß��»Þû .Àþ� ´¨¢ �� Õ�ì¢ ü÷�Â½� �ÎÖ÷ ,°¨��õ ü��þöøÂ� ¥� ø ¢�ª �±¨�½õ ý¢Àä ¤�Ï ���b ±¨�½õ ý�Â� .´¨� ùÀª �ãó�Îõ ü÷�Â½� �ÎÖ÷ üØþ¢�÷ ¤¢ ý¤�µêÂþÁ� ø ÇÏ��çõ Â�Ñ÷ üþ�û´�Þî ø ý�Â÷� é�ð§�Æ� ü÷�Â½� �ÎÖ÷ Õ�ì¢ ¤�ÀÖõ �� ´±Æ÷ �î ¢ø¤üõ ¤�î �� "Ù�û�Þû ý¤�¹�ú��÷ ©ø¤ ' ,ü÷�Â½� ý�û�Þ÷´ì¢ �� ,Í¨�µõ ö�À�õ ý�û°þÂÖ� ùb¢¤ �� ©ø¤ ßþ� ñ�Þä� ¥� Û¬�� �÷�ð�¨ ü÷�Â½� ø ü÷�Â½� ý�û�Þ÷ .´¨���Ìì �� üþ��¹�µ÷ ß��� .À�µÆû T 6= 0 ¤¢ ×�¨�î ýÀã� ø¢ Ù�þ�þ� ñÀõ ¤¢ Â�Ñ÷ ü ÷�Â½� ý�û�Þ÷ Â��Â� ��¡.´¨� ¤�ð¥�¨ (T 6= 0, d+ 1)×�¨�î-(T = 0, d)��µ÷��î ´ª�Ú÷
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�õÀÖõø �±Ö÷� ø ¯�Æ±÷� ùÀþÀ� üÞÜä ü¨¤Â� ,ý¢��õ ùÀÔû öÂì ¤¢ "�õ¢' ü±þÂÖ� ��úÔõ �� ü��þ ´¨¢ ¥� Å�ý�ûùÀþÀ� á�ìø ö�õ�Â�� �ûÇûøÄ� ùÀ¹û öÂì ¤¢ üþ�õÂð ý�ûß�ª�õ ý¤ø��ê �ã¨�� �� ø Àª ßØÞõ ¥�ê Â��ç��ÂÎõ �¤ ö�ú÷ ý�õÂð ø ùÄþø ý�õÂð ��úÔõ ø¢ ö�À�ÞÈ÷�¢ ¸þ¤À� �� .Àª ¥�è� ù�ÚÈþ�õ¥� ¤¢ ø �� ¤¢ üþ�õÂðÝ¹Æ�õ ���¤�� ý¢��õ ù¢¥�÷ öÂì ö�þ�� ¤¢ .Àª ¤��µ¨� ×�õ��þ¢�õÂ� ÝÜä ý¢��õ ù¢¥�÷ öÂì Í¨�ø� ¥� ø À÷¢Âî¢¤�õ ø À÷Àª ýÀ�� ñ�õÂê �ûùÀþÀ� ßþ� À�õ��Ñ÷ �ãó�Îõ ¤¢ üØ�õ��þ¢�õÂ� ý�ûâ��� ø ´êÂð ���ì ×�õ��þ¢�õÂ�ý¤�õ� ×�÷�Øõ ø �û¥�ð üÈ±�� �þÂÑ÷ ,ù¢¥�÷ öÂì ×þ��ê ý�û¢¤ø�µ¨¢ ßþÂ�À�Þª¥¤� ¥� .℄1[À�µêÂð ¤�Âì ù¢�Ôµ¨�ßþ� �� Í±�Âõ ýÂÑ÷ ý�û©ø¤ ø Ý�û�Ôõ ¥� ùÀÞä üÈ¿� .¢�� ×�õ��þ¢�õÂ� ü��Ø¨øÂØ�õ §�¨� ö���ä ��ö� ü÷��î ÛØª �� ñ¢�ã� ý¤�õ� ×�÷�Øõ ��¹÷�Â¨ ø Àª ýÀ�� �¤�¬ 2ßõ�µó�� ø 1ñ�Æî�õ Í¨�� ���½�.℄2[´êÂð ÛØª 3Å±�ð ý�û¤�î Â���� ´½�Ç�ØÞûÂ� ¥� ö���üõ ý¢¤��õ ¤¢ .¢Â�ðüõ ¤�Âì ü¨¤Â� ¢¤�õ ý¤�õ� ×�÷�Øõ ¤¢ ü÷�ð�÷�ð üØþ��ê ý�ûùÀþÀ�¤¢ �î À�µÆû Ýû ý¢�þ¥ ý�ûùÀþÀ� üóø .¢Âî üª�� ÝÈ� ÝµÆ�¨ ×þ ùÀ�û¢ Û�ØÈ� ü��Ø¨øÂØ�õ ý����.À�ª�� ÝÈ� ö���üÞ÷ �ûÇ�ØÞûÂ� ßþ� ¥� ø À÷ÂÚþÀØþ �� Ç�îÝûÂ� ý�¤�¢ ,ÝµÆ�¨ ü��Ø¨øÂØ�õ ý���� �ú÷�¤¢ Ç�ØÞûÂ� üµìø �õ� .À�µÆû üÜ�Ü½� ø ¤��Þû üØ�õ��þ¢�õÂ� â���� ý�¤�¢ À÷�ñø� ùøÂð ¤¢ �î üþ�ûùÀþÀ� Â·î�.À÷�ª Ûõ�ª �¤ üþ�ûüÚ��Ø� ø À�ª�±÷ üÜ�Ü½� «�¡ üÎþ�Âª ¤¢ ´¨� ßØÞõ üØ�õ��þ¢�õÂ� â���� Àª�� ö��õ¤¢ .¢¤ø� Ýû�Â ê �¤ ¥� ê¤�Á ð �ã ó�Îõ ý�ûù¢� ó�ª ,� ûÝ µÆ �¨ ý¤�À þ� � Í þ�Âª ¤¢ ö�ÂÚ þ¢ ø Å± � ð ý�ûü¨¤Â �ý�û�õ¢ ¤¢ ÝµÆ�¨ ùbÀ÷¥�¨ ×���Ø¨øÂØ�õ ý���� ,Àª�� ùÀª Û�ØÈ� ùÀ��î Ç�ØÞûÂ� ý���� ¥� �î üþ�ûÝµÆ�¨üÎþ�Âª ¤¢ �î ´¨� üãÞ� ý�û¤�µê¤ ß�Þû ¢��ø .À�û¢üõ ¥øÂ� ¢�¡ ¥� üó¢�ã� ø 4"üãÞ�' üþ�ûÇ�î ÝîüãÞ� ¤�µê¤ Â��ç� �� �î �¤ �ûùÀþÀ� ßþ� .¢¤�Áðüõ Çþ�Þ÷ �� �¤ ÂÚþ¢ üþ�û¤�µê¤ �� ¤�Áð ø ¢�ªüõ ü÷�Â½� ,ùÄþø
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.À�õ�÷üõ "5ü÷�Â½� ý�ûùÀþÀ�' ��Î¬� ¤¢ ø ¥�ê ý�û¤�Áð ,´¨� ù�ÂÞû ÝµÆ�¨ ü��Ø¨øÂî�õÍ¨� � ¤�¿ �-â þ� õ ü ÷�Â½ � ¯� Ö ÷ �b ã ó� Î õ � � ¥� ê¤�Á ð ý� ûùÀ þÀ � Õ � Ö½ � ý�Â � üû� ÚÈ þ� õ¥� ý� û¤� î�b þÂÑ÷ ��ãó�Îõ ßþ� .¢Âî ùÀû�Èõ �¤ "7ü÷�Â½� üð¢�ó��õ' ¤�� ß�µÆ¿÷ ý�Â� ýø ø Àª ¥�è� (1869)6¥ø ¤À÷�ø Àª ¥�è� Ýû üÆ�Ï��çõ ý�ûùÀþÀ� À�õ��Ñ÷ �ãó�Îõ ö�õ¥ ö�Þû ¤¢ �f±þÂÖ� .´ª�¢ ü� ¤¢ �¤ (1873)8Åó�ø¤À÷�øö�ÀØþ��ê 1937 ñ�¨ ¤¢ .Àª Â¹�õ (1907)9Åþ�ø Í¨�� üó�Øó�õ ö�À�õ �þÂÑ÷ ���¤� �� ÝµÆ�� öÂì ¥�è� ¤¢ý�Â� �¤ ü���¤�� �î ¢Âî ���¤� ¥�ê ý�û¤�Áð ùÀþÀ� ¢¤�õ ¤¢ Â�ð�Âê ø 10üµ¡��ªùÀþÀ� ý��þÂÑ÷ ���À÷� ,ü¨ø¤.℄7[℄6[℄3[´¡�¨ Ýû�Âê ýÀã� ýÂÑ÷ ý�û¤�îö�õ¥ ¥� Ýó�ä .À�îüõ �Ôþ� Ýúõ üÈÖ÷ ø ´¨� ñø�Àµõ ýÂõ� ,üã�±Ï ý�ûùÀþÀ� ¤¢ Àª ù¤�ª� �Ø÷��� ¥�ê¤�Áð�ú÷� ¤¢ ¥�ê¤�Áð á�ìø �î ý�ûÝµÆ�¨ ¤¢ .´¨� ù¢�ú÷ Â¨ ´È� �¤ ü÷�ø�Âê ý�û¥�ê¤�Áð ö��î�� 11ï¤�� ¤�¹Ô÷�ø (ñÂµ�î ý�ûÂµõ�¤��)¢Âî ñÂµ�î �¤ ÝµÆ�¨ ¤�µê¤ ö���üõ ü�¤�¡ üþ�ûÂµõ�¤�� ý¤�þ �� �f �Þãõ ,´¨� ÂþÁ�ö�Øõ�´Ö�Ö� ¤¢ .´¨� T (�� ¤�Èê ¤¢)�õ¢ Âµõ�¤�� ßþ� éÂ� öÀª �ø£ Û�±ì ¥� üþ�û�÷�Þ÷ ¤¢ .¢Âî ùÀû�Èõ �¤ ¥�ê¤�Áðý�ûñ�¨ ¤¢ .À�îüõ É¿Èõ �¤ ¥�ê¤�Áð ¤¢ ÝµÆ�¨ ¤�µê¤ ,üþ�õÂð ý12�û��¡ ø ´ê� üÚµÆ±Þû �û�÷�Þ÷ ßþ� ¤¢ý�õ¢ ¤¢ �î ´¨� ý�û¥�ê¤�Áð ö� ø ´¨� ù¢Âî °Ü� ¢�¡ �� �¤ ö�÷�ÀØþ��ê ���� ¥�ê¤�Áð ¥� �ø�Ôµõ üä�÷ Â�¡�ÂÆ�õ �¤ ÝµÆ�¨ ¤�µê¤ ñÂµ�î ,�õ¢ �� ,ýÂÚþ¢ ñÂµ�î ý�ûÂµõ�¤�� �û¥�ê¤�Áð ßþ� ¤¢ .À�û¢üõ ýø¤ ÕÜÎõ ÂÔ¬ø ´ê� ,À�ª�� üþ������ Â�è üþ�ûÂþÁ� ùÀû�Èõ �� üõ�µ÷��î üþ�ûÝµÆ�¨ ,ÂÑ÷ ¢¤�õ ý�ûÝµÆ�¨ Âð� .À÷¥�¨üõ.À÷¤�¢ ïÂ±÷�þ�û ´�ãÎì �Àä Û¬� ¤¢ �Èþ¤ ÝµÆ�¨ ý�û��¡¥øÂ� üóø Àû�Ø� �ú÷� ´�Þû� ¥� ÕÜÎõ ÂÔ¬ ý�õ¢ �� �û¤�Áð ßþ� ö¢�� ¢øÀ½õ �î ¢�ª ¤�Ê� ñø� ù�Ú÷ ¤¢ Àþ�ªù¢�õ ×þ��ê ùÀÈ÷ Û� ý�û�Þãõ ¥� ü¡Â� Û� À�Üî üþ�û¥�ê¤�Áð ß��� ¢��ø �î ßþ� ø Ýî ý�û�õ¢ ¤¢ �ú÷� ��Â��.´¨� �µ¡�¨ ¤�Øª� �¤ �ú÷� ´�Þû� ,À÷�ñ�Ú�
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�î üÜ�Æ÷�µ� �þ ø )�ûñ�Øó�õ ø �ûÝ�� ß�� ýøÂ�÷ Ýþ¤ø� ÂÑ÷ ¤¢ �¤ (âþ�õ ø Àõ�� �f ·õ )ù¢�õ ×þ ¥� ´ó�� ø¢ Âð�ÂÚþ¢ �¤�±ä �� .À�µÆû ö�õ¥ ¤Áð �� ö� ñ�½� ø ù¢�õ ¤�µ¡�¨ ùÀ��î ß��ã� (¢�ªüõ ÕµÈõ �ú÷� ¥� øÂ�÷ ßþ�¥� ßÚÞû üµÞÆì ,¥�ê ¥� ¤�Ñ�õ üÜî ¤�Î� .À÷��ø�Ôµõ ý�û¥�ê ¤¢ ¢��õ ¤�úÒ ý�Â� üÜõ�ä üó�Øó�õ ß�� ý�ûøÂ�÷ö� �� üØþ��ê à�½ó ¥� ø Àª�� ùÀª �À�É¿Èõ �õ�î ý¥Âõ �Ü�¨ø �� ÂÚþ¢ ý�û´ÞÆì ¥��î ´¨� ÝµÆ�¨ ×þ�þ üó�Øó�õ ß�� ý�ûÛ�Æ÷�µ� ¥� ´Æþ��üõ ¥�ê ¤�Áð ùÀþÀ� �ãó�Îõ ý�Â� ßþ�Â���� .Àª�� �µª�¢ ëÂê �û´ÞÆì´¨¢ �� �¤ ÝµÆ�¨ üØþ��ê «��¡ ý¤�õ� ×�÷�Øõ ×Þî �� ø ¢Âî Û¬�� üû�ð� ��¤£ ö��õ ý�ûÇ�ØÞûÂ�.¢¤ø�¤¢ üÚ��Ø� �î Àû¢üõ ýø¤ ü÷�õ¥ ¥�ê¤�Áð �î ÝþÀû�ª ,ÝþÂÚ�� ùÀþÀ� ßþ� �� ���®�þ¤ ¥�À÷� ÝÈ� ¥� Âð�ý�ûüðÄþø ¥� üØþ ¤¢ ÀþÀª ¤��Æ� ýÂ��ç� �� ��ìø� °Üè� �î ¢À÷��³� á�ìø �� Ç��ÖµÈõ ¥� üØþ �þ ø ¢�¥� ý�Â÷�ýÀ��Ý�ÆÖ� ß�óø� .´¡�¢Â� ¥�êý�û¤�Áð ýÀ�� Ý�ÆÖ� �� ö���üõ ��ÖµÈõ ß�Þû ¤�µê¤ ¤�±µä� �� .´¨� ù�ÂÞû ù¢�õø ´¨� �µ¨����÷ ¢�¥� ý�Â÷� ñø� �±�Âõ ÕµÈõ ñø� �±�Âõ ý�û¥�ê¤�Áð ¤¢ .℄1[´êÂþÁ� �¤�¬ 13´ÆÔ÷Âû� Í¨��.À�õ�÷üõ ü÷�Â½� �ÎÖ÷ ¤�ê¤�Áð �þ ø �µ¨��� �þ �ø¢�±�Âõ ¥�ê¤�Áð À�µÆ�÷ ñø� �±�Âõ �î �¤ üþ�û¥�ê¤�Áð �Þû ù¥øÂõ�: ¢Âî �¹µÆ� GÅ±�ð ¢�¥� ý�Â÷� ¤¢ ´Æþ�� üõ �¤ �ûüÚ��Ø� ù¤�ª ×þ ¤¢ ,�÷�Þ÷ ö���ä ��
G = U − TS + PV..´¨� ùÀª ù¢¤ø� (1-0)ÛØª ¤¢ ù¤�ª ×þ ¥�ê ¤�¢�Þ÷ .´¨� ¤�Èê P ø ü�øÂµ÷� S ,üÜ¡�¢ ý�Â÷� U ö� ¤¢ �îÂÚ÷��� ü�øÂµ÷� ¤¢ Çú� �î ,´¨� ù�ÂÞû Sü�øÂµ÷� ß��»Þû ø üó�Ú� ¤¢ üÈú� �� �û¥Âõ ¥� ×þÂû ¥� ¤�Áð¤�Áð ×þ ¥¤�� ��Ê¿Èõ ¥� ö�ú÷ ý�õÂð ¢��ø Ýû ø üó�Ú� ¤¢ Çú� Ýû .´¨� ¤�Áð ß�� ¤¢ ö�ú÷ üþ�õÂð ¢��ø.À�µÆû ñø� �±�Âõ ¥�ê¥� ¢�ª ù¢ø�ê� �õ¢ ö���õ Â� �� Âû �î ¢�ª üõ ùÀû�Èõ ¢�ª ´îÂ� âþ�õ-¥�ð üµÆþ�Þû Í¡ ¢�Àµõ� ¤¢ Âð�ßþ� .¢�ªüõ ÂÔ¬ é�µ¡� ßþ� ùÄþø ý��ÎÖ÷ ¤¢ �î ý��÷�ð �� ,¢�ªüõ �µ¨�î âþ�õ ø ¥�ð ß�� üó�Ú� é�µ¡�ß�� é�µ¡� ñ�� ß�ä ¤¢ .´¨� �ø¢ �±�Âõ ý¤�Áð �ÎÖ÷ ßþ� ¤¢ ¥�ê¤�Áð ø À�õ�÷üõ ü÷�Â½� �b ÎÖ÷ �¤ Tc�ÎÖ÷ö���ä ´½� üó�Ú� é�µ¡� ßþ� �î ´¨� ÂÔ¬Â�è ü÷�Â½� �ÎÖ÷ ¥� Âµ��þ�� üþ�õ¢ ¤¢ âþ�õ üó�Ú� ø ¥�ð üó�Ú�.¢�ªüõ �µ¡��ª ¥�ð-âþ�õ ¤�Áð ý�Â� "14ÝÑ÷ Âµõ�¤��'

Ehrenfest 13
order parameter 14�÷



.ù¤�ª ×þ ¥�ê ¤�¢�Þ÷ :1-0ÛØª¤��µ¡� Âþ¥ ÛØª �� ¢�¥� ý�Â÷� ´ó�� ßþ� ¤¢ .Àþ¢ üÆ�Ï��çõ ý�û¥�ê ¤�Áð ¤¢ ö���üõ �¤ üú��Èõ ¤�µê¤:¢�ªüõ
A(m) = U(m) − TS.,ù¢�¨ Å�Ï��çõøÂê ×þ ¥�ê ¤�¢�Þ÷ (2-0)ÛØª ¤¢ .´¨� ÝµÆ�¨ mÇÏ��çõ ¥� üã��� �õ¢ Â� ùø�ä U ö� ¤¢ �î�î Ý�µÆû üÎ¡ Àû�ª �¹�þ� ¤¢ âþ�õ-¥�ð üµÆþ�Þû ´ó�� ��±ª .´¨�ùÀª ù¢�¢ ö�È÷ ,(↓) −m ø (↑)m ¥�ê ø¢ ��Ýµ¡ Tcü÷�Â½� ý��ÎÖ÷ �� ø Àû¢üõ ýø¤ h = 0 ü�¤�¡ üÆ�Ï��çõ ö�À�õ ¤¢ ø ´¨� ñø� �±�Âõ ý¤�Áð ÂÚ÷���ÝµÆ�¨mÇÏ��çõ ö���õ ¤¢ Çú�×þ �� ü÷�Â½� ý�õ¢ ¥� ÂµÞî üþ�õ¢ ¤¢ ¥�ê ø¢ ß�� ¥Âõ ¥� ¤�±ä ��Ú�û .¢�ªüõÂµõ�¤�� ¢¤�õ ßþ� ¤¢ .À÷���Þ� Û��ì Â�è Ýû ¥� ↓ ø ↑ ¥�ê ø¢ ü÷�Â½� ý�õ¢ ¥� Â���� ý�û�õ¢ ¤¢ �îüó�� ¤¢ ,Ý�ú���õ(1-1)ÛØª ¤¢ �õ¢ ��Â��ç� §�¨�Â� ÝÑ÷ Âµõ�¤�� ��Â��ç� .À��î üõ ë�Ï� ÝµÆ�¨ÇÏ��çõ ö���õ Â� �¤ ÝÑ÷.´¨�ùÀª ù¢¤ø�

.Å�Ï��çõøÂê ×þ ¥�ê ¤�¢�Þ÷ :2-0ÛØª,�õ� À�îüõ Â��ç� �µ¨��� ¤�Î� ÇÏ��çõ ü÷�Â½� �ÎÖ÷ ¥� ¤�Áð ß�� ¤¢ ��Âð� �î ´ª�¢ ���� ´Æþ��üõ.´¨�Âð�ø �ÎÖ÷ ßþ� ¤¢ ý¤�µêÂþÁ� Û·õ ü¿¨�� â��� ßþ�Â���� ø À÷��µ¨����÷ ö� ��ÖµÈõù¢



ü±þÂÖ� Û� ý�û©ø¤ �� ø¢ ÛÊê ¤¢ Å³¨ .Ýþ¥�¢Â�üõ ¥�ê¤�Áð ùÀþÀ� �� Í±�Âõ ü¨�¨� Ý�û�Ôõ �� �õ�¢� ¤¢�¤ ×�¨�î ý�û¥�ê¤�Áð �� ö� ¯�±�¤� ,ù¢Âî ¥�� �¤ üõ�µ÷��î ¥�ê¤�Áð ¶½±õ �¨ ÛÊê ¤¢ .Ý��îüõ ù¤�ª� ùÀþÀ� ßþ�ö�À�õ ý�û©ø¤ ñ�Þä� �� �¨ ÛÊê ý�úµ÷� ¤¢ .Ý��îüõ üêÂãõ �¤ �ãó�Îõ ¢¤�õ ñÀõ Å³¨ ø Ý��îüõ �ÂÎõ�ÎÖ÷ ø ü÷�Â½� ¯�Ö÷ �±¨�½õ �� ß��»Þû .Ý�û¢üõ ���¤� �ãó�Îõ ¢¤�õ ÝµÆ�¨ ¤�µê¤ ¥� üÔ�î üÔ�¬�� Í¨�µõ©ø¤ ¤�ú� ÛÊê ¤¢ ��¹÷�Â¨ ø .Ýþ¤�Þðüõ ´Þû üþ��ª�¡ ø¢ °þÂÖ� ø �µ� ý�û°þÂÖ� Í¨�� �÷�ð�¨ ü÷�Â½��÷�ð�¨ ü÷�Â½� ý�û�Þ÷ ø ü÷�Â½� ý�û�Þ÷ ,ö� ñ�Þä� �� Ý��îüõ üã¨ ø ù¢Âî üêÂãõ �¤ Ù�û�Þû ý¤�¹�ú��÷.Ý�È¿� ¢�±ú� �¤ Í¨�µõ ö�À�õ ý�û©ø¤ ¥� Û¬��

ù¢¥�þ



ñø� ÛÊê
¥�ê ý�û¤�Áð ü¨�¨� Ý�û�Ôõ Â� üó�Þ�� ýÂÑ÷üÆ�Ï��çõ

Å�Ï��çõøÂê 1.1�f¬�Ê¿õ ,À÷¤��ª¢ ¤��Æ� ü®�þ¤ ø üõ�úÔõ Ûþ�¢ �� ,üÜî ´ó�� ¤¢ ,¥�êý�û¤�Áð ø ü÷�Â½� ý�ûùÀþÀ� �ãó�Îõ��¤£ ö��õ Ç�îÝûÂ� Ó�¬�� ý�Â� üóÀõ �� Àþ�� ø ¤ ßþ� ¥� .Ý�ª�� �ú÷� Õ�ì¢ ø üÖ�Ö½� ý�û���� ñ�±÷¢ �� Âð��¤ üãÞ� ý�ûùÀþÀ� ßþ� ü¨�¨� ý�ûüðÄþø ñ�� ß�ä ¤¢ ø Àª�� ù¢�¨ üú��� Û��ì ¤�Ï�� ö� Û� �î ¢¤ø� ýø¤Âû�Ò Ýè¤üÜä �ú÷� üÜ�Ü½� Û� ø À÷¤�¢ ü�è ü®�þ¤ ¤�µ¡�¨ ��÷ �ûñÀõ ßþÂ�ù¢�¨ ñ�� ßþ� �� .À÷�þ�Þ�� ��®ø ��.Àª�±÷ ÂÆ�õ ýÂ���³õ�î ø ý¢Àä ��±¨�½õ ÕþÂÏ ¥� �� �î �Æ� �� ø ´¨� ÛØÈõ ¤��Æ� ,�ú÷� ù¢�¨Â� üþ�û�þ�¤�' : ℄4[¢Âî Ó�¬�� �÷�ð ßþ� ö���üõ �¤ ¥�ê ¤�Áð ùÀ÷¤�¢Â�¤¢ ý�ûÝµÆ�¨ ¥� ï¤�� �µ¨¢ ×þÝû �ûÇ�îÝûÂ� ßþ� ùb¥�À÷� ø À÷¤�¢ Ç�îÝûÂ� ÂÚþÀØþ �� �û�þ�ÆÞû ßþÂµØþ¢�÷ ÍÖê ö� ¤¢ �î ýÀã� d üþ��Ø±ª".¢¤�¢ üÚµÆ� �û�þ�ÆÞû ßþÂµØþ¢�÷ ñ�çª� ùb�½÷ �� ÍÖê1



ù�Úþ�� N ¥� ×þÂû �î Ýþ¤ø�üõ ÂÑ÷ ¤¢ �¤ ý��Ø±ª .Ýþ¥�¢Â�üõ Å�Ï��çõøÂê×þ �b ÜÿÆõ �� ÍÖê �õ �¹�þ� ¤¢�÷�Ø� J .´¨� gµB√J(J + 1) ùb¥�À÷��� ~µ üÆ�Ï��çõ ¤ø�µÈð ×þ ý�¤�¢ �î ùÀª ñ�çª� üÞ�� Í¨�� ö� �Ø±ª.´¨� ÂÆ�õ �Ø±ª ¤¢ �ø�Ôµõ ýÀ��ÂØ�� (2J + 1)N �¤�¬ ßþ� ¤¢ .´¨� Ý�� Âû ý��þø�¥¥� .J = S = 12 �î Ý��îüõ ¢øÀ½õ üµó�� �� �¤ ¢�¡ ,�þ�ÆÞû ù¤£ ø¢ ö��õ Ç�îÝûÂ� ý�Â÷� �±¨�½õ ý�Â�´¨� ǫij = Kij ± Jij ÛØª �� ~Sj ø ~Si ß�³¨� �� Ýû �þ�ÆÞû ù¤£ ø¢ ö��õ ý�Â÷� �î Ý�÷�¢üõ üõ�µ÷��î ×�÷�Øõ�ûß�³¨� �î ´¨� üµó�� �� ¯��Âõ − ´õ�ä ø À�þ¥��õ�÷ �ûß�³¨� �î ´¨� üµó�� �� ¯��Âõ + ´õ�ä �î×þ ¤¢ �î Àª��üõ �ú÷� 1üó¢�±� ý�Â÷� ÂÚ÷��� Jij ø ù¤£ ø¢ ß�� ü�ó�î ý�Â÷� ÂÚ÷��� Kij .À÷ÂÚþÀØþ ý¥��õ.´¨� ´±·õ ý¤�ÀÖõ Å�Ï��çõøÂê:´¨� Âþ¥ �¤�¬ �� ý¥��õ�÷ ý�ûß�³¨� �� üµó�� ø ý¥��õ ý�ûß�³¨� �� üµó�� ö��õ ý�Â÷� �ø�Ô�
ǫ↑↑ − ǫ↑↓ = −2Jij .üÈÏ��çõ �� ,ü��Ø¨øÂî�õ ÝµÆ�¨ ×þ ¤¢ �î À÷¤�¢ �¤ ÂÚþÀØþ �� öÀª ý¥��õ �� Ûþ�Þ� �ûß�³¨� ,Jij > 0 Âð�.¢�ªüõ Â¹�õ üÆ�Ï��çõøÂê ´ó�� �� ÂÒ��µõ:´ª�÷ Â��¬�¡ �¤�¬ �� �¤ ��� �Î��¤ ö���üõ

ǫij = Const.− 2Jij(~Si. ~Sj).ý�Â� �¤ Jij ö���üõ ñø� °þÂÖ� ö���ä�� ,ß�³¨� ø¢ ö��õ üþ�À� �Ü¬�ê �� Jij üó¢�±� ý�Â÷� âþÂ¨ ´ê� Û�ó¢��ý�Â� �¤ ý�ù¤£ ´Ô� ý�ûÇ�ØÞûÂ� ¥� üª�÷ ý�Â÷� ßþ�Â���� .´êÂð ÂÔ¬ �þ�ÆÞû ý�û´Ô� ���� �û´Ô� �Þû:´ª�÷ ö���üõ �÷�ð ßþ� �ûß�³¨� Ûî
E = Const.− 2J ∑

<ij>

(~Si. ~Sj)ñÀõ �¤ ¢�ªüõ ù¢�¢ ��� �Î��¤ �� ö� ý�Â÷� �î üóÀõ .´¨� �û�þ�ÆÞû ßþÂµØþ¢�÷ ýø¤ âÞ� ü�ãõ �� < ij > �î.À�õ�÷üõ (1928)2ïÂ±÷�þ�û
exchange energy 1

Heisenberg 22



Ù�þ�þ� ñÀõ 1.1.1.¢�ªüõ Û¬�� 3Ù�þ�þ� ñÀõ ¢�ª ßþ�Úþ�� szi szj �Â®Û¬�� �� ~Si. ~Sj �Â®Û¬�� ïÂ±÷�þ�û ñÀõ ¤¢ Âð�:¢�ª üõ �µª�÷ Âþ¥ Â�üÜî �¤�¬�� Ù�þ�þ� ñÀõ ü÷�µÜ�õ�û ��Þãõ
H = −J

∑

<ij>

szi s
z
j − h

∑

i

szi ,¢��ø ñ�Þµ�� ø ´¨� üãÞ� ¤�µê¤ Ûõ�ä ´¨�¤ ´Þ¨ ¤¢ ñø� �ÜÞ� .´¨� ü�¤�¡ üÆ�Ï��çõ ö�À�õ h ö� ¤¢ �î¤¢ �î ´¨� ¢�¥� ß�³¨� N ¥� ý��ä�Þ¹õ ü÷�Ü�õ�û ÂÚ÷��� ��� �ó¢�ãõ J = 0 üµìø .À�îüõ ß��ã� �¤ ¥�ê¤�Áð ×þº�û �¹�µ÷¤¢ ø üãÞ� Â�� º�û ´ó�� ßþ� ¤¢ .´¨� hü�¤�¡ ö�À�õ ,�ûß�³¨� �� ö¢�¢ ÝÑ÷ ¤¢ Â��bõ Ûõ�ä �ú�� ö��ÂÎõ (1920)4��ó Í¨�� sz = ±1 �µó�� ø¢ ñÀõ ×þ �¤�¬ �� ¤�� ß�µÆ¿÷ ñÀõ ßþ� .Ýþ¤�À÷ ý¥�ê¤�Áð �÷�ð.℄4[Àª ü¨¤Â� (1925)Ù�þ�þ� ü�ãþ ©¢Âð�ª Í¨�� d = 1 Àã� ¤¢ ø ÀªÀû��¡ ù¤�ª� �ú÷� �� �fÀã� �î ö� Â�ùÀ�»�� üîÀ÷� ý�û�¤�¬ �õ� ,´¨� ö�¨� Àã� ×þ ¤¢ Ù�þ�þ� ñÀõ Û�ø¢ ´ó�� ¤¢ Ù�þ�þ� ñÀõ Û� .´¨� ¤�¢¤�¡Â� ý�ùÄþø ´�ãì�õ ¥� ÂÔ¬ ý�õ¢ ¤¢ ¥�ê¤�Áð ¢��ø Û�ó¢ �� ÀªÍ¨�� ¤�� ß�µÆ¿÷ ö� üØ�õ��þ¢�õÂ� â���� ¥� ü¡Â� ø ©¤�� â��� ø ´¨� ¤��ª¢ ý��ÜÿÆõ ÂÔ¬ ö�À�õ ¤¢ ø ýÀã�6ñ�Öµ÷� ÅþÂ��õ ,¥�ê¤�Áð �� Í±�Âõ Û��Æõ Û� ¤���� ¥� üØþ) .À÷� ùÀª �±¨�½õ Õ�ì¢ ¤�Î� (1944)5Âð��÷� §¤�(.´¨� ùÀª ù¤�ª� ö� �� "Óó�' ´¨��� ¤¢ �î ´¨�üØ�¨�î üþ�ûÂµõ�¤�� �¤�¬ �� �¤ �ú÷� ö���üõ ßþ�Â���� ,À÷�ªüõ ������ ÂÚþÀØþ �� �ûß�³¨� Ù�þ�þ� ñÀõ ¤¢ñÀõ ßþ� Ù�þ�þ� ñÀõ üð¢�¨ Ýè¤ üÜä .´¡�¢Â� ö� �b ãó�Îõ �� ×�¨�î ý¤�õ� ×�÷�Øõ Àþ¢ ¥� ø ¢¤ø� ÂÑ÷ ¤¢.´¨� ù¢�Ôµ¨� Û��ì À��î ¤��µ¡� ´ó�� ø¢ ö� ý���� �î üÈ�ØÞûÂ� ý�¤�¢ ÝµÆ�¨ Âû �Âª ý�Â� ù¢ÂµÆð ¤�Ï ��
Ising model 3

Lenz 4
Lars Onsager 5

transfer matrix 6
3



.9�Ø±ª ýø¤ ¥�ð ý�ûñÀõ ý�Â� �þ ø 8üþ��ø¢ý�û���ó� ¤¢ 7üÞÑ÷ü±�ÝÑ÷ ý�û¤�Áð ý�Â� ñ�·õö���ä��üÚ�þ�þ� ý�ûñÀõ ö���üõ ,À��îüõ ¤��µ¡� �¤ ´ó�� ø¢ ¥� Ç�� ö� ý���� �î üþ�ûÝµÆ�¨ ¥� ü¡Â� ý�Â� �µ±ó��� Ù�þ�þ� ñÀõ ý�Â� �î ü÷�µÜ�õ�û ßþÂ�üÜî ,ñ�·õ ö���ä�� .¢Âî ��±ã� «�¡ ��Þ� �� Â���� ý�ûß�³¨� ��:´¨� Âþ¥ �¤�¬�� ´ª�÷ ö���üõ ×þ ß�³¨�
H = −J

∑

<ij>

sisj −K
∑

<ij>

s2i s2j +D
∑

i

s2i − L
∑

<ij>

(s2i sj + sis
2
j ) − h

∑

i

si ; si = ±1,0¤�Ñµ÷� ñ�� ß�ä ¤¢ .À÷�ùÀª¢¤�ø À�µÆû (si)
α(sj)

β ÛØª �� �î ü�ØÞõ ��Þ� �Þû ��� �Î��¤ ¤¢ ´Ö�Ö� ¤¢.Ý�ª�� s = ±12 ´ó�� �� ´±Æ÷ ýÂ�ü�è ü÷�Â½� ý�û¤�µê¤ Àû�ª ,�ûÂµõ�¤�� ý�Ìê öÀªÂµð¤�� Û�ó¢ �� ¢ø¤üõø K = L = 0 ö� ¤¢ �î ´¨� ýÂ�ù¢�¨ ñÀõ ,´¨� �õ ÂÑ÷ ¢¤�õ �î s = ±1,0Ù�þ�þ� ñÀõ �õ�÷ ö�þ�� ßþ� ¤¢.´¨� üó�µÆþÂî ö�À�õ ,üÆ�Ï��çõ ý�ûÝµÆ�¨ ¤¢ D �b ÜÞ� �È�õ .À÷�ùÀª ¤��µ¡� D > 0 ø J > 0
¥�ê¤�Áð ×þ��ê 2.1Õ�ì¢ ¤�Î� ñÀõ ßþ� Àª Âî£ �î ¤�Î÷�Þû .Àþ¤ø� ÂÑ÷¤¢ üã�Âõ �bØ±ª ×þ ý�Â� ø ÂÔ¬ ö�À�õ ¤¢ �¤ Ù�þ�þ� ñÀõ.¢¤�¢ ,ùÀª ù¢�¢ö�È÷ (2-0)ÛØª ¤¢ �»÷� ��±ª �µ¨��� ý¥�ê¤�Áð Ý�÷�¢üõ ø ùÀªÛ�¤¢ (1-1)ÛØª)¢ø¤ üõ Çä�±ª� ¤�ÀÖõ ý�¨�� �õ¢ Çû�î�� ø ´¨� ÂÔ¬Â�è ü÷�Â½� ý�õ¢ Âþ¥ ¤¢ ÇÏ��çõ(3-1),(2-1) ý�ûÛØª ¤¢ ùÀª ù¢�¢ ö�È÷ ¸þ�µ÷ ö���üõ 10�ó¤�î ´�õ ý¥�¨��±ª×Þî�� .(T = 0 ý�õ¢.À÷�ªüõ si = −1 �� ¯��Âõ À�Ô¨ ý�ûâ�Âõ ø si = +1 �� ¯��Âõ ù��¨ ý�ûâ�Âõ .℄5[¢¤ø�´¨¢�� �¤ (4-1)ø32 (�) ¤¢ ,Â��Â� 3 (�) ¤¢ �Ø±ª ñ�Ï §��Öõ .´¨�ùÀª ���¤� ö�ð�÷�ð ý�û§��Öõ ¥� Û¬�� ¸þ�µ÷ ÛØª Âû ¤¢.´¨� ùÀª Â��Â� 34 (ù) ¤¢ ø Â��Â� 33 (¢) ¤¢ ,Â��Â�

order-disorder transition 7
binary alloys 8

lattice gas models 9
Monte Carlo 104



.ö�À�õ ���è ¤¢ ÇÏ��çõ :1-1ÛØª�¤ ÂÚþÀØþ �� öÀª ´ú¹Þû �� Ûþ�Þ� ×þ¢�÷ ý�û�þ�ÆÞû ��÷ ü÷�Â½� ý�õ¢ ¥� Â���� üÜ�¡ ý�û�õ¢ ¤¢ ��Âð�ý�Â÷� Ýú¨ Â� ü�øÂµ÷� Ýú¨ ö��»Þû ø ùÀª ¢¤�ø ¢�¥� ý�Â÷� ¤¢ ×��î üó�µ¡� �¤�¬ �� �ú�� ßþ� üóø À÷¤�¢ýÂµÈ�� Ûþ�Þ� ×þ¢�÷ ý�û�þ�ÆÞû ø ùÀª ¤�Øª� ÂµÈ�� üó¢�±� Ç�îÝûÂ� Â�� �õ¢ Çû�î�� .´¨� °ó�è üó¢�±�11 �µÆ±Þû ý�ûß�³¨� �þ ´ú¹Þû ý�ûß�³¨� ¥� ý�û�ª�¡ ø À��îüõ �À�� �¤ ÂÚþÀØþ �� öÀª ´ú¹Þû ý�Â�¤¢ .¢�ªüõ ùÀ�¹�¨ ,¢�ªüõ ùÀ�õ�÷ üÚµÆ±Þû ñ�Ï �î üó�Ï Í¨�� �û�ª�¡ ßþÂµð¤�� ù¥�À÷� .À÷�ªüõ Âû�ÒüÞÑ÷' ÝµÆ�¨ �î ¢�ªüõ �µÔð ´ó�� ßþ�¤¢ .´¨� �Ø±ª �b Ü¬�ê Â��Â� À�� �±�Âõ ¥� üÚµÆ±Þû ñ�Ï (2-1)ÛØª���� Àþ��üõ ßþ� ¢��ø �� ,À��þüõ Çþ��ê� üÚµÆ±Þû ñ�Ï �õ¢ Çû�î �� .´¨� �µª�Áð Çþ�Þ÷ �� �¤ "12¢Â� ù���î.À�µÆû ´�Þû��� ö��»Þû ÂµØ��î ý�û§��Öõ ¤¢ �û��¡ ø ´ê� �î ´ª�¢ñ�Ï ý�Â� üþ��� À� º�û �õ¢ ßþ� ¤¢ .´¨� üÚµÆ±Þû ñ�Ï öÀª ´þ�ú÷ü� ü÷�Â½� ý�õ¢ ¥¤�� ý�ûüðÄþø ¥�.((3-1)ÛØª)¢ÂîùÀû�Èõ ö��� üõ ñ�Ï ¥� ü¨��Öõ Âû ¤¢ �¤ ÝÑ�õ ¤�µ¡�¨ �î ��ãõ ßþ� �� ¢¤�À÷ ¢��ø üÚµÆ±Þûý�û§��Öõ �Þû ¤¢ �û��¡ ´ê�' :´¨� ü��Ø¨øÂØ�õ üþ�Þ÷ ¥� ø ü÷�Â½� �bÎÖ÷ ¤¢ ¥�ê¤�Áð ×þ��ê ÂÚ÷��� �µØ÷ ßþ�".À�µÆû Ýúõ ñ�Ï¤�Âì ü��³¨� ´ó�� ø¢ ¥� üØþ ¤¢ �ûß�³¨� Â·î� ø ´Æ�÷ ÂÔ¬ ÇÏ��çõ ü÷�Â½� ý�õ¢ ¥� Âµ��þ�� ý�û�õ¢ ¤¢
correlated spins 11

short range order 125



.[5] ,T = 1.22Tc :2-1ÛØªÂÔ¬ ý�õ¢ ¤¢ .((4-1) ÛØª)´¨� "13¢Â� À�Ü� ÝÑ÷' ý�¤�¢ ÝµÆ�¨ �î ¢�ªüõ �µÔð ´ó�� ßþ� ¤¢ ;À÷¤�¢¤¢ ü�øÂµ÷� �Â� �õ¢ Çþ��ê� �� .À÷Â�ðüõ¤�Âì ´ú� ×þ ¤¢ �ûß�³¨� �Þû üó¢�±� Ç�ØÞûÂ� �±Üè Û�ó¢�� ÕÜÎõ�À�� ´ê� Çä�±ª� ¤�ÀÖõ ¥� ÇÏ��çõ ßþ�Â���� ø ùÀª ÝµÆ�¨ ´ó�� ¤¢ ��¡ ø ´ê� ¢�¹þ� �� Â¹�õ ¢�¥� ý�Â÷�ÝÑ�õ ���õ¥Å� �� ´±Æ÷ ��¡ø ´ê� ßþÂµð¤�� ù¥�À÷� Ç¹�¨ ý�Â� ý¤��ãõ üÚµÆ±Þû ñ�Ï ´ó�� ßþ� ¤¢ .À�îüõö���õ ¥� �û��¡ ø ´ê� ø �µê�þ ¢�þ¢¥� üÚµÆ±Þû ñ�Ï ¢ø¤üõ Ç�� Ç�÷�Â½� ¤�ÀÖõ ý�¨ �� �õ¢ �î üõ�Ú�û .´¨�ñ�Ï �î ´¨� üó��¤¢ ßþ� .¢�ªüõ ÂÔ¬ ÇÏ��çõ ü÷�Â½� ý�õ¢ ¤¢ �î üþ��÷�Ú� ;À�û�îüõ ÝµÆ�¨ÇÏ��çõ.´¨� ù¢¤�¡ ÝûÂ� �f õ�î Õ��¨ ÝÑ÷ ø ´¨� ´þ�ú÷ü� üÚµÆ±Þû¢Â�À�Ü� ý�û��¡ ø ´ê� ¥� ¤�ø��þ� ýÂþ�Ê� üÆ�Ï��çõ ÝµÆ�¨×þ ý�Â� ÇÏ��çõ ¤¢ ¢Â�À�Ü� ý�û��¡ø ´ê�ý�õ¢ ¤¢ �î ý�ù¤�ª �� ¤�÷ öÀ÷���� �� ö���üõ �¤ ¢Â�À�Ü� ý�û��¡ ø ´ê� ßþ� Â�� .À�µÆû ù¤�ª ×þ ý�Â� üó�Ú� ¤¢üð¢�ó� �õ' �f��Î¬� �¤ ùÀþÀ� ßþ� .À¨¤üõ ÂÑ÷�� Ù÷¤ ýÂ�ª ù¤�ª �õ¢ ßþ� ¤¢ ;¢Âî ùÀû�Èõ ¢¤�¢ ¤�Âì ü÷�Â½�
long range order 136



.[5] ,T = Tc :3-1ÛØª .℄6[À�õ�÷üõ "14ü÷�Â½�
üÚµÆ±Þû â��� 3.1¢¤Áðüõ ÝµÆ�¨ ü��Ø¨øÂØ�õ ý�Þ÷ ¤¢ �»÷� ¥� ´Æþ��üõ ¥�ê¤�Áð ùÀþÀ� í¤¢ ý�Â� Àª ù¤�ª� �î �÷�Ú÷�Þû�� üÆ�Ï��çõøÂêÙ�þ�þ� ñÀõ ¤¢ �î Âõ� ßþ� �� ñ�Ê� ý�Â� ´¨� ý¤���� üÚµÆ±Þû â��� .¢Âî Û¬�� á�Ï�: ¢�ªüõ ÓþÂã� Âþ¥ �¤�¬

Γ(~ri, ~rj) =< (szi− < szi >)(szj− < szj >) >.´¨� üþ�õÂð Í¨�µõ ÂÚ÷��� < ... > .´¨� j ø i ý�ûù�Úþ�� ¤¢ ß�³¨� ø¢ ö��õ üÚµÆ±Þû ÂÚ÷��� ´Ö�Ö� ¤¢ �îø À÷�ªüõ �µÆ±Þû�÷ �ûß�³¨� ,À�î Û�õ ´þ�ú÷ü� �� |~rj − ~ri| �Ü¬�ê �î üõ�Ú�û ø ü÷�Â½� �ÎÖ÷ ¥� ¤ø¢
critical opalescence 147



.[5] ,T = 0.99Tc :4-1ÛØª�ØÜ� ´¨� ë¢�¬ ü÷�Â½� �ÎÖ÷ ¥� Â���� ý�û�õ¢ ý�Â� �ú�� �÷ �¹�µ÷ ßþ� .Àþ�Âðüõ ÂÔ¬ �� üÚµÆ±Þû â��� ßþ�Â����¢�ªüõ ���� ;´¨� ¤�ÂìÂ� Ýû ´Æ�÷ ÂÔ¬ ß�³¨� Âû Í¨�µõ ¤�ÀÖõ ö� ¤¢ �î ü÷�Â½� �ÎÖ÷ ¥� Â�ß�þ�� ý�û�õ¢ ý�Â�ö�È÷ ö���üõ .´¨� ö� ß�Ú÷��õ ¤�ÀÖõ ¥� ù¤£ Âû ß�³¨� ��Â��ç� Ç¹�¨ ý�Â� ý¤��ãõ ù¤��Þû üÚµÆ±Þû â��� �î.℄7[À��þüõ Çû�î üþ�Þ÷ �¤�¬ �� üÚµÆ±Þû ü÷�Â½� �ÎÖ÷ ¥� ¤ø¢ �î ¢�¢
Γ(~ri, ~rj) ∼

exp(−|~rj − ~ri|/ξ)

|~rj − ~ri|.¢¤ø�üõ Ýû�Âê (ξ)üÚµÆ±Þû ñ�Ï ý�Â� üÔþÂã� �ó¢�ãõ ßþ�¤�±µä� ¥� ��� �Î��¤ ø ¢�ªüõ ´þ�ú÷ü� üÚµÆ±Þû ñ�Ï ,�µê�þ �ã¨�� ÝµÆ�¨ ¤¢ ¢Â�À�Ü� ÝÑ÷ ü÷�Â½� �ÎÖ÷ ¤¢Çû�î ü÷��� �¤�¬ �� üÚµÆ±Þû â��� ´ó�� ßþ� ¤¢ �î Àû¢üõ ö�È÷ �ûñÀõ Õ�ì¢ Û� ø ��Â¹� .¢�ª üõ Íì�¨: ℄7[À��þüõ
Γ(r)

∣

∣

∣

T=Tc
∼ r−(d−2+η)8



�µÆ��ø ÝµÆ�¨ á�÷ �� ©¤�ÀÖõ �î ´¨� üµ��� η .Àª�� �µª�¢ üÚµÆ� |~rj − ~ri| �Ü¬�ê �� Γ �Ø�þ� Âê �� �µ±ó�Çþ�õ¥� ¥� Û¬�� ¸þ�µ÷ ����� ý�Â� ø 15ÂÈ�ê Í¨�� �Þ÷ ßþ� .¢�ªüõ ��Æ½õ ü÷�Â½� ý�Þ÷ ×þ ø ´¨�.℄7[Àª üêÂãõ 16üðÀ�î�Â�
ü÷�Â½� ý�û�Þ÷ 4.1ü¨¤Â� ¤¢ ù¤��Þû �î �»÷� ø ´¨� ý¤�µ êÂ þÁ � ø ùÄ þø ý�õÂð üþ�Âð�ø ü÷�Â½� �ÎÖ÷ ý�û�Ê¿Èõ �ÜÞ� ¥�üÚ��Ø� ¤�µê¤ ø �ûüþ�Âð�ø ßþ� ÛØª ø ù�½÷ �� ö¢Â�ü� ,ù¢�� ¤�¢¤�¡Â� üþ��Æ� ´�Þû� ¥� ü÷�Â½� ý�ûùÀþÀ�¥� ý��ä�Þ¹õ ÓþÂã� �� ÂÏ�¡ ß�Þû �� ;´¨� ù¢�� ü÷�Â½� �ÎÖ÷ üØþ¢�÷ ¤¢ ÂÚþ¢ üØ�õ��þ¢�õÂ� ý�û¾¨��.À÷¥�¢Â�üõ ü÷�Â½� ý�û�Þ÷

F (t) â��� ×þ �� �� Í±�Âõ ü÷�Â½� ý�Þ÷ ,Àª�� ©�ü÷�Â½� ¤�ÀÖõ ¥� �õ¢ é�Â½÷� ý�Â� ü÷���õ t = T−Tc
Tc

Âð�: ¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ ��
λ = limt→0 ln |F (t)|

ln t : Â�ñ�Þãõ üþ��÷�ð �� �þ ø
F (t) ∼ |t|λ.ÓþÂã� .´¨� ÂÑ÷ Àõ t → 0 À� ¤¢ â��� ¤�µê¤ ��� ÓþÂã� ¤¢ �î ´¨� �µØ÷ ßþ� ¤ø�¢�þ ��� �Î��¤ ¤¢ ∼ ´õ�äö���üõ ÂµÈ�� Û�ÊÔ� ý�Â� .´¨�ùÀª ù¢¤ø� (1-1)ñøÀ� ¤¢ üÆ�Ï��çõ ÝµÆ�¨×þ �� Í±�Âõ ü÷�Â½� ý�û�Þ÷.¢Âî �ã��Âõ ℄6[ â�Âõ ��

Fisher 15
scattering 169


