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V SWX�
��
�
������"
RYZ[,\]^_

`abc9> 4) #NB'()	da#�����e)*+f��


�
�����g�hi 5) jklm#	�Tnop:;���q 6) 

jrstu*vwxp�v

#yz{ 7) �|}e)*+

��,~���FG:;H

�H> 8) #N�67��

"
RYZ[W�s���)	������?�'()*+��?W,	\]

^_`a�c9>	�����89�9��v��>��	������c�

>	������� ���O V� �� ¡�S�9¢£ 9) ¤#N��

@�¥¦�)*+§�,¨©#ª«A)	9¬­®��¯ 200 °�±h²�

XB³´�µ¶#��,·¸u*+ 

T��W��j��u*
��
�
������,	¹º»� 10)�¼½

���WXB	¾¿ÀÁÂÃÄ JFT-2M11)�Å�tu&¯ 10 Æm	�Tno

p:;���q#$%&ÇÈe)*ª�WX�+É)j567��È�Êtu

&ËÌÈÍ�ÎÏW��� !"#Ð=u*+4 ÆÑÒWÓÔÕ'Ö�a×

Ø23FG:;ÙÚÛ567Ü�¡

�SÝ�12)Þ,ßK	àá 21 Æâ

AW#Ü ã ä��ÊtåæÀ(ç* 100 O"� 13) �è  !�"67 14)

���jÎéu	êáK,ë2ìíÌÈ:;#îÍ� 15) ï^WX�+ 

 

�����

1)ð 23456789:;<=Ûñòóô#NBàá 18 Æâ®��Aõ*

Ø567Ü�¡�SÝ�ÞÑÒjö'Í�*s#å÷e)*<=+øùúûF

G:;�ü®�-.:	�ý:�þ��u	��H��àá 19 Æâ#À½	

ßÆ� 8 �#���H��h(B<=�	
��µ+¶�æ#<=°�
#

��
23�,~��H>���#N�+23�� !"*���� !"�

`�j�Óu*��W,��	���j��Í�Ö�Ï��ÂÙÚt��Ét

jÎéu*°�WX�+ 
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2)ð ��
�
�����Û/�#,
��
�
����¼½�

���WX�+��
�
��,��W flywheel t��	@�#

,	,�æ���tX�+fly ��Wª,�æ����j lNµ

WX��	wheel��!�tÀ(ç&�j5�u&%��WX"µ+

��@�j#&æ�t$*Nµ�%�W	a fly on the wheel�µ

&')&%�(t%µ���t%µ��X��	É� fly ,���

����W$&)��FWX�+,�æ�t%µ*+ª,®B#�

%�	ó,-�.#/*%01��%*���t%õ*tÉ"��

3Ï��ÓWX�+A*���t%µ�ªu2u234j56�É

t�X�+���,78	9©�p:;pW<�= j-ÍÉt#

Nõ&�©j>�
U���X��#?u&	É��Ê,@u"�

��A�<�WXB	"
RYj[)&®�BC#hij�s	�

�
�
���-��D�E��FW�D�E�jGHu	É)j

IB�u&ÇÈÍ�J#��j'µ�WX�+lAB�©��%tÉ"®��©j>B�Í�W,��&	�©j-��

D�E��FWKs&$�	LÉ®�IB�u&Çµ��WX�+Mõ&	É��Ê,
-�.#/*%01��%*N

��¼½A�<�X�%,����t*µÉtª�L�+ 

3)ð O�PQRSÛOP,O�PQRS�QR� +S®õ&T®�	������c�>	\]^_`a�c9>	�

����89�9��v��>��	CDEH>	UVWÅ�Tnop:;���qXYZ[:;\ <�:;]Õ^>	

~��H>+��
�
�����j_R`#u&O�PQRSj'õ&%��	§r�ÑÒW,���#S®õ&O�

PQRSÍ�lªBWXõ*+L)W,a�$bc#deWX�u	É¶�jS%*f�gÏ#ªh%t%µ`iWÉ�

F#�õ*+ 

4)ð \]^_`a�c9>#N�"
RYZ[ÛT���U
 
V S+~¥u*Nµ#	"
RYjZ[u&ª��


�
��,jõ�Bthij�s�����Wk:®e#,l����%,X��	É)ÉL�T���U
 
V 

SWX�+ 

5)ð ��
�
���hiÛ»�-�m, 460rpm W	"<�Su&®�¯ 30 ,W»�-�m#nÍ�+��W,Jm

�o¯�XB 225rpm WÇÈu*�	��?�m#»�AWËhiu*+n:W,(�® 5 ,mW»�AW�hi�p

qWXõ*�	��� !"W,�pr¯$N�s�1�vwW 30 ,®®�+�3#,67���mt� 30 ,u~�

�W�È~�vw,d%+¶�æ#	»�hiJ�x�`�p,¯ 1500kWWX�+ 

6)ð �Tnop:;���qÛ8yn:+Ta×�ÉÉAWL�)*�,zt6#n:�xp�${WX�+àá 16 Æ

âW�Â�·¸u* JFT-2M �Sè
|�67È�ÊWX���
�
�����j}~u&%*�%*+�3�Ð=

,àá 18 Æ� 9 ��11 �WXõ*�W	¯ 2 Æm#(*B�Ê�� ��`��W,��	É�m#�Éõ*X�j

�vw#?u&ä��Su&%*�%*+ 

7)ð yz{Ûyz{,u�� 8²#|}e)*+�Tnop:;���q	����	
���Ü "S�`R� 	�

Ö��=Ña�H	�T��Ü \ <�	���=	�Å\ S��=�	.��×+n:��`i,~��8B	�

���,T�����>?�WXB	ß-�Ð=ë�#(*B$¹�#�õ*+L�a,	�F�=Ñ$N���W$¹

�#�õ*?�W	ïòªJmª®�B�o¯�Xõ*�®	d`���j��s�&%*��Étt�õ*+�s&z

�j�u*%+ 

��
�
������T�+��##6��%01

���
�
��WQ��/�� 30 S +É)�ë

�W��X�+L�SÉµ��%R�S�®�&X�

�,�A�<� ����,WÉ)ª�¡X�+ 
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8)ð 67��"
RYZ[Û567j��Í�*s�Ü
�

,A��L&%�%�W¢$£¤jÈ%&~��H>#"


RYZ[j$¥%u*+É�\¦A§��»K�¨©7W

Xõ*�	da8�!<� �A§<�#ªu�e)&á«

¬#����·¸u*+ 

9)ð ������� ���O V� ¢£Û¹º�567

º#$��Ö�(F�Å(+� ¡�S�9WÅ­�Ü
�

®#N�567�Âj¯�u&%*�	°Æ	±�ÃÄ,²

o�%�³�����´��Ðe)*+É)WÅ­�Ü
�

®jµÈÍ�567,	FG:	³����	è"��A"

��QHt�õ*+ 

10)ð ¹º»��¼½���ÛÉ����	¼½���tu&,¹º»�

WX�+�p� 51.3MW�2.7kV	19kA�ªXB	ED"¶R`#ª·

^e)&%�+���,ä
Ý"<�¸��¯#NB¹½�º½t�õ&

%�*s	ßKªÉ��»�¼�)�pqG,½%+ 

11)ð ¾¿ÀÁÂÃÄ JFT-2MÛ�Tnop:;H�Ó�Tnop:;�

��q��¾GqSQ©`��ÁÂÃÄ JFT-2M(JAERI Fusion Torus-

2M),	¾¿ÀjÎéu*P��©:;ÃÄtu&	¯ 21 Æm�Â��

j�<u&�*+JFT-2M �Ç¿,	4¾À�P��©j6©ÁÂÃs®

#NBÄ�#ÁÂÃs�
Ä�P��©�¾GqÅ�WXõ*+L�ÖW	

��
�
����¼½���,	Sè
|�67��È�Êtu&	º

ó�ÆÇjÈõ&�*+ÉÉWÉ�)*Ê��áË,23Ì¾¿À�ÂÄ

(ITER)WªµÈe)��¸	¾¿ÀP��©�F`:;#���ÍÎj

Ïu&	2004Æ#ë&��Â��j·¸u*+ 

12)ð 567Ü�¡�SÝ�Û2¬�Ð�ÙÚ�ÑU���Ò:	FÒ�

q�567\ <�	FG:	Ó��øù\ <���ÔÕj5Åu&ë

�TÏ�567FG:;ÙÚjFáÍ�ajÎÏtÍ�+�UÝQW,2

Ö567:;H�è"��A"t�èÝ|�ÔÕW�×e)&$B	Ø�

èR!ª EC¬W�ÔÀj5Åu&%�+�T#$%&,5

67Ü�¡�SÝ��FáW�TÙÚ��FÛ��:�ÓÜ

�##l���Z1:;j�¯eç�a�Ýke)�+ 

13)ð 100 O"�ÑÒÛÜ
�#?Í��6Þp:�Ìjß

�Í�*s#©�Y!�"f�#N� 100 O"�jÑÒu

&%�+àe�Ü
�j��%Ü
��Ö#[)	x�`6

7j/á�c#67��Í�Étj©�Y!�"f�tâã

�	­ä#åÄu*��%Ü
�W�67��#,N���

D�E�jZ[Í�*s��
�
������æót��+

­Ü
��¬ä#=Äu*àe�Ü
�,Ü ã ä��Ê

W67j��Í�+Aã��ÂW,­Ü
�ªÜ ã ä�

�ÊW�½j½u	ML�f�#N�»�67jç�u*+ 

èéÍ�����b�� b��O V� ¢£êëìð

t�í°î¢£êTìð

ED"¶R`�·^�+The largest DC 

Generator with a capacity of 51,300 kW
t�®)&%�+ 

�u%�Âï�K ï��ðñ+23567Ü�¡�SÝ�t
�®)&%�+ 
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14)ð è  !�"67ÛÉÉWÇµè  !�"t%µ*+#,0l����X�+ztl,ò#óu*Nµ� 1 ô�

10ô#%*�JmW��Í�67�ÉtWX��	É)��ÓW���, 60O"�AW�aWX�+100O"�t��

tx�`�°W,Q�Ýô�10 �Ýô�!�"t���	É)AW 100 O"���j'õ&�*Å­�Ü
�®#õ¦

& 1000öª>��õ&$B	É���Wè  !�"tâãÉt��L�+ 

15)ð ë2ìíÌÈÛàá 22 Æâ®��T÷Ï�ìíÌÈ��jÎéu&%��	L)AW#© DRS���Õø{

´#ÞÂ&�,Ï�ÌÈj�s�ï^WX�+�Âä
S, 3 QHXB	êáùW,L)ú)#	100 O"�A�û	

60 O"�A�û	40 O"�A�ûj=ÄÍ�+100 O"�A�û,	Ü ã ä��ÊtåæÀ(ç*©�Y!�"f

�#N�!�"67j	60O"�A�ûW,��RSSRPj 0.5ôüâ l 1ô!�"67j	Lu& 40O"�A�

ûW,��RSSRPJm� 10ô#��© DRSj=Äu&cC�ý^#?ÞÍ�+ 

 

©�Y!�"f�#N�567��®+���­Ü
���

Êtu&��
�
�����jÈ%	àe�¬Ü
�,Ü

 ã ä��ÊjÇµ+ 

Aã��Â#N�67þF+¯ 84 O"��67�

�#á«u*�	¬Ü
��¬�� 5mm u®�%

*s�È#,���%+ 

��
�
�����jÈ%*¢$£¤��8�!<� +�%

�,º6Ü
�����é�þFW	É)#NB���'()�

��Nµ��½�É�)�+É�!<� W¯ 0.4 ô���RS
SRP��Óu&%�+ 
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�

�

���� !"#$� � %&� '�

()*+,-�

ð ��FG:#�	u& 11 Æ�
�u*+�s&���
l�ej
%���	:;^�NBj��Nµ#t%µ��

js�*�jh%�?#	ºtu&FG:��#Ð�u&K�:;^���j�B�õ&æ*%+
%�Ít	¶�µ¸

30 Æ�#�9��tu&FG:��\:;^#[üu&uL�õt NMR�¾6©ì����Âj'õ&�*+ÅJÝ

a��Â��#ª�%Í�Étj�6*�	�Óu�%AAÓÔ#�õ&%�+u®ußWª�u%O�©#S®µâ#

NMR��pjË�#Í�+L),Å*W%62	�4����et%µÉtWX"µ®+ 

NMR #ù��	Å�#, 9Ï�Â�®#$%&,	?ÜFÛ#!"j56&L�Þ#j$þm	%%,Jm�vmtu

&&ýÍ�+&ý��'��Ål�à()W,��	$þm*m#$��,+j õ*q,tu&É�)�Ú�	, �Â

��pWX�+A*	!"�56f#,ÊcG�XB	�ÂC���j-�Í./��A)��NMR W,no¾:!�"0

1�2�f#3§Í��+ç#	NMR #45�ÌÚtu&	678'9:¬�;��no:ä
S���<%j,=u&&

ýW��Ét�noä
S2>G�	?6©A�U St�©Ð/øA�U Sj@ç lno¾,	6©Ï��©Ï4AB

3C>Èj8Â&	$D��o�"x :Eý6©A�U S#iLÍ�6©ÏGÛ�æ���	�o��¤,+:78�

FHÏq,	÷o��jªG@H¸XBtX�j�FG#?Í��`è�Pè�¶t��	Iì�"J`S�#Ó)�KÏ

�LM��W��	¾6©ß�Jm�T1, T2��ý^®�|
N�`"j��Ét�W��	t%µÚjXO�a��L�+ 

ð NMR ���e,	:;?Ütu&2P�FÛ#l%&QR�LMjÉ�*s#	É)�ÊS�4Tj¸�Nµ#�®

u&�ÂjåæÖ&�®t%µÑÒ�Pè\"t	É�)*7Ë®�UK#X�F`ÓÜj4�Q®Í�4��Pè\"

#X�+u�	�W'õ&�*:;7Ë�Vl®jWXÍ��	NMR :;��p�ÅY�Y²#Z()2[çWX�+

��#	ßAW�:;^#Ô\u*U _��]°tÔ\Ýmj�Í�QRÜ¬,ÓH^X�+A*u�#WXÍ�L)

ú)�O�©jÈ§u*f�°�jT�Ö#QRÜWóÍ+ 

 

.)���/0�/1234�5�6�

ð "x �R  ¦RSjFáÍ� 2 ���78÷o~#_P�`#	67:�pj®�&a�e)��o3�Ð�°Æ

b�jâPW%�+67ÖW, 2 ���SÝP¦RSc�o�© d �,e�© ,fj�Éu	67fS#,øu* 

 !"789:�

%&!"7�

ÓÔAW�U _� 
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,g��D�E��E�RP�67tì#hiÍ�+67,© d #?Í�Å9�O R��tu&j�	X�kº67

u~Wc�E�RP�ldÍ�t	5ù�6Å�m© d nâ��Ó)�tíJ#© d �¡��-o��É�+ 

É),p�"x `�*+W,	67#q¼��¬W-�?yG�¼)*r56Gst3#?ÞÍ�+u®uÓ��78

W,	;fÏ�3C>È#Nõ&�s®�"x �-�?yG�ldu	¡��-o�ñ��un#,áÖu�%7Àª

Ê%+A*�pjvhu*7Àª	2 ��m3C>È�wh#x%© d �_ ûy�w�u	:�&E�RP�ld

Í�7À�X�+ç#É�Nµ�`#5%67j®�&6Åjz�eç��üW	�{�st3��Ó�Ýke)&%�+

4#��"S¦�Su*÷o~W,© d ����D�E��|oe)	SÝP¦RSm�r�p�*s#© d �

FÔÅu4÷o�Fáe)�7À�X�+É),�o`#$��}~ N�78	%%,�¤st#$*ÓÜWX��	

"x `�7À,6ÅP�S�tu&&ýe)�+ 

ð 78�$ÝGj¼�"x 4÷ojxµ6ÅP�S����,	

���®u®��)&%�%+»ª5°��, SrCu2(BO3)2 W	

z�6Å� 1/8, 1/4, 1/3 #$%&6ÅP�S�jóÍ[1]�ò 1�+

É�FÛ,FG:�~��:���WXõ*{.�]�Ó���

jÖ�tu&�� 10 Æ�m	���:;����)&%�+

2002 Æ#�,§J������Ónop�q�tÅ�# �

d�¶�567<=#&�ä
S� NMR j'%	1/8 P�S�

��� 27.6 O"��67#$%&N��'9:j l"x 4

q,j��u*[2]+É�
�, 2002 Æ 11 ��FG:�NB

�42 ­� 4 ��#�¥u*�W	ÉÉW,L�K��¯#l%

&�'#¥¦�+ 

ð 2006Æ# 1/8P�S�j�6� 31O"�AW�^�67�W

�}�ä
S� NMR ý^j'õ*tÉ"��n�Å�	1/8 P

�S�3t�'íüâ���Bj l¬�67,+�&ýe)	

P�S��m�Öm3WªSÝP¦RS�FÔu*"x 4q,

��Ôu&%�Ét�,®õ*[3]+ç#ßÆ#�õ&	34 O"

�AW� NMR ý^��©��t 32 O"�AW�6Å�S�`

ý^[4]j'%	1/4 P�S�3#��6©3ò�ë��Q�®#

�õ*+ò 2(a)#óÍNµ#	1/8P�S�t 1/4P�S��m#0l��u%P�S�3���� 2/15t 1/6��jG

@Ðl�;��3��ÔÍ�t%µï�­�7ËWXõ*+P�S�3t6Å�Ô�Ï#�(�Öm3,6Å��j#)

� 1ð ��SrCu2(BO3)2 ����	
��
������

�����������
���� ! [1] 
 1/8"1/4 #$

%��&�'()*+�	�,-./0123�45 3 6�

����789�%:#;<%=>�?@� 

ò 2ð (a) SrCu2(BO3)2#$��¾676©3ò+(b) 2.4GPa��p�	7T�67�W&ýe)* NMRì���,f+(c) NMR�7

Ë®�]^e)*¾�#$���u% VBSst3� �ò+¼¹Í� 2¡¢�|
©�c÷o�q,3�Ð#Nõ&)¤£t�B	ç

#L)ú)�c÷oÖW	0WDP�E�RP�àe%6©Ï|
©�tE�RP���%)6G|
©��4$Ýq,jFáÍ�+

òÖ���,)¤£��}�ä
St	(b)ò�,fu*ì���?ÞvwjóÍ+ 
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2¤¥W���	NMR "J`S�~Wª	Êm�R��P�ì���,=u&%�P�S�3t	Ô�Ï�_R` �

} û�~#¶è�û�x�`�/�õ&%�Öm3,	^GÏ#Q¦#¤¥e)�+6Å�Ô�Ï#�ÅÍ�#ª§(

��"x 4q,���u&%�{¨,	SÝP¦RS�©�á,t¡��-oá,�ì�u&%�4©�3W,�%®

t%µÝkjª®ç�+u®u	«C�u�� NMR �7Ë[5]®�	|
©�¬�"x m#,��èR "���¬

­3C>È�j�	c �¬�"x �¤fG�¼)&%�Ét�,®õ&%��W	un���W�¡��-o,�É�

�%+¾673j`4Í�~Wª DM 3C>È�®¯,/óWX�t
()�+ß-��ÂW	�o���°Ë#ª$

*±²�3ò�"x `#$%&#�e)*ÉtW	ßK`³Ï�4Q�Å�tÕ@Ét�Ýke)�+ 

ð Åf	«C,É�FÛ��p�#$%&ª´
µ�6©3�ÐjóÍÉtj#�u*��©��[6]+0.3GPa u~��

p�	c .fS�67�W�}�¾� NMR j'µt	¯ 30K NB½ÀWì���BC#,fÍ�+"J`S��67

fS��G®�	É�,f�n¶,¼¹Í�0l�|
©�c÷o�)¤£#�õ**sWX�Ét�,®õ*+��p

�� X��FG:�.í·Å]�W	�3# 4-?yG�ldÍ�q,�Å�R·e)&%�+�tÉ"�ò 2(b)#óu

*Nµ#	2GPa u~�¾�W,ç# 4K u�Wë&�ì���,fu	½ÀW,R�S�H¸eè�R��P�ì��

�ò 2(b)W B1s-B4s t°¸�*�
 �t5ù�R�Sj l¶è�û�ì���ò 2(b)� B1b-B4b��Ó)�+É)

,¹º#6©Ï� 2»3�ÐW	2l�|
©�c÷o�L)ú)� 2ö$Ý�4q,jFáÍ�Étjóu&%�+u

®u½67W,	¼f�ì��tª½ÀWeèR�S#°¸��W	Ú�6Å,�Ôu�%t
()�+Mõ&É�st

3,ò 2(c)#óu*Nµ#	L)ú)�c÷o~#E�RP�;�� 2¡¢�|
©��Ú�Ï#Fáe)*{¨W	|


©�¬"x 3v�r5á,�st!�U�<WX�t]^e)�+É),Å¡� Valence-Bond-Solid(VBS) stt

�6�Ét��LLµWX��	É�Nµ�st,ßAW����	�`è��q�4Q�k*)�+ 

ð "x 1/2 j½Å�ÚiâtÍ�'¹�`WXB���	10 Æj
&�$�{��oÓÜ�¾��%É�FÛ,	�

o"x `�ÖWª¿5�FÛt*õ&N%�"µ+ßKªA�ÀusLµ�FÛWX�+ 

 

;)���<�=>=�?@AB�CDEFG�-HIJ�K/@��LMN�

ð 4ZÁ��w#Ð"µ+1987 Æ®� 1994 Æ#®�&�,ªõÂ��ÃÅF4ZÁ���Â#Õ(õ&%*�	L�

Kb��º#"x `#Ðõ&%õ*+tÉ"�°ÆFG:�ÄÅ:;^W!


è`è�÷o~��u%4ZÁÃÅF��#e)	Ë�4ZÁ#v(��?

jÉ*+A2B2O7 �åá�j l!
è`è�ÅÀF�ÖW,��"S¦�

R� �5%6G��Êm��)&%��	4ZÁ�,>%m#l®õ&%�

®õ*+�íÂ!
è`è�÷ojG@"xD�ÅÀFW, LiTi2O4 t%µ4

ZÁ����)&%�+�tÉ"� 2001Æ# Cd2Re2O7��ÐÀâ 1K�4Z

Á�WX�Ét�	ÄÅ:�Æ!]��t���Ç]:WíJ#ÙÖ#�#e

)*[7]+«C,�Oleg Vyaselev	�ÅÈÅ	àÉºÊ�ÄÅ:WÀáe)*

'78jÈ%&	Cdä
S� NMR: Reä
S�eè67� NQR�¾Ð/

øì��j'õ*+Re ä
S�¾6©ß�Ë,	4ZÁ�ÐÀâ¼�WN�

�ÜÌ�¦ "x�`j	½ÀW,�GÅùÀâ��Gjóu	�ùÏ�Í7

À BCS 4ZÁ�WX�Ét�,®õ*[8]+4ZÁ#vÍ�b�,Î)*�	

200K t 120K W���Ï»q,3�Ðt�oFG�vÔ��Îe)*+É)

#vu&ª	NMR/NQR W&ýe)*ä
S?yG�½�®�Ð3�pq�

*mÑ�ÒBÃA)	K�q,4ÓjÕs�~W�éÔt�õ*[8,9]+u®

u	r�?yG��®�¼)jxµq,3�Ð�FG#¸�Nµ�®¯jÕ'

u&%�®t%µÚ,	ßWªXABh�,®õ&$��	A�ßK�Õ¯�

Ýke)�+ 

ð L�K 2004 Æ#ÄÅ:�Ö×]��WA*�u%4ZÁ���#e)*

[10]+V�<�!
è`è�ùt°¸��)* AOs2O6 (A=K, Rb, Cs)�åá

�j lÉ�`,	8�� 227 åá�!
è`è�ÅÀF#$%&	ØÐ�

� 3A B�0C0DEFG�H
 AOs2O6 ���

�	G�H� 
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^ä
S�FáÍ�!
è`è�c÷ojÙ u	ªµÅl�!
è`è�c÷o�/Ð���Ö�j��QÝ
� W

Ä�Ú6*q,j lêò 3ì+��QÝp�#Nõ&�ÐÀâ� 9K(K), 6K(Rb)Û3K(Cs)t����Åu	»ª¾% Tc

jªl K ÅÀF#$%&	õÌ:�©ÜÝ�;����<%�&ýe)*Ét®�	4ZÁ:;²����b�j�%

*+«Cª��ÅÈÅ	Ç�Þ�4ZÁ��#¼K®� KOs2O6t RbOs2O6#l%&	��QÝnoä
S� NMR j

��u*+ 

ò 4(a)(b)# KOs2O6#$�� 39K ¾�¾6©ß�Ë�1/T1�jÀâWÇõ*�jóÍ+�^#$��¾6©ß��q

tu&,	8�"x r�jxµZÁ�o�ßà�ÜÝ á�ü��âåÏW	1/(T1T),Àâ#N��Å^t��+u

®u�Âã�<,�Áã��G�X�ª���É)t,;�B	Àâj�O�t 1/(T1T)�w�u	13K �°W¶è�û

�x�`jóu*K#ß:®�hi#�Â	ç#4ZÁ�ÐÀâu�Wä"#hiÍ�+Åf	87Rb ¾W,É�Nµ�

;�,#�)�®õ*+6ÅË��'Àâ#��u�%!}Ý�6GjóÍ#ª§(��	1/(T1T)�½ÀWw�Í�É

t,	Å�#½�D�E��r56GÏ"x å�æ��nj��Í�+A* 13K u��hi,	�ÃÅF¾À4ZÁ

��� |�û�P��W#�)*¢E�RPÓÜtç$u&%�+«C,	É�Nµ�4;�r56GÏ"x å�æ

�»¾� Tc jóÍ K ÅÀFW�æ&ýe)*Étj5èu&³�jZéu*+2 (�¦�êÝ�®�,%�)ªë�Ï

�ÜU S�ì�)	Êi�¼uju&ËZéÍ)2�íe)�,�WXõ*+tÉ"���î%ïW	�ðje'õ&

³�jñ�òÄu&%�µ¶#{´��(õ&�*+ 

É�FÛW,	�"�}ótÃ��>�ô{��%*m�Ö�#��QÝ
� �õõÏöÖu&�ÔÍ�+L�÷	

íÂNµ�ô{q,j la�FÛ#$%&	�RSÝ  tâ2)�ôÖno�)è����&ýe)	;��ÌÏ�

øGÏGÛ�n¶WX�t�6�)�Nµ#�õ&�*+Lu&V�<�!
è`è�`#$%&ª	��QÝ
� �

�RSÝ  �pqG�éùe)�s&�*+Å�#	÷o��,no¾9Ä��7úå#JmÏ��èjh6��W	

�©Ð/ø3C>Èj8Â&¾6©ß��n¶t�BÉ�+u®u	É)AW��)&%��^W,%�)ª6©Ï�ß

��q��ûÏ#üýW	��d #N�ß��&ý�,	a#ß��n¶t��ª���%)6Gþ��
� 78#

ù�)&%*+«Cª§r,��d #N�¾6©ß��¸�6ªu�®õ*���	�RSÝ  �µ³e)�s�#

ÕPW	��*sß��qj�ÂÏ#R®s&$Éµt�6*+QÝ}ó#, 3/2�¾"x j l0l�í9� 39Kt 
41K �XB	39K �NB���6©A�U Sj l�	�©Ð/øA�U S, 41K �f���%+Mõ&¼²� 1/T1 

�)jõõÍ)2	¸¶��ß��q�âåÏ��®�ÂÏ#�^W��+í9�õjý^u&æ�t	�%*Ét#ý

^u*ëÀâ�W�' 100���d #N�ß�WX�Ét�,®õ*�ò 4(a)��[ò�+tÍ�t	4ZÁ�ÐÀâ

u�Wß�Ë�ä"#hiÍ��,	4ZÁ#Nõ&�oc�#E�RP��%**sW,��	�o÷o3C>Èj8

Â&��d ��Ï4G�4ZÁ#NB�Åu**st�6��&,%��%+Åf	�o`�"x c�#vÍ�LM

,	ôjFáÍ��"�}óA*,Ã�ä
S� NMR #rªe)�,�WX�+�3# 17O í9�jG@Áã#?u

Ã�ä
S�ß�Ëjý^Í�t	1/(T1T), Tc u~W�'Å^W½ÀWä"#hiu	QÝ}óä
St,ë�;��

Àâ�Å�&ýe)*�ò 4(c)�+u®ª�ÐÀâ¼�W��Å,���®W	8��4ZÁ�WÝke)�ÜÌ�¦ "

x�`�|oe)&%�Nµ##6�+É�n¶tu&,	4ZÁ��o��RSÝ  #N�5%ßàjs�&%�Ét 

ò 4ð (a) KOs2O6#$�� 39K¾� 1/(T1T)�Àâ��G+�[ò, 39Kt 41K�ß�Ë�í9�õ+��	��,L)ú)Ð/øA�

U St6©A�U S�0	õj�Í+(b) íÂã�<�½À�,�
�+(c) KOs2O6 #$��Ã�ä
S� 1/(T1T)�Àâ��G+

�v,L)ú)�67#$��4ZÁ�ÐÀâjóÍ+ 
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��6�)�+É�Nµ#	ý^Í�¾¡#Nõ&	��d �|
N�`"t4ZÁjÈµ�o���<%j2>Ï#

&ýu&%*Ét#��+ä
S2>Gt%µNMR�ÌÚ��®e)*ë�WX�+ 

8���d #N�¾6©ß�,	2 ��d ��© ßàjxµ�ü�âåÏW	Àâtì#'è#whu¾ÀW

T2 #õ�Í�+W,QÝ}ó¾W&ýe)*;��Àâ��G,¸�Nµ#�QW��®�«C,½%4G$þmt)

è�Gj5Í��RSÝ  �4Ttu&	R��P�©5A�û��Ôu#��	Àâ~
#Nõ&5%| x  j

s���W,�%®t�6*+��d �"J`S�y���)2	MHz ��#X� NMR $þm#$��å�æ�"

J`S�5â�¼�ß�Ë#�5Í��¼��ü�tï�e)�+LÉW	Àâtì#w�Í�| x  j�^u&ß

�Ë�Àâ��Gj�Qu*+7F	»r#³�jZéu&®�	�u%³���íe)�AW#ÅÆu~�
�u*[11]+ 

u®uA��,·(BW,�®õ*+«C�RNÝ�W,	½�D�E���RSÝ  A�û,�À�°W�h��

{¨#XB	ÖGo:�© ßà�x�`tu&,&ýe)�%tï�u&%*�	�3#,	L�KÄ�:: ILL W

'()*ÖGo�ÂWöÖ
� A�ût$'u�)øGx�`�&ýe)*+ç#	�FG:H>�~���]�É�

vw#b�j ¶	2007Æ#b�H�tu&FG:#�Ôu&%*û
³ Tübingen�� Thomas Dahm]tÅ�#	

�RSÝ  #N�¾6©ß�Ëj`³Ï#��u*+Dahm�~�,�O R���)è�Gt�o÷o3C>È#N

���d $þm��BÃæ°ËjIB[)*�'�Aã�jÈ%&	2 ��d ��© ßà��D¬WQÝ}óä


S�ß�Ë�;��Àâ��GjËÓÍ�Ét#á«u*[12]+íÂAã�W�©ÜÝË�Àâ��GªÚ�#ËÓe)

&$B	�RSÝ  �TÛj`4Í�~W5��fSjóu*`³WX�t
µ+7F	«C�4�,#§�%WXõ

*(���	�Ât`³�n�#7�l%&TÛÏ�Õ¯�É�)*t%µ��W,�/��ÂWXõ*+ 

 

O)P�46LQR4ST�

ð ��¢��`YN
û�¸� f �o`ÅÀF#$%&	8��6©st�6©�øo�st�u­��©Ðøo:6©

�øo�¸�¾»�Ê/øA�U S�óÍst{¨�/ó�:;O�©t�õ&%�+É)��Êøo� �j�6�

��_P�r5st{¨,	�ÂÏ����!"WX�*s#u2u2
#)*st�tâ2)�+�©Ðøo, d �o

`�EýÚiâ#¢$�ñ�WX��	"x Eý7À�5% f �o`#$%&,ë$��� J � 2 »�tu&�e)�+

íc#6©�øo	�©%&øo, J � 3 »�	4 »�W�e)�+É�N

µ�¾»�Êøoj¼yÏ#
U��Í��,"u%�	Êiunej'(#

Í)2	�626©A�U S�eèWª�øo�Ýk)�5ùWX�{¨t

,	"x nâ�ë*mW�H,)�eèWXõ&ªFHÏ"x nâ,+�

5ùWX�Nµ�{¨WX�t�6&N%+�tu&ò 5 # JxJyJz W�e)

��øo#?ÞÍ�"x nâ,+jóÍ+��v,L)ú)�7H#$��

"x )ø�S�jóÍ+�"x nâ�H,),eè��W	É�Nµ�s

t!�U�<,8��6©ý^W,��W��%+u®u�ê���*3C>

Èj8Â&no¾"x #j�4AB67,	no¾�9Ä#$��FHÏ�

"x nâ#õ�Í��W	NMR #N����pqWX�+�62ò 5 #ó

u*�W	Ö�#��¢
� �XB	LÉ®�[111]Õ�É)t¤£�fS

�¤u%+=# 8 ,�Ýá ûä
S�X�`j�6�t	É)��Ýá û�no¾"x ,S��;��¬�67

jyÂ��W	NMRì���,fÍ�,�WX�+ 

ð -Å.	/°01	2þE'	Peter Thalmeier� 4], 1997Æ#É�Nµ��qjrs&34u[13]	99³��O�

©tu& 1982Æ#��'õ* CeB6��}�ä
S� NMR�Â®�É�)*"J`S��	r5Ðøost{¨#67j

h6&a�e)�6©�øo#Nõ&�Qe)�ÉtjQ�®#u*+�,99³��ÖW	�,8���øo67W NMR

�7Ëj�QuNµt5�u*XO�	3l�þmá,�/áÀ(ç®���67#ª(�Ï�r56Gq,j3�u*��

�[14]	L�KÖGo-8��Â#Nõ&L�Nµ�"x q,�9^e)	NMR �7Ëj¸µ�QÍ�®,:4�WXõ

*+É��j#a#4Qu*-Å]��$®OW	�9�J�����Âª 15 ÆãB#��Îj#�Ét�W�*+-Å]

��4Ó®,78�?yG#Z¸%&¾"x tÊøo�7À���jÓÜ³Ï#ôs	Êøost�<
Pj�^u*t

�#	­�67��W¸�Nµ�4AB67��Â�®jÑ³Ï#��Í�f®W	FÛ#N��%Å�Gj õ&%�+ 

� IA �J KLF�MA
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ð L�K»°#�õ&	;<"`RO�|
Sq,j l��¢ÅÀF

#$%&#)*st�v5Í�t
()�3�Ð�#l®õ*+«C,

=>���?�']	@nA]®� PrFe4P12 �¹h�'78jB%&	

P ä
S� NMR j'õ*�C/·�+É�FÛ, 6.5K u�WQR�

3�ÐjóÍ�	6©st,��e)&%�%+67tì#�ÐÀâ,

hi	7 O"�u~W3�Ð,lDu	¾67W,/%�o{¨��Ó

Í�+¾À�78q,,��ÖfWX��	½À3W,(1,0,0)�þmj

 l4÷orE�&ýe)	(1/2,1/2,1/2)�@Õ?yG�d()*'¹

Öf#�Åu&%�+«C� NMR j�s*§r,	É�3�Ð,

(1,0,0)�þmj lr5ÐøostWX"µt%µ�6�üGWXõ*+

ò 6 #óÍNµ#	12 ,�¤£�Ý no�Ål� Pr ä
SjD@

Nµ#åÄe)&%�+É),��¢no�$D#FH"x nâj�

�Í�Pè�¶�F�Î�Nµ#sG�e)*q,W	Êøo�{¨j

���#)�#ë>ÀWX�Nµ##6�+�Âj�s&mª��	¾

À3W&ýe)* NMR ì���L)ú)��ÐÀâu�W 2 T#,

fÍ�Ét�,®õ*+L)ú)�ä
S�,fy�67f9��Gj

ò 7 #óÍ+A*É�,fy,½67W,67#õ�u&eè#S®

µÉt®�	eè67W�st!�U�<,�©ÏÊøo�J �Hm

»�WXB	NMR �
 �,f,67#Nõ&a�e)*6©Êøo

#N�t]^e)*+ 

ð �B� NMRã�<jÉ*C/],	-Å.]t/°01]�$�«

jIB���	�ÂWÉ�)*$â��Gj4Óu&Êøost�»r

,Ðøostt�6&%*�jí^uNµtÁæ*+�Â7Ë�/ó�

4T,	½À3� NMRì���m,67�fS#N���#¾À3�

2 öWX�	t%µÚWX�+É),÷o�@Õ?yGj¼�r5Ïs

t#Nõ&	Pr �$B� P12�J��ª 2 ¡¢#,®)*ÉtW�Q

�l�+�B,n³�K15,16L:4�K17L#}��	L)u~�,

f��%Ét,	Pr ä
S�Ú?yG�½À3Wª½�u&%�%É

tj��Í�+M¶	0l�c÷o~� Pr,;�� 4f�o��¤,+

j l�	%�)ªÚÑ Th �?yGjÙlNµ��¤,+W��)2

���%+É),st!�U�<�ÚÑ�?yN>#vu&´�WX�	

M¶O¤�Ó#^Í�t%µÉttí¤WX�+�,É�Nµ�st!

�U�<,	Ðøo®�>�Ét��L�%+Ñ³Ï���®�ë?y

�st!�U�<,%&øo	A*,&%Ðøo#ù�)�Ét�,

®õ*+Th Ñ#vu&´���¤,+j lÊøo���Jx4+Jy4+Jz4-

3/5 W�e)�%&øo�jò 8 #óÍ+«C�³�u�# Kiss-PT

,6Å�;fG:«C� NMR�7Ë#Z¸%&	íc�"Q��st

!�U�<j34u*[18]+A* Fe j Ru WÄ�Ú6* PrRu4P12,

160K t%µ¾%ÀâW Q=(1,0,0)�4$Ýq,jxµ�^þ���Ð

jóÍ�	QT, PrRu4P12�½À3�ò 8 #óe)�%&øo�r5

st3WX�t34u*[19]+Rm�:;²�ÙÖ#íc�7³#Sn

u*�W	É�st{¨#,
ë?yst�	
"Q��st�	
%&ø

ost�
Ad�����¸;��°y�l��)&%�+ 

ð W,	7TÉ�Nµ�¾»�Êøo�st{¨��Â��®�É)#

� 6ð PrFe4P12�78q,+ 

ò 7ð ½À3#$�� NMR ì��,fy�$â
��G+ 

ò 8ð ë?y��©Êøo�%&øo���+ 
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vu&,UVWX]��Y���ÊøotZÁ�o�3C>È#�¶Í��ê����´�^Gt%µ�qj34u&%

�+É�`�ZÁ_ û,º#Ý � pEýW>�)� P12J��~� xyz?yGj l,oEý®�áBÖõ&$B	

�ê���, (1,0,0) fS#D"O~  jóÍ+J���Ö�#%� f �otZÁ�o�m�`�è 3C>È�*s#	

ZÁ�o�yÂ��O R��, f �o��¤,+#Zy#��Í�+Mõ& f �o��¤,+# (1,0,0) �þm�r5s

t��Â)2	ZÁ�o��O R��#íÂþm��è�h(B	�ê���#�,Ï�E�RP��Â�D�E���

^Åe)�+É),N���)*!
��"�Ðtíc��qWX�+8��!
��"�Ð#$%&÷o�Ë*ÍÆÇj	

f �o�Êøo�Ë*u&%�t*6Nµ+ÉÉW/ó��,	ZÁ�o��O R��#®¯j56��,	78�ä


S?yGjÙ Í�Nµ��¤,+#ù�)�t%µÚWXB	st!�U�<�ë?yWX�æ�G�`4W��+ 

 

U)VLWLX�Y�

��>��õ&�*�W	~�u­�º�O�©#l%&�'#Ats&$Éµ+ 

������� !� "#$#%�&'()*+,-
� ¹Ú®t%µ[�SÅ9Ï�®#Nõ&Àáe)*É�FÛ,	R  

¦RSZ\{¨j ¶ 24K�c�E�RPjóÍ+»r,`³Ï#5%b�� *)&%�/f÷o~� J1-J2Aã��

]��®t
()*�	«C� NMR �Â®�FHÏ�q,�è�6G#/ó�®¯j56	J1-J2 Aã�,§&,A�

�%Ét�,®õ*�^FÞ_	Ç�Þ	Áã,{.�]�[20]+E�RP�ldÍ�67�c�E�RP#õ¦&;�

#àe%Ét®�	��`YR`�67a�3��Ó#b�� *)�+ 

.�/012345 67�899:;<"9=�"#(�*>*�-É�FÛ,	oau* d Eý#"x j lb
� �	ú{�<è

R�§ ,o�Ö�#å9Í�ÉtW	
�  FÔ"x tZÁ!
�o�5�7Àu*c§�`�¢ 1 »pZÁ�

W	mÆ�#FG:��d:;^WN�£6©ÜÝ°Ë��#e)*+2 Æ�®�b#7Àu*R�dZÖ� 13C ¾:
15N ¾� NMR j'õ&$B�n�e	�df��;fG�5%r56Gstj&ýu*+ÓÔ!
�o���<%jè

¦�*s#�<èR�§ ú~�g�j 13CWÄÚu*Áã�Àáj�d:����¢#$¥%u&%�tÉ"WX�+ 

?��@AB7CDEFGHI2J24K��LMNOP-!
è`è�÷o~#FÔ"x j lr56G��Ê�,	

5%��"S¦�R� �*s½ÀAW>+=stjóe�%+u®u»°Àâ#Nõ&�^hþ���ÐjóÍ!
è

`è�/"xD�ÃÅF�#l®B	Hg2Ru2O7	Cd2Os2O7	LiRh2O4 �¸#l%& NMR ��Âj'õ&%��Ç�Þ	

�©�	�df��+Hg2Ru2O7�Cd2Os2O7�#$%&, 160K�240K�W��^hþ���ÐtíJ#ÜU Ri¦�

S�6©st�
 ÜU Ri¦�S� SDW����u	A*jÀno£j l LiRh2O4W,þ��3W�¤stj�

ÉÍtíJ# 3000K ª����7À�D�E�j lR  ¦RS�|
©�jFáÍ�+íÂ!
è`è�÷o~�

þ��WXõ&ª	�^hþ���Ð#°%`���<%,FÔ"x `t���;�B	ÊS�st{¨jóÍ���

�¾k:	FG:ÄÅ:t�ìí:;�+ 

QR�/ST!�UV7-btl�®��� 2»pmjG@FÛÑW	ßÆ 2�# 26K �4ZÁ�ÐÀâ���e)�:

»Ct�»�ç�e)	1 �.BK#,�ÐÀâ, 50K j46*+¾À4ZÁ¶�ó�ËÓ®t%µnªoÉ6��	

«Cª	ßÆ�u�$píqt�õ*�r:®�ÁãjB%&	�Âj�s*tÉ"WX��Uste1�+ 

ð É�a#ª	ÉÉ#WXu�)�%O�©WÊ���Âj'õ&�*+L�Ö#,A�³�tu&��e)&%�%ª

�ªÊ�	ìí:;²�f#,���uvj$®�u&%�+É),zt6#��wx�ç%WX��	»°,Ç�Þ�

¢�yz"c�$®OW	iu�l�{e)&%��t
µ�+A*	m,i�%�FG:�ìíÌÈoâj8Â*ìí

:;ª'õ&$B	L�Ö#,��:;O�©t,®�=)*ª�ªGA)&%�+�62	FG:��k:;^j8Â

&WXe)*|/}�]�°~���,NMRÈ#��u*|
�A û�� =�\�jÈ%&¾����#��e)

*;��|
N�`"jè¦*+A*�k��]��Ó��,	S D�6©ÜÝ°ËjóÍÜ_�SA�ot5�F�

Ü ��RSÒã#?u&	NMR jÈ%&Ü_�SA�oÖ�"x )ø,+jý^u*+É�Nµ�ìí:;j8u

&7�o�Ét��%:;O�©#l%&���?jÉ�Ét,	«C#tõ&ª�/�
ÂWX�+ 

 

Z)[\]^_���

ð NMR ����rs&&ýe)*�,	� 2 »��·7¼KWX�+L)®� 60 Æ.Bj
&	ß: NMR ,Å9	

�F	�9	Òã89�¸Ú�89�H¸Í¦&�,�W�Èe)&$B	4#�F��9��ÞÈ#,Î�u%Õ¯�
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X�+F`,�Wª	'Å"x ��jÎéÍp9Ï��®���:	2 »p�o`�4TjÌÈu*�©ÜÝ#N�¾

"x ì����®�¸	��Ï�����æ�e)&%�ÅfW	«C�b�jªõ&%�FÛ89#vu&,	��

Ï#�'êáu°%�L����Å�X�t,
6�%+�Â��t%µÚW,	53v�o`:�o"x `�:;#

$%&,�{��o{¨j�ÓÍ�*s�<¡¸�B�567	½À	¾��¸�øùúû��@u"/óWX�+É�

µ¶567#vu&,	18 O"�AW,FG:�4ZÁ© DRSWQ_�W�	NB¾67�æó�t�, �d�

¶�567<=#&����(WX� Claude Berthier	Mladen Horvatic¼]tìí:;j'õ&%�+½À#l%&

,Ç��¢��pW 20mK AW�ý^�!"��'6�Nµ#�õ*+:;^W��u*ÃÄtu&	4ZÁ© DR

SÖW'78Áã�f9jo�W��NMRÈ�§�U�<t	¾��ÂÈ��p\�jWXu*%+ 

ð É)AWWXu*:;�®�ª,®�Nµ#	ä
S2>Gt%µ NMR�ÌÚj»�ù#��Í�#,	'78Áã

È#?Í�±n�$â,4"J`S��æóte)�7À�Ê%+�,u�®�4ZÁ© DRSÖWÁã�f9j	�

#=^W��NMRPè�¶�æóGjyÂ&%*+FG:#�	K	ÓH>�CDE]®�½À�Â#Ç()&%*Ü

 !`S� 2 .�§�U�<j#ç&B�	L)jp#�FÛ89�üH^WXõ*.����Ó�>^H^�� NMR

Pè�¶j=Ñu*+¯ 0.2â�o��pq�É�Pè�¶,	'78ÁãjÈ%*ë&��Â#Ç()����pj�

�u&%��ò 9 T�+É�Pè�¶�=Ñò,2¬�Vl®� NMR  ��P#ª3îe)&%�+É�Nµ�ee:

®���ª	ë2ìíÌÈ:;H#\jÄ�²��sWX"µt
õ&%�+ 

ß��FG:;W,67t_PW�pªæó´pl���WX�+«CªmÆ�#FG:�~���]tFÒ�q��

T��]�xpjÉ&	NiCrAl À�jÈ%*x"S �RÝ |�ù��p\�j=Ñu��ÅÈÅ�3GPa AW�¾

�� NMR jpq#u*+É��p\�,~#¥¦* 2 .Áã-�¡#�ç�Ét�����W�ò 9 Ö��¾��W

'78Áã�f9jo�u*ý^�pqWX�+L�Kç#¾�jÎéu&	�Æâ®�:;^#h(õ*Uste1]

�9� PD���k:;^	~�:;^	�T��]tìíW?S� =�ù� NMR È�p\�j��u&%��ò 9 ë�+

3  ��m#7t 40 ¡¢u~�¡�ª�cC�F{�á"JRSjÁ>u&»¢ÅjÎéu*7Ë	|
�A û��

 =�\�#¢$�q,W	5Öf�ÝU�<t%µ���Áã�HjÙ¶��� 8GPa��pj��Í�Ét#á«u

*+ÓÔ,	£���� j�¤�#È%&¾%K;�Gj�ÓÍ�ttª#	2 .Áã-��q:��¥¦�tåæÀ

(ç�Ét#Y�¦ �u&%�+ 

 
ò 9ð �T�ð Áã-�È 2 .�§�U�<j�6* NMR Pè�¶+�Ö��ð 2 .�§�U�<#\RSe)*x"S �RÝ 

|�ù�p\�+�ë�ð ÓÔ��Ö�?S� =�ù�p\�t 2.-��q+ 

 

`)Ha:-�

ð ï^�§mj�,��_�u&uAõ*+�B�õ&æ�t�Ð�K 8 Æ�m	¨C�O�©##û���j�u&

�*t%µyÂ�Í�+,����BÍæ&	ÊilÅ´hj�Éu&%�t%µr���%(�W,�%+,C�O�

©#l%&�Ú©���Ï#u®`4u&%�%*s#	T§#��%¯�j#ªu&%��W,�%®t%µ©ªÍ�+

Æjtõ&	�Âã�<�4Ó:�u%O�©�«5�u��¸"x�ã~�#�L���õ&%�Ét#ª	n¶�X

�®ª�)�%+u®u��Lµ�O�©�Î��#X)2	:,B�j�e�#,%�)�%+h®)îu®)	lÅ

´ht,,®BllªÉ�Nµ�"<
�WßKª:;j��&%�WX"µ+L�µ¶¬j­¶��&®ÖW���
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�¯�`t��¦�O�©�#l®�®ª�)�%+Êi°±)�²³�X������ej�õ&%��,	:;^�

´%U _��Ì�WX�+µ�Ï#´%U _��[)¶(B	�u%*©j·�ÃPW�)*$®OW	ßAW:õ

&É)*��t
µ+»K#	É)AWÊ���/�Áãj3î�eB	A*�C�µ³j8Â&cC�vw�`4j�

�&B%*ìí:;²�fC#$ej¸u~O&	éjÁÂ*%t
µ+ 

 

 

ßÆâ�:;^�U _�+S®õ&TNBÇ�Þ��¢�	à.[¹�º2�	�df��º2�	»²	Uste1

�9� PD�	sÅQo�¼���½]+ 
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��ghijkg� � lm� no�

 
()*+,-�

1998Æ 12�	FG:#�	u&®�� 10Æ��æ�"µtu&%�+&Tk®����T÷Ð�AW 1Æ.t�õ

&%*JÝWXõ*+&TkW�¿%��,�#tõ&	:;^Ö¶~O#xµ!":À%X�f#DA)&���tÉ

"#L&uAõ*t%µKÁ�ÖW��uP¸%ª�WXõ*+:��LW�.Â/jÃB-õ*B	&Tk�Ä(#

�õ*lªBWPÅÖ#ã�õtÆæ#'õ*Bu&©jÇ�(u&%�µ¶#	:;�u%Ét,7ªç�#��u&u

AµÉt#�õ*+u®u	ÉÉW­¶ÃPWÈæA�õ*ÉtW	Ú,#7�W�&7�W��%®t%µÉt	7j:

�¦�®t%µÉt�iu,®õ&�*Nµ#
µ+
(,¸P�Ét®�Wª�pe6Í)27®j9¦���WX�+ 

Ð�¼�#]\]���tu&�	u	��� !"�P�u%�F#[õ&9�ePª 2 (#w6*ÉtW©,,

Å�e)*+&Tk#>�$�)*X�ft,�õ&	�#tõ&�,
�Ée)*�/�##6*+Y Ý"�c��

�O"s��$ÊWË6*U[�<���Q�Nµ#	ÌYstÌÍs#ÎA)*�,�*��Q��Ï/#��	t%

µRi������`ªÐ®)*�	i��tª7®�u%Ét#Y�¦ �W�Lµ�ïy�Xõ*+L�K 8 Æ�

J�½)�ÖW	Ê��´%(ntÅ�#7j�6	7j:õ&�*®jÉÉ#�u*%t
µ+çõ®���?��W

ë���#*%*%òw	iC�Îj­u&�%lªLµ����Éµt
µ�Wu2u�m$��À%¥%*%+ 

 

.)p�

�9W�:;#$���¿�,9�WX�+»°	4#É�Étj5�yÂ�+()(),ÑÆ	R�#ÒjIõ&

%��	9�eP,�#�[uÓ×u&%�+É��Ô�zÉL��u%ª�j�æ�Ín�pWX"µ+ 

� 1 #É)AW:;^#Ô\u*(n�½)jóu*+»r� 3 °,`9�Å9:;8�9�WXB	L�K,ë&

���Õá89:;8FÛ`Ö×�9�WX�+��� !"W����Øè#Ö¶~�õ*7Ë	9�mªw6ÓÔW

,Ùq�ü 2°	Úq�ü 3°�9��Ô\u	:;^�Û tu&,üN%ª�t�õ&%�+ 

 

 

 

!"789: 

lm!"7 

�Qð :;^qáU _��]Ð
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"<R�W,r����]\]� 2006Æ 4�NB\.�9�Ü¢£tu&sW*���u	�(õ&���¾k:j

Ó×u*\T]�ÓÔ 2 �Î��¢tu&ÝÞõ&%�+e�#	FÛ=Ñß£<= X �ý^^��¢WX�.í]�

�U _�tu&:;#±hu&%�+L�a	Ñ 3°� PDtà��¼�eP�:;^j³B~O&�)&�*+ 

 

;)!"�

 

���qr�

§:;^��Q��Ô��,�FÛáâ#X�+©�Å9Ï��®t�
ã�jãÇu&©�F`Ï#��%ª�j

áÍÉtj
2ä�tu&%�+FÛ��t%µ*+,XABë�W,�%+«C,�#Ú�#?u&åæWX�á2�

�&t
µ+X�AWªÚ��56&�)�Fjáu&���WX�+>Æ	FÛáâj:õ&�&
µÉt,	FÛ�

,çµFÛ#Nõ&è&�)�ª�WX�t%µÉt�+"x `j:)2"x �Étj«5u��)2���	4Z

Á#ã¶§*�t½)��oj
U��u��&,���%+ª¶"P	Y@¦�¢8�ª�õ&��+F`éê�6ç

Å9���u&åëW,�%�#,iCuP¸%�WX��	�3#Fj�#Í�t motivation ��µ�W7q	ÝÞ

�Ét�W��+W�)2�#»XYj'�Nµ�FÛáâj'%*%t��÷®�
õ&%��	ª¶"PµA�%�

7ÀªX)2	%®�%7ÀªX�+u�#É)AWçõ&�*FÛj�'#ìs&æ*%+ 

���Ð�j�#X�*#�s*��ÅÔ�!
è`è�ÃÅF#vÍ�:;WXõ*�ò 1�+[%�Ét#	»r�

9�WX�Æ!í��u%4ZÁ� Cd2Re2O7 j�#u	É)�L�K�Ö×í#N�β!
è`è�ÃÅF AOs2O6 �t

l��õ&%�+�², 30 Æ�#Mîe)&%*FÛ�Ý_
_��õ*�#?u	K²�ë���FÛWXõ*Ét,

�Ptµ#�R��WXõ*+>%àïjªlØÐ�^ÃÅF�:;#$%&	P#�u%FÛ#�?6��?,�WX�+

É��FÛ#°�j���#X*õ&	
ØD`è��t%µ�ª�e)*�	ðªÇõ&�)�%t!��W��[ûR

`"�βt�õ*+§J	Ö×í�>õ* KOs2O6� 1mm üâ����'78 K-729�ò 2	>õ*K#�õ&Xõ*

�j.í]�Ù�u&�)&%*�,	57À4ZÁ:�RSÝ  tL)#ñP�3�Ð�:;#�%#ÆÖõ*+ 

ò 1ð α!
è`è�ÃÅF
Cd2Re2O7êTìtβ!
è`è�
ÃÅF AOs2O6 �78q,

êëì+���, ReO6 A*,

OsO6j�Í+�ò, Cd	;¨

ò,Ã�	óò,��QÝ�^

noêCs	Rb	Kìj�Í+ 

ò 2ð Ö×> KOs2O6 '78 K-729

�T�t>^> CsOs2O6'78�ë�+

¸¶�ª 1mmüâ���eWX�+ 
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L�K�.í]	>^í��p#ª®®(��	É�Nµ���e�hÛ�78,É�)&%�%+
Ö×©�R`�t

â2)*±�Àá�®,ß:Z�t�õ&%�+*�	
ÂÏ#,®õ&�*Ét,	¶ôPt01jõe6�*lªB

W�ö÷#ÀáuNµtÍ)2Í��¸W��%ÉtWX���Â#,N�X�Ét���+Ö×©�R`�<DjáÍ

�p,ßWª���)&%�+a� Cs	Rb ÃÅF#l%&,>^í��p#Nõ&øs&hÛ�78�>�)�ò 2�	

4# Cs #vu&,FÒ�q�øù]#NBû��"��ú ���ê °Ë�&ýª'()*+β!
è`è�ÃÅF

#vÍ�:;,ÓÔ	.í]tàûí#NB��µ�)&$B	e�#��%F`�#6�s&%��	���Ít>�

���W:s�+àûí	W®%78jN"u�+Åf	>^í	\T]#NB»��β!
è`è�ÃÅF CsW2O6#

l%&ª:;�Õ'ÖWXB	°%µ¶#¸É®W��e)��"µ+ 

ªµÅl�FÛáâ�ü,��"S¦�S`"x ÅÀFWX�+mÆ�AW,:;?W"x `��u%FÛ��

jÍ�*�#	X�U�f��9� M X�®�
L),�©�½)AÍ®��tÛve)&�ª¶"PÉP�Ûvje

)��,`³CWX��	
%%6�t$#6Í�týuLµ�þje)&­¶ÃP�ª�WXõ*�ª¶"P���+u

®u»°W,��"S¦�R� #vÍ�s]4^��:;�Ö¶~�õ*ÉtªXB	u�NB,��j�õ&"x 

`���W��Nµ#�õ*Nµ#yÂ�+t�����	�t
%§*õ*���	!
è`è�4ZÁ�:;j�s

*�ªÉ�P¦RR���${WXõ*+MX�#,�®�yzuAÍ+ 

ÓÔ	"x `�FÛáâj'õ&%��,Ùq�ü 3 Æ�Ç��'íWX�+±,Ri³R³á�S�©R`"P

� `:;H� Jansen ��P�#l�*�t§RJ�� 2»pÃÅF Ag2NiO2�ò 3�#�Îu	"x 1/2�$÷

oÅÀFtu&¹#ìB�u*+e�#	É)j�õ®�tu& 2006 Æ�� 3  �j Jansen ¢£�:;^W��u*+

LÉW:;j�s*vÔFÛ Ag2MnO2,"x 2 �~�"x �$÷o`WXB	Q
�ÝO~��Úiâ#vwÍ�

tÝke)�3�Ðj#�u*+L�7Ë,°CJPSJ #�íe)�+e�#»°W,	"x 1/2 Q�U÷oFÛWX

� volborthite �hÛÁã>�#á«u	L�"x £�Ï�Z\{¨#67a���o3�Ð����Rm
��
X�Étj

�#u*+É)��:;,�n:	��:	�ý:t�ìí:;�áËWXB	°%µ¶#��e)��"µ+�3#7

��Éõ&%��®´QWX��	�#:���%Ét��Éõ&%�NµWX�+ßK��%��ÀuæWX�+ 

 

G st+,-�

�FÛáâ,R®#��%�	%lª�u%ª����õ&%�(�W,�%+t%µ®	P#�u%ª�#�B?

µ�?,øs&�WX�+Nõ&		##l��)*FÛW«C#¸�Nµ��5�W��®ª�6��)2���%+

L�Ål��� NaxCoO2 WX�+É�FÛ,;[BW4ZÁ#���(BFWX��	;du�FGªc§�`Wb�

� *)&%�+vw, Na åáj�¶Pto�Í�Ét�"u%Étt Na �Û
å��FG#���®¯Í�ÉtW

X�+Nõ&	{Hít�^í,]\]	\T]ttª#©�Å9Ï��®W Na �j�¶Pto�u*	®l	Û
å

�Åjõe6*Áãj>õ*+»°��^í�7ËW,	x � 0.62 X*BW��¦�Ét# 0.001 u��åá�ÅWF

ò 3ð Ag2NiO2A*, Ag2MnO2�78q,�T�t volborthite �Q�

U÷o�ë�+Tò�óò, Ag	�ò, Ni/Mn	;¨ò,Ã�no+ë

òW,�%����Ö�#X� Cu2+
� �"x 1/2 j õ&iu

P�Q�U÷oj>�+ó¨,Q�U�j�G V5+�üWX�+ 
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G��Ï#�ÅÍ�Ét�(®õ*+É), NaxCoO2 �4;�_ ûq,jrªu&%�t
()�+¶ôPtAÂs

#>)2	¶ôPt#6&�)�FÛªX�+_�`�FÛ�®�ÉLW��ÉtWªX�+ 

 

uv]w�

�Ð�j�#]\]jÖ�tu&�*#��j�s*��Î���aWXõ*+ð#ª��)&%�%�	�,��

Ùq³��O�©,(�4÷oÎ�WXõ*�XAB
%�u*��%��+�tu*
%l�WA*Î�j�s�Ét

#�õ*�	[%#ª]\]�Ó�W¦����¶¦�R� #N�Î�>��
Â�XB	VO2 : V2O3 j�±B#

Mn	Cu	Sn ÃÅF:5�FÎ�#AW�j�2ÍÉtt�õ*+É)���a#,Ö×í	]�]	.í]	��Ù

]�±hu&%�+4#K��:;, pn �ÀFáj'%	�­��E#N�Î����Ý��âo�jÎéu*ª�

� ��Ý��[�t�B	ÞÈ:;Ï�ó�ªGA)&%&�,�u%Étj«5u*�ç��jÉ�®õ*�+§J

,7qb�u&æP�WÝÞõ*�	Ï����Ýk�¸�áË,É�)�	�Í'æt�õ&%�+ 

Î�:;�"ue,þ?Ï#Áã���i�%Ét#X�+Î�:º�, 2 »pWX��WÉ),%®Ptªu�*

%+��i�%Ét,�ÑÏ�å�æj�æ	Áã>��ËÓGjî�Í�+A*	ß£f®�où®�	`Ý���7

³jÁ��#u2u2!"jxµ+!}Ý�*+
©�,��	��,î��Õ,F�j¸�Nµ#4�Í�®,Úi�

�	Î�jO�©#56�)*9�,uP¸%�WX�+ª¶"P	�®�ÉL��%Ét�#e)&%&:B�%�X

�t%µ¦����"µ+ 

ÓÔ, ­í�L�4
�
c§�`�,Gj��u& YBCO 4

�
Î��4

�
ZÁG#l%&4

�
�Ï�:;j'%llX�+

STO���"ORP#ñP���%ÓÜ�#6�s&%��WßK�¯�#Ýku*%+ 

 

�5x�y�z �

É�Nµ�%%hh�D��  ju&�s*:;� VO2-TiO2 `�"xd�|�,4#vÍ�:;WX�+�^!þ

���ÐjóÍ53v�o`� VO2t¯
ûE�RP�Á�� TiO2jj"*�7��É�®	WX�+¶�æ#É�*

+jDRSW�âÍ�tµ¶� HP u®�õ®®��%�lABðªÇõ&%�%�+É�:;,ªtªt~��:W'

()*ª�WX��	i;í	Ç�#í�Úq³�O�©tu&��µ%�+"xd�|�,4,rÝ$%®��^	Ã

ÅF	[�S©<�AWy�%`#$%&�É�Å�Ï�3,=ÓÜWXB9vÏ#ªb�&%�	É)j7�®�ÞÈ

#Ç6�%®t%µ�ª¶�õtu*'��WX�+TÆ 3 �#Ó×u	�8�#[õ*Ç�í,���'78j>�

u	"xd�|�,4#�¶u*�©ÜÝ����;fGj#�u*�	Ë*u&É)j¸µ(B�Lµ®
�ÖWX�+ 

 

R,{|}L~���������

2008 Ærs®�����wt�õ&%�bl�4ZÁ��ò 4�WX��	

6 �ÓÔ	¹ºÖWhiâÏ#:;�Õ'u&%�+B�]��ÅM®�	#

v)e)*³�ªÊ�	cond-mat #�õ&,m6�©#ª���%+4#»

°,ÞÈvw�³�ªw6&%�+A�W 20 Æ�j*+teç�¯�WX�

�	L)NB,�®#,��äWX�+ÉÉWÓ{j,Óu&ª�f��%�

W3�(��ÜU SjiC+-eP	Å9�, LnFeAsOjÇ%Au�µ+

.FÛ,É�Nµ#Q�®W%%�	F jÄÚu*B	Ã�l/jÁ[u&4

ZÁ#u*t��Å9�,®�BA0WX�+ÄÚu&%�,�� F �j�

ÂÏ#�^Í��,)�#"u%+e�#Ã�ä
S#l/�[�pqG�¾

%�W	O1-xFxt���ª12WX��É),l/��%Étj�3#u&%

��+Au&:	³��wÎ#X:�:åá�	�62	NdFeAsO0.82F0.18 �

¸tà©W��(�%��,���+¸µªF`�,Å9�j�%�u"#u

Íæ�+Å9��åá�#É�(��,	F`�����S§� �Ö©j©

#Í��tíÂÉtWX�+ÓJÚW»ª3§�Å9�,	LnFeAs(O,F)1-x

WX"µ+É), O t F �Ã�ä
S#�ÑÏ#,+u	L�µ¶� x �l

ò 4ð bl�4ZÁ� LnFeAs(O,F)1-x�7

8q,+4ò�bno� 2 »p/f÷oj

>B	~�#�ò� As no�å9Í�+

óò,� <d
ûno	;¨ò, O A

*, FA*,l/WX�+ 
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/u&%�Étj��Í�+ª¶"P F�GA)&%��)2 LnFeAsO1-xtÍ)2N%+Å9�,FÛ�/�°y��

W	É)juõ®B�Åu�%tDRSW��â#ªâ5��Â�+4#åá��ÂÏ#QRWXB	L)�4¥���

jk*�%ùB,	É�Nµ�Å�Ï��jÈ%�¦�WX�+�62	5°� YBa2Cu3O7- δ �Nµ#+ 

e&	É�Nµ�����#�Xõ*t�ðWªuµ�,	M6#±[Í�®	­¶��AWu2��kl®	ë�

78�­#%�®�"µ+t&ª"u%2>WX�+«C�Nµ�àÛ :;^W,�FÛj:õ&X'ªO±BW%�

*%�W	W�)2K9%jÍ��,:�*%�;<t,�µ�+u®u	ë���P=Bu&%��ª>u%+:;,

æP�W:�t³B~�õ&Àu%ª�WX�+!
è`è�,R®#��%�	�3#:õ&%�(�i�%�WßÅ

³B~�B#l���ªa��+t*µ(�W	\T]t M1 �?Tí�L)�B#Àáj�s&%��	:,B	É

�FÛ	t%µ®FÛÑ,%"%"���W�®�®��LµWX�+7q	|�&%®ª�)�%+ßK�¯�#Ýk

uNµ+ 

 

VLW����

«�:;^�� 1 Î@#AO&�*�,^À4ZÁ����WX�+�ÃÅF� Tc=160K j46�FÛj#l�*%+

Wª	#l�&uAµt:�¦�Ét����õ&uAµ�W	IBX6�	L��üW Tc ,½�&ª��%4ZÁ�

j#�u*%+»·Î@jnáÍ��,aBÍ�÷�¢§®�LP�>À�h%�,XBÉ�%��+e&	u®u��

�»°±#yÂ�Ét,	XAB#¸õ=B4ZÁáâ#Cõ&%�t7ª�u%ª�,#l®��%�W,�%®t%

µ�)WX�+NaxCoO2 #;j[)&4ZÁ#���¸t%µÉt,�u&×º(#,
%�®�%+ß-�bl�4

ZÁ�ªDQ�ø�¸��aju&�* ��P�áËWX�+¹��tu&	Eõ&W��Ét,*®��)&%�+

,�­�(�:õ*t�#rs&����#��A)���"µ+Éµ�6�tý&Ï#�õ&uAµ�	F#Ú,�¥

�,��Étj:�¦��t�6*f�N%�®ªu)�%+t,*õ&ª_Ý_Ý�F`,W��%�W:,BFÛÀ

áWX��	ÎéÍÓÜ,Êc#X"µ+¸�(tu&7®�u%,��:;#S�
u&æ*%tyÂ�ß�É�÷W

X�+ 

~���X�#É��ju*�	ÑÆ[õ&��9�eP�:;^#�u%Gjâ�ÃPW�)��W,	t*()

*+R®#L�8BWX�+p©�9�ePt7®�u%FÛáâj�s*%ª�WX�+ 

 

O)p��

�a#���	�ÆH#,ÅI�Xõ&Ê��-eP#�åtuvjJ�*+É��?jIB&$K�j¸u~O*

%+��É�¹®�l6�t:;^ª%�)lDÍ�Ét#��+àe%���ª¹L�>tu&�M	jË·Nu*»

�WX�+ 

 

U)�����

e&	�ª´��t
õ&%�µ¶#FG:H��à(ÆOj46&uAõ*�*ãP�+'¹#��P�*tÍ�t

�ªµ0âtQêD³~�#'®��)2�^ÆAWK 18 ÆWX�+É)j>%t
µ®¿%t
µ®,A0��	A

�iuX�t%µ���yWX�+Ïe)*Jm�ÖW7j�Í¦�®j�6��)2���%�	pL%%hh�G÷

��WR*�¯Rª�%+u®u	�#ª�%*Nµ#7),7®ë��u%,���a#ª��u&æ*%t
µ+W

�)2(c�Æ#ÖlÉtj:B*%+]�Ï#to®)&ª#6�)�%�	L�µ¶#¸É®�S��Tªt#Öõ

&¢6&�)��"µ+ 

FG:,É)®�¸µ�(õ&%���"µ®+A*,	ë��(��#É�AAFGF`�UýjÕPW%����

"µ®+�Æ	50 $Æ����#$%&$0(�X��$õuôõ**+�
jNæ�+PTX��
The very best, 

or one of the best�#
��²*�V¢²�t� X��
ªõtWXº�j�WX�+V¢²#,�B*��%�	~

�º�#Y��	WXjÎéu&ÝÞB*%+ 

»KAWYPW%*�%*f	XB�tµ��%AÍ+ßKtª«�:;^jÀ®%ÎW#¬õ&%*��AÍNµ$

¥%¸u~OAÍ+ 
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�x������!"#$� � ��&� ���

�

W�XYZ[�

ð >­s:;^,	1999 Æ 5 �#�Íu	,: 9 ÆÎjZ6&%�+Ã[S D�\A]�STM�:nomp\A]

�AFM��¸jãÇu	��noq,:��~W�Ndq,#�¶u*FH�o{¨#vÍ�:;jÕs&%�+1999

Æâ,FG:;H&TkJ��»KÆW	[%#u&�Ð��
�Ì��#X�®B	½À STM ÃÄ�4¾P*�£�

^Ý}ó¥_�11T�: AFM ÃÄ�4¾P*��¸j`�Í�Ét�W�*+:;^#$��ÓÔ�ºpÃÄ,	É)

�� 2 ÃÄ#h6&	89���b�qe���:;W`�u*½À STM ÃÄ�4¾P*�^Ý}ó 3 ¥_�7T�W

X�+TéW,É)��ÃÄ#N�\A]ajÖ�#«C�:;^W���jWXu*%+%�)�ÃÄª	FG:;H

Aï/� A026b27�^#X��W	b�j õ&%*�%*f,$Ö¶�B%*��)2t
µ 

 

��\8][^_ *��` LMabc�

ð STM ,	S D��½jÌÈu&	Áã���noq,:"ORP�lY���F�¸�A���è��	e�#,

L��o{¨jä¶Nd"J���*m,4qW
U��  Í�ÃÄWX��STM #vÍ�4��a,ÊCX��	

X�	FG:ÕÖ 50$Æj��u&�íe)*
21¹¹�FÛ89�»XY�(®���#ªàcX�#N�4��X

��W±�e)*%�+>­s:;^W,	4#�o{¨,+#vÍ�:;jÖ�tu&$B	��q,�
U��  

�%(j� STM aý^�tíJ#	ÐÚW�S D�, #NBFH�o{¨nâ�LDOS�ý^j'µ 2 »pS D

�, ®jÌÈu*:;jÕs&%�+É�f®#NB	��~�	��ä
SW� LDOS "J`S���ê���9

jÖ�#»�d2eV üâ��D��É�)�ttª#	±Bfj�6&	4^��D�E�¦V�W� LDOS ,+a�

¸ªÉ�Ét�W��+ 

ð É�Nµ�f®WÉ�)* LDOSajò 1#óÍ+Áã, Cu��111���W	�ê���9°eW��o{¨nâ

,+jóu&%�+í��#�ÔÍ�R�R`¦�ùtâ2)����9�	��~�"ORP:lY#ßàe)^Ôþ

jFáu&%�co�æ&t)�+É�Nµ����o^Ôþ�4Ó®�	�oþ�þm:ßà5â�93�¸eA�A

�LMj���ÍÉt�W�	�3	ý^e)*^Ôþ�

$Ý�1.4nm�,	$â,4 �o, ¤Wý^e)&%

�í�9W�þ�$Ý��,#¤u%Ét�R·e)&%

�+ 

�,	É�^Ôþ	>­s� IBM ¯S[ :;H#�

"û`tu&:;u&%*3#H�#l�*ª�WXB

[1]�íJÝ# IBM ��©ã :;HWª�#u&%��	

L�K	>­s�	FG:#fõ&%*�%*ÉtªG

s	%"%"t
�Ì��js�*ÊWX�+15 Æ°�


*ß�$	L�$B#A�g¸Â�µh�%�%®á

uA(õ&%�»�WX��	»iW,	»°j)*¸

Â�µ�Êi	àãBW,X���WX����o`#

N�kl°Ët�Ý�ã�����*m&�#l%&¥

¦�Ét#Í�+ 

 

!"789:�

��&!"7 

ò 1ÛCu(111)�~W��o^Ôþ 
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d�efghij0klmMnopqrstu:*>�

�^Ö#�¤jÄ�t	�¤#N�`�è �O R��,�^Úi�o,+�Ëå�#NBm¶le)ÛFHÏ��

O R���t�ÅÍ�+É�ÓÜ,kl°Ëtâ2)	©�FG�ZTÏ�ÓÜ�ÅlWX�+A*�o`�Þ#jr

ªu&	�o`��ê��þ>b2 �$Ýj l�Ý�ã���tâ2)��O R�����Ó)�+«C,	X#¥

¦*n»pS D�, ®#NB��W�K��O R��,+jý^Í��®j#�u	L)jÈ%*��no:"

ORP°eW��O R��ý^®�	���o{¨#N�kl°Ë:�Ý�ã�����*m&�#á«u&%�+ 

Ç�(u%�WX��	
STM#N��Ý�ã���&��t%µt	X#¥¦*�o^Ôþ��o{¨nâ����

�&�jéÍÉt�Ê%�ý^,^Ôþ��µ��'�+u®u	TL	�Ý�ã������Í�tÉ",	�o{¨

nâW,��K��O R��X�%,�¤nâ���q,WXB	ÉÉW¥¦�)�ª��TL���WX�+ 

ð &�#,	�^Ï����o{¨��Á�Zñ~#�ÔÍ�ÉtW��)� Si(111) Ag-33 × ��jÈ%*+0»p

Ï��o`��ÔÍ�Ét��Ttu&	í��~#,�o^Ôþa�&�e)&%��ò 2�+ 

K��O R��,	í��~����o{¨��D�E��9�R�S�®�ôs&%�+ÉÉW,��~�"OR

P°eW�ý^#l%&¥¦�+"ORP#,�o� Ag no���#NB	/#L�u*�¤�Å�#å�u&$B	

�O R���Å�ÝkW��®�WX�+ 

ò 3 #óÍ"ORP°eW�S D�"J`S�j#�t	���o{¨#�¶Í�x�`�"ORP#°¸�#l

)&BC#½�D�E�ä#R�Su&%�+É)�"ORP°eW��O R��½�jóu&$B	L�x�`)®

�ò 4#óÍ�O R���Pè�ú
�:,+ajÉ&%�+ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ò 3ð ò 2�
�òê~ì

tÐä
S#$��S

 D�"J`S�êTì

ò 2ð STM a�~�t LDOS a���+�ê���9N
B~ 0.3eVW��o{¨nâ,+j�Í+ 
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0»p�o`#N�kle)*�O R��,	L

���Ý��Úe)*vm����Ý��Úe)*

`�è �O R���b�0»p�o`�a�v

m�W�(e)�ÉtjÌÈu&ôs�)�+É��

®��¤�#?Í�kl�O R��jôs	�ý)

t�~RO~  u*Pè�ú
�j��Wò 4 #

p%&%�+�Â7Ët�h%Åq®�	&ýe)*

�O R������o{¨#N�0»p�o`#k

le)*�O R��WX�Ét�R�W�*+ 

e�#	ò 4 ��O R��òj#�t	"OR

P#rµNµ#��q,�&�e)	L�$Ý��o

`��ê��þ>b2 #3§Í���ê��þ>, 0V

W��o^Ôþa®�ý^�Ét®�	É���q,

��Ý�ã���#N�ª�tR·W�*+ 

ð ò 4 ��O R��Pè�ú
�®�ª4�Nµ

#	kl�O R��:�Ý�ã����ý^,	¾

%*m,4q�<1nm�$N��D�E�,4q

�<10meV�W��O R��ý^j�ÓÍ�Ét#

Nõ&rs&náe)�+ßK	ç����#NB	

μeV ��AW,4qj¾s�Ét�W��t�6&

$B	e�#�B�FGý^��¯��
���W,

tÝku&%�+ 

 

v�wxyIz�UV7p��{|p�UV}~:�>�

ð �o{¨ý^�®tu&� STM �4>tu&	67�W��o

{¨�ý^�pq�Ú�X�+4ZÁ#vu&ª	4ZÁE�RP

j¼�ý^Í�Ét#NB�ò 5�	67�#$%&ªL�ß£j

'µÉt�pqWX�+«C,	É�4>j�®u&	Ndä
��

Pb�
� û�01{�q,��o{¨�4ZÁ4Gjß£u*+ 

ð Pb �Ndä
���
� ûq,,	RÝÜ 

Zñ~# Pb j9�Í�Ét#Nõ&	>áe)�+

Pb/RÝÜ `,	4ZÁ�ÐÀâjG@�oä


�°Ë�&�#NB	°Æ�Îe)&$B	�
�

 ûq,�>á01¤���)&%�+LÉWò

7(a)#óÍNµ�	¼�¯ 100nm�se 9 nom

�3nm���
� ûq,j>áu	L�4ZÁ

4GjS D�E�RP®�Ñýu*�ý^ÀâÛ

 
ò 5ð NbSe2t��W�4ZÁE�RP 
�ý^ÀâÛ0.5K� 

 

 

 
ò 4ð �~�T®� STM a	�ê���9W� LDOS a	�O 
R��a����ê���9W� LDOSt�O R���,+ 

ò 6ð Pb �
� û�Ö��t$u�W�4ZÁ4G
�ZBC��67��G 

magnetic field [T]

Z
B

C
 [
n

S
]

1.4

1.2

1

0.8

0.6

0.4

0.2

A ( center ) 
B ( 40nm from the center)

0 0.2 0.4 0.6 0.8 1
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2K�+¶�æ#	É��sW�ÜÌ�¦ ">, 27nm

WXB	u*�õ&�
� û¼�,ÜÌ�¦ ">�

möüâWX�+ 

A�,S D�, #NB4ZÁE�RPjý^u

*tÉ"	Ö��t$u�W;��q¼67��Gjó

ÍÉt�(®õ*+LÉW4ZÁ�é@tu&	4ZÁ

E�RP�\Í�(¶ 0V W��©ZÁâ�zero bias 

conductance; ZBC�#�Îu	L�67�7H��G

:
U��  �¸j'õ*�ò 6v7�+ 

ð 67j�6&� ZBC ý^�ò 6�®�	�
� û

$u�W,4ZÁ,BC#¼we)��#?u	Ö��

W,X�67jû#ä#4ZÁ�w)�Ét�(®�+

Ö��W�4ZÁ¼w,	Ð67W� ZBC a�ò 7	

4#(d)�WªQ�®W	xyz[#N�ª�WX�+ 

ò 7(d)W&�e)�Ö��W�4ZÁ¼w�xy#

N�Ét,	L� ZBC Pè�ú
���
¦ _�

á�fü�®�Á®)�xy�J��O R��,+t

ÅqÍ�Ú:	ZBC �67��G�{�fS#��u

Ì"OÝR"jóÍÚ®�ªQ�®WX�+xyz[�

�½67W� ZBCa�ò 7(c)�W,	$u�W� ZBC

�Ö��#õ¦´|����õ&%��	É),	­$

®��67z[#N�t
()�+ 

ð Éµu*ý^®�	,C��
� ûq,�t#	L

�xyz[67�}~67:4ZÁ�ÐÀâ�ý^W��+LÉW	�
� û�ä
�j�6&É)��kº67jý

^u*tÉ"	É)��`�Ï�ä
���G�&�e)*+L��tu&	xy�z[Í�»i��
� ûä
��

X�Ét��Qu	É�ä
��E ³¶� �� |}êGLìfü�®�ï�e)�kºä
�t�'ÅqÍ�Ét�

R·e)&%�+ 

ð STM áÔ®��!�"���vh#NB	xyjc�Í�ÓÜª#�e)&$B	ÓÔ	L��q4Qjáâu&%

���WX�+ 

�

���;][^_������^��fse�Dop���

ð STM ,	É)AW¥¦&�*Nµ#	��W�noq,:�o

{¨#vÍ�Nd"J��W�
U��  jpq#Í�Ét®�	

)�#5p��®t*6�+u®u���	&�?Üt��Áã,

Á�#ù�)�+Åf	þ��#ª¢ÞW��Pè�¶\A]tu

& AFM ���)&%*�	«C�L�:;#v(B�s*÷,	

Pè�¶XYtÁã��m#j�p��G�¸	A�L�F`Ï�

pa�QR#e)&%�®õ*+LÉW«C,	AFM #$%&á

ÔÁãm#Õ'e)�no"J��W�p�4QjÎéu&	p�

�yâ�»ªü)*)�*ù AFM�»°W,	$þm�èùtâ

2)��#N�:;j'�õ*+ 

ð STM W�S D�, #3§Í��®tu&	AFM W,áÔ�

Áãm�+=j�6&�p�ý^WX����"Q�¶ý^�X�+

«C�»r#IBåP��,	±n����"Q�¶�ý^WX�+

ò 8 ,	RÝÜ �����ß£�®#$��@�ä P��~W 

ò 7ð Pb�
� û(a)tL�ÖW�4ZÁ4G�ZBC�,+a 
�b�e��f�,�b	d	e����Pè�ú
� 

 

ò 8ð �~�RÝÜ ��~W����"Q�¶
���AFMa 
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RÝÜ áÔjÈ%&ý^e)*���"Q�¶WX�++=�=)*

��W,�ú ã�¯��"pW�Qe)��#?u	°���W,¾

%+=��GjóÍì57Àp�j%&%�co�æ&t)����,

'Å�ì57Àp#N��~RO~  �+°���W AFM aj��

Ét#NB	ì57Àp�FHGjrªu*¾%*m,4qW�noa

jÉ�Ét�W�*[4]+ 

ð A*	_
�"vhJ#$��K�©p�ý^j8Â&	��W�K

��O R��,+jý^Í�J�= Pè�¶®jÖ¶~O	��n

om��¤Ð�#xµAà��O R���Å��15mV�jatu&

j6�Ét#ªá«u&%��ò 9�[5]+A*É��ÂW,	���

�o{¨�®¯j5�s�� STM t	¸�üâ®,µ³�./�X�

�e�¸®¯js��% AFM �L)ú)�ajõõ?��ò 10�®

�	L)AWµ³�Xõ*��noq,�R^#ª�5Í�Ét�W�

*[5]+ 

 

���;]���^����;]�k���0�lcp���

ð ~��J�= Pè�¶®#N�K��O R��ý^j

'µ3#,	�^áÔjÈ%*�µ�±â�ÚW5ÌWX�+

LÉW	���RÝÜ Q Y¦_��AFM �p\ 

ä��#�^¯
¨�jIB��	�\^�®�
� =�

ó�FIB�jIB&XYjÔ{#u��neP	%"%"t

5"µ��%AÍ�	�^áÔ®���Q Y¦_�j��

u&%��ò 11�[6]+ 

ð FIB #N�áÔ>á��,	L�K	%"%"�FWÞ

Èe)	�62	;8��o#áÔjIB��	 ��#�

��%�*� AFM Pè�¶j>áu&%�[7]+ò 12 ,	

>u��ù;8��o#Ôj��& AFM Pè�¶tu*ª

�WX��	ÓÔ,É)j^Ý}ó 3¥_½À STM#Á[

u	½À AFM tu&�>eç&%�[8]+STM # AFM j

7ÀÍ�Ét#Nõ&	�62	ÃÅ�~� ��ê �N

µ#þ��~#àe�Áã�X�7À	A�, AFM A�û

WÁãjáu	#l�*�¶ STM #±BÚ6&FHÏ��

o{¨ý^j'µÉt�pqt��+ 

ò 9ð Ge/Si(105)��W��O R��a�~�t
L�,+��� 

ò 10ð Ge/Si(105)��W� STM�5�9a�T�*�9a�Ö�AFMa�ë� 

ò11ð �^áÔQ
 Y¦_��XY

�Û3.5nm� 

ò 12ð <  "O 
áÔjIB��*>u

��ù;8��o 
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ð A*	~��áÔ>á��,Òãjv(�%Ét®�	�62	�� AFM

áÔj>áu	!�"vh#N��º9�j�Éeç&Zñ~#��!<� 

jp�Ét�W���ò 13�+É�f®,	AFM Ý[ ��~�tâ2)�

�	ÓÔ	'Å,o�©ZÁý^#$��Á�pÒ�®tu&�ÞÈj�PW	

GqS~#IBåPW%�+ 

 

����b�� \8][^_���Ta �

ð STM W,	���noa,É�)�ª��	L�p�¡j��Ét,W�

�%+ª¶"P	S D�, #NB�o{¨#vÍ�LMjÉ�Ét�W�

��	É�)�LM,�ê���9°e#ù�)&$B	p�LM#æó�¬

��9jPè�¶Í�Ét,W��%+LÉW	òE #NB¬��9jc�

u	L)#x%ò�e)�0»�oj STM áÔW��Í�Ét#NB	p�

LMj¾*m,4qWÉNµtÍ��®���jÁæ&%�+ 

ð É�:;,	EýòE:;<=�k�X��ÓÛSpring-8��|�]t�ìí:;W	ý^,l�2���S �ú`

SÝ��=�ó�
 #4¾P* STMjIB��&'õ&%�[9]+1μmÐf� Ni�
� ûq,�Û
Ï#å�u*

ZñjO"SÁãtu	A�, STM áÔ#N�0»�o��#Nõ&§RJ����"J`S��É�)�ÉtjR·

u*+L�K	��Y�K� �E�W� STM Ã[j'%	STM atíJ#0»�oajý^u*tÉ"	��Y¼

~� W�æ Ni �
� û#?Þu*Ü S�"S�0»�oa#

Ó)	É�f®#N�p�,+
U��  �pqGjóu*�ò

14�[10]+ 

STMáÔtu&,	FIB#N�áÔ>á��#NB>áe)*á�

"��áÔjÈ%&%��[11]	�Â7ËNB#Hª�)**m,4

q, 14nm t	áÔXY�á�"��e)&%�%����>1μm�

#õ¦®�Bàe%+É),	°�°Ë#NBáÔ¼�W��avm

�hiu0»�o�üXÏ#ò�e)*Ét#NB	¾%*m,4q

��Óe)*ª�t�6&%�+ÓÔ	e���,4q�S~jÁæ

&$B	Nd"J��W�p�,Ó�®tu&�RÖjÎéu&%�+ 

 

¡��¢£[�

ð u~�Nµ#	§:;^W, STM : AFM jV�"tu&	%"

%"�:;j'õ&�*�	É)�,ª¶"P:;^#Ô\Í��u

*��¢�Ì��Qj,Âstu&	JST :;���ð Ñ�	�.
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13:20�13:40 �� :���°��`� 
)�FÏÁ�4GjóÍ5�Á����½vh{¨#$�� X �78q,
4Ó 

13:40�14:00 �v ?Å�Ñ�FG:� β -(meso-DMBEDT-TTF)2PF6�a�Þ#t�7a���^{¨ 

14:00�14:20 ¾@ ÅA�Ñ�FG:� meso-DMBEDT-TTF��Q�:��¤stt6©ÜÝ 

14:20�14:40 cð  t��Ñ���`�� eA�A��¤Ð�B�#$��)�FZÁ 

14:40�15:00 
�d f_�Ñ�FG:� 
�sð  9�U��`� 

ZÁG�<èR�§ :#$���¤stt6Gt�;À 
�<èR�§ :�)�FZÁ 

  

6>ð h? .��Ñ�FG:�  

15:20�15:40 �sð  ���9`�� nâþ�)�FZÁj�B�� 

15:40�16:00 -^ A��Spring8� �¤stt�¤��"S¦�R�  

16:00�16:20 C� ����Ï�`� ;fÏ�$÷o�57À�o`##�)� 1+1»pG 

16:20�16:40 Ds «��Ñ��`� θ ùÛÕ�θdù(BEDT-TTF)2X��¤st#?Í��7�°Ë�à(7Ñò

  

6>ð $. Õ��FÒ�q�  

16:40�17:00 E� ���°���� Å»pARSþ���)�FZÁt�½��ÓÜ�áâ 

17:00�17:20 �Ck ���ÑU��:� K-TCNQ�)�FZÁt"S�
P!<� Fá 
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×Ø-�

Charge ordering phenomena are ubiquitous in correlated electron systems, but despite its conceptual simplicity 

charge ordering in real materials is poorly understood. In this talk I will first review the concepts and history of 

charge ordering, beginning with Verwey and Wigner in the 1930s. I will then discuss some new charge ordering ma-

terials, Fe2OBO3 and LuFe2O4. Fe2OBO3 is an excellent model system, displaying nearly ideal ionic charge order. 

LuFe2O4, on the other hand, is a poor model system, but nevertheless displays rich physics, including the appearance 

of ferroelectricity as a result of charge ordering. These new materials will be compared with the prototypical material 

Fe3O4 (magnetite), which is still poorly understood despite nearly 70 years of study. 

The talk will be mostly based on the following 3 papers: 

[1] Christianson AD, Lumsden MD, Angst M, et al. Phys. Rev. Lett. 100, 107601 (2008). 

[2] Angst M, Hermann RP, Schweika W, et al. Phys. Rev. Lett. 99, 256402 (2007). 

[3] Angst M, Khalifah P, Hermann RP, et al. Phys. Rev. Lett. 99, 086403 (2007). 
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�¯]#Õ8Ô�QÈÉÍÆÍ$Í�(<<%Ô�#(Ë\ßÖà;Ô��«ª®*Ô�ÓÀ<ÈÁ)%<Ô�;À'È=<±�

ÏÐ-\áÆÈ�\$á<ÀÂ%$ÆÇÆÍÎ�'ÈÇ�#ÁÑ<À<ÈÍ�\áÆÈ�9À<=<ÉÉÆÁÈ�"&ÁÈÇÁÈ�9ÀÆâ<�&<=Í$À<��

×Ø-�

The spontaneous phase coherent precession of the magnetization in superfluid 3He-B was discovered in 1984 in the 

Kapitza Institute, Moscow {A. Borovik-Romanov, Yu. Bunkov, V. Dmitriev, and Yu. Mukharskiy, JETP~Lett.~ 40, 

1033 (1984). and was explained theoretically as a direct manifestation of spin supercurrent {I. Fomin, JETP~Lett.~ 

40, 1037 (1984).}. The latter is a magnetic counterpart of mass superfludity and superconductivity. It is also an ex-

ample of the Bose Einstein Condensation of spin-wave excitations or magnons. The coherent spin precession opened 

the way for observation and studies of the other phenomena owing its origin to the spin supercurrent, such as spin 

flow along the channel, phase slips at critical value of spin supercurrent, spin-current Josephson effect, spin-current 

vortices, nontopological solitons (analogous to Q-balls in high energy physics) etc. New measuring techniques based 

on coherent spin precession made possible to observe other novel phenomena in 3He superfluids, such as a mass 

vortex terminating on a soliton sheet, the Goldstone mode of the mass vortex with non-axisymmetric core in 3He-B 

etc. Recently, in ISSP, Kashiwa, Japan, the state with coherent precession of magnetization was found in 3He-A in 

squeezed aerogel. 

��!"»Ë~Ì�
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ý^��e)	A*Å.�p�W�2>åS�&�e)&%�+ 
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WX� CaIrO3���Ý�j�[Í�t	r56G�^3j
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[1] M. Murakami, K. Hirose, K. Kawamura, N. Sata, Y. Ohishi: Science, 304, 855 (2004). 

[2] K. Ohgushi, Y. Matsushita, N. Miyajima, Y. Katsuya, M. Tanaka, F. Izumi, H. Gotou, Y. Ueda, T. Yagi: Phys. Chem.  

Minerals, 35, 189 (2008). 

[3] K. Ohgushi, H. Gotou, T. Yagi, Y. Kiuchi, F. Sakai, Y. Ueda: Phy. Rev. B, 74, 241104 (2006). 
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The quantization of electronic states in thin metallic films is now well-established, having been observed in a 

number of systems including films on metal as well as semiconductor substrates. The impact of this quantization on 

the films' physical properties has been demonstrated in a number of studies, including the dependence on thickness 

of films' thermal stabilities, work functions, and superconducting transition temperatures. In the simplest model, the 

electrons are confined to the film by the substrate and vacuum interfaces, which act as mirrors to reflect the elec-

trons back into the film, resulting in discrete standing-wave states. In this picture, the substrate forms a reflecting 

barrier due to a mismatch of electronic structures between it and the overlayer. This talk will present photoemission 

results from a variety of thin-film systems that show more interesting electronic structures due to interactions with 

the substrate and interface. The systems studied highlight various effects, including interfacial scattering and dif-

fraction, hybridization of film and substrate states, and the formation of a composite quantum well from a thin me-

tallic film on a semiconductor substrate. In the latter case, the semiconductor depletion region forms part of the 

quantum well system via coherent coupling between the film and substrate electronic states.  

 

In collaboration with S. J. Tang, N. J. Speer, Y. Liu, D. Ricci, M. Upton, L. Basile, S.-L. Chang, Y.-R. Lee, and T. 

Miller 
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Unconventional semiconductor FeSb2 is shown to be a good model material to study new aspects of Kondo Insulator 

physics in transition metal compounds with 3d ions I will present study of structural, thermodynamic magnetic and 

electrical transport properties starting from the early anisotropy study in high quality crystals, and ending with a 

recent discovery of colossal magnetoresistance in Fe1-xCoxSb2. This will be followed by brief overview of some recent 

advances in our understanding of CeCoIn5 and other projects at BNL. 
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References: H. Noguchi and G. Gompper, PRL 93, 258102 (2004); PRE 72, 011901 (2005); PNAS 102, 14159 (2005); 

PRL 98, 128103 (2007). 
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