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&RPSXWHU
PRGHOOLQJ�RI
FDUERQ�

QDQRPDWHULDOV�



1DQR6FDOH



1DQR6FDOH�
KWWS���VFLHQFH�HQHUJ\�JRY�a�PHGLD�EHV�LPDJHV�VFDOH�RI�WKLQJV���PD\���MSJ



1DQRWHFKQRORJ\��VPDOOHVW�WHFK����
Ɣ1DQRWHFKQRORJ\�LV�WKH�PDQLSXODWLRQ�RI�PDWWHU�RQ�
DQ�DWRPLF�DQG�PROHFXODU�VFDOH��:LNLSHGLD���

http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Molecular


KRZ�VPDOO�FDQ�ZH�VHH"�

Ɣ7R�PRYH�DQ\�REMHFW��ZH�KDYH�WR�NQRZ�ZKHUH�
LW�LV��SRVLWLRQ�LQ�VSDFH��

ƔFDQ�ZH�VHH�DWRPV"�

Ɣ�$UH�WKHUH�JRRG�HQRXJK
�PLFURVFRSHV"�



KRZ�VPDOO�FDQ�ZH�VHH"�

ƔFDQ�ZH�VHH�DWRPV�ZLWK�D�PLFURVFRSH"�
ż8VLQJ�OLJKW�12��EHVW�UHVROXWLRQ�ZLWK�YLVLEOH�OLJKW�����QP��DWRP�a���QP��

Ɣ%XW�ZH�FDQ��IHHO�WKHP��OLNH�EOLQG�SHRSOH�UHDGLQJ�EUDLOOH�

Ɣ (OHFWURQ�PLFURVFRS\�
Ŷ (OHFWURQV�VPDOOHU�ZDYHOHQJWK�WKDQ�OLJKW�
Ŷ KLJKHU�UHVROXWLRQ��



6WDUW�RI�1DQRWHFKQRORJ\

Ɣ ,Q������VLQJOH�DWRPV�FRXOG�EH�GLUHFWO\�LPDJHG�IRU�WKH�ILUVW�
WLPH�ZLWK�6FDQQLQJ�7XQQHOLQJ�0LFURVFRS\��670�

Ɣ+8*(�%5($.7528*+��*HUG�%LQQLJ�DQG�+HLQULFK�
5RKUHU��1REHO�3UL]H�RI�3K\VLFV�VDPH�\HDU�

Ɣ9HU\�JRRG�'HVFULSWLRQ�
�KWWS���ZZZ�QREHOSUL]H�
RUJ�QREHOBSUL]HV�SK\VLFV�ODXUHDWHV������SUHVV�KWPO

http://en.wikipedia.org/wiki/Gerd_Binnig
http://en.wikipedia.org/wiki/Heinrich_Rohrer
http://en.wikipedia.org/wiki/Heinrich_Rohrer
http://en.wikipedia.org/wiki/Heinrich_Rohrer
http://www.nobelprize.org/nobel_prizes/physics/laureates/1986/press.html
http://www.nobelprize.org/nobel_prizes/physics/laureates/1986/press.html
http://www.nobelprize.org/nobel_prizes/physics/laureates/1986/press.html


6FDQQLQJ�WXQQHOLQJ�0LFURVFRS\�

ƔD�PHFKDQLFDO�GHYLFH�LV�
XVHG�WR�VHQVH�WKH�
VWUXFWXUH�RI�D�VXUIDFH�OLNH�
EUDLOOH�UHDGLQJ��WKH�
UHDGHU
V�ILQJHUV�WKDW�
GHWHFW�WKH�LPSUHVVHG�
FKDUDFWHUV���

Ɣ WKH�VXUIDFH�LV�WUDYHUVHG�
E\�D�SUREH�D�GLVWDQFH�
IURP�WKH�VXUIDFH��WR�QRW�
DOWHU�LW��WKH�YHUWLFDO�
PRYHPHQW�RI�ZKLFK�LV�
UHFRUGHG��



7KH�ZRUOG�VPDOOHVW�FRUSRUDWH�ORJRO

'�0��(LJOHU��(�.��6FKZHL]HU��3RVLWLRQLQJ�VLQJOH�DWRPV�
ZLWK�D�VFDQQLQJ�WXQQHOLQJ�PLFURVFRSH��1DWXUH������
���������������

�����±��ILUVW�WR�
FRQWUROODEO\�
PDQLSXODWH�
LQGLYLGXDO�
DWRPV�RQ�D�
VXUIDFH��XVLQJ�WKH�
670�VSHOO�RXW�
³,�%�0´�E\�
SRVLWLRQLQJ����
[HQRQ�DWRPV�
>RQ�D�1LFNHO�������
VXUIDFH@670��LPDJHV��JULG�GDWD�RI�WKH�VXUIDFH



FDUERQ�
PDWHULDOV�

&DUERQ�0DWHULDOV
*UDSKLWH



*UDSKLWH
Ɣ7+(�FDUERQ�0LQHUDO�
ż 7KHUPRG\QDPLFDOO\�WKH�PRVW�VWDEOH�IRUP�RI�FDUERQ

Ŷ :K\�LW�LV�IRXQG�LQ�ODUJH�TXDQWLWLHV�LQ�QDWXUH
Ŷ GLDPRQG�WXUQV�LQWR�JUDSKLWH�LI�\RX�ZDLW�

�JHRORJLFDOO\�WLPHVFDOH��H[WUHPHO\�VORZO\����

0DQ\�WHFKQRORJLFDO�DSSOLFDWLRQV��KLVWRULFDO�DQG�FRQWHPSRUDU\��

��SHQFLOV�
��HOHFWULFDO�DSSOLFDWLRQV��ODPSV��HOHFWURGHV��ILUVW�VSHDNHUV�DQG�
PLFURSKRQHV����



*UDSKLWH�6WUXFWXUH

/D\HUHG�VWUXFWXUH��FDUERQ��VS����OD\HUV������QP�DSDUW
7KH�PRVW�VWDEOH�IRUP�RI�FDUERQ�



*UDSKLWH�VXUIDFH�

Ɣ$WRPLF�UHVROXWLRQ�670�LPDJH��HDV\�WR�GR�LQ�JUDSKLWH��



FDUERQ�
PDWHULDOV�

&DUERQ�
1DQR0DWHULDOV
)XOOHUHQH���&��



&DUERQ�QDQRWHFKQRORJ\�VWDUWHG�LQ�
VSDFH��LQ�������
Ɣ5DGLR�WHOHVFRSHV�GHWHFWHG�VWUDQJH�FKDLQV�RI�FDUERQ�
�ELOOLRQV�RI�NLORPHWUHV�DZD\�LQ�VSDFH��

Ɣ$�FKHPLVWW\��+DUU\�.URWR��WKRXJKW�WKHVH�FKDLQV�PLJKW�IRUP�LQ�
FRQGLWLRQV�WKDW�DUH�IRXQG�QHDU��UHG�JLDQW��VWDUV��>6FLHQFH�
LV�$0$=,1*�LVQ
W�LW"@

Ɣ+H�YLVLWHG�DQ�DPHULFDQ�/DERUDWRU\��RI�5LFKDUG�6PDOOH\�DQG�
5REHUW�&XUO��

Ɣ([SHULPHQW�WR�FUHDWH�KLJK�WHPSHUDWXUH�FRQGLWLRQV�LQ�WKH�
ODERUDWRU\��VLPLODU�WR�WKRVH�QHDU��UHG�JLDQW��VWDUV��7KH\�YDSRULVHG�
JUDSKLWH�ZLWK�D�SRZHUIXO�ODVHU�LQ�DQ�DWPRVSKHUH�RI�KHOLXP�JDV�

http://www.science.org.au/nova/024/024print.htm#red%20giant%20star
http://www.science.org.au/nova/024/024print.htm#red%20giant%20star


%XFN\EDOOV�KLVWRU\�

Ɣ7KH\�GLG�PDVV�VSHFWUD�RI�WKH�VDPSOH�DQG�IRXQG�D�YHU\�ODUJH�SHDN�IRU����&�
DWRPV��ZLWK�DQRWKHU�VPDOOHU�IRU����&�DWRPV����1DWXUH����������

���&DUERQ�DWRPV��%XW�WKHUH�ZHUH�QRW�
NQRZQ�PROHFXOHV�ZLWK����&�DWRPV����

http://www.naturejpn.com/hot4-j.html
http://www.naturejpn.com/hot4-j.html
http://www.naturejpn.com/hot4-j.html


)LQGLQJ�WKH�VWUXFWXUH��KRZ�WKH�DWRPV�
DUH�FRQQHFWHG�LQ�WKH�PROHFXOH�"

ł 7KH\�DVVXPHG�WKH�PROHFXOH�ZDV�VSKHULFDO��DV�LW�ZDV�FKHPLFDOO\�YHU\�VWDEOH��
QRW�GDQJOLQJ�ERQGV��DQG�KDYH�RQO\�FDUERQ���

ł 0DGH�D�SDSHU�PRGHO�E\�FXWWLQJ�RXW�SHQWDJRQV�DQG�
KH[DJRQV�LQ�ZKLFK�KH�WULHG�WR�JOXH�WKHP�WRJHWKHU�VR�WKDW�
WKH�ILJXUH�KDG����YHUWLFHV�����DWRPV���

ł DQG����GD\V�ODWHU���



)XOOHUHQHV

)XOOHUHQH�&����QP�GLDPHWHU�VSKHULFDO�PROHFXOH

WKH�1$12�IRRWEDOO�EDOO��

6PDOOH\�IRXQG�D�VSKHUH��PDGH�RXW�RI����SHQWDJRQV�
LQWHUORFNLQJ����KH[DJRQV��WR�PDNH�D�IRRWEDOO�EDOO��



ł 6PDOOH\�IRXQG�WKH�&���VWUXFWXUH�LQ����GD\V�

ł �ZDV�KH�OXFN\"�<(6���WKHUH�DUH������
SRVVLELOLWLHV�WR�PDNH�RWKHU�&���PROHFXOHV��&���LV�
MXVW�WKH�PRVW�V\PPHWULFDO�RQH��

ł 1REHO�SUL]H�IRU�&KHPLVWU\��������

7KH�)XOOHUHQH�'LVFRYHU\�7HDP�LQ�IURQW�RI�WKH�6SDFH�6FLHQFH�
%XLOGLQJ�DW�5LFH�8QLYHUVLW\��6KRZQ�IURP�OHIW�WR�ULJKW��6HDQ�2¶
%ULHQ��5LFKDUG�6PDOOH\��5REHUW�&XUO��+DUU\�.URWR�DQG�-DPHV�
+HDWK�



)XOOHUHQHV�PLFURVFRSH"

Ɣ �)XOOHUHQH�GLIILFXOW�WR�VHHQ�LQ�PLFURVFRS\�DW�DWRPLF�
UHVROXWLRQ��JRRG�IRU�UHJXODU�IODW�VXUIDFHV�



FDUERQ�
PDWHULDOV�

&DUERQ�
1DQR0DWHULDOV
*UDSKHQH



*UDSKHQH�6WUXFWXUH

/D\HUHG�VWUXFWXUH��FDUERQ�VS���OD\HUV������QP�DSDUW��JUDSKHQH�
��DWRP�WKLFN��'�PDWHULDOV��3K\VLFV�13������

*5$3+(1(

*5$3+(1(

*5$3+(1(



7KH�ILQGLQJ�RI�JUDSKHQH
*UDSKHQH��!�JUDSKLWH�ZLWK�RQO\���OD\HU�
,Q�������JUDSKHQH�ZDV�REWDLQHG�ILUVW�E\�PHFKDQLFDO�H[IROLDWLRQ�RI�JUDSKLWH��7KH\�XVHG�
6FRWFK�WDSH�WR�UHSHDWHGO\�VSOLW�JUDSKLWH�FU\VWDOV�LQWR�LQFUHDVLQJO\�WKLQQHU�SLHFHV��7KH�WDSH�
ZLWK�DWWDFKHG�RSWLFDOO\�WUDQVSDUHQW�IODNHV�ZDV�GLVVROYHG�LQ�DFHWRQH�DQG��DIWHU�D�IHZ�IXUWKHU�
VWHSV��WKH�IODNHV�LQFOXGLQJ�PRQROD\HUV�ZHUH�VHGLPHQWHG�RQ�D�6L�ZDIHU��,QGLYLGXDO�DWRPLF�
SODQHV�ZHUH�WKHQ�KXQWHG�LQ�DQ�RSWLFDO�PLFURVFRSH��)LUVW�RI�D�VHULHV�RI�VFLHQFH�DQG�QDWXUH�
SDSHUV�RQ�WKH�WRSLF����

6FRWFK�WDSH"��HDV\�
RQO\�����"�ZK\"

%HFDXVH�EHIRUH�LW�ZDV��LPSRVVLEOH��
ZDV�LW�UHDOO\�LPSRVVLEOH"��



ZK\�LW�ZDV�LPSRVVLEOH"

Ɣ7KHRUHWLFDO�3K\VLFV�VD\��SHUIHFW�WZR�GLPHQVLRQDO�
FU\VWDOV�FDQQRW�H[LVW�LQ�WKH�IUHH�VWDWH��

,

([SHULPHQWDO�SK\VLFV��H[IROLDWHG�JUDSKLWH�
ZDV���DWRP�WKLFN��+RZ�GRHV�LW�FRPH"�

+2:"�



JUDSKHQH�VWUXFWXUH

Ɣ4XDQWXP�FKHPLVWU\�
SUHGLFWV�JUDSKHQH�WR�EH�
)/$7�

ƔRQGXODWHG�ZDY\�
VWUXFWXUH�

Ɣ LW�LV�QRW��'�EXW��'��



&DUERQ�QDQRPDWHULDOV

�

%XFN\EDOO
&DUERQ�
1DQRWXEH *UDSKLWH

�

*UDSKHQH�

&RPPRQ
FKHPLFDO
EULFNV�
�&VS���
�
7KH\�DOO�DUH�
URXWLQHO\�
V\QWKHVL]HG��



5HVHDUFK�LQ�FDUERQ�QDQRPDWHULDOV��XS�������
Ɣ )XOOHUHQHV��GLVFRYHUHG�������!�������UHVHDUFK�DUWLFOHV�
Ɣ&DUERQ�QDQRWXEHV��GLVFRYHUHG�������!��������DUWLFOHV�
Ɣ*UDSKHQH��GLVFRYHUHG��������!�������DUWLFOHV�
'LVFRYHUHG� �&OHDUO\�REVHUYHG�

7ZR�QREHO�SUL]HV��FKHPLVWU\��������DQG�SK\VLFV�������

��KXQGUHG�WKRXVDQG�35�SDSHUV��LQ����
\HDUV��H[WUHPHO\�DFWLYH�ILHOGV�RI�UHVHDUFK��ZK\"�

+,*+�7(&+12/2*,&$/�327(17,$/�IRU�
1$127(&+12/2*<�
DQG�WKH\�DUH�GLIILFXOW�DQG�IXQ�



&DUERQ�1DQR7HFKQRORJ\��6FL�)L"�
7KH�1DQRUDGLR
$�IHZ�DPD]LQJ�GHYLFHV�KDYH�DSSHDUHG�UHFHQWO\�LQ�
OLWHUDWXUH�LQYROYLQJ�WKH�3URIHVVRU�=HWOO�JURXS�LQ�%HUNHOH\�
DQG�FDUERQ�1DQRWXEHV��6SHFLDOO\�VWULNLQJ��WKH�QDQRUDGLR�
�.��-HQVHQ��-��:HOGRQ��+��*DUFLD��DQG�$��=HWWO���1DQR�
/HWWHUV��������������������������D�IXOO\�IXQFWLRQDO�IXOO\�
LQWHJUDWHG�UDGLR�UHFHLYHU�PDGH�ZLWK�D�VLQJOH�QDQRWXEH�



QDQRGHYLFHV
�*RRG�YLEUDWLRQV������9,'(2��

http://www.youtube.com/watch?v=htpCovoRtn0


1DQRUDGLR�'HWDLOV

:H�KDYH�FRQVWUXFWHG�D�IXOO\�IXQFWLRQDO��IXOO\�LQWHJUDWHG�UDGLR�
UHFHLYHU��RUGHUV�RI�PDJQLWXGH�VPDOOHU�WKDQ�DQ\�SUHYLRXV�UDGLR��
IURP�D�VLQJOH�FDUERQ�QDQRWXEH��7KH�VLQJOH�QDQRWXEH�VHUYHV��
DW�RQFH��DV�
ƔDQWHQQD
Ɣ WXQHU
ƔDPSOLILHU
ƔGHPRGXODWRU

�7KH�DQWHQQD�DQG�WXQHU�DUH�LPSOHPHQWHG�LQ�D�UDGLFDOO\�GLIIHUHQW�
PDQQHU�WKDQ�WUDGLWLRQDO�UDGLRV��UHFHLYLQJ�VLJQDOV�YLD�KLJK�
IUHTXHQF\�PHFKDQLFDO�YLEUDWLRQV�RI�WKH�QDQRWXEH�UDWKHU�WKDQ�
WKURXJK�WUDGLWLRQDO�HOHFWULFDO�PHDQV��



&DUERQ�1DQRWHFKQRORJ\��127�6FL)L��
HYHU\GD\�OLIH"��
1DQRUDGLR��DPD]LQJ��\HW�SURRI�RI�FRQFHSW��L�H��H[SHULPHQW�
VKRZV�LW�FDQ�EH�GRQH��EXW�LW�LV�9(5<�',)),&8/7�WR�GR�VR���

LQGXVWULDOO\�SURGXFHG"�12��WR�WKH�EHVW�RI�P\�NQRZOHGJH��������

Ɣ)XOOHUHQHV�XVHG�IRU�SODVWLF�VRODU�FHOOV��QRW�FRPPHUFLDOO\�
\HW����

Ɣ1R�UHDO�ZRUOG�DSSOLFDWLRQ�IRU�JUDSKHQH��KLJK�SRWHQWLDO�IRU�
QDQRHOHFWURQLFV��JUDSKHQLXP�LQVLGH���

Ɣ&DUERQ�QDQRWXEHV�DUH�IRU�UHLQIRUFLQJ�&20326,7(�PDWHULDOV�
�OLNH�FDUERQ�ILEHUV�

Ɣ$//�2)�7+(0�FDQ�EH�XVHG�)25�0$5.(7,1*��



:K\�QRW�LQGXVWULDO�DSSOLFDWLRQV�\HW"�

Ɣ&DUERQ�QDQRWHFKQRORJ\�LV�YHU\�GLIILFXOW�
ż SROLGLVSHUVLW\��LQWULQVLF��
ŶDOO�PDWHULDOV�PDGH�ZLWK�VDPH�EXLOGLQJ�EORFNV��&VS���
ŶGLIILFXOW�WR�SURGXFH�FRQWUROOHG�PDWHULDOV�
Ŷ FKDUDFWHUL]DWLRQ�SUREOHPV
ŶSURGXFW�VHSDUDWLRQ�SUREOHPV�

Ɣ1R�VROXWLRQ�\HW�����
Ɣ ,W�QHHGV�FRPSOH[�-2,17�H[SHULPHQWDO�DQG�WKHRUHWLFDO�
WHFKQLTXHV�DQG�DQDO\VLV�*22'�)25�0(�



1DQRWHFKQRORJ\���127�&$5%21�
XVH�,QIRUPDWLRQ�6WRUDJH�
�&XUUHQWO\�LPSUDFWLFDO��IXWXUH���

Ɣ 7UDGLWLRQDO�KDUG�GLVNV�RQH�ELW�RI�GDWD�LQ�DERXW���PLOOLRQ�DWRPV��
Ɣ $WRPLF�VFDOH�PDJQHWLF�PHPRU\�����,URQV�DWRPV�



3UHVHQW��FDSLOODULW\�RI�LQIRUPDWLRQ���
6PDOOHVW�3HULRGLF�WDEOH�RQ�D�KDLU������
�

������PP

������PP 2Q�D�KXPDQ�KDLU����-2.(



�0\��5HDO�5HVHDUFK

(OHFWURQLF�DQG�PHFKDQLFDO�
SURSHUWLHV�RI�FDUERQ�
QDQRPDWHULDOV�



40�VRIWZDUH�IRU�FDUERQ�QDQRPDWHULDOV�

Ŷ4XDQWXP�FKHPLVWU\�PRGHOV�DUH�EDVHG�RQ�PDWULFHV
Ŷ0DWULFHV�KDYH�VL]HV�SURSRUWLRQDO�WR�WKH�VTXDUH�RI�WKH�
QXPEHU�RI�HOHFWURQV

Ŷ&�KDV���HOHFWURQV��EXW�PRVW�LQWHUHVWLQJ�SURSHUWLHV�
GHSHQG�RQO\�RQ���HOHFWURQ



�

2UELWDOV�RI�������&��H���JUDSKHQH�IODNH�

+202 /802
(DFK�'27�LQ�JUDSK�LV�$1�$720����
%DOOV�UHSUHVHQW�UHDFWLYH�HOHFWURQV��!�WKHVH�ERUGHUV�DUH�
YHU\�UHDFWLYH��,03266,%/(�:,7+�0267�62):$5(



40�VRIWZDUH�IRU�FDUERQ�QDQRPDWHULDOV�

Ŷ��HOHFWURQ�PDWULFHV�DUH�����WK�LQ�VL]H�VR�DOORZ�IRU�ODUJHU�VL]HV
ż6WLOO��PHPRU\�XVH��H[SOLFLW�IXOO�PDWUL[��

Ŷ����&�DWRPV��HOHFWURQV����!�������*%�PHPRU\��'RQH�
Ŷ����&�DWRPV��HOHFWURQV����!����*%�PHPRU\��GRDEOH�
Ŷ����&�DWRPV��HOHFWURQV����!������*%��



+3&�SURMHFWV�LQ�40�RI�FDUERQ�

Ɣ &RPSXWLQJ�KXJH�V\VWHPV�ZLWK�40�
ż 0DWUL[�IUHH�SURMHFW��/DQ]FRV���+XJH�40�V\VWHPV�ZLWKRXW�

PDWULFHV�>ODVW�\HDU��QRW�ZRUNLQJ��RQO\�LI�\RX�UHDOO\�OLNH�
0DWKV���@

ż $OWHUQDWLYH�PHWKRGRORJLHV��
Ŷ 6SDUVH�PDWUL[�OLEUDULHV
Ŷ )UHH�PDWUL[�OLEUDULHV�

Ɣ )DVWHU�SHUIRUPDQFH���
ż *38�&8'$��GLDJRQDOL]DWLRQ�OLEUDULHV
ż ,QWHO�3+,���0./�LQVLGH�3+,�



&RPSXWHU�PRGHOV�DLG�
&203/(;�H[SHULPHQWV�

�'�VWUXFWXUH�RI�*UDSKHQH��RQ�
JRLQJ�YHU\�SUHOLPLQDU\�



0ROHFXODU�G\QDPLFV���'�VWUXFWXUH�RI�
*UDSKHQH
Ɣ)URP�0DVWHU�VWXGHQWV�ZRUN��,�PRGLILHG�0'�SURFHGXUH�WR�
PDNH�YHU\�IDVW�FDOFXODWLRQV�IRU�JUDSKHQH��

Ɣ6WDEOH�ZDY\�VWUXFWXUH�DW�URRP�WHPSHUDWXUH����������DWRPV�
IRU���QV������LWHUDWLRQV��LQ����KRXUV���

Ɣ6WLOO�35(/,0,1$5<��IRU�WKH�ODVW�WZR�\HDUV���



9LUWXDO�LQ�VLOLFR�H[SHULPHQWV�

�([SHULPHQWV�WKDW�DUH�
WHFKQLFDOO\�YHU\�GLIILFXOW�

LI�QRW�LPSRVVLEOH�



1DQRQR]]OHV�9LUWXDO�([SHULPHQWV�
/LTXLG��$UJRQ��DW�KLJKW�SUHVVXUH�WURXJK�FDUERQ�QDQRWXEH�
QR]]OH��0ROHFXODU�G\QDPLFV�1$12�)/8,',&6�

,�:527(�P\�RZQ�0'�VRIWZDUH�WR�GR�WKLV�
9HU\�FKDOOHQJLQJ�DOJRULWKPV�DQG�SK\VLFV��9,'(2�

Ɣ��\HDUV�SURJUDPPLQJ
Ɣ��ZHHNV�VLPXODWLRQV�
Ɣ��1DQR/HWWHUV�



(MHFWLRQ�'\QDPLFV�RI�D�6LPSOH�/LTXLG�IURP�,QGLYLGXDO�&DUERQ�
1DQRWXEH�1R]]OHV
0DQXHO�0HOOH�)UDQFR�Â¬DQG�)UDQFHVFR�=HUEHWWRÂ¬1DQR�/HWW����������������
SS����±���
0ROHFXODU�G\QDPLFV�VLPXODWLRQV�VKRZ�WKDW�WKH�IORZ�RI�D�KLJK�SUHVVXUL]HG�DWRPLF�OLTXLG�LQVLGH�FDUERQ�
QDQRWXEH�³SLSHWV´�RFFXUV�LQ�RQH�DWRP�WKLFN�ZHOO�GHILQHG�ODPLQDH��)OX[HV�DQG�YHORFLWLHV�DW�HMHFWLRQ�DUH�D�
IXQFWLRQ�RI�WKH�LQOHW�GLDPHWHU�DQG�WKH�W\SH�RI�RXWOHW��,Q�WKH�FRQGLWLRQV�LQYHVWLJDWHG�KHUH��WKH�IRUFH�RI�WKH�
HMHFWHG�OLTXLG�LV�VLPLODU�LQ�YDOXH�WR�WKDW�RI�ELRPRWRUV��ZKLOH�WKH�RXWSXW�SHU�VHFRQG�LV�RI�WKH�RUGHU�RI�

SLFROLWHUV��

#nl060154yAF1
#nl060154yAF2
#nl060154yAF3
#nl060154yAF1
#nl060154yAF3
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