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6SHFWURVFRS\���WKH�VWXG\�RI�WKH�PROHFXODU�FKDQJHV�LQGXFHG�E\�WKH�LQWHUDFWLRQ�RI
FKHPLFDO�FRPSRXQGV�ZLWK�YDULRXV�UHJLRQV�RI�WKH�HOHFWURPDJQHWLF�VSHFWUXP��

7KH�(OHFWURPDJQHWLF�6SHFWUXP�

7KH�5HODWLRQVKLS�%HWZHHQ�:DYHOHQJWK��)UHTXHQF\�DQG�(QHUJ\�

:DYHOHQJWK�DQG�IUHTXHQF\�DUH�LQYHUVHO\�UHODWHG�E\�WKH�HTXDWLRQ
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ZKHUH� =�ZDYHOHQJWK�LQ�FP�

� �VSHHG�RI�OLJKW��������[�����FP�VHF�c
 �IUHTXHQF\�LQ�KHUW]�

$V�QRWHG�LQ�WKH�ILJXUH�DERYH��WKH�HOHFWURPDJQHWLF�VSHFWUXP�LV�DUELWUDULO\�GLYLGHG�LQWR
YDULRXV�UHJLRQV��ZLWK�WKH�IDPLOLDU�YLVLEOH�UHJLRQ�DFFRXQWLQJ�IRU�RQO\�D�VPDOO�SRUWLRQ�RI�WKH
RYHUDOO�VSHFWUXP���IURP�����[������FP�WR�����[������FP���
(OHFWURPDJQHWLF�HQHUJ\�LV�WUDQVPLWWHG�RQO\�LQ�GLVFUHWH�HQHUJ\�SDFNHWV��RU�TXDQWD��ZKHUH�WKH
DPRXQW�RI�HQHUJ\�FRUUHVSRQGLQJ�WR���TXDQWXP�RI�HQHUJ\���RU���SKRWRQ���RI�D�JLYHQ
IUHTXHQF\�LV�H[SUHVVHG�E\�WKH�HTXDWLRQ
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5HJLRQV�RI�WKH�(OHFWURPDJQHWLF�6SHFWUXP�WKDW�DUH�PRVW�XVHIXO�IRU�WKH
6WUXFWXUDO�'HWHUPLQDWLRQ�RI�&KHPLFDO�&RPSRXQGV

gamma      x-ray infrared  radio

ultraviolet visible vibrational
infrared

Nuclear
Magnetic
Resonance

200 nm 400 nm 700 nm 1.5 µ       15µ 1m            5m       
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6WUXFWXUDO ,QIRUPDWLRQ REWDLQHG DERXW &KHPLFDO &RPSRXQGV
IURP 9DULRXV )RUPV RI 6SHFWURVFRS\

8OWUDYLROHW�YLVLEOH 6SHFWURVFRS\ �89�9,6� � SUHVHQFH DQG QDWXUH RI FRQMXJDWHG SL HOHFWURQ V\VWHPV

0DVV 6SHFWURVFRS\ �06� � PROHFXODU VL]H DQG IRUPXOD

,QIUDUHG 6SHFWURVFRS\ �,5� � IXQFWLRQDO �UHDFWLYH� FKHPLFDO JURXSV SUHVHQW

1XFOHDU 0DJQHWLF 5HVRQDQFH 6SHFWURVFRS\ �105� � FDUERQ�K\GURJHQ IUDPHZRUN RI PROHFXOHV

8OWUDYLROHW � 9LVLEOH 6SHFWURVFRS\

�� :KDW SRUWLRQ RI WKH HOHFWURPDJQHWLF VSHFWUXP FRQVWLWXWHV WKH XOWUDYLROHW�YLVLEOH UHJLRQ"

89 JRHV IURP ��� QP WR ��� QP

9,6 JRHV IURP ��� QP WR ��� QP

�� :KDW PXVW D PROHFXOH SRVVHVV WR DEVRUE UDGLDWLRQ LQ WKLV UHJLRQ RI WKH VSHFWUXP"

&KURPRSKRUHV �� GLVWLQFWLYH ERQGLQJ DUUDQJHPHQWV ZLWK HOHFWURQV WKDW DUH HDVLO\ H[FLWHG�
XVXDOO\ FRQMXJDWHG GRXEOH ERQGV� GRXEOH ERQGV FRQMXJDWHG ZLWK FDUERQ\O JURXSV� RU
DURPDWLF ULQJV�
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�� :KDW KDSSHQV ZKHQ FKURPRSKRUHV RI D PROHFXOH DEVRUE XOWUDYLROHW RU YLVLEOH UDGLDWLRQ"

([FLWDWLRQ RI HOHFWURQV IURP D JURXQG VWDWH WR DQ H[FLWHG VWDWH�
)RU H[DPSOH�
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�� +RZ GR ZH PHDVXUH WKH DEVRUSWLRQ RI XOWUDYLROHW RI YLVLEOH UDGLDWLRQ E\ FKURPRSKRUHV LQ D
PROHFXOH"

�� :KDW GRHV WKH XOWUDYLROHW�YLVLEOH DEVRUSWLRQ VSHFWUXP RI D PROHFXOH ORRN OLNH"

�� :K\ LV WKH DEVRUSWLRQ EDQG EURDG �RFFXUV RYHU D UHODWLYHO\ ZLGH ZDYHOHQJWK UDQJH�"

�� :KDW LV WKH UHODWLRQVKLS EHWZHHQ WKH VWUXFWXUH RI WKH PROHFXOH DQG WKH ZDYHOHQJWK ZKHUH
PD[LPDO DEVRUSWLRQ RFFXUV"

�� $ ELRORJLFDO H[DPSOH LOOXVWUDWLQJ WKH UROH RI WKH DEVRUSWLRQ RI YLVLEOH OLJKW LQ YLVLRQ�

β�FDURWHQH �� LWV VWUXFWXUH DQG XOWUDYLROHW�YLVLEOH DEVRUSWLRQ VSHFWUXP

E�FDURWHQH

9LWDPLQ�$ ���FLV�9LWDPLQ�$ ���FLV�5HWLQDO

5KRGRSVLQ

0HWDUKRGRSVLQ�,,
�

1HUYH�,PSXOVH
WUDQV�5HWLQDO

7KH YLVXDO F\FOH� WKH DFWXDO VHULHV RI HYHQWV LV PRUH FRPSOLFDWHG WKDQ WKH GLDJUDP LQGLFDWHV�
LQYROYLQJ VHYHUDO LQWHUPHGLDWH VWHSV LQ WKH OLJKW�LQGXFHG FRQYHUVLRQ RI UKRGRSVLQ LQWR PHWDUKRGRSVLQ
,,



$Q�,QWURGXFWLRQ�WR�,QIUDUHG�6SHFWURVFRS\

7KH�ZDYHOHQJWK��RU�ZDYHQXPEHU�RI�LQIUDUHG�OLJKW�DEVRUEHG�FRUUHVSRQGV�WR�IUHTXHQFLHV�RI
PROHFXODU�YLEUDWLRQV�

�������������������
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N�LV�WKH�IRUFH�FRQVWDQW��WKH�YDULDEOH�ZKLFK�FKDUDFWHUL]HV�WKH�VWLIIQHVV�RI�WKH�VSULQJ���,I�N�LV
ODUJH�WKH�VSULQJ�LV�D�VWURQJ�RQH��LI�N�LV�VPDOO�WKH�VSULQJ�LV�ZHDN�

7KH�GLDWRPLF�PROHFXOH�YLEUDWHV�ZLWK�WKH�IUHTXHQF\

% = k
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7KH�IUHTXHQF\�GHSHQGV�ERWK�RQ�WKH�IRUFH�FRQVWDQW�N�DQG�WKH�UHGXFHG�PDVV�µ

µ�LV�WKH�UHGXFHG�PDVV��GHILQHG�DV��0����0����0��[�0�����7KH�UHGXFHG�PDVV�LV�WKH
HIIHFWLYH�PDVV�RQ�ZKLFK�WKH�VSULQJ�DFWXDOO\�DFWV�

$V�N�LQFUHDVHV�WKH�YLEUDWLRQDO�IUHTXHQF\�LQFUHDVHV
$V�µ�LQFUHDVHV�WKH�YLEUDWLRQDO�IUHTXHQF\�GHFUHDVHV

7KH�HQHUJ\�RI�D�YLEUDWLRQ�LV�JLYHQ�E\�

E = h%(n + 1
2 )

:KHUH�Q�LV�DQ\�LQWHJHU�DQG�K�LV�FDOOHG�3ODQFN°V�&RQVWDQW�

7KH�HQHUJ\�RI�D�SKRWRQ��D�SDUWLFOH�RI�OLJKW��LV�JLYHQ�E\�E = h%
:KHUH�ν�LV�WKH�IUHTXHQF\�RI�WKH�OLJKW�

/LJKW�LV�DEVRUEHG�E\�D�GLDWRPLF�PROHFXOH�ZKHQ�WKH�HQHUJ\�RI�WKH�OLJKW��Kν��LV�WKH�VDPH�DV
WKH�GLIIHUHQFH�LQ�HQHUJ\�EHWZHHQ�WZR�RI�WKH�YLEUDWLRQDO�HQHUJ\�OHYHOV��Kν���7KH�IUHTXHQF\
RI�WKH�OLJKW�DEVRUEHG��WKHUHIRUH��LV�WKH�VDPH�DV�WKH�YLEUDWLRQDO�IUHTXHQF\�



7KLV�DOVR�\LHOGV�WKH�ZDYHOHQJWK�RI�WKH�OLJKW�DEVRUEHG�VLQFH�ZDYHOHQJWK�DQG�IUHTXHQF\�DUH
UHODWHG�E\�

� = c
�

:KHUH�F�LV�WKH�VSHHG�RI�OLJKW�

,QIUDUHG�6SHFWURVFRS\�LQ�WKH�$QDO\VLV�RI�2UJDQLF�0ROHFXOHV

2UJDQLF�PROHFXOHV�FDQ�EH�FRQVWUXFWHG�IURP�EDVLF�IXQFWLRQDO�JURXSV�
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7ZR�& +�ERQGV

7ZR�& SKHQ\O�ERQGV

3LFWXUH�3RO\DWRPLF�0ROHFXOHV�DV�EHLQJ�D�FROOHFWLRQ�RI�PDVVHV�FRQQHFWHG�E\�VSULQJV�WKDW�FDQ
VKRZ�PRUH�WKDQ�RQH�YLEUDWLRQ�
(DFK�YLEUDWLRQ�RI�D�SRO\DWRPLF�PROHFXOH�KDV�D�FKDUDFWHULVWLF�UHGXFHG�PDVV�DQG�D
FKDUDFWHULVWLF�IRUFH�FRQVWDQW�
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7KHUHIRUH��HDFK�YLEUDWLRQ�RI�D�SRO\DWRPLF�PROHFXOH�KDV�D�FKDUDFWHULVWLF�ZDYHQXPEHU�
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