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5D\�2EMHFW�,QWHUVHFWLRQ
� 0XVW�GHILQH�GLIIHUHQW�LQWHUVHFWLRQ�URXWLQH�IRU

HDFK�SULPLWLYH

� 7KH�ERWWOHQHFN�RI�WKH�UD\�WUDFHU��VR�PDNH�LW�IDVW�

� 0RVW�JHQHUDO�IRUPXODWLRQ��ILQG�DOO�URRWV�RI�D
IXQFWLRQ�RI�RQH�YDULDEOH

� ,Q�SUDFWLFH��PDQ\�RSWLPL]HG�LQWHUVHFWLRQ�WHVWV
H[LVW��VHH�*ODVVQHU�
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5D\�6SKHUH�,QWHUVHFWLRQ

� *LYHQ�D�VSKHUH�FHQWHUHG�DW�Pc�ZLWK�UDGLXV�r�DQG�D
UD\�P(t) = P0 + tu��ILQG�WKH�LQWHUVHFWLRQ�V��RI�P(t)
ZLWK�WKH�VSKHUH�



)DVW�)DLOXUH
� :H�FDQ�JUHDWO\�VSHHG�XS�UD\�REMHFW�LQWHUVHFWLRQ

E\�LGHQWLI\LQJ�FKHDS�WHVWV�WKDW�JXDUDQWHH�IDLOXUH

� ([DPSOH��LI�RULJLQ�RI�UD\�LV�RXWVLGH�VSKHUH�DQG�UD\
SRLQWV�DZD\�IURP�VSKHUH��IDLO�LPPHGLDWHO\�

� 0DQ\�RWKHU�IDVW�IDLOXUH�FRQGLWLRQV�DUH�SRVVLEOH�



5D\�3RO\PHVK�,QWHUVHFWLRQ

� 8VH�ERXQGLQJ�VSKHUH�IRU�IDVW�IDLOXUH

� &DQ�WHVW�RQO\�IURQW�IDFLQJ�SRO\JRQV

� ,QWHUVHFW�UD\�ZLWK�HDFK�SRO\JRQ·V�VXSSRUWLQJ
SODQH��WKHQ�XVH�D�SRLQW�LQ�SRO\JRQ�WHVW

� ,QWHUVHFWLRQ�SRLQW�LV�VPDOOHVW�t

P0 u N



2EMHFW�,QWHUVHFWLRQ�LQ
3URMHFW��

� ,Q�SURMHFW����DOO�VSKHUHV�DUH�XQLW�VSKHUHV���:H
WUDQVIRUP�WKHP�XVLQJ�H[SOLFLW�WUDQVIRUP�PDWULFHV�

� +RZ�GR�ZH�GR�WKLV"

� ,V�LW�VPDUW"



6KDGRZ�5D\V
� $�SRLQW�RQ�D�VXUIDFH�LV�LQ�VKDGRZ�ZLWK�UHVSHFW�WR

D�OLJKW�VRXUFH�LI�WKH�UD\�IURP�WKH�VXUIDFH�WR�WKH
OLJKW�LQWHUVHFWV�DQ�REMHFW�

� (DV\�VROXWLRQ��DWWHQXDWH�OLJKW·V�FRORXU�WR�EODFN�LI
LQWHUVHFWLRQ�GHWHFWHG�

� :K\�LV�WKLV�LQDGHTXDWH"



5HIOHFWLRQ
� 5HIOHFWHG�OLJKW�IURP�REMHFWV�EHKDYHV�OLNH

VSHFXODU�UHIOHFWLRQ�IURP�OLJKW�VRXUFHV
² 5HIOHFWLYLW\�LV�MXVW�VSHFXODU�FRORXU

² 5HIOHFWHG�OLJKW�FRPHV�IURP�GLUHFWLRQ�RI�SHUIHFW
VSHFXODU�UHIOHFWLRQ

� ,V�WKLV�PRGHO�UHDVRQDEOH"
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5HIUDFWLRQ

� $PRXQW�WR�WUDQVPLW�GHWHUPLQHG�E\�WUDQVSDUHQF\
FRHIILFLHQW��ZKLFK�ZH�VWRUH�H[SOLFLWO\

• T�FRPHV�IURP�6QHOO·V�ODZ

N
V

T

qi

qt

hi

ht



7RWDO�,QWHUQDO�5HIOHFWLRQ
� :KHQ�SDVVLQJ�IURP�D�GHQVH�PHGLXP�WR�D�OHVV

GHQVH�PHGLXP��OLJKW�LV�EHQW�IXUWKHU�DZD\�IURP
WKH�VXUIDFH�QRUPDO

� (YHQWXDOO\��LW�FDQ�EHQG�ULJKW�SDVW�WKH�VXUIDFH�

� 7KH�θi�WKDW�FDXVHV�θt�WR�H[FHHG����GHJUHHV�LV
FDOOHG�WKH�FULWLFDO�DQJOH���)RU�θi JUHDWHU�WKDQ�WKH
FULWLFDO�DQJOH��QR�OLJKW�LV�WUDQVPLWWHG�

� $�FKHFN�IRU�7,5�IDOOV�RXW�RI�WKH�FRQVWUXFWLRQ�RI�7



,QGH[�RI�5HIUDFWLRQ
� 5HDO�ZRUOG�LQGH[�RI�UHIUDFWLRQ�LV�D�FRPSOLFDWHG

SK\VLFDO�SURSHUW\�RI�WKH�PDWHULDO

� ,25�DOVR�YDULHV�ZLWK�ZDYHOHQJWK��DQG�HYHQ
WHPSHUDWXUH�

� +RZ�FDQ�ZH�DFFRXQW�IRU�ZDYHOHQJWK�GHSHQGHQFH
ZKHQ�UD\�WUDFLQJ"

Index of refraction variation
for fused quartz

Medium Index of
refraction

Vaccum 1
Air 1.0003
Water 1.33
Fused quartz 1.46
Glass, crown 1.52
Glass, dense flint 1.66
Diamond 2.42



1XPHULFDO�(UURU
� )ORDWLQJ�SRLQW�URXQGRII�FDQ�DGG�XS�LQ�D�UD\

WUDFHU��DQG�FUHDWH�XQZDQWHG�DUWLIDFWV
² ([DPSOH��LQWHUVHFWLRQ�SRLQW�FDOFXODWHG�WR�EH�HYHU�

VR�VOLJKWO\�LQVLGH�WKH�LQWHUVHFWLQJ�REMHFW���+RZ�GRHV
WKLV�DIIHFW�FKLOG�UD\V"

� 6ROXWLRQV�
² 3HUWXUE�FKLOG�UD\V

² 8VH�JOREDO�UD\�HSVLORQ



6XPPDU\
� 7KH�JXWV�EHKLQG�WKH�UD\�WUDFLQJ�DOJRULWKP

� )DPLOLDULW\�ZLWK�UD\�REMHFW�LQWHUVHFWLRQ�URXWLQHV

� 8QGHUVWDQGLQJ�RI�WKH�ZD\V�WKDW�VKDGRZ�UD\V�
UHIOHFWLRQ�UD\V�DQG�WUDQVPLWWHG�UD\V�DUH
FRQVWUXFWHG�DQG�XVHG

� $SSUHFLDWLRQ�IRU�WKH�SUREOHPV�RI�QXPHULFDO�HUURU
DQG�VWUDWHJLHV�IRU�GHDOLQJ�ZLWK�LW

� 3URSHUWLHV�RI�UHIUDFWLRQ��LQGH[�RI�UHIUDFWLRQ�DQG
WRWDO�LQWHUQDO�UHIOHFWLRQ


