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Note on the existence of photons 03/28/2005

,V�WKH�SDUWLFOH�VWUXFWXUH�RI�OLJKW�D�JRRG�SLFWXUH��RU�LV�LW�RQO\ DQ�
DUWLIDFW�RI�WKH�WRROV�WKDW�KDYH�EHHQ�XVHG�WR�LQYHVWLJDWH�
OLJKW�"

$IWHU�DOO��WKH�TXDQWL]HG�QXPEHU�RI�OHDYHV�IDOOLQJ�IURP�WUHHV�
GRHV�QRW�IRUFH�RQH�WR�DGRSW�D�TXDQWXP�SLFWXUH�RI�ZLQG�

:KLOH�(LQVWHLQ�UHFHLYHG�KLV�1REHO�3UL]H�IRU�KLV�LQWHUSUHWDWLRQ�
RI�WKH�SKRWR�HOHFWULF�HIIHFW��LURQLFDOO\��KLV�FRQFOXVLRQV�
DERXW�SURSHUWLHV�RI�OLJKW�ZHUH�QRW�WRWDOO\�MXVWLILHG��RWKHU�
LQWHUSUHWDWLRQV�RI�WKH�SKRWRHOHFWULF�HIIHFW�DUH�SRVVLEOH� )( 0max νν −= hK
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2EVHUYDWLRQV�DERXW�WKH�SKRWRHOHFWULF�HIIHFW�WKDW�KDYH�WR�EH�H[SODLQHG�DUH�

�� :KHQ�WKH�LQFLGHQW�OLJKW�KDV�D�IUHTXHQF\�EHORZ�D�WKUHVKROG��QR�HOHFWURQV�DUH�
HPLWWHG�

�� 7KH�HQHUJ\�RI�WKH�HOHFWURQV�LQFUHDVHV�OLQHDUO\�ZLWK�WKH�OLJKW�IUHTXHQF\�
�� 7KH�QXPEHU�RI�HOHFWURQV�LQFUHDVHV�OLQHDUO\�ZLWK�WKH�OLJKW�LQWHQVLW\�
�� (OHFWURQV�FDQ�EH�HPLWWHG�DW�WLPHV�YHU\�VKRUWO\�DIWHU�WKH�RQVHW�RI�LOOXPLQDWLRQ�
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Alternate explanation of the photoelectric effect 03/28/2005

2EVHUYDWLRQV�DERXW�WKH�SKRWRHOHFWULF�HIIHFW�WKDW�KDYH�WR�EH�H[SODLQHG�DUH�
�� :KHQ�WKH�LQFLGHQW�OLJKW�KDV�D�IUHTXHQF\�EHORZ�D�WKUHVKROG��QR�HOHFWURQV�DUH�

HPLWWHG�
�� 7KH�HQHUJ\�RI�WKH�HOHFWURQV�LQFUHDVHV�OLQHDUO\�ZLWK�WKH�OLJKW�IUHTXHQF\�
�� 7KH�QXPEHU�RI�HOHFWURQV�LQFUHDVHV�OLQHDUO\�ZLWK�WKH�OLJKW�LQWHQVLW\�
�� (OHFWURQV�FDQ�EH�HPLWWHG�DW�WLPHV�YHU\�VKRUWO\�DIWHU�WKH�RQVHW�RI�LOOXPLQDWLRQ�

,QYHVWLJDWLQJ�DQ�HOHFWURQ�LPPHUVHG�LQ�D�FODVVLFDO�VLQXVRLGDOO\ YDU\LQJ�HOHFWULF�ILHOG��
ZKHUH�WKH�HOHFWURQ�LV�ERXQG�LQ�DQ�HQHUJ\�OHYHO�( � DQG�FDQ�PDNH�D�WUDQVLWLRQ�WR�
D�IUHH�HOHFWURQ�ZLWK�HQHUJ\�( � DERYH�( ���WKHQ�WKH�WLPH�GHSHQGHQW
6FKURHGLQJHU HTXDWLRQ�OHDGV�WR�

�� $Q�DSSUHFLDEOH�WUDQVLWLRQ�SUREDELOLW\�RQO\�LI�KQ  �( ���$�HPLVVLRQ�WKXV�RQO\�
RFFXUV�ZKHQ�WKHUH�LV�D�IUHH�VWDWH�DYDLODEOH�DW�HQHUJ\�KQ DERYH�WKH�JURXQG�
VWDWH�

�� 7KH�HQHUJ\�(N�LV�WKXV�OLQHDUO\�UHODWHG�WR�Z�
�� 7KH�SUREDELOLW\�RI�WKH�WUDQVLWLRQ�LV�TXDGUDWLF�ZLWK�WKH�HOHFWULF ILHOG�
�� 7KH�SUREDELOLW\�WR�KDYH�D�WUDQVLWLRQ�WR�DQ\�HQHUJ\�WXUQV�RXW�WR�LQFUHDVH�OLQHDUO\�

ZLWK�WLPH��OHDGLQJ�WR�VRPH�SUREDELOLW\�HYHQ�DW�YHU\�VPDOO�WLPHV�
7KH�SKRWRHOHFWULF�HIIHFW�GRHV�QRW�FRQVLWXWH�D�SURYH�RI�H[LVWHQFH�RI�SKRWRQV�
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)RU�D�SKRWRQ�WR�KDYH�SDUWLFOH�FKDUDFWHULVWLFV�LW�FDQ�RQO\�EH�DW�RQH�SODFH�DW�DQ\�WLPH�

&RLQFLGHQFH�FRXQWHU

7HVW� 7KH +DQEXU\�%URZQ�DQG�7ZLVV ([SHULPHQW

:KLOH�WKH�H[LVWHQFH�RI�SKRWRQV�VKRXOG�OHDG�WR�QR�
FRLQFLGHQFH�RI�GHWHFWLRQ��WKH�H[SHULPHQW��������
ZLWK�D�PHUFXU\�HPLVVLRQ�OLQH�VKRZHG�PRUH�
FRLQFLGHQFH�WKDQ�HYHQ�D�UDQGRP�RFFXUUHQFH�RI�
FRLQFLGHQW�HOHFWURQ�HPLVVLRQV�VKRXOG�DOORZ�
7KLV�OHDG�WR�WKH�GLVFLSOLQH�RI�VWXG\LQJ�WKH�
TXDQWXP�QDWXUH�RI�OLJKW�

5HDVRQ��&RQYHQWLRQDO�OLJKW�VRXUFHV�DUH�QRW�LQ�D�
VWDWH�ZLWK�D�ZHOO�GHILQHG�QXPEHU�RI�SKRWRQV�VR�
WKDW�FRLQFLGHQFH�LV�OLNHO\�WR�RFFXU�

�+++=Ψ 321 321 AAA

)LQDOO\��&ODXVHU��������D�VLQJOH�SKRWRQ�VWDWH�ZDV�SURGXFHG��
DQG�LQ�GHHG�QR�FRLQFLGHQFHV�ZHUH�FRXQWHG��3KRWRQV�DW�ODVW��
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1RZ�FRLQFLGHQFH�LV�FRXQWHG��3KRWRQ�LV�GHWHFWHG�RQO\�DW�RQH�SRLQW�DW�HDFK�WLPH�

,QWHUIHUHQFH�ZKHQ�WKH�SKRWRQ�FDQ�WDNH�WZR�SDWKV��6RPH�LQIRUPDWLRQ�DERXW�WKH�
SKRWRQ�PXVW�KDYH�WDNHQ�ERWK�SDWKV�

+RZ�FDQ�WKHVH�WZR�FRQFHSWV�EH�FRPELQHG"

2QH�WU\��7KH�FRQVSLUDF\�WKHRU\
7KH�SKRWRQ�FKDQJHV�LWV�QDWXUH�IURP�SDUWLFOH�WR�ZDYH�GHSHQGLQJ�RQ ZKLFK�

H[SHULPHQW�LV�FKRVHQ��L�H��VRPHWLPHV�LW�DFWV�DV�D�SDUWLFOH��VRPHWLPHV�DV�D�
ZDYH��GHSHQGLQJ�ZKHWKHU�WKH�H[SHULPHQW�LV�FKRVHQ�WR�WHVW�IRU�SDUWLFOH�
SURSHUWLHV�RU�IRU�ZDYH�SURSHUWLHV�

7KLV�KDV�EHHQ�UHIXWHG�E\�GHOD\HG�FKRLFH�H[SHULPHQWV��-RKQ�:KHHOHU�������

$QRWKHU�WU\��1RQ�ORFDO�WKHRU\
7KH�SKRWRQ�LV�LQIOXHQFHG�E\�WKH�H[LVWHQFH�RI�WKH�VHFRQG�SDWK��HYHQ�WKRXJK�LW�GRHV�

QRW�WUDYHO�WKURXJK�LW��'DYLG�%RKP���������3UREOHPV��7KLV�LQIOXHQFH�LV�
LQVWDQWDQHRXV�DQG�GRHV�QRW�GLPLQLVK�ZLWK�WKH�GLVWDQFH�WR�WKH�VHFRQG�SDWK�
,W�LV�WKHUHIRUH�QRW�IDYRUHG�

What is left: The probability interpretation of quantum mechanics.
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,QWHUIHUHQFH�IURP�WZR�ODVHUV��3IOHHJRU�0DQGHO�������

Light from two lasers can interfere, even when light is emerging with very low intensity:
The photon wave function interferes as if the photon could have been born in either laser.

There is quantum uncertainty of the birth place of the photon.

Laser 1

Laser 2

2atborn1atborn +∝Ψ


