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Abstract

:H�DUH�QRZ�LQ�WKH�EHJLQQLQJ�RI�TXDQWXP�VXSUHPDF�� WR�EXLOG�4XDQWXP�&RPSXWHUV��4�&����6R��D�WKHRUHWLFDO�

URDGPDS� LV�UHTXLUHG��,W� VHHPV�H[SHULPHQWDO�ZRUNV�LQ�4�&�� LV�DKHDG�� LQ�FRPSDULVRQ�ZLWK�WKHRU���,Q� WKLV� VWXG���

Nano-Refraction�(N.R.),� as�basic�concept�in�developing�Quantum�Photonic�Computers�(Q.P.C.),�is�de�ned�and�

discussed.�N.R.,�is�quite�di�erent�from�classical�macroscopic�refraction.�It�plays�major�role�in�photon�de�ection,�

ZKHQ�LW� WUDYHOV�LQ�IHZ�DWRPLF�OD�HUV�IURP�WKH�ERXQGDU��EHWZHHQ�WZR� WUDQVSDUHQW�PDWHULDOV��6SHFLILFDOO���ZKHQ�

ZH�UH�ORRNLQJ�IRU�D� WKHRUHWLFDOO��LQWXLWLYH�H[SODQDWLRQ�RI�KRZ�DGYDQFHG�PDWHULDOV�ZRUN�LQ�DWRPLF�VFDOHV�LQ�DWWR�

VHFRQG�UHJLPH��7R�H[SODLQ�1�5���PDWKHPDWLFDOO���4XDQWXP�(OHFWURG�QDPLFV��4('��PD��KHOS���XW�4('��RQO��FDQ�

GHVFULEH�KRZ�1�5��RFFXUV�LQ�+LOEHUW�VSDFH�DQG�GRHV�QRW�H[SODLQ�ZK��LW�KDSSHQV�LQ�5HDO�VSDFH��:K��DWWRVHFRQG�

optical�pulses�are�squeezed�in�kilometers�long�optical��bers�coiled�in��rst�reported�development�of�Q.C.�in�2020.�

�OVR���'XDOLW���KDV�QR�UHSO��LQ�WKLV�DUHD��)RU�DQVZHULQJ�ZK����LQ�WKLV�SDSHU��ZH�OO�XVH�4XDQWXP�3KRWRQLF��4�3���

WKHRUHWLFDO� DQDO�VLV��4�3��� LV�EDVHG�RQ��RKPLDQ�PHFKDQLFV�ZLWK�LQWXLWLRQ�SK�VLFV�EHOLHI�DQG��&DXVDOLW�����RKP�

WKHRU�� LQ�VKDGRZ�RI�4XDQWXP�0HFKDQLFV� �4�0���KDV�EHHQ�PRVWO��LJQRUHG�DQG�HYHQ�ER�FRWWHG�GXULQJ�ODVW����

�HDUV��4�3��FRUSXVFXODU�YLHZSRLQW�RI�OLJKW��HVWLPDWHG�ERWK�SK�VLFDOO��DQG�PDWKHPDWLFDOO��ZLWK�HQRXJK�SUHFLVLRQ��

that��ight�route�of�photons�at��rst�few�molecular�surfaces�in�boundary�region�is�not�refracted�suddenly.�As�can�be�

REVHUYHG�PDFURVFRSLFDOO��LQ�6QHOO�V�UHIUDFWLRQ�HTXDWLRQ���XW�LQVWHDG��1�5�� LV�KDSSHQHG�JUDGXDOO��LQ� DWWRVHFRQG�

UHJLPH� �ILJXUH�����)LQDOO��� LW� DV�PSWRWHV� WR�PDFURVFRSLF� UHIUDFWLRQ�� LQ� ODUJH�VSDFH�WLPH�VFDOHV�DFFRUGLQJ�WR�

�FRUUHVSRQGHQFH��SULQFLSOH��(UURUV�LQ�RXU�WKHRUHWLFDO�DQDO�VLV�XVLQJ�0RQWHFDUOR�WLPH�GRPDLQ�VLPXODWLRQ��FRPSDUHG�

with�experiments,�always�are�much�less�than�or�at�most��ve�percent.
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,W�V�HVWLPDWHG�WKDW�TXDQWXP�FRPSXWHU�FDQ�VROYH�D�SUREOHP�WKDW�QR�FODVVLFDO�FRPSXWHU�FRXOG�GR�LQ�XOWUD�VKRUW�

IUDFWLRQV�RI�VHFRQG� ��@��,W�V�TXDQWXP�VXSUHPDF��LV�QHFHVVDU�� IRU� IXWXUH��*�ZLUHOHVV� V�VWHPV��6HYHUDO� WHDPV� LQ�

*RRJOH��,�0�DQG�177�KDYH�UHFHQWO��FODLPHG�WKDW�WKH��YH�EXLOW�4�&��YHUVLRQV�WKDW�FRXOG�VTXHH]H�VHYHUDO�WKRXVDQG�

SXOVHV�RI� OLJKW� LQWR�NLORPHWHUV� ORQJ�ILEHU�FDEOH�FRLOHG� LQWR�D�ER[� IHZ�PHWHUV�DFURVV� ����@��7KDQNV� WR�PDWHULDO�

HQJLQHHULQJ�DQG�GLVFRYHULQJ�QHZ�PDWHULDO�SURSHUWLHV�IRU�GHYHORSPHQW�RI�4�&����@��1RQ�YRODWLOH�PDJQHWLF�5DQGRP�

�FFHVV�0HPRULHV��5�0��DQG�XOWUDIDVW�VSLQ�PLFURSURFHVVRUV�PDGH�IURP�DGYDQFHG�PDWHULDOV�OLNH�)HUUR�0DJQHWLF�

PHWDOV� �&U��&R��)H����RU�0DJQHWLF�6HPLFRQGXFWRUV��,Q&U��*D�V������XW�WKH� WKHRUHWLFDO�DSSURDFK�WR�H[SODLQ�

KRZ�VXFK�DGYDQFHG�PDWHULDOV�ZRUN� IRU�TXDQWXP�FRPSXWLQJ�LV�VWLOO�TXDQWXP�PHFKDQLFV��4�0��� WUHDWPHQW��ZKLFK�

LV�DQ�LQFRPSOHWH�WKHRU����@��4�&���PDGH�IURP�DGYDQFHG�PDWHULDOV��ZRUNV�LQ�UHDO�VSDFH�LQ�ODERUDWRU���QRW�LQ�+LOEHUW�

VSDFH��DV�4�0��VWDWHV��,W�FDQ�DW�PRVW�GHVFULEH�RSWLFDO�SKHQRPHQD�PDWKHPDWLFDOO���,W�PD��H[SODLQ�KRZ��EXW�GRHV�QRW�

VWDWH�ZK���6R�D�SRZHUIXO�PRUH�FRPSOHWH�WKHRUHWLFDO�URDG�PDS�LV�UHTXLUHG��,W�VKRXOG�EH�EDVHG�RQ��&DXVDOLW����QRW�

�'XDOLW����:H�VKRXOG�MXVWLI��EDVLF�RSWLF�SULQFLSOHV�OLNH��)HUPDW��DQG��6QHOO�V�ODZ���VHH�)LJXUH����

Fig.�1.� Macroscopic�relation�for�describing�Refraction�Phenomenon�at�the�interface�between�di�erent�bulk�

transparent�media�which�is�called�Snell’s�law.�Nano-Refraction�is�di�erent�from�Snell’s�law.

XVLQJ�LQWXLWLRQ�SK�VLFV��QRW�RQO��PDWKHPDWLFV��)RU�4�&��HQJLQHHULQJ��LW�V�UHTXLUHG�WKDW�ZH�YH�H[SOLFLW�YLVXDO�

SHUFHSWLRQ�DERXW�ZKDW�V�UHDOO���QRW�YLUWXDOO���KDSSHQLQJ�GXULQJ�5HIUDFWLRQ��'LVSHUVLRQ��3RODUL]DWLRQ��SKHQRPHQD�

Fig.�2.� Quantum�Photonics�predicts�that��ight�route�of�photon�in��rst�few�atomic�layers�from�the�interface�

LV�QRW�DEUXSWO��UHIUDFWHG�DV�LQ�WKH�FDVH�RI�PDFURVFRSLF�6QHOO�V�OD����XW�LW�JUDGXDOO��UHIUDFWV�VWHS�E��VWHS�

EHFDXVH�RI�YDULDWLRQV�RI�6KRUW�5DQJH�,QWHUDWRPLF�)RUFHV��6�5�,�)���DQG�DV�PSWRWHV�WR�WKH�RXWSXW�DQJOH���KLV�

LV�1DQR�5HIUDFWLRQ�

For�better�understanding�of�quantum�computation�in�Q.C.,�it’s�nano-refraction�(N.R.)�that�should�be�justi�ed.�

6LQFH�FRPSXWDWLRQ�PHWKRG�LQ�4�&�� LV�QRW�V�PEROLF�DV� LQ�WKH�FDVH�RI�FODVVLF�GLJLWDO�FRPSXWHUV� ��@�,W�V�EDVHG�RQ�

TXDQWXP�SK�VLFV�EHKDYLRUV�RI�4�&��VXEV�VWHPV��:H�PXVW�WU��WR�NQRZ�UHDOO��ZKDW�KDSSHQV�LQ�DWWRVHFRQG�WLPH�VFDOH�

DWRPLF�GLPHQVLRQV��7KLV�VFHQDULR�VKRXOG�EH�XQGHUVWRRG�SK�VLFDOO���QRW�V�PEROLFDOO���IRU�GHYHORSLQJ�DWWRVHFRQG�

4XDQWXP�3KRWRQLF�&RPSXWHUV��4�3�&����,Q�WKLV�SDSHU��ZH�XVH�4�3�� WKHRU��WR�H[SODLQ�ZK��QDQR�UHIUDFWLRQ�RFFXUV��

(See�Figure�2).�N.R.�is�completely�di�erent�from�refraction.�It�means�estimation�and�manipulation�of�photon�or�
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HOHFWURQ�WUDMHFWRULHV�ZKHQ�WUDYHOOLQJ�WKURXJK�DWRPLF�VFDOH�GHYLFHV��,W�FHUWDLQO��UHTXLUHV� WLPH�GRPDLQ�QDQRVFRSLF�

VWXGLHV�HYHQ�PRUH�SRZHUIXO�WKDQ��E�LQLWLR�WHFKQLF��6LQFH� LQ�DGGLWLRQ�WR�PDWKHPDWLFDO�PDQLSXODWLRQV�� LW�VKRXOG�

GHOLYHU�DQ�LQWXLWLYH�DQG�SK�VLFDO�SHUFHSWLRQ�WR�HQJLQHHUV�DERXW�ZKDW�V�KDSSHQLQJ�LQ�DWRPLF�DWWRVHFRQG�ZRUOG���@�

Quantum�Photonics�(Q.P.)�postulates�are�mainly�based�on�Bohmian�mechanics,�developed�at��fth�decade�of�

20’th�century.�It�is�reviewed�In�section�(II)�and�demonstrated�that�it’s�di�erent�from�Q.M.�Similarities�between�Q.P.�

DQG��RKP�WKHRU��ZLOO�EH�GLVFXVVHG�LQ�VHFWLRQ��,,,���,Q�VHFWLRQ��,9���ZH�OO�H[SODLQ�DERXW�KLGGHQ�YDULDEOH�DQG�LW�V�

major�role�in�N.R.�Finally�in�section�(V),�Q.P.�physical�model�for�justi�cation�of�N.R.�will�be�described.�The�paper�

ZLOO�EH�FRQFOXGHG�LQ�VHFWLRQ��9,�

��� �2�0,�1�0(���1,�6�,16�(���2)�4��1��0�0(���1,�6

�RKPLDQ�0HFKDQLFV� LV� UHODWHG�GLUHFWO�� WR� VFLHQWLILF�ZRUN�RI�ODWH�'DYLG� -��RKP���@���OWKRXJK�KLV�TXDQWXP�

YLHZSRLQW�KDV�EHHQ� LQWURGXFHG�WR� VFLHQWLILF�OLWHUDWXUH�IRU�PRUH� WKDQ�����HDUV�� LW�KDV�QRW�EHHQ�PHQWLRQHG�XQWLO�

UHFHQWO���EHFDXVH�RI�GRPLQDQW�&RSHQKDJHQ�LQWHUSUHWDWLRQ�RI�4XDQWXP�0HFKDQLFV��SULQFLSDOO�� WKH�ZRUN�RI�1LHOV�

�RKU� ����@�� ,Q��RKPLDQ�0HFKDQLFV��WKHUH� LV�QR�FKDQFH�DW�DOO��(YHU��SK�VLFDO�REMHFW�LQYDULDEO��GRHV�H[LVW�LQ�VRPH�

SDUWLFXODU�GRPDLQ�RI�VSDFH��,Q�DGGLWLRQ���RKP�WKHRU��FRQVLVWV�RI�D�VLQJOH�VHW�RI�EDVLF�SK�VLFDO� ODZV�WKDW�DSSOLHV�

WKH�VDPH�ZD��WR�HYHU��SK�VLFDO�REMHFW� WKDW�H[LVWV��,W�DVVXPHV�SDUWLFOHV�DUH�WKH�VRUWV�RI�WKLQJV�WKDW�DUH�ORFDWHG�LQ�

�xed�particular�places���@��0RUHRYHU���RKP�LQWHUSUHWDWLRQ�DERXW�ZKDW�WKH�ZRUOG�LV�PDGH�RI��LV�PRUH�XQGHUVWDQGDEOH�

in�comparison�with�Copenhagen�interpretation.�In�Bohm’s�account,�wave�functions�(ψ)�are�physical� things,�not�

merely�mathematical�objects.�It�treats�wave�functions�like�classical�force��elds,�such�as�magnetic�and�gravitational�

�elds.�It�pushes�the�particles�around,�to�navigate�them,�along�their�proper�courses��������@�

The�evolution�of�(ψ)�in�time,�can�be�described�precisely�by�standard�linear�di�erential�quantum�mechanical�

HTXDWLRQV�RI�PRWLRQ��3K�VLFDO�VLWXDWLRQV�RI�DOO�SDUWLFOHV� LQ�WKH�ZRUOG�DW�DQ��WLPH�DQG� LW�V�ZDYH�IXQFWLRQ��FDQ�EH�

FRPSXWHG�ZLWK�FHUWDLQW��IURP�VLWXDWLRQV�RI�WKHP�DW�DQ��HDUOLHU�WLPH���Q��XQFHUWDLQW���LV�D�PDWWHU�RI�LJQRULQJ�RI�

VRPH�IXQGDPHQWDO�ODZV�RI�WKH�ZRUOG��,W�PHDQV�WKHUH�H[LVWV��+LGGHQ�9DULDEOHV��

�RKP�V� WKHRU�� LQFOXGHV�WKUHH�PDMRU�HOHPHQWV��)LUVW� LV�D�GHWHUPLQLVWLF� ODZ��6FKURGLQJHU�V�HTXDWLRQ�� WKDW�

H[SODLQV��KRZ�ZDYH�IXQFWLRQV�HYROYH�RYHU�WLPH��,W�LV�

� � � � ��� � � � �� ��� � � � ��� � �
�
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�K���3ODQFN�V�FRQVWDQW���L��� LPDJLQDU��QXPEHU� �− ,�“ψ”:�wave�function,�“H”:�Hamiltonian�mathematical�

RSHUDWRU���1���WRWDO�SDUWLFOHV�QXPEHUV�LQ�WKH�V�VWHP� � �1[ ���[ ���VSDWLDO�FRRUGLQDWHV�RI�WKRVH�SDUWLFOHV�DQG��W���WLPH��

7KH�+DPLOWRQLDQ�RSHUDWRU�H[SODLQV�WKH�HQHUJ��RI� WKH�V�VWHP��7KH�GHWHUPLQLVWLF�ODZ�RI�SDUWLFOHV�PRWLRQ� LV� WKH�

VHFRQG�HOHPHQW�

� � � � � �
� �
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� �

� � � ��� � �

� ��� � �

i i N

N

dx t j x x t

dt x x tψ
= � � � � � ���������

:KHUH� � �1[ ���[ �UHSUHVHQW�SDUWLFOHV��DFWXDO�VSDWLDO�FRRUGLQDWHV�� LG[ �W�

GW
� ��FKDQJH�UDWH�RI� L[ �DW�WLPH�W��DQG� LM

FRPSRQHQWV�RI�SUREDELOLW��FXUUHQW�GHQVLW���7KH�VXEVFULSW��L���UDQJHV�IURP���WR��1����@�

The�third�element� is�a�law�similar� to�classical� statistical�mechanics.�It� says�one� is�given�(ψ)�of� a� certain�

V�VWHP��EXW�QR� LQIRUPDWLRQ� DERXW� SDUWLFOHV�SRVLWLRQV�� )RU�FDOFXODWLQJ� SDUWLFOHV�PRWLRQV� LQ� WKH�IXWXUH�� LW�V�

QHFHVVDU��WR�NQRZ�WKH�SUREDELOLW��RI�SDUWLFOHV�FXUUHQW�ORFDWLRQV�DW�VRPH�SRVLWLRQV� � �1�[ ���[ � �which�is�de�ned�as�

�

� �1� �[ ���[ �ψ ��,I�E��PHDVXUHPHQW��ZH�REWDLQ�SDUWLFOHV�SRVLWLRQV��WKH�ODZ�LQGLFDWHV�WKDW�ZH�FDQ�XVH�WKLV�LQIRUPDWLRQ�

WR��XSGDWH��SUREDELOLWLHV�WKURXJK�D�PDWKHPDWLFDO�SURFHGXUH�ZKLFK�LV�FDOOHG���VWUDLJKWIRUZDUG�FRQGLWLRQDOL]DWLRQ��
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,W�V�LQWHUHVWLQJ�WR�EH�PHQWLRQHG�WKDW�PDWKHPDWLFV�EHKLQG��RKPLDQ�PHFKDQLFV�LV�VLPLODU�WR�PDWKHPDWLFV�EHKLQG�

quantum�mechanics.�But�world’s�interpretation�of�them�are�quite�di�erent.�First,�according�to�“causality”,�second�

DFFRUGLQJ�WR��'XDOLW���

��� 6,0,��5��,(:32,1�6�2)�4�3��:,����2�0���(25�

7KHUH�DUH�VHYHUDO�VLPLODULWLHV�EHWZHHQ�4�3��DQG��RKPLDQ�PHFKDQLFV��,Q�ERWK���FKDQFH�KDV�QR�UROH��(YHU��WKLQJ�

GRHV�RFFXS��VSHFLDO�ORFDWLRQ�LQ�VSDFH��,Q�RWKHU�ZRUGV��EDVLF�ODZV�WKDW�GHVFULEHV�EHKDYLRUV�RI�SK�VLFDO�REMHFWV��FDQ�

DOVR�EH�DSSOLHG�WR�QDQR�VFRSLF�RU�DWRPLF�SK�VLFDO�REMHFWV��LI�RQO��ZH�PRGHO�WKH�ZKROH�VFHQH�FRUUHFWO��DQG�WDNH�LQWR�

DFFRXQW�WKH�REVHUYHU�V�UROH�RI�HUURU�SURGXFLQJ��,Q�PRUH�SUHFLVH�VLPXODWLRQ�PRGHOV��EDVHG�RQ�FODVVLFDO�RU�UHODWLYLVWLF�

SK�VLFV��7KH�REVHUYHUV�DUH�DVVXPHG�WR�EH�LGHDO��QR�SHUWXUEDWLRQ�EHFDXVH�RI�PHDVXUHPHQWV��

7KLV�LV�WKH�FDVH�LQ�4�3��WKHRU��ZKHUH�FRQYHQWLRQDO�SK�VLFDO�ODZV�VWLOO�VKRXOG�EH�YDOLG�DQG�DSSOLFDEOH���XW�ZLWK�

D�UDWKHU�FRPSOH[�DQG�FXPEHUVRPH�PDWKHPDWLFDO�PDQLSXODWLRQ�IRU�D�UHDO��PDWHULDO��������@��,I�WKH�REVHUYHU�LV�QRW�LGHDO��

EXW�D�UHDO�PHDVXUHPHQW�LQVWUXPHQW��LW�V�SHUWXUEDWLRQ�VKRXOG�EH�FRQVLGHUHG����'LVWLQFWLRQ�EHWZHHQ��PHDVXUHPHQW��

DQG��VLPXODWLRQ���,W�PHDQV�ZKDW�REVHUYHV�DQG�ZKDW�LV�REVHUYHG����@�

Bohm’s�Theory,�entails�That�There’s�a�kind�of�neglecting�de�nite�facts�about�the�world,�when�we�do�not�take�

into�account�the�e�ects�of�errors�caused�by�real�observer.�So�a�violation�of�physical� law�occurs.�This�is�also�the�

case�in��fth�theory�of�light�(Q.P.).�We�see�the�observer�and�observed�object�simultaneously�in�the�scene.�But�when�

ZH�VLPXODWH��WKH�REVHUYHU�LV�DVVXPHG�WR�EH�LGHDO��7KHQ�ZH�OO�QRW�EH�ZRUULHG�DERXW�YLRODWLRQ�RI�SK�VLFDO�ODZ��)RU�

this�reason,�the�development�of�a�Bohmian�replacement�for�relativistic�quantum��eld�theory�will�also�be�underway�

ZLWK�XOWLPDWH�VXFFHVV���@�

,Q�4�3���SDUWLFOHV�LQLWLDO�FRQGLWLRQV��LQLWLDO�ZDYH�IXQFWLRQV�DQG�LQLWLDO�SRVLWLRQV�DUH�DV�LPSRUWDQW�DV�LQ��RKP�

Theory.�Moreover,�(ψ)�functions�are�both�mathematical�and�physical�entities.�The�intuitive�picture�of�the�world,�

DERXW�ZKDW�V�UHDOO��REVHUYHG�LQ�PROHFXODU�VFDOH�DWWR�VHFRQG�ZRUOG��4�3���KDV�LQWXLWLYH�DQVZHUV�IRU�+LGGHQ�YDULDEOHV�

ERWK�LQ�FODVVLF�DQG�UHODWLYLVWLF�PHFKDQLFV��6KRUW�5DQJH�,QWHUDWRPLF�)RUFHV�DUH�JRRG�H[DPSOHV�IRU�KLGGHQ�YDULDEOHV�

WR�EH�WDNHQ�LQWR�DFFRXQW�

���� 0DLQ��RPSRQHQWV�RI�4XDQWXP�3KRWRQLFV

4�3��� LV�EDVHG�RQ�4XDQWXP�7KHRU���0RUHRYHU�� LW�GHVFULEHV�RSWLFDO�SKHQRPHQD��UHDOO����QRW��YLUWXDOO����

�FFRUGLQJ�WR�FRUUHVSRQGHQFH�SULQFLSOH��,W�HQFRPSDVVHV�SUHYLRXV�IRXU�RSWLFDO�WKHRULHV�DQG�GHOLYHUV�LQWXLWLYH�SLFWXUH�

DERXW�DWRPLF�ZRUOG��ZKHUH�TXDQWXP�PHFKDQLFV�FRXOG�QRW����YLHZSRLQW�YHU��VLPLODU�WR��RKPLDQ�0HFKDQLFV�DV�ZH�

SUHYLHZHG�LQ�VHFWLRQ������7KHUH�DUH���PDLQ�SRVWXODWHV�LQ�4�3��DV�IROORZV�

���(VWLPDWLRQ�RI�SK�VLFDO�VKDSHV�RI�PROHFXOHV�LQ�5HDO�0DWHULDOV��5�0���XVLQJ�6FKURGLQJHU�HTXDWLRQ�

B.�Evaluation�of�physical�shape�of�crystal-lattice�structure�in�(R.M.),�using�X-ray�di�raction�interferometry�

DQG�ODERUDWRU��PHDVXUHPHQWV�

&��4XDQWLWDWLYH�HVWLPDWLRQ�RI�6KRUW�5DQJH�,QWHU�DWRPLF�)RUFHV��6�5�,�)���EHWZHHQ�PROHFXOHV�LQ��5�0����65,)��

FDQ�EH�FDOFXODWHG�PDWKHPDWLFDOO��XVLQJ�FRXORPE�V�ODZ��9DQGHUYDOV��&RYDOHQFH�DQG�,RQLF�ERQGLQJV�IRU�D� ODWWLFH�

VKDSH�

'���QDO�VLV�DQG�VLPXODWLRQ�RI�LQWHUDFWLRQ�EHWZHHQ�HOHFWURQ�DQG�SKRWRQ��3KRWRQ�ZLOO�EH�WUDFNHG�LQ�DWWR�VHFRQG�

WLPH�DQG�DWRPLF�VSDFH�VFDOHV��7KHUH�V�D�SRZHUIXO�WLPH�GRPDLQ�VWDWLVWLFDO�G�QDPLF�PHWKRG�FDOOHG��0RQWHFDUOR��IRU�

WKLV�DQDO�VLV������@�

���� 0HDQLQJ�RI��SKRWRQ��LQ�4�3�

7KH�QRWLRQ�RI�SKRWRQ�LQLWLDOO��JUHZ�RXW�RI�DQ�DWWHPSW�E��0D[��3ODQFN�LQ�������WR�UHVROYH�D�ORQJ��VWDQGLQJ�
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ULGGOH�FRQFHUQLQJ� WKH�VSHFWUXP�RI��ODFN���RG�� UDGLDWLRQ�� ,Q��������OEHUW�(LQVWHLQ�H[WHQGHG� WKH�QRWLRQ�RI�

TXDQWL]DWLRQ�E��FRQVLGHUHG�WKH�OLJKW�LWVHOI�WR�EH�D�FROOHFWLRQ�RI�SKRWRQV��7KLV�HQDEOHG�KLP�WR�VXFFHVVIXOO��H[SODLQ�

the�Photo-electric�e�ect� ���@��)URP�D�4XDQWXP�3KRWRQLFV�YLHZSRLQW��OLJKW�LV�DVVXPHG�WR�EH�D�VWUHDP�RI�ELOOLRQV�RI�

photons,�travel�through�the�space�and�strike�the�interface�between�any�two�di�erent�non-absorbing�media.�Some�

of�them�transmit�(refract)�and�others�re�ect,�from�the�interface.�In�addition,�the�atomic�or�molecular�structure�and�

intra-�molecular�forces�(S.R.I.F.),�at�di�erent�media�must�be�taken�into�account�in�computation�of�speed�of�light,�

there�and�also�the�rate�of�light�angle�de�ection�in�refraction�and�re�ection�phenomena.�So,�we�have�characteristics�

for�photons�in��fth�theory�of�light,�(Q.P.),�as�follows:���@

a)�A�single�photon�has�it’s�own�Electric�and�Magnetic��elds.

E��3KRWRQ�V�HQHUJ��LV�DFFRUGLQJ�WR�3ODQFN�V�IRUPXOD�� �( K� ��= υ

F��3KRWRQ�FDUULHV�PRPHQWXP�DQG�RUELWDO�DQJXODU�PRPHQWXP�

G��3KRWRQ�KDV�]HUR�GLPHQVLRQ��]HUR�UHVW�PDVV�DQG�]HUR�SRWHQWLDO�HQHUJ��

H��3KRWRQ�YHORFLW�� LQ�YDFXXP� LV�DOZD�V� �
R& � ��= × �P�VHF�� ,W�V� VSHHG� LQ� WUDQVSDUHQW�PDWHULDOV��UHGXFHV��

EHFDXVH�RI�UHWDUGDWLRQ��FDXVHG�E��SKRWRQ�DQQLKLODWLRQ�IRU�D�YHU��VKRUW�WLPH��WKHQ�UHFUHDWLRQ�DQG�UH�HPLVVLRQ�DIWHU�

HYHU��HQFRXQWHULQJ�ZLWK�PDWWHU�

I���OWKRXJK�SKRWRQV�GHPRQVWUDWH�ZDYH�OLNH�EHKDYLRUV�LQ�0DFURVFRSLF�VSDFH��WLPH� VFDOHV��D� VLQJOH�SKRWRQ�

assumes�to�be�a�particle,�carries�energy�with�periodic��uctuations�of�it’s��eld.�(frequency:� υ ��

g)�Photon�has��eld�penetration�depth.�Means�the�distance�at�which�photon�can�interact�with�matter.

h)�Photon’s��eld�penetration�depth�is�in�the�order�of�it's�space�repetition� � � �cλ υ= ��

����4�3��,QWHUSUHWDWLRQ�RI�(OHFWURQ�3RODUL�DWLRQ

�OWKRXJK�(OHFWURPDJQHWLF� WKHRU��LV�D�SRZHUIXO�WRRO�IRU�DQDO�]LQJ�ZDYH��PDWWHU� LQWHUDFWLRQ��LW�V�EDVHG�RQ�

H[SHULPHQWDO�SDUDPHWHUV��Q�∈ �����7KHVH�SDUDPHWHUV�FDQ�EH�REWDLQHG�LQ�D�SK�VLFDO�PDQQHU�XVLQJ�WKH�FODVVLFDO�

'HE�H�V�SRODUL]DWLRQ�HTXDWLRQ� ���@��4XDQWXP�0HFKDQLFV�FDQ�DOVR�H[SODLQ�WKH�QDWXUH�RI�WKHVH�SDUDPHWHUV��EXW�RQO��

PDWKHPDWLFDOO�� ���������@��7KH�UHVXOWV�RI�ERWK�DSSURDFKHV�DUH�VLPLODU�DQG�DFFRUGLQJ�WR�WKH�HOHFWURQLF�SRODUL]DWLRQ�RI�

atoms,�due�to�the�applied��elds.

The�electronic�polarization�of�atoms�when�an�external��eld�is�applied,�causes�electron�displacement�of�atoms.�

7KLV�GLVSODFHPHQW�DQG�HOHFWURQLF�SRODUL]DWLRQ�� Hα ��KDV�DOUHDG��EHHQ�REWDLQHG�ERWK�FODVVLFDOO��E��'HE�H����@�

� � � � � ������
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wα

ω ω
=

−
� � � � � ���������

DQG�TXDQWXP�PHFKDQLFDOO��E��9DQ�9OHFN����@��DQG�*UHHQZD�����@�

� � � � �
�

� �
� �

jo

e
j o jo

fe

m
α ω

ω ω≠

=
−

∑ � � � � � ���������

:KHUHω MR� ��(M�(R��� h �DQG��M��UHIHUV�WR�M�WK�H[FLWHG�OHYHO��7KH�V�VWHP�KDV�QXPEHU�RI�UHVRQDQFH�IUHTXHQFLHV�� jω ��

The��nal� result�obtained� from�the�above�equations�is�estimation�of�index�of�refraction�of�materials�which�

LV�DOVR�UHODWHG�WR�WKH�UHIUDFWLRQ�DQJOH��6QHOO�V�ODZ�� ���@���XW�WKHVH�UHVXOWV��IURP�SHUWXUEDWLRQ�WKHRU��DQG�TXDQWXP�

PHFKDQLFV��DUH�RQO��YDOLG�LQ�VWDEOH�VWDWHV��7KHUHIRUH��WKLV�HOHFWURQLF�SRODUL]DWLRQ�LV�UHDOO��D�VWDWLF�SRODUL]DWLRQ�DQG�

ZLOO�QR�ORQJHU�EH�YDOLG�LQ�WUDQVLHQW�VWDWHV��VD��LQ�WKH�UDQJH�RI�PXFK�OHVV�WKDQ�RQH�IHPWRVHFRQG��RU�LQ�DWWR�VHFRQG��

WKH�WLPH�UHTXLUHG�IRU�HOHFWURQ��SKRWRQ�LQWHUDFWLRQ�LQ�DWRPLF�VFDOHV��

4�3��H[SODLQV�SKRWRQ��PDWWHU�LQWHUDFWLRQ�DFFRUGLQJ�WR�FRUSXVFXODU�QDWXUH�RI�OLJKW����G�QDPLF�HOHFWURQLF�

SRODUL]DWLRQ�IRU�HOHFWURQV�RI�DWRPV�LQ�WUDQVLHQW�VWDWHV�DW�D�YHU��VKRUW�IUDFWLRQ�RI�WLPH��KDV�EHHQ�DVVXPHG��,Q�WKLV�

DSSURDFK�� OLJKW�FRQVLVWV�RI�D�VWUHDP�RI�ELOOLRQV�RI�SKRWRQV��VWULNLQJ�WKH�LQWHUIDFH�EHWZHHQ�WZR�GLHOHFWULF�PHGLD��
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7KHVH�SKRWRQV�DUH�DVVXPHG�WR�KDYH�TXDQWL]HG�HQHUJ��DFFRUGLQJ�WR�3ODQFN�V�ODZ��(� �K� υ ��ZLWK�WKH�PRPHQWXP�RI��3�

 � h N���7KH�PDWHULDO�V�DWRPLF�VWUXFWXUH�KDV�DOVR�EHHQ�WDNHQ�LQWR�DFFRXQW��LQ�FDOFXODWLRQV��7KH�SKRWRQV�LQWHUDFW�VWHS�

E��VWHS�ZLWK�WKH�DWRPLF�OD�HUV�RI�WKH�GLHOHFWULF�PDWHULDO��VR�WKDW�LW�FDXVHV�VRPH�GHOD��IRU�SKRWRQV�WR�WUDYHO�LQVLGH�D�

GHQVH�WUDQVSDUHQW�PDWHULDO�

���� 1DQR�UHIUDFWLYH�,QGH��LQ�4�3�

5HODWLRQ������H[SUHVVHV�WRWDO�WLPH�LW�WDNHV�SKRWRQ�WR�WUDYHO�LQVLGH�D�PHGLD������������@���VHH�DOVR�)LJXUH���

� � � � � �������
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di
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�/��LV�WKH�PDWHULDO�OHQJWK��7UDYHOOLQJ�WLPH�RI�SKRWRQ� LQ�YDFXXP�EHWZHHQ�PROHFXODU� OD�HUV�DV�WKH� VXP�RI�

WLPH�WKDW�SKRWRQ�VSHQGV�WR�SDVV�WKURXJK�WKH�LQWHUPROHFXODU��LQWHU�DWRPLF��HPSW��VSDFH��
R

/

&
��DQG�SKRWRQ��PDWWHU�

LQWHUDFWLRQV��
�

N

di
i

τ
=
∑ ���5HIUDFWLYH�LQGH[�LV� WKH�UDWLR�RI�&R��YDFXXP�VSHHG�RI�WKH�OLJKW��RYHU� WKH�DYHUDJH�VSHHG�RI�

OLJKW�LQ�WKH�PHGLXP�IRU�ODUJH�1��QXPEHU�RI�LQWHUDFWLRQV���VR�

� � � � � ��
�
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)LJ����� �XULQJ�3KRWRQ�HOHFWURQ�LQWHUDFWLRQ��SKRWRQ�LV�DQQLKLODWHG�DQG�LW�V�HQHUJ��DV�NLQHWLF�IRUP��LOO�EH�

WUDQVIHUUHG�WR�HOHFWURQ�IRU�D�VKRUW�WLPH���KHQ�SKRWRQ�LV�UHFUHDWHG�

,I�QRZ��ZH�DVVXPH�� dτ ��DV�WKH�DYHUDJH�UHWDUGDWLRQ�WLPH�SHU�LQWHUDFWLRQ���G���DV�WKH�DYHUDJH�IUHH�SDVV�EHWZHHQ�

WZR�VXFFHVVLYH�LQWHUDFWLRQV��ZH�ZLOO�KDYH�

� � � � � ��������� � o
d

C
n

d
τ= + � � � � � ���������

�ZKHUH�� � 

N

di
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d
N

τ

τ =
∑

���DQG�
/
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= ��

)LJ����� 3KRWRQ�(OHFWURQ�LQWHUDFWLRQ��LWK�PROHFXODU�OD�HUV�RI�D�WUDQVSDUHQW�W�SLFDO�VROLG��EDVHG�RQ�4XDQWXP�

3KRWRQLFV�DQG��RKP��KHRU��

�V�FDQ�EH�VHHQ�LQ�)LJ�����LQLWLDOO���SKRWRQ�LV�DQQLKLODWHG�DQG�GHOLYHUV�LW�V�HQHUJ��WR�WKH�HOHFWURQ�LQ�WKH�ORZHVW�

energy�level�and�perturbs�it.�Energy�of�annihilated�photon�is�not�su�cient�to�transfer�the�electron�to�a�higher�stable�
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HQHUJ��VWDWH��6R��WKH�SHUWXUEHG�HOHFWURQ�UHWXUQV�WR�LW�V�LQLWLDO�RUELWDO�VWDWH�DIWHU�D�WUDQVLW�WLPH��ZKLFK�ZH�FDQ�QDPH�LW�

(τS)�,��nally�the�photon�recreates.

At�last,� the�retardation�time� (τG��IRU�D�PRUH�SUHFLVH�HYDOXDWLRQ��PD��EH�FRQVLGHUHG�DV�VXPPDWLRQ�RI�SKRWRQ�

annihilation�(τD)�,�electron�perturbation�(τS)�and�photon�recreation�times�(τU���VHH�)LJXUH����DQG�
���@�

� � � � � �����������τG�=�τD+τS+τU� � � � � �������������

These�quantitative�parameters�may�be�considered�as� �functions�of�wavelength.�For�simplicity�as��rst-�order�

approximation,�we�assume�τD�and�τU��as�negligible�coe�cients�on�the�order�of�zepto-seconds.�Since�according�to�

Quantum�Photonic�treatment,�(τS��ZLOO�EH�LQ�WKH�UDQJH�RI�DWWR�VHFRQGV�
��������@�

��� �2:��2�2���,1��,��(1���5,���(�,1�(5��20,��)25�(6��),.�

�OWKRXJK��LQ�WKLV�VHFWLRQ��WKH�LQWHU�DWRPLF�IRUFH��)L��KDV�EHHQ�REWDLQHG�IRU�W�SLFDO�WHWUDJRQDO�RU�RUWKRUKRPELF�

ODWWLFH�VWUXFWXUHV�ZLWK�ODWWLFH�FRQVWDQWV�D��E��DQG�F���)L��FDQ�DOVR�EH�FDOFXODWHG�IRU�RWKHU�FU�VWDO�VWUXFWXUHV�LQ�D�VLPLODU�

ZD���:H�OO�H[SODLQ�KHUH��RXU�PHWKRG�RI�FDOFXODWLQJ�)L�DQG�WKH�QDQR�VFRSLF�UHIUDFWLRQ�IRUPXOD�

While�an�atom�is�inserted�inside�a�crystal,�“ψ”�functions��of�atoms�are�perturbed.�It’s�because�the�neighbor�

atoms,�induce�electric��eld�on�atom’s�electron,�causes�distortion�of�orbits�and�it’s�energy�levels�splitting.�This��eld�

is�called��crystal��eld�and�can�be�treated�by�Perturbation�theory,�a�common�approach�in�submicron�scales�based�on�

quantum�mechanics.�According�to�Perturbation�theory,�the�potential�in�the�presence�of�applied��eld�becomes:

� � � � � ���� ( ) ( )R9 9 U 9 U′= + � � � � � ���������

9R�U���DWRPLF�SRWHQWLDO� 9 �U�′ �:�potential�due�to�the��eld.�For�details�of�such�method�of�calculation,�refer�to��

TXDQWXP�PHFKDQLF�ERRNV����������@��

WKH�UHVXOWV�DUH�

� � � � �����
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Energy�and�wave�function�for�any�level�“n”�in�the�absence�of��eld�(stable�state)�are�assumed�to�be� �R�
Q( �DQG�

�R�
Qψ �UHVSHFWLYHO���1RZ�D�UHVWRULQJ�IRUFH�PDNHV�DWRP�PRYH�DURXQG�LW�V�VWDEOH�VWDWH�LQ�FU�VWDO�ODWWLFH�

)RU�VLPSOLFLW���HOHFWURQV�RI�DWRPV�LQ�D�W�SLFDO�ODWWLFH��DUH�DVVXPHG�WR�IRUP�XQLIRUP��QHJDWLYHO��FKDUJHG�VSKHUH�

DURXQG�WKH�QXFOHXV��,I�)R�EH�LQWHU�DWRPLF�IRUFH�EHWZHHQ�PRWKHU�DWRP��LQWHUDFWLQJ�ZLWK�LQFLGHQW�SKRWRQ��DQG�LW�V�

nearest�neighbor�at�distance�“a”:�constant�lattice,�we’ll�have�(see��g.�5.a):����@

� � � � � �������
&RQV WDQ W

O r
F

a
= � � � � � ��������
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)LJ�����D� ��W�SLFDO�2UWKRUKRPELF�RU��HWUDJRQDO��U�VWDO��DWWLFH�

)LJ����E� �RXORPE�0RWKHU�1XFOHXV�)RUFH�DQG�65,)�LQ�D���SLFDO�2UWKRUKRPELF�RU��HWUDJRQDO��U�VWDO�

�DWWLFH�

7KHQ�)S��ZKLFK�LV�WKH�WRWDO�LQWHUDWRPLF�IRUFH�EHWZHHQ�PRWKHU�DWRP�DQG�LW�V�S�WK�QHDUHVW�DWRPLF�OD�HU��ZLOO�EH�

REWDLQHG�LQ�WKH�IRUP�RI�

� � � �

U � U �

S R U U � U �
P � Q �� � � � � �� �

U �

U �
P � Q � � � � � � �

� ��S�D ��S�D
) ) ��

S
�D P �F � �D Q �F �

��S�D

�D Q �E P �F �

+ +∞ ∞

+ +
= =

+∞ ∞

+
= =

= + +

+ +

+

+ +

∑ ∑

∑∑
� � � ��������

,Q�HTXDWLRQ������S� ���������DQG��U���VKRXOG�EH�JUHDWHU�WKDQ�WZR��6LQFH�LQ�DWRP�V�FRXORPE�V�IRUFH��U��EHFRPHV�

WZR���XW��U��VKRXOG�DOVR�EH�OHVV�WKDQ����9DQGHUYDOV�)RUFHV�����@�

Now,�we�can�calculate�total�interatomic�force�while�photon�interacts�right�at�the�interface�surface�(�rst�layer).�

7KHQ�WKH�VDPH�IRUFH�ZKHQ�SKRWRQ�LQWHUDFWV�ZLWK�VHFRQG�OD�HU�DQG�VR�IRUWK��6R��WKH�WRWDO� LQWHUDWRPLF�IRUFH��ZKHQ�

SKRWRQ�LQWHUDFWV�ZLWK�L�WK�OD�HU�IURP�WKH�LQWHUIDFH�VXUIDFH��ZLOO�EH�HVWLPDWHG�DV�IROORZV�

� � � � � � ��� ���ii i i pF F F F+= + + + � � � � � ��������
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6HH�DOVR�)LJXUH���D��DQG�)LJXUH���E����P�Q�S��DUH�LQWHJHUV���������@�6HH�DOVR�)LJXUH����



�������������������������������������������2020;2:2 9�of�13

)LJ����� ,QWHUDWRPLF�IRUFH�LQ�.�WK�OD�HU�IURP�WKH�LQWHUIDFH�IRU�D�W�SLFDO�FU�VWDO�ODWWLFH���V�FDQ�EH�REVHUYHG��

WKLV�IRUFH�UHGXFHV�H�SRQHQWLDOO��WR��HUR��KHQ��.��EHFRPHV�HQRXJK�ODUJH��)RU�SRO�FU�VWDOOLQH�DQG�HYHQ�

DPRUSKRXV�WUDQVSDUHQW�VROLGV��DERYH�UHVXOWV�FDQ�EH�H�WHQGHG�HDVLO��WRR�

���4�3��3��6,����02�(��)25�1�12�5()5���,21

�FFRUGLQJ�WR�1DQR�5HIUDFWLRQ��1�5���EDVHG�RQ�4�3���OLJKW�VWULNHV�DW�WKH�LQWHUIDFH�DQG�LQWHUDFWV�ZLWK�HOHFWURQV�

of�medium�at�surface�layer.�It�causes�orbit�of�electron�perturbs.�These�electrons�bear�transient�states.�Their��ight�

URXWHV�DUH�GHWHUPLQHG�E��UHVXOWDQW�RI�FROXPELF�QXFOHXV�IRUFH��)FQ���LQWHU�DWRPLF�IRUFH��)L���DQG�DOVR�GHSHQG�RQ�WKH�

LQFLGHQW�OLJKW�DQJOH�� Lθ ��

:H�KDYH�GHPRQVWUDWHG�WKDW�SKRWRQV��ZKLOH�PRYLQJ�WKURXJK�N�WK�OD�HU�IURP�WKH�LQWHUIDFH�VXUIDFH��GHYLDWH�LQ�DQ�

DQJOH�ZLWK�WKH�DPRXQW�RI�� ∆θ ��DQG�ZH�FDQ�VXJJHVW�WKH�IROORZLQJ�HTXDWLRQ���VHH�)LJXUH������

� � � � �
LN L

FQ VO

) �VLQ� �
WJ� �

) �FRV� � )

θ
∆θ =

α +
� � � � � ��������

DQG�

� � � � � FRV� � FRV� ��FRV� �iα β θ= � � � � � ��������

)FQ��FRXORPELF�QXFOHXV�IRUFH��)L�� LQWHU�DWRPLF�IRUFH�LQ�WKH�.�WK�OD�HU�DQG�)VO��LQWHU�DWRPLF�IRUFH�DW�VXUIDFH�

OD�HU�������@

(TXDWLRQ�������LV�RXU�SURSRVHG�1�5��UHODWLRQ�DFFRUGLQJ�WR�4�3��WKHRU���8VLQJ�WKLV�HTXDWLRQ��SKRWRQV�WUDMHFWRU��

DW�WKH�LQWHUIDFH�FDQ�EH�SUHGLFWHG��(OHFWURQV�RI�WKRVH�DWRPV�DW�WKH�LQWHUIDFH��EHDU�URWDWLRQDO�WRUTXH��EHFDXVH�RI�WZR�

SHUSHQGLFXODU�IRUFHV�LQ�)LJXUH����)LUVW��,QWHUDWRPLF�IRUFH�)L�

Fig.�7.� Incident�photon�strikes�at�interface�and�interacts��with�bounded�electron�of�an�atom�in�it’s��ight�

URXWH�GHYLDWHV�

VHFRQG��FRXORPE�PRWKHU�QXFOHXV�IRUFH��)FQ���7KLV�WRUTXH�PDNHV�HOHFWURQV�WR�URWDWH�E��� ∆θ ���LQ�HYHU��DWRPLF�

OD�HU�

∆θ ��DV�PSWRWHV�WR�]HUR�LQ�OD�HUV�IDU�IURP�LQWHUIDFH�VXUIDFH��LQVLGH�WKH�PDWHULDO�
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,Q�HTXDWLRQ�������IRU�VPDOO�LQFLGHQW�DQJOHV�� iθ ≈ ����WKH�VXUIDFH�OD�HU�LQWHU�DWRPLF�IRUFH��)VO��ZLOO�EH�QHJOHFWHG��

LQ�FRPSDULVRQ�ZLWK�WKH�WHUP�)FQ�FRV�α ���DQG�ZH�OO�KDYH���@

� � � � �
LN

L

FQ

)
WJ� � �WJ� �

) �FRV� �
∆θ ≈ θ

β
� � � � ��������

Fig.�8.� Simulation�results�for�three�typical�orthorhombic�or�tetragonal�transparent�crystals�with�di�erent�

refractive�indices�(n=�1.5,2,30.�“out�1,2,3”,�are�Q.P.�output�angles�and�“�rst,�second�and�third”�are�

DFFRUGLQJ�WR�6QHOO�V�OD��

)RU�ODUJH�LQFLGHQW�DQJOHV� � � �iθ π≈ ���ZH�FDQ�QRW�QHJOHFW� WKH�HIIHFWV�RI�)VO��7KLV�LV�EHFDXVH�)FQ�FRV� α ��

asymptotes�to�zero�and�the�Fsl�coe�cient�will�have�dominant�e�ect:

� � � � � ���
LN

L

VO

)
WJ� � �VLQ� �

)
∆θ ≈ θ � � � � � �������

using�equations�(16)�to�(19),�we�can�relate�nanoscopic�coe�cients�such�as�Fcn,�Fsl�and�Fik�to�the�macroscopic�

coe�cient�“n”:�the�refractive�index.

8VLQJ�HTXDWLRQ������WR������� DQG������WR� ������D�WLPH�GRPDLQ�0RQWHFDUOR� ���@�VLPXODWLRQ�GHPRQVWUDWHV�WKH�

SKRWRQV�DQJOH�GHIOHFWLRQ��ZKHQ�WUDYHOLQJ�WKURXJK�WKH� LQWHUIDFH�VXUIDFH�EHWZHHQ�WZR�GLIIHUHQW�PHGLD��:H�KDYH�

FRQWLQXHG�WKLV�SURFHGXUH�IRU����DWRPLF�OD�HUV�IURP�WKH�LQWHUIDFH�VXUIDFH�DQG�FRPSDUHG�LW�ZLWK�PDFURVFRSLF�UHVXOWV�

RI�6QHOO�V�ODZ���VHH�SORWV�RI�)LJXUH�����DQG�7DEOH���DQG�7DEOH����

����(�,� 4�3��6,0����,21�5(6���6�,1��203�5,621�:,���61(���6���:��1 ����
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����(�,,� 35(�,��,21�2)��5,�,�����1*�(����25�,1*��2�4�3���(5(�:(��(��21(�

��������,216��1��6,0����,216�)25������20,�����(56�)520���(�,1�(5)��(�

6�5)��(�

Tables�I�and�II�and�also�Figures�8�and�9,�show�the��nal�results�obtained�in�simulations�based�on�Q.P.-�physics-

PDWKHPDWLFV�PRGHO�GHVFULEHG�EHIRUH��6LPXODWLRQ�UHVXOWV�DUH�HVWLPDWHG�IRU�WKUHH�W�SLFDO�RUWKRUKRPELF�WUDQVSDUHQW�

material�with�three�di�erent�refractive-�indices�(n�=�1.5,2,3).�The�calculations�in�nanoscopic�and�atomic�scales�are�

EDVHG�RQ�HTXDWLRQV������WR������DQG�HTXDWLRQV������WR�������DV�VWDWHG�EHIRUH�

7KH�RXWSXW�DQG�FULWLFDO�DQJOHV�KDYH�EHHQ�FRPSXWHG�DQG�FRPSDUHG�VXFFHVVIXOO��LQ�PDFURVFRSLF�VFDOHV�ZLWK�WKH�

results�obtained�from�Snell’s�law�(Tables�(2)�and�also��g.�1)

It’s�been�shown�that�the��ight�route�of�photons�in��rst�few�molecular�layers�from�the�surface�is�not�refracted�

DV�REVHUYHG�PDFURVFRSLFDOO���,QVWHDG�QDQR�UHIUDFWLRQ�RFFXUV�JUDGXDOO�� VWHS�E��VWHS��,W�DV�PSWRWHV�WR�WKH�RXWSXW�

DQJOH�YDOXH��6HH�DOVR�)LJXUH���

4�3��LQWHUSUHWDWLRQ��HPSKDVL]HV�RQ�&RUSXVFXODU�QDWXUH�RI�OLJKW�WKDW�SURYHV�)HUPDW�SULQFLSOH�DQG�DOVR�FDQ�EH�

DSSOLHG�WR�RWKHU�RSWLFDO�SURSHUWLHV�VXFK�DV�SRODUL]DWLRQ�DQG�GLVSHUVLRQ�

Fig.�9.� According�to�Q.P.�predictions,�photon’s��ight�route�at�the�interface�and�few�atomic�layers�around�

it,�happens�gradually�that�is�di�erent�from�macroscopic�refraction,�based�on�Snell’s�law.�It�suggests�nano-

UHIUDFWLRQ�RFFXUV�

����21���6,21

,W�V�PRUH�WKDQ�����HDUV�ZH�UH�VHULRXVO��ZRUNLQJ�RQ� WKLV�QHZ� WKHRUHWLFDO�DSSURDFK�WKDW� LV�FDOOHG�4XDQWXP�

3KRWRQLF��WWR�VHFRQG�WUHDWPHQW�� ,W�V�EDVHG�RQ��RKPLDQ�0HFKDQLFV���@�DQG�FDQ�H[SODLQ�ERWK�SK�VLFDOO��DQG�

PDWKHPDWLFDOO��QDQR�DWWR�VFDOHV�RSWLFDO�SKHQRPHQD��:H�YH�DOUHDG��VXFFHVVIXOO��HVWLPDWHG�WKH�UHIUDFWLYH�LQGH[�RI�

UHDO�PDWHULDO� ���@��GLVSHUVLRQ� ���@,�electro-optic�e�ect� ���@�DQG�SRODUL]DWLRQ� ���@��(YHQ�LQ�WKH�DUHD�RI�QRQOLQHDU�RSWLFV��

we’ve�justi�ed�phase�matching�phenomenon�in�(SHG)�or�Second�Harmonic�Generation� ���@���OVR�/DVHU�,QGXFHG�

Breakdown�(LIB)�phenomenon�and�Multi-photon�Ionization(MPI),�have�already�been�successfully�justi�ed�using�

WKLV�WUHDWPHQW�������@�
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1RZ��LQ�WKLV�SDSHU��ZH�YH�WULHG�WR�MXVWLI��1DQR�5HIUDFWLRQ�XVLQJ�4XDQWXP�3KRWRQLF�DWWR�VHFRQG�YLHZSRLQW���V�

VHHQ�WKH�UHVXOWV��LW�GRHV�QRW�FRQWUDGLFW�ZLWK�DQ��SUHYLRXV�RSWLFDO�WKHRULHV��DFFRUGLQJ�WR��&RUUHVSRQGHQFH��SULQFLSOH��

4�3��LV�UHODWHG�GLUHFWO��WR�SRVWXODWHV�LQ��RKPLDQ�0HFKDQLFV�

�V�UHSRUWHG�LQ�WKLV�VWXG���TXDQWLWDWLYH�UHVXOWV�EDVHG�RQ�0RQWHFDUOR�WLPH�GRPDLQ�VLPXODWLRQV��GHPRQVWUDWH�

PLQLPXP�HUURUV�DW�PRVW���SHUFHQW�LQ�FRPSDULVRQ�ZLWK�H[SHULPHQWV�DQG�SUHYLRXV�WKHRULHV�LQ�PDFURVFRSLF�VFDOHV��,Q�

DGGLWLRQ�LW�H[SUHVVHV�D�QHZ�LQWXLWLYH�YLHZSRLQW�LQ�QDQR�DWWR�VSDFH�WLPH�VFDOHV�

)RU�WKHRUHWLFDO�HVWLPDWLRQ�RI�SKRWRQ�WUDMHFWRULHV�LQVLGH�D�4�3�&���TXDQWXP�PHFKDQLFV�ZLOO�QRW�KHOS���XW�WKHUH�V�

still�a�kind�of�dominant�dogma�about�Q.M.�in�today’s�modern�scienti�c�literature.�A�huge�amount�of�resistance�

DJDLQVW�DQ��LGHD�WKDW�YLRODWHV�GXDOLW���,Q�UHDOL]DWLRQ�RI�4�&���VDWLVIDFWLRQ�RI�SROLWLFLDQV�DQG�WKHLU�LQWHUHVWV�LQ�GXDOLW��

GRHV�QRW�ZRUN���OVR�ZH�UH�QRW�WU�LQJ�WR�ZULWH�D�VFHQDULR�IRU�+ROO�ZRRG��(YHQ�QRW�IRU�DQ��PRUH�SKLORVRSKLFDO�

GHEDWH��,Q�WKLV�SDSHU��ZH�YH�SURSRVHG�D�QHZ�DUHD�IRU�WKHRUHWLFDO�SUHGLFWLRQ�RI�QDQR�UHIUDFWLRQ�LQVLGH�4�3�&��,W�V�D�

search�for��nding�“Truth”.

It�seems�that�Q.P.�approach�may�also�be�examined�to�some�other�nano-optical�phenomena�as�nano-re�ection,�

nano-photo-refraction,�nano-di�raction�and�some�other�nonlinear�nano-optical�properties�inside�the�matters�that�

TXDQWXP�FRPSXWHUV�VKRXOG�EH�PDGH�IURP�
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