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ṡ
VQ^

s
u

vxÃ}V�g@p ¤ cos θ = 2 cos2 θ/2 − 1 = 1 − 2 sin2 θ/2
y

Ð u�«rLQK_a@K_V�g@V�ghPd~sK_PJR!~JajV�Roe*Hs[W^kV�R!a@K�g�l ��|DISPc^_a@HsR Tol ��bJHJgjIW^_a@HsR TWV
s
u

Ñ H nZn VrbsHJISXBgjV>LQHsRSX`^_Pc^_V��seYghP}p-��K_ajH*T!V>TWVYXBHDXkL�a@gjghPc^kajHJR�RSV>TW��pEV�RST�pSPsXBT!V>g�l P n p!g@a@^kIETWVJu�F�HJI!K�I!R�p-V�RST!I!g@VXka n p!gjVJe!L�V�LQa.Rol V�X`^wbDKOPda.|DI!V�T!PdREXrgjV�Kk��~Ja n V�TWV�X>£xPJa@[!gjV�XwP n pSg@a@^kIST!VJu�¡�P�p-V�RSTWISg@V�Tml Ã}I!�*~sV�RSXfp-V�K n V�^wT!VLQHsKkK_aj~JV�Kfg�l V�Ò-V�^qTWV�X�bcPJKkahPc^_a@HsRSXwTml P n p!g@a@^kIETWV�X`ISK�gjPip-��K_a@HWTWVsu
Ó�1qÔ�?A��°r4-��C��x7*��ÕmCc�!?A687*9.:}?x9.:��DCc7*���Y�*�J1GÖzHJIEXBp-HJISbJV��>bJHsISX�TWV n PdRSTWV�KBp-HJISK_|DI!HsasajgDPq£xPdgjgjI n VQ^`^_KkVfgjVLQ�*gja@RETWKkVqV�R�×sØ¸ËOË�ÌcÍ*Ë�ÙzÖzHsISX�p-HJISbJV��qKkV�p!KkV�RSTWK_V}gjVqp!K_HJ[!gj� n V}pSKk�YLQ��T!V�RD^rV�R{pEHDXkPJRs^>g@VqL��*g@ajRSTWK_V	PJI¦×JØQË_Ë¸Í*ËTWIMpSgjPJRoe*VQ^>K_VQ£xPJa@K_V}gjV	L�PdghLQI!g�u��Wa-bsHJISXz^kKOPJLQV��qgjVqp-Hd^_V�RD^kajV�g-V�R�£�HsRSL¸^_a@HsR{TWV

s
eDbJHsISX�bsHJISXrKkV�RSTWK_V��qL�H n pW^_V|DIol a@go�P�ISR!V�X`ajR!~sI!gjPJKka@^k��t

s = 0
uzF�HJI!bsV���bJHsISXwTWahXkL�IW^kV�K�a@RD^kISa�^_a@bsV n V�RD^}g�l V�Ò-V�^	TWV�LQV�^`^kV�XkajR!~JI!ghPdK_a@^k���

Ú�1�Ûq=@7DÜm°r�DCc?x7*9��J7�;B7�Ý>Cc4E�B:�4-9mÞoß�4Eà��A7E1 Ñ VQ^k^kViVQ§Wp-��K_a@V�RSLQViP�\]HsI!��I!R¦^kK_��X	~JKOPdRSTKk�sg@V�tghP�¿SR<TWI
á Á á � n V�vâ¿E~Su Ï y¸u ¥ V�IW§ZLONSPdK_~JVYX +q

VQ^
−q

vATWV n PJX_X`V m
y�X`HsRs^�¿!§W��V�X�pSPJKzI!R!V�[SPJKkK_V>K_aj~JahTWVJu�¡oV�LQV�RD^kK_V

OTWV	gjP�[SPdK_KkVqV�X`^fPJXkK_V�ajRs^ft�[-HJI!~sV�Kwt�b*a�^_V�X_X`V�LQHJREX]^OPdRD^kV
v
gjVqgjHJR!~iTml I!R!V	T!KkHsa�^_VJuz¡�P�[SPdK_KkV�K_��XkahTWV	T!PJRSX>I!R

p!ghPdR N!HJK_aj��HJRD^OPdg�u��	R K_V�p-��K_V�ghPipEHDX`a@^kajHJR�TWV�ghPi[SPdK_KkV�pSPJK}X`HsR L�V�RD^kK_V
O
V�^}gAl PdR!~sg@V

θ
P$bJVYLqg�l NSHJK_a@��HJRD^_PJgAu

Àsu Ñ PdghLQI!gjV�KYecV�Ri£�HJREL¸^kajHJRZTWV
θ
eJg@V}LONSP n p n Pd~sR!�Q^_aj|DI!V�|DI!V�LONSPs|sISVwLONEPdK_~JV>L�Kk��V�PdIiR!a@bsV�PJIiTWV�g�l PdIW^_KkVsu«�R T!��TWI!ajK_V�ghP�£�HJKOLQV�TWV�¡oHsKkV�Rs^_��XkI!K}LONSPs|DI!V�LONEPdK_~JVqV�R{£�HsRSL¸^_a@HsR T!V�g�l PdR!~sg@V

θ
e!V�^wgjV n H n V�RD^}TWV�X£�HJKOLQV�XfpSPJK�K_PJp!p-HJKk^wPJI p-HJajRD^

O
u

Î!u}¡oV}p-HJajRD^
O
V�X`^>XkISXkpEV�RSTWI{t�ISR�¿Sg.|sISaSVQ§WV�K_L�V}I!R{L�HJI!p!gjV

−kθ
u�ã�K_HJISbJV�KrV�RZ£�HJREL¸^kajHJRTWV}ghP�b*a�^_V�X_X`V

v
eWg�l �Y|DISPc^_a@HsR�Tol ��bJHJgjIW^_a@HsRTWV�g�l PJR!~JgjV

θ
e!VQ^}ghPipEHDX`a@^kajHJR�Tml ��|DI!ajg@aj[!K_VJu

Ï u}ä�VQ£xPJa@K_V�g@V n ´ n V�L�PJgjL�I!goTWI�p-HJajRs^qT!V�b*I!V�Tol I!R�Hs[SX`V�KkbcPd^kV�ISKw|DI!am[-HJIS~JV�P$bJVYLqgjV�pEHsa@RD^ O
u

O
G

Aφ

A

O
Gθ

+q

−q

O θ

fig.3fig.2fig. 1

Î


