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    𝑬 →


    𝑬 →


  𝜌 =     r  p    r  s =  tan ⁡   ( Ψ ) ⋅  exp ⁡   ( i Δ )


  𝜌 =     r  p    r  s =  tan ⁡   ( Ψ ) ⋅  exp ⁡   ( i Δ )


    r  p


    r  p


    r  s


    r  s


   tan ⁡   ( Ψ )


   tan ⁡   ( Ψ )


    r  p


    r  p


    r  s


    r  s


    r  p =  |   r  p |  exp ⁡   ( i   𝛿    r  p )   dan     r  s =  |   r  s |  exp ⁡   ( i   𝛿    r  s )


    r  p =  |   r  p |  exp ⁡   ( i   𝛿    r  p )   dan     r  s =  |   r  s |  exp ⁡   ( i   𝛿    r  s )


   tan ⁡   ( Ψ ) =    |   r  p |   |   r  s |   ,    tan ⁡   ( Δ ) =     I m  ( ρ )    R e  ( ρ )


   tan ⁡   ( Ψ ) =    |   r  p |   |   r  s |   ,    tan ⁡   ( Δ ) =     I m  ( ρ )    R e  ( ρ )


  E  ( z , t ) =  [      E  x 0 ⋅  exp ⁡   ( i  ( 𝜔 t − K z +   𝛿  x ) )     E  y 0 ⋅  exp ⁡   ( i  ( 𝜔 t − K z +   𝛿  y ) ) ]


  E  ( z , t ) =  [      E  x 0 ⋅  exp ⁡   ( i  ( 𝜔 t − K z +   𝛿  x ) )     E  y 0 ⋅  exp ⁡   ( i  ( 𝜔 t − K z +   𝛿  y ) ) ]


  I =   I  x +   I  y =   E  x 0 2 +   E  y 0 2 =   E  x   E  x ∗ +   E  y   E  y ∗


  I =   I  x +   I  y =   E  x 0 2 +   E  y 0 2 =   E  x   E  x ∗ +   E  y   E  y ∗


    𝑩 →


    𝑩 →


    E  linear-x =  [       1   0 ] ,     E  linear-y =  [       0   1 ]


    E  linear-x =  [       1   0 ] ,     E  linear-y =  [       0   1 ]


    E    x ′ ,   E    y ′ )


    E    x ′ ,   E    y ′ )


    E  x ​   d a n     E  y ​


    E  x ​   d a n     E  y ​


   (         E    x ′     E    y ′ ) =  (     cos ⁡ α   sin ⁡ α   −  sin ⁡ α   cos ⁡ α )  (         E  x     E  y )


   (         E    x ′     E    y ′ ) =  (     cos ⁡ α   sin ⁡ α   −  sin ⁡ α   cos ⁡ α )  (         E  x     E  y )


  R  ( 𝛼 ) =  (     cos ⁡  𝛼   sin ⁡  𝛼     − sin ⁡  𝛼   cos ⁡  𝛼 )


  R  ( 𝛼 ) =  (     cos ⁡  𝛼   sin ⁡  𝛼     − sin ⁡  𝛼   cos ⁡  𝛼 )


                  R  ( − α ) =  (     cos ⁡ α  −  sin ⁡ α    sin ⁡ α   cos ⁡ α )


                  R  ( − α ) =  (     cos ⁡ α  −  sin ⁡ α    sin ⁡ α   cos ⁡ α )


    E  x


    E  x


    E  y


    E  y


  E =  (         E  x     E  y )


  E =  (         E  x     E  y )


  P   =   A   =    [    1  0   0  0 ]


  P   =   A   =    [    1  0   0  0 ]


    𝑯 →


    𝑯 →


  °


  °


  °


  °


    E  A =  cos ⁡   ( P )  cos ⁡   ( A )  sin ⁡   ( Ψ )  exp ⁡   ( − i A ) +  sin ⁡   ( P )  sin ⁡   ( A )  cos ⁡   ( Ψ )


    E  A =  cos ⁡   ( P )  cos ⁡   ( A )  sin ⁡   ( Ψ )  exp ⁡   ( − i A ) +  sin ⁡   ( P )  sin ⁡   ( A )  cos ⁡   ( Ψ )


  I =    |   E  A | 2


  I =    |   E  A | 2


  I =   I 0  [  ( 1 −  cos ⁡ 2 P  cos ⁡ 2 Ψ ) +  (  cos ⁡ 2 P −  cos ⁡ 2 Ψ )  cos ⁡ 2 A +  (  sin ⁡ 2 P  sin ⁡ 2 Ψ  cos ⁡ Δ )  sin ⁡ 2 A ]


  I =   I 0  [  ( 1 −  cos ⁡ 2 P  cos ⁡ 2 Ψ ) +  (  cos ⁡ 2 P −  cos ⁡ 2 Ψ )  cos ⁡ 2 A +  (  sin ⁡ 2 P  sin ⁡ 2 Ψ  cos ⁡ Δ )  sin ⁡ 2 A ]


  I =   I 0  [  ( 1 −  cos ⁡ 2 P  cos ⁡ 2 Ψ ) +  (  cos ⁡ 2 P −  cos ⁡ 2 Ψ )  cos ⁡ 2 A +  (  sin ⁡ 2 P  sin ⁡ 2 Ψ  cos ⁡ Δ )  sin ⁡ 2 A ]


  I =   I 0  [  ( 1 −  cos ⁡ 2 P  cos ⁡ 2 Ψ ) +  (  cos ⁡ 2 P −  cos ⁡ 2 Ψ )  cos ⁡ 2 A +  (  sin ⁡ 2 P  sin ⁡ 2 Ψ  cos ⁡ Δ )  sin ⁡ 2 A ]


   ( 1 −  cos ⁡ 2 P  cos ⁡ 2 Ψ )


   ( 1 −  cos ⁡ 2 P  cos ⁡ 2 Ψ )


  I =   I 0  ( 1 + 𝛼  cos ⁡ 2 A + 𝛽  sin ⁡ 2 A )


  I =   I 0  ( 1 + 𝛼  cos ⁡ 2 A + 𝛽  sin ⁡ 2 A )


  (   𝛼   )   d a n   (   𝛽   )


  (   𝛼   )   d a n   (   𝛽   )


  𝛼 =    cos ⁡ 2 P −  cos ⁡ 2 Ψ  1 −  cos ⁡ 2 P  cos ⁡ 2 Ψ ,


  𝛼 =    cos ⁡ 2 P −  cos ⁡ 2 Ψ  1 −  cos ⁡ 2 P  cos ⁡ 2 Ψ ,


    𝑴 →


    𝑴 →


  𝛽 =    sin ⁡ 2 Ψ  cos ⁡ Δ  sin ⁡ 2 P  1 −  cos ⁡ 2 P  cos ⁡ 2 Ψ


  𝛽 =    sin ⁡ 2 Ψ  cos ⁡ Δ  sin ⁡ 2 P  1 −  cos ⁡ 2 P  cos ⁡ 2 Ψ


  (   𝛼   )   d a n   (   𝛽   )


  (   𝛼   )   d a n   (   𝛽   )


  𝛼 =      tan 2 ⁡ Ψ −    tan 2 ⁡  P     tan 2 ⁡ Ψ +    tan 2 ⁡  P ,


  𝛼 =      tan 2 ⁡ Ψ −    tan 2 ⁡  P     tan 2 ⁡ Ψ +    tan 2 ⁡  P ,


  𝛽 =   2  tan ⁡ Ψ  cos ⁡ Δ  tan ⁡  P     tan 2 ⁡ Ψ +    tan 2 ⁡  P


  𝛽 =   2  tan ⁡ Ψ  cos ⁡ Δ  tan ⁡  P     tan 2 ⁡ Ψ +    tan 2 ⁡  P


  t a n Ψ =    1 + 𝛼  1 − 𝛼  |  tan ⁡  P | ,


  t a n Ψ =    1 + 𝛼  1 − 𝛼  |  tan ⁡  P | ,


   cos ⁡ Δ =   𝛽   1 −   𝛼 2


   cos ⁡ Δ =   𝛽   1 −   𝛼 2


  Ψ


  Ψ


  Ψ


  Ψ


  Δ


  Δ


  𝜀 ( 𝜔 ) =   𝜀 1 ( 𝜔 ) + i     𝜀 2 ( 𝜔 ) ,


  𝜀 ( 𝜔 ) =   𝜀 1 ( 𝜔 ) + i     𝜀 2 ( 𝜔 ) ,


  𝜎


  𝜎


    𝜀 1 ( 𝜔 )


    𝜀 1 ( 𝜔 )


    𝜀 2 ( 𝜔 )


    𝜀 2 ( 𝜔 )


  Ψ


  Ψ


  Δ


  Δ


  𝜀 = 1 +   ∑  j      A  j    E  n 0 j 2 −   E  n 2 + i  Γ  j   E  n


  𝜀 = 1 +   ∑  j      A  j    E  n 0 j 2 −   E  n 2 + i  Γ  j   E  n


    A  j


    A  j


    E  0 j


    E  0 j


   Γ  j


   Γ  j


    𝜀 2 ( E )


    𝜀 2 ( E )


    E  0 j


    E  0 j


    𝜀 1   , 𝜀 2


    𝜀 1   , 𝜀 2


   Γ  j


   Γ  j


    𝜀 1 ( E )


    𝜀 1 ( E )


   (  k = 0 )


   (  k = 0 )


  n = A +   B    𝜆 2 +   C    𝜆 4 + ⋯ ,   k = 0


  n = A +   B    𝜆 2 +   C    𝜆 4 + ⋯ ,   k = 0


  A


  A


  B


  B


  C


  C


    E  g


    E  g


    𝜀 2 ( E ) =  {      A   E 0 Γ ( E −   E  g  ) 2  E  [ (   E 2 −   E 0 2  ) 2 +  Γ 2   E 2 ] ,  E >   E  g   0 ,  E ≤   E  g


    𝜀 2 ( E ) =  {      A   E 0 Γ ( E −   E  g  ) 2  E  [ (   E 2 −   E 0 2  ) 2 +  Γ 2   E 2 ] ,  E >   E  g   0 ,  E ≤   E  g


  A


  A


    𝝐  𝟏


    𝝐  𝟏


    E 0


    E 0


  Γ


  Γ


    E  g


    E  g


    𝜀 1 ( E )


    𝜀 1 ( E )


    𝜀 2 ( E )


    𝜀 2 ( E )


  𝜀 =   𝜀 ∞  ( 1 −     𝜔  p 2    𝜔 2 − i 𝜔 Γ )


  𝜀 =   𝜀 ∞  ( 1 −     𝜔  p 2    𝜔 2 − i 𝜔 Γ )


    𝜀 ∞


    𝜀 ∞


    𝜔  p


    𝜔  p


  Γ


  Γ


    𝜔  p =    (     e 2   N  f    𝜀 0   𝜀 ∞   m ∗ )  1 / 2


    𝜔  p =    (     e 2   N  f    𝜀 0   𝜀 ∞   m ∗ )  1 / 2


    𝝐  𝟐


    𝝐  𝟐


    N  f


    N  f


    m ∗


    m ∗


    𝜔  p


    𝜔  p


    𝜀 1 ( 𝜔 )


    𝜀 1 ( 𝜔 )


    𝜀 2 ( 𝜔 )


    𝜀 2 ( 𝜔 )


  𝜎 ( 𝜔 )


  𝜎 ( 𝜔 )


  𝜀  ( 𝜔 ) =   𝜀 ∞ +   i 𝜎  ( 𝜔 )    𝜀 0 𝜔


  𝜀  ( 𝜔 ) =   𝜀 ∞ +   i 𝜎  ( 𝜔 )    𝜀 0 𝜔


  𝜀 ( 𝜔 ) =   𝜀 1 ( 𝜔 ) + i   𝜀 2 ( 𝜔 )


  𝜀 ( 𝜔 ) =   𝜀 1 ( 𝜔 ) + i   𝜀 2 ( 𝜔 )


  𝜎 ( 𝜔 ) =   𝜎 1 ( 𝜔 ) + i   𝜎 2 ( 𝜔 )


  𝜎 ( 𝜔 ) =   𝜎 1 ( 𝜔 ) + i   𝜎 2 ( 𝜔 )


    𝜀 1  ( 𝜔 ) + i   𝜀 2  ( 𝜔 ) =   𝜀 ∞   +   i    𝜀 0 𝜔  (   𝜎 1 ( 𝜔 ) + i   𝜎 2 ( 𝜔 ) )


    𝜀 1  ( 𝜔 ) + i   𝜀 2  ( 𝜔 ) =   𝜀 ∞   +   i    𝜀 0 𝜔  (   𝜎 1 ( 𝜔 ) + i   𝜎 2 ( 𝜔 ) )


    𝝐  𝟏


    𝝐  𝟏


    𝜀 1 ( 𝜔 ) =   𝜀 ∞ −     𝜎 2 ( 𝜔 )    𝜀 0 𝜔


    𝜀 1 ( 𝜔 ) =   𝜀 ∞ −     𝜎 2 ( 𝜔 )    𝜀 0 𝜔


    𝜀 2 ( 𝜔 ) =     𝜎 1 ( 𝜔 )    𝜀 0 𝜔


    𝜀 2 ( 𝜔 ) =     𝜎 1 ( 𝜔 )    𝜀 0 𝜔


    𝜎 1 ( 𝜔 ) =   𝜀 0 𝜔   𝜀 2 ( 𝜔 )


    𝜎 1 ( 𝜔 ) =   𝜀 0 𝜔   𝜀 2 ( 𝜔 )


    𝜎 1 ( 𝜔 ) =     𝜀 2 ( 𝜔 )   𝜔  4 𝜋


    𝜎 1 ( 𝜔 ) =     𝜀 2 ( 𝜔 )   𝜔  4 𝜋


    𝜀 2 ( 𝜔 )


    𝜀 2 ( 𝜔 )


    𝜎 1 ( 𝜔 )


    𝜎 1 ( 𝜔 )


    𝜎 1 ( 𝜔 )


    𝜎 1 ( 𝜔 )


    ∫  − ∞ ∞    𝜎 1 ( 𝜔 )   d 𝜔 =   𝜋 n   e 2    m  e


    ∫  − ∞ ∞    𝜎 1 ( 𝜔 )   d 𝜔 =   𝜋 n   e 2    m  e


  n


  n


    m  e


    m  e


    𝜀 2


    𝜀 2


    𝝐  𝟐


    𝝐  𝟐


  E = ℏ 𝜔


  E = ℏ 𝜔


  W =   ∫    E 1    E 2    𝜎 1 ( E )   d E


  W =   ∫    E 1    E 2    𝜎 1 ( E )   d E


  W


  W


  =


  =


  ≠


  ≠


  ≠


  ≠


  ≠


  ≠


  h 𝜈 ≥   E  g


  h 𝜈 ≥   E  g


    E  g


    E  g


    E  C = − 𝜒


    E  C = − 𝜒


   ( 𝝈 )


   ( 𝝈 )


  Δ   E  C =   E  C 1 −   E  C 2 =   𝜒 2 −   𝜒 1


  Δ   E  C =   E  C 1 −   E  C 2 =   𝜒 2 −   𝜒 1


  Δ   E  C


  Δ   E  C


  Δ   E  V


  Δ   E  V


  2 d    sin ⁡  𝜃 = n 𝜆


  2 d    sin ⁡  𝜃 = n 𝜆


    d  h k l   =     a    h 2 +     k 2 +     l 2


    d  h k l   =     a    h 2 +     k 2 +     l 2


  h ,   k ,  


  h ,   k ,  


  l


  l


  a


  a


  E = h 𝜈 =   h c  𝜆


  E = h 𝜈 =   h c  𝜆


  I


  I


  ∇ ∙       D → =     𝜌  e x t


  ∇ ∙       D → =     𝜌  e x t


    I 0


    I 0


  T =   I    I 0


  T =   I    I 0


  A = − log ⁡ T


  A = − log ⁡ T


  𝛼


  𝛼


   ( 𝛼 h 𝜈  )  n = A ( h 𝜈 −   E  g )


   ( 𝛼 h 𝜈  )  n = A ( h 𝜈 −   E  g )


    E  g


    E  g


  n


  n


    E  g


    E  g


   ( 𝛼 h 𝜈  )  n


   ( 𝛼 h 𝜈  )  n


  h 𝜈


  h 𝜈


  ∇ ∙       B → =   0


  ∇ ∙       B → =   0


  °


  °


  °


  °


  𝛼


  𝛼


    S  v  


    S  v  


  v


  v


  p


  p


  𝒔


  𝒔


    S  v


    S  v


    S  v , 6 =   I  v , 01   L 1   I  v , 12   L 2 …   I  v , 45   L 5   I  v , 56   L 6 ​


    S  v , 6 =   I  v , 01   L 1   I  v , 12   L 2 …   I  v , 45   L 5   I  v , 56   L 6 ​


  I


  I


  ∇ ∙       B → =   0


  ∇ ∙       B → =   0


  L


  L


    I  v ,  ( j − 1 ) , j =  1    t  v ,  ( j − 1 ) , j  (    1    r  v ,  ( j − 1 ) , j     r  v ,  ( j − 1 ) , j  1 )


    I  v ,  ( j − 1 ) , j =  1    t  v ,  ( j − 1 ) , j  (    1    r  v ,  ( j − 1 ) , j     r  v ,  ( j − 1 ) , j  1 )


    L  j =  (     exp ⁡   ( − i  β  j )  0   0   exp ⁡   ( i  β  j ) )


    L  j =  (     exp ⁡   ( − i  β  j )  0   0   exp ⁡   ( i  β  j ) )


   β  j =   2 π d λ   N  j  cos ⁡   θ  j


   β  j =   2 π d λ   N  j  cos ⁡   θ  j


    r  v ,  ( j − 1 ) , j  


    r  v ,  ( j − 1 ) , j  


    t  v ,  ( j − 1 ) , j  


    t  v ,  ( j − 1 ) , j  


     (   r  j − 1 , j )  p =     N  j  cos ⁡   θ  j − 1 −   N  j − 1  cos ⁡   θ  j    N  j  cos ⁡   θ  j − 1 +   N  j − 1  cos ⁡   θ  j


     (   r  j − 1 , j )  p =     N  j  cos ⁡   θ  j − 1 −   N  j − 1  cos ⁡   θ  j    N  j  cos ⁡   θ  j − 1 +   N  j − 1  cos ⁡   θ  j


     (   t  j − 1 , j )  p =   2   N  j  cos ⁡   θ  j − 1    N  j  cos ⁡   θ  j − 1 +   N  j − 1  cos ⁡   θ  j 


     (   t  j − 1 , j )  p =   2   N  j  cos ⁡   θ  j − 1    N  j  cos ⁡   θ  j − 1 +   N  j − 1  cos ⁡   θ  j 


     (   r  j − 1 , j )  s =     N  j − 1  cos ⁡   θ  j − 1 −   N  j  cos ⁡   θ  j    N  j − 1  cos ⁡   θ  j − 1 +   N  j  cos ⁡   θ  j


     (   r  j − 1 , j )  s =     N  j − 1  cos ⁡   θ  j − 1 −   N  j  cos ⁡   θ  j    N  j − 1  cos ⁡   θ  j − 1 +   N  j  cos ⁡   θ  j


     (   t  j − 1 , j )  s =   2   N  j − 1  cos ⁡   θ  j − 1    N  j − 1  cos ⁡   θ  j − 1 +   N  j  cos ⁡   θ  j


     (   t  j − 1 , j )  s =   2   N  j − 1  cos ⁡   θ  j − 1    N  j − 1  cos ⁡   θ  j − 1 +   N  j  cos ⁡   θ  j


  ∇ ×       E → =   −   𝜕   B →  𝜕 t


  ∇ ×       E → =   −   𝜕   B →  𝜕 t


  r


  r


  t


  t


  j − 1


  j − 1


  j


  j


    r  p , 6 =      [   S  p , 6 ] 21     [   S  p , 6 ] 11   dan     r  s , 6 =      [   S  s , 6 ] 21     [   S  s , 6 ] 11


    r  p , 6 =      [   S  p , 6 ] 21     [   S  p , 6 ] 11   dan     r  s , 6 =      [   S  s , 6 ] 21     [   S  s , 6 ] 11


  ′ 11 ′


  ′ 11 ′


  ′ 21 ′


  ′ 21 ′


   ρ 6 =     r  p , 6    r  s , 6 =  tan ⁡ ψ  exp ⁡   ( i Δ )


   ρ 6 =     r  p , 6    r  s , 6 =  tan ⁡ ψ  exp ⁡   ( i Δ )


    r  p


    r  p


    r  s


    r  s


  ∇ ×       E → =   −   𝜕   B →  𝜕 t


  ∇ ×       E → =   −   𝜕   B →  𝜕 t


  p


  p


  s


  s


   χ 2 =  χ ψ 2 +  χ Δ 2


   χ 2 =  χ ψ 2 +  χ Δ 2


   χ 2 =  1   M − P − 1   ∑  j = 1  M   {  (      [  ψ  exp  (  ω  j ) −  ψ  cal  (  ω  j ) ] 2  δ ψ  (  ω  j ) ) +  (      [  Δ  exp  (  ω  j ) −  Δ  cal  (  ω  j ) ] 2  δ Δ  (  ω  j ) ) }


   χ 2 =  1   M − P − 1   ∑  j = 1  M   {  (      [  ψ  exp  (  ω  j ) −  ψ  cal  (  ω  j ) ] 2  δ ψ  (  ω  j ) ) +  (      [  Δ  exp  (  ω  j ) −  Δ  cal  (  ω  j ) ] 2  δ Δ  (  ω  j ) ) }


  M


  M


  P


  P


   Ψ  exp   ​ d a n    Ψ  cal


   Ψ  exp   ​ d a n    Ψ  cal


  𝜓


  𝜓


   Δ  exp   ​ d a n    Δ  cal


   Δ  exp   ​ d a n    Δ  cal


  Δ


  Δ


  ∇ ×       H → =       J →  e x t +     𝜕   D →  𝜕 t  


  ∇ ×       H → =       J →  e x t +     𝜕   D →  𝜕 t  


    𝜔  j


    𝜔  j


  𝛿 Ψ   d a n   𝛿 Δ


  𝛿 Ψ   d a n   𝛿 Δ


  𝜓   d a n   Δ


  𝜓   d a n   Δ


  2 C s I   +   2 S n I ₂   +   O ₂   →   C s ₂ S n I ₆   +   S n O ₂


  2 C s I   +   2 S n I ₂   +   O ₂   →   C s ₂ S n I ₆   +   S n O ₂


  𝜸


  𝜸


  Γ


  Γ


  ≈


  ≈


  ≈ 2 . 3 e V


  ≈ 2 . 3 e V


  ≈ 3 . 9   e V


  ≈ 3 . 9   e V


  ≈ 4 . 9 e V


  ≈ 4 . 9 e V


  ∇ ×       H → =       J →  e x t +     𝜕   D →  𝜕 t  


  ∇ ×       H → =       J →  e x t +     𝜕   D →  𝜕 t  


   ε 2  ( E ) =    ℏ 2   e 2  3 π   m 2   E 2   ∑  v    ∑  c    ∫  B Z     |  ⟨    𝜓  c k |  P |    𝜓  v k ⟩ | 2 𝛿  (   E  c  ( k ) −   E  v  ( k ) − E )   d k


   ε 2  ( E ) =    ℏ 2   e 2  3 π   m 2   E 2   ∑  v    ∑  c    ∫  B Z     |  ⟨    𝜓  c k |  P |    𝜓  v k ⟩ | 2 𝛿  (   E  c  ( k ) −   E  v  ( k ) − E )   d k


    ∣ ⟨   𝜓  c k ∣ P ∣   𝜓  v k ⟩ ∣ 2


    ∣ ⟨   𝜓  c k ∣ P ∣   𝜓  v k ⟩ ∣ 2


  𝛿 (   E  c ( k ) −   E  v ( k ) − E )


  𝛿 (   E  c ( k ) −   E  v ( k ) − E )


   ( E )  


   ( E )  


   ∇  k [   E  c ( k ) −   E  v ( k ) ] = 0


   ∇  k [   E  c ( k ) −   E  v ( k ) ] = 0


    E  c ( k )


    E  c ( k )


    E  v ( k )


    E  v ( k )


   (   𝜓  v k )


   (   𝜓  v k )


   ( P )


   ( P )


   (   𝜓  c k )


   (   𝜓  c k )


    𝜌  e x t


    𝜌  e x t


    𝑹  𝟏


    𝑹  𝟏


  1 , 3 − 1 , 8


  1 , 3 − 1 , 8


    𝑹  𝟐


    𝑹  𝟐


  1 , 8 − 3 , 2


  1 , 8 − 3 , 2


    𝑹  𝟑


    𝑹  𝟑


  3 , 2 − 4 , 4


  3 , 2 − 4 , 4


    𝑹  𝟒


    𝑹  𝟒


  4 , 4 − 5 , 1


  4 , 4 − 5 , 1


  ∆


  ∆


  𝚿


  𝚿


    𝜀 1


    𝜀 1


      J →  e x t )


      J →  e x t )


  𝚫


  𝚫


  𝒅 =   𝒏 𝝀  𝟐   𝐬 𝐢 𝐧 ⁡  𝜽


  𝒅 =   𝒏 𝝀  𝟐   𝐬 𝐢 𝐧 ⁡  𝜽


  𝒅


  𝒅


  𝒏


  𝒏


  𝒏 = 𝟏


  𝒏 = 𝟏


  𝝀


  𝝀


    𝐊  𝜶


    𝐊  𝜶


  𝜽


  𝜽


  ( 𝒅 )


  ( 𝒅 )


    𝟏    𝒅  𝒉 𝒌 𝒍  𝟐 =     𝒉  𝟐    𝒂  𝟐 +     𝒌  𝟐    𝒃  𝟐 +     𝒍  𝟐    𝒄  𝟐


    𝟏    𝒅  𝒉 𝒌 𝒍  𝟐 =     𝒉  𝟐    𝒂  𝟐 +     𝒌  𝟐    𝒃  𝟐 +     𝒍  𝟐    𝒄  𝟐


      D → =     𝜀 0   E → +     P →


      D → =     𝜀 0   E → +     P →


  𝒂


  𝒂


  𝒃


  𝒃


  𝒄


  𝒄


  𝒉


  𝒉


  𝒌


  𝒌


  𝒍


  𝒍


  𝑫 =   𝑲 𝝀  𝜷 𝐜 𝐨 𝐬 ⁡ 𝜽


  𝑫 =   𝑲 𝝀  𝜷 𝐜 𝐨 𝐬 ⁡ 𝜽


  𝑫


  𝑫


  𝑲


  𝑲


  𝝀


  𝝀


    H →   =  1    𝜇 0     B → −     M →  


    H →   =  1    𝜇 0     B → −     M →  


    𝐊  𝜶


    𝐊  𝜶


  𝜷


  𝜷


  𝑲 = 𝟎 , 𝟗


  𝑲 = 𝟎 , 𝟗


                𝝀 = 𝟎 , 𝟏 𝟓 𝟒 𝟎 𝟔


                𝝀 = 𝟎 , 𝟏 𝟓 𝟒 𝟎 𝟔


  𝟐 𝜽 = 𝟐 𝟗 ,   𝟐 𝟗 ∘


  𝟐 𝜽 = 𝟐 𝟗 ,   𝟐 𝟗 ∘


  𝜽 = 𝟏 𝟒 ,   𝟔 𝟒 𝟓 ∘


  𝜽 = 𝟏 𝟒 ,   𝟔 𝟒 𝟓 ∘


  𝜷 = 𝟎 ,   𝟏 𝟑 𝟒 ∘


  𝜷 = 𝟎 ,   𝟏 𝟑 𝟒 ∘


  𝜷 = 𝟎 , 𝟏 𝟑 𝟒 ×   𝝅  𝟏 𝟖 𝟎 = 𝟐 , 𝟑 𝟒 ×   𝟏 𝟎  − 𝟑  rad


  𝜷 = 𝟎 , 𝟏 𝟑 𝟒 ×   𝝅  𝟏 𝟖 𝟎 = 𝟐 , 𝟑 𝟒 ×   𝟏 𝟎  − 𝟑  rad


  𝑫 =   𝟎 , 𝟗 ( 𝟎 , 𝟏 𝟓 𝟒 𝟎 𝟔 )  ( 𝟐 , 𝟑 𝟒 ×   𝟏 𝟎  − 𝟑 ) 𝐜 𝐨 𝐬 ⁡ 𝟏 𝟒 ,   𝟔 𝟒 𝟓 ∘ = 𝟔 𝟏 , 𝟑  nm


  𝑫 =   𝟎 , 𝟗 ( 𝟎 , 𝟏 𝟓 𝟒 𝟎 𝟔 )  ( 𝟐 , 𝟑 𝟒 ×   𝟏 𝟎  − 𝟑 ) 𝐜 𝐨 𝐬 ⁡ 𝟏 𝟒 ,   𝟔 𝟒 𝟓 ∘ = 𝟔 𝟏 , 𝟑  nm


    E  g


    E  g


    H →   =  1    𝜇 0     B → −     M →  


    H →   =  1    𝜇 0     B → −     M →  


   ( 𝛼 h 𝜈  )  n = K ( h 𝜈 −   E  g )


   ( 𝛼 h 𝜈  )  n = K ( h 𝜈 −   E  g )


  𝛼


  𝛼


   cm  − 1


   cm  − 1


  h


  h


  𝜈


  𝜈


  K


  K


    E  g


    E  g


  n


  n


  n = 2


  n = 2


  n =  1 2


  n =  1 2


      M →


      M →


  𝛼 =   2 , 303 A  t


  𝛼 =   2 , 303 A  t


  A


  A


  t


  t


  h 𝜈 =   h c  𝜆 =  1240  𝜆


  h 𝜈 =   h c  𝜆 =  1240  𝜆


  𝜆


  𝜆


  h 𝜈


  h 𝜈


     ( 𝛼 h 𝜈 )  n


     ( 𝛼 h 𝜈 )  n


  h 𝜈


  h 𝜈


  x


  x


    E  g


    E  g


    𝜇 0  


    𝜇 0  


      𝜀 0


      𝜀 0


    P →


    P →


  J =     J  f r e e +   𝜕 P  𝜕 t


  J =     J  f r e e +   𝜕 P  𝜕 t


    𝜌  t o t =     𝜌  e x t +   𝜌


    𝜌  t o t =     𝜌  e x t +   𝜌


    𝜀 2


    𝜀 2


  ∇ ∙     E =       𝜌  t o t    𝜀 0


  ∇ ∙     E =       𝜌  t o t    𝜀 0


      B → =     𝜇 0 𝜇   H →


      B → =     𝜇 0 𝜇   H →


      D → =     𝜀 0 𝜀   E →


      D → =     𝜀 0 𝜀   E →


      D → =     𝜀 0 𝜀   E →


      D → =     𝜀 0 𝜀   E →


  𝜀


  𝜀


    𝜇


    𝜇


  𝜇 = 1


  𝜇 = 1


    E →


    E →


    J →


    J →


  𝜎


  𝜎


  𝜎


  𝜎


    J →   =   𝜎     E →


    J →   =   𝜎     E →


  𝜎


  𝜎


  𝜀  ( 𝜔 )


  𝜀  ( 𝜔 )


  𝜀  ( 𝜔 ) =   𝜀 ∞ +   i 𝜎  ( 𝜔 )    𝜀 0 𝜔


  𝜀  ( 𝜔 ) =   𝜀 ∞ +   i 𝜎  ( 𝜔 )    𝜀 0 𝜔


  𝜀  ( 𝜔 ) =   𝜀 1  ( 𝜔 ) + i   𝜀 2  ( 𝜔 )


  𝜀  ( 𝜔 ) =   𝜀 1  ( 𝜔 ) + i   𝜀 2  ( 𝜔 )


  𝜎  ( 𝜔 ) =   𝜎 1  ( 𝜔 ) + i   𝜎 2  ( 𝜔 )


  𝜎  ( 𝜔 ) =   𝜎 1  ( 𝜔 ) + i   𝜎 2  ( 𝜔 )


  𝜀


  𝜀


  N  ( 𝜔 ) = n  ( 𝜔 ) + i k  ( 𝜔 )


  N  ( 𝜔 ) = n  ( 𝜔 ) + i k  ( 𝜔 )


  n  ( 𝜔 ) =    𝜀


  n  ( 𝜔 ) =    𝜀


    𝜀 1 =   n 2 −   k 2


    𝜀 1 =   n 2 −   k 2


  𝜃


  𝜃


    𝜀 2 = 2 n k


    𝜀 2 = 2 n k


    𝜀 2 = 2 n k


    𝜀 2 = 2 n k


    n 2 =     𝜀 1 2 +  1 2    𝜀 1 2 +   𝜀 2 2


    n 2 =     𝜀 1 2 +  1 2    𝜀 1 2 +   𝜀 2 2


    n 2 =     𝜀 1 2 +  1 2    𝜀 1 2 +   𝜀 2 2


    n 2 =     𝜀 1 2 +  1 2    𝜀 1 2 +   𝜀 2 2


  k =     𝜀 2  2 n


  k =     𝜀 2  2 n


  k =     𝜀 2  2 n


  k =     𝜀 2  2 n


  𝜽


  𝜽


    𝒏  𝟏


    𝒏  𝟏


    𝒏  𝟐


    𝒏  𝟐


    n 1    sin ⁡    𝜃 1 =   n 2  sin ⁡    𝜃 2


    n 1    sin ⁡    𝜃 1 =   n 2  sin ⁡    𝜃 2


  n 1


  n 1


   E ip  cos ⁡    𝜃  i −  E rp  cos ⁡    𝜃  r =  E tp  cos ⁡    𝜃  t  


   E ip  cos ⁡    𝜃  i −  E rp  cos ⁡    𝜃  r =  E tp  cos ⁡    𝜃  t  


    B  i p +   B  r p =   B  t p


    B  i p +   B  r p =   B  t p


    r  p ≡     E  r p    E  i p =     n  t  cos ⁡   θ  i −   n  i  cos ⁡   θ  t    n  t  cos ⁡   θ  i +   n  i  cos ⁡   θ  t


    r  p ≡     E  r p    E  i p =     n  t  cos ⁡   θ  i −   n  i  cos ⁡   θ  t    n  t  cos ⁡   θ  i +   n  i  cos ⁡   θ  t


    t  p ≡     E  t p    E  i p =   2   n  i  cos ⁡   θ  i    n  t  cos ⁡   θ  i +   n  i  cos ⁡   θ  t


    t  p ≡     E  t p    E  i p =   2   n  i  cos ⁡   θ  i    n  t  cos ⁡   θ  i +   n  i  cos ⁡   θ  t


    t  p


    t  p


    r  p


    r  p


    E  i s +   E  r s =   E  t s 


    E  i s +   E  r s =   E  t s 


  −   B  i s  cos ⁡   θ  i +   B  r s  cos ⁡   θ  r = −   B  t s  cos ⁡   θ  t 


  −   B  i s  cos ⁡   θ  i +   B  r s  cos ⁡   θ  r = −   B  t s  cos ⁡   θ  t 


    r  s ≡     E  r s    E  i s =     n  i  cos ⁡   θ  i −   n  t  cos ⁡   θ  t    n  i  cos ⁡   θ  i +   n  t  cos ⁡   θ  t


    r  s ≡     E  r s    E  i s =     n  i  cos ⁡   θ  i −   n  t  cos ⁡   θ  t    n  i  cos ⁡   θ  i +   n  t  cos ⁡   θ  t


    t  s ≡     E  t s    E  i s =   2   n  i  cos ⁡   θ  i    n  i  cos ⁡   θ  i +   n  t  cos ⁡   θ  t


    t  s ≡     E  t s    E  i s =   2   n  i  cos ⁡   θ  i    n  i  cos ⁡   θ  i +   n  t  cos ⁡   θ  t


  n 2


  n 2


    t  s


    t  s


    r  s


    r  s


    N  i  sin ⁡   θ  i =   N  t  sin ⁡   θ  t ,      sin 2 ⁡ θ +    cos 2 ⁡ θ = 1   dan     N 2 = 𝜀


    N  i  sin ⁡   θ  i =   N  t  sin ⁡   θ  t ,      sin 2 ⁡ θ +    cos 2 ⁡ θ = 1   dan     N 2 = 𝜀


    N  t  cos ⁡   θ  t =    (   N  t 2 −   N  t 2    sin 2 ⁡   θ  i )  1 / 2 =    (  ε  t −  ε  i    sin 2 ⁡   θ  i )  1 / 2


    N  t  cos ⁡   θ  t =    (   N  t 2 −   N  t 2    sin 2 ⁡   θ  i )  1 / 2 =    (  ε  t −  ε  i    sin 2 ⁡   θ  i )  1 / 2


    r  p =     N  t 2  cos ⁡   θ  i −    (   N  t 2 −   N  t 2    sin 2 ⁡   θ  i )  1 / 2    N  t 2  cos ⁡   θ  i +    (   N  t 2 −   N  t 2    sin 2 ⁡   θ  i )  1 / 2


    r  p =     N  t 2  cos ⁡   θ  i −    (   N  t 2 −   N  t 2    sin 2 ⁡   θ  i )  1 / 2    N  t 2  cos ⁡   θ  i +    (   N  t 2 −   N  t 2    sin 2 ⁡   θ  i )  1 / 2


    r  s =    cos ⁡   θ  i −    (   N  t 2 −    sin 2 ⁡   θ  i )  1 / 2   cos ⁡   θ  i +    (   N  t 2 −    sin 2 ⁡   θ  i )  1 / 2


    r  s =    cos ⁡   θ  i −    (   N  t 2 −    sin 2 ⁡   θ  i )  1 / 2   cos ⁡   θ  i +    (   N  t 2 −    sin 2 ⁡   θ  i )  1 / 2


  (   N  t i =     N  t    N  i )


  (   N  t i =     N  t    N  i )


    r  p =    ε  t   N  i i −  ε  i   N  t t   ε  t   N  i i +  ε  i   N  t t     r  s =     N  i i −   N  t t    N  i i +   N  t t


    r  p =    ε  t   N  i i −  ε  i   N  t t   ε  t   N  i i +  ε  i   N  t t     r  s =     N  i i −   N  t t    N  i i +   N  t t


    N  i i ≡   N  i  cos ⁡   θ  i     N  t t =    (  ε  t −  ε  i    sin 2 ⁡   θ  i )  1 / 2


    N  i i ≡   N  i  cos ⁡   θ  i     N  t t =    (  ε  t −  ε  i    sin 2 ⁡   θ  i )  1 / 2


  C = r  exp ⁡   ( i θ ) =  | C |  exp ⁡   ( i θ )


  C = r  exp ⁡   ( i θ ) =  | C |  exp ⁡   ( i θ )


  𝜸


  𝜸


    r  p =  |   r  p |  exp ⁡   ( i  δ    r  p ) ,     r  s =  |   r  s |  exp ⁡   ( i  δ    r  s )


    r  p =  |   r  p |  exp ⁡   ( i  δ    r  p ) ,     r  s =  |   r  s |  exp ⁡   ( i  δ    r  s )


    t  p =  |   t  p |  exp ⁡   ( i  δ    t  p ) ,     t  s =  |   t  s |  exp ⁡   ( i  δ    t  s )


    t  p =  |   t  p |  exp ⁡   ( i  δ    t  p ) ,     t  s =  |   t  s |  exp ⁡   ( i  δ    t  s )


  𝜃


  𝜃


  𝛼


  𝛼


  𝛼 =   4 π d   N 1 λ  (   1 −    sin 2 ⁡   θ 1   cos ⁡   θ 1 ) =   4 π d   N 1  cos ⁡   θ 1 λ


  𝛼 =   4 π d   N 1 λ  (   1 −    sin 2 ⁡   θ 1   cos ⁡   θ 1 ) =   4 π d   N 1  cos ⁡   θ 1 λ


    r  j k  


    r  j k  


    t  j k


    t  j k


    r  j k , p =     N  k  cos ⁡   θ  j −   N  j  cos ⁡   θ  k    N  k  cos ⁡   θ  j +   N  j  cos ⁡   θ  k , 


    r  j k , p =     N  k  cos ⁡   θ  j −   N  j  cos ⁡   θ  k    N  k  cos ⁡   θ  j +   N  j  cos ⁡   θ  k , 


    r  j k , s =     N  j  cos ⁡   θ  j −   N  k  cos ⁡   θ  k    N  j  cos ⁡   θ  j +   N  k  cos ⁡   θ  k 


    r  j k , s =     N  j  cos ⁡   θ  j −   N  k  cos ⁡   θ  k    N  j  cos ⁡   θ  j +   N  k  cos ⁡   θ  k 


    t  j k , p =   2   N  k  cos ⁡   θ  j    N  k  cos ⁡   θ  j +   N  j  cos ⁡   θ  k , 


    t  j k , p =   2   N  k  cos ⁡   θ  j    N  k  cos ⁡   θ  j +   N  j  cos ⁡   θ  k , 



