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A B 



 



 

φ

λ

𝜑(𝑟) = −
2𝜋

𝜆
(√𝑟2 + 𝑓2 − 𝑓),  

(1.1)



 

λ



 

φ

θ



 

1

𝑘0

𝑑𝛷

𝑑𝑟
= 𝑛2𝑠𝑒𝑛𝜃2 − 𝑛1𝑠𝑒𝑛𝜃1,  

(1.2)

θ θ



 

𝑠𝑒𝑛𝜃1 = 0 𝑠𝑒𝑛𝜃2 = 𝑟(𝑟2 + 𝑓2)−1/2

1

𝑘0

𝜕𝛷

𝜕𝑥
= 𝑛2𝑐𝑜𝑠𝜃2𝑠𝑒𝑛𝜑2,  

(1.3)

1

𝑘0

𝜕𝛷

𝜕𝑦
= 𝑛2𝑠𝑒𝑛𝜃2 − 𝑛1𝑠𝑒𝑛𝜃1,  

(1.4)

φ θ

φ θ

φ

φ ≠

1

𝑘0

𝜕𝛷

𝜕𝑥
= 𝑛2𝑐𝑜𝑠𝜃2𝑠𝑒𝑛𝜑2 − 𝑛1𝑐𝑜𝑠𝜃1𝑠𝑒𝑛𝜑1.  

(1.5)



 

𝛷(𝑙) = −𝑘 (√𝑙2 + 𝑎2 + 2𝑎𝑙𝑐𝑜𝑠𝛽 − 𝑎 − 𝑙𝑠𝑒𝑛(𝛽 − 𝜃𝑐),  (1.6)

β

θ



 



 



 

 

 

 

 

 



 





𝜙(𝑥, 𝑦) = −
2𝜋

𝜆
(√𝑥2 + 𝑦2 + 𝑓2 − 𝑓),  

(2.1)
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ϕ ϕ

α











θ







 



θ

θ

θ

θ

θ



θ



∑ 𝑛𝑠 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒,  (4.1)



 





 







 





𝐿𝑜𝑝 = ∫ 𝑛(𝑟)𝑑𝑠.
𝐵

𝐴

(4.1)





θ

∫ 𝑑𝑠 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒.
𝐵𝑜𝑟𝑑𝑒 𝑑𝑒 𝑎𝑏𝑠𝑜𝑟𝑐𝑖𝑜𝑛

𝐹𝑟𝑒𝑛𝑡𝑒 𝑑𝑒 𝑂𝑛𝑑𝑎

 
(4.2)



θ

θ



θ

θ θ

θ θ

θ θ

θ θ

𝐴𝑐𝑒𝑝𝑡𝑎𝑐𝑖ó𝑛 =
𝑁ú𝑚𝑒𝑟𝑜 𝑑𝑒 𝑐𝑢𝑒𝑟𝑑𝑎𝑠 𝑎𝑐𝑒𝑝𝑡𝑎𝑑𝑎𝑠 𝑒𝑛 𝑒𝑙 𝐶𝑃𝐶

𝑁ú𝑚𝑒𝑟𝑜 𝑑𝑒 𝐶𝑢𝑒𝑟𝑑𝑎𝑠 𝑖𝑛𝑔𝑟𝑒𝑠𝑎𝑑𝑎𝑠 𝑒𝑛 𝑒𝑙 𝐶𝑃𝐶
 .  

(4.3)
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θ θ θ
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θ



 



 

 

 

 

 

 



β

θ





𝐶𝐵̅̅ ̅̅ + 𝑎 + 𝐿𝐶𝑂𝑒𝑓𝑓(0) = 𝐴𝐴´̅̅ ̅̅ ̅ + 𝐴𝑂̅̅ ̅̅ + 𝐿𝐶𝑂𝑒𝑓𝑓(𝑙),  (5.1)

𝐿𝐶𝑂𝑒𝑓𝑓(0)

𝐿𝐶𝑂𝑒𝑓𝑓(𝑙)

𝐿𝐶𝑂𝑒𝑓𝑓



∆𝐿(𝑙) = 𝐿𝐶𝑂𝑒𝑓𝑓(𝑙) − 𝐿𝐶𝑂𝑒𝑓𝑓(0),  (5.2)

∆𝐿(𝑙) = 𝐶𝐵̅̅ ̅̅ + 𝑎 − 𝐴𝐴´̅̅ ̅̅ ̅ − 𝐴𝑂̅̅ ̅̅ .  (5.3)

∆𝐿(𝑙) = 𝑎 + 𝑙𝑠𝑒𝑛(𝛽 − 𝜃𝑐) − √𝑙2 + 𝑎2 + 2𝑎𝑙𝑐𝑜𝑠(𝛽).                          (5.4)



𝜙(𝑙) =
2𝜋𝑛

𝜆
∆𝐿(𝑙),  (5.5)

λ

𝜙(𝑙) = −𝑘(√𝑙2 + 𝑎2 + 2𝑎𝑙𝑐𝑜𝑠(𝛽) − 𝑎 − 𝑙𝑠𝑒𝑛(𝛽 − 𝜃𝑐)),                              (5.6)

π λ



β

θ

ϒ



θ



𝑡�̅� + 𝑠𝑢̅̅ ̅ + 𝑢�̂� + 𝐿𝐶𝑂𝑒𝑓𝑓(0) = 𝐴𝐵̅̅ ̅̅ + 𝐵𝐶̅̅ ̅̅ + 𝑐�̂� + 𝐿𝐶𝑂𝑒𝑓𝑓(𝑙),  (5.7)

∆𝐿(𝑙) = 𝐿𝐶𝑂𝑒𝑓𝑓(𝑙) − 𝐿𝐶𝑂𝑒𝑓𝑓(0),   (5.8)

∆𝐿(𝑙) = 𝑡�̅� + 𝑠𝑢̅̅ ̅ + 𝑢�̂� − 𝐴𝐵̅̅ ̅̅ − 𝐵𝐶̅̅ ̅̅ − 𝑐�̂�.  (5.9)





ϒ θ

∆𝐿(𝑙) =
𝑎

2𝑐𝑜𝑠(
𝜋
2 − 𝜃𝑐)

+
𝑎

2
+ 𝑟( 𝜋 − 𝜃𝑐)  − (𝐿 − 𝑙)𝑠𝑒𝑛(𝛽 − 𝜃𝑐)

− √(
𝑎

2
+ 𝑙𝑐𝑜𝑠(𝛽))

2

+ (𝑙𝑠𝑒𝑛(𝛽) − 𝑟)2 − 𝑟2 − 𝑟(
𝜋

2

− 𝑎𝑟𝑐𝑜𝑠𝑒𝑛 (
2𝑟 − 𝑙𝑠𝑒𝑛(𝛽)

𝐵𝐶
)).  

(5.10)

𝜙(𝑙) =
2𝜋𝑛

𝜆
∆𝐿(𝑙),  

(5.11)

𝜙(𝑙) = 𝑘 (
𝑎

2cos(
𝜋
2 − 𝜃𝑐)

+
𝑎

2
−𝑟𝜃𝑐)  − (𝐿 − 𝑙)𝑠𝑒𝑛(𝛽 − 𝜃𝑐)

− √(
𝑎

2
+ 𝑙𝑐𝑜𝑠(𝛽))

2

+ (𝑙𝑠𝑒𝑛(𝛽) − 𝑟)2 − 𝑟2

+ 𝑎𝑟𝑐𝑜𝑠𝑒𝑛 (
2𝑟 − 𝑙𝑠𝑒𝑛(𝛽)

𝐵𝐶
) +

𝑟𝜋

2
).  

(5.12)





𝑙0 + 𝐿𝑒𝑓𝑓(𝑟) = 𝑓 + 𝐿𝑒𝑓𝑓(0),  (5.13)

∆𝐿(𝑟) = 𝐿𝑒𝑓𝑓(0) − 𝐿𝑒𝑓𝑓(𝑟),  (5.14)



∆𝐿(𝑟) = 𝑓 − 𝑙0.  (5.15)

∆𝐿(𝑟) = 𝑓 − √𝑟2 + 𝑓2.   (5.16)

𝜙(𝑟) = 𝑘∆𝐿(𝑟) =
2𝜋𝑛

𝜆
∆𝐿(𝑟),  

 (5.17)

𝜙(𝑟) = −
2𝜋

𝜆
(√𝑟2 + 𝑓2 − 𝑓) = −𝑘 (√𝑟2 + 𝑓2 − 𝑓).

(5.18)

Figura 29. Triangulo usado para el análisis geométrico del LCO.   
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1

𝑘0

𝑑Φ

𝑑𝑙
= 𝑛2𝑠𝑒𝑛𝜃2 − 𝑛1𝑠𝑒𝑛𝜃1. 

 (6.1)

θ β







θ β

θ β
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