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𝑉 𝑟 =   
   0  𝑠𝑖  𝑟 > 𝑎
−𝑉0 𝑠𝑖  𝑟 < 𝑎

 

Ψ(𝑟, 𝜃, 𝜙) = R(r)Y(𝜃, 𝜙)  

𝜌 = 𝑟    𝑝𝑎𝑟𝑎  𝑟 < 𝑎    𝑦 𝜌 = 𝑖𝛽𝑟    𝑝𝑎𝑟𝑎 𝑟 > 𝑎 
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Ψ(𝑟, 𝜃, 𝜙) = R(r)Y(𝜃, 𝜙)  𝜒 𝑟 = 𝑅(𝑟)/𝑟 

- 
ℎ2

8𝑚𝜋2

𝑑2𝜒

𝑑𝑟2 − 𝑉0  = E           r < a  

- 
ℎ2

8𝑚𝜋2

𝑑2𝜒

𝑑𝑟2  = E                      r > a  

l = 0 

𝜒 = 𝐴𝑠𝑒𝑛 (𝛼𝑟)        r < a 

𝜒 = 𝐵𝑒−𝛽𝑟                 r > a 

 

𝛼 =  8𝑚𝜋2(𝑉0 − 𝐸 )/ℎ2 1/2 

𝛽 =  8𝑚𝜋2 𝐸 /ℎ2 1/2 

Igualando las derivadas logarítmicas  (1/R) dR/dr   de las dos soluciones en r = a , 

podemos obtener  las energías de los estados s.    Definimos:  

 
𝜉 =  𝛼 𝑎   =   𝑎 

𝜉2 + 𝜂2 = 𝑢0
2 =  8m 𝜋2𝑉0𝑎

2/ℎ2 

𝜉 𝑐𝑜𝑡𝑔 𝜉 = − 𝜂 

𝜉2 + 𝜂2 = 𝑢0
2 
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l = 0 
𝛼 =  8𝑚𝜋2(𝑉0 − 𝐸 )/ℎ2 1/2 𝛽 =  8𝑚𝜋2 𝐸 /ℎ2 1/2 

  =   𝑎 

𝜉2 + 𝜂2 = 𝑢0
2 =  8m 𝜋2𝑉0𝑎

2/ℎ2 

𝜉 𝑐𝑜𝑡𝑔 𝜉 = − 𝜂 

𝜉2 + 𝜂2 = 𝑢0
2 

𝜉 =  𝛼 𝑎 

𝜉 

  

𝜂 =  𝑢0
2 − 𝜉2 

𝜉 𝑐𝑜𝑡𝑔 𝜉 = − 𝜂 
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l = 0 
𝛼 =  8𝑚𝜋2(𝑉0 − 𝐸 )/ℎ2 1/2 𝛽 =  8𝑚𝜋2 𝐸 /ℎ2 1/2 

  =   𝑎 

𝜉 =  𝛼 𝑎 
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l = 0 
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𝜌 = 𝑟    𝑝𝑎𝑟𝑎  𝑟 < 𝑎    𝑦 𝜌 = 𝑖𝛽𝑟    𝑝𝑎𝑟𝑎 𝑟 > 𝑎 

𝑗1() = 
𝑠𝑒𝑛 𝜌

𝜚2 −
𝑐𝑜𝑠𝜌

𝜚
 𝑝𝑎𝑟𝑎 𝑟 < 𝑎   (Bessel esférica)  

ℎ1 𝑖𝛽𝑟 = 𝑖 
1

𝛽𝑟
+

1

𝛽2𝑟2
𝑒−𝛽𝑟 𝑝𝑎𝑟𝑎 𝑟 > 𝑎   (Hankel esférica)  

Niveles de energía 

𝑐𝑜𝑡𝑔𝜉

𝜉
 - 

1

𝜉2 = 
1

𝜂
+ 

1

𝜂2 

𝜉2 + 𝜂2 = 𝑢0
2 

S()𝜂2-𝜂 − 1 = 0   

ℓ =  1 

ℓ =  arbitrario  
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Niveles de energía 

𝑐𝑜𝑡𝑔𝜉

𝜉
 - 

1

𝜉2 =  S(𝜉) 

𝜉2 + 𝜂2 = 𝑢0
2 

S()𝜂2-𝜂 − 1 = 0   

𝜉 

  

𝜼 =  
𝟏 + 𝟏 + 𝟒𝑺(𝝃)

𝟐𝑺(𝝃)
 

ℓ =  1 
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Niveles de energía 

𝑐𝑜𝑡𝑔𝜉

𝜉
 - 

1

𝜉2 =  S(𝜉) 

𝜉2 + 𝜂2 = 𝑢0
2 

S()𝜂2-𝜂 − 1 = 0   

𝜉 

  

𝜼 =  
𝟏 + 𝟏 + 𝟒𝑺(𝝃)

𝟐𝑺(𝝃)
 

ℓ =  1 
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 
2 

u0

2 
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u0

2 

 
2 

∆𝜂 2 = 
8𝑚𝜋2

ℎ2 Δ𝐸 𝑅2 

∆𝜂 2 = 26.18 Δ𝐸 𝑅2  

E, V0 [eV]; R [nm] 

𝑢0 
2 = 26.18 𝑉0𝑅

2 

Pozo infinito 
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u0

2 

 
2 ∆𝜂 2 = 

8𝑚𝜋2

ℎ2 Δ𝐸 𝑅2 

∆𝜂 2 = 26.18 Δ𝐸 𝑅2  

E, V0 [eV]; a, R [nm] 

𝑢0 
2 = 26.18 𝑉0𝑅

2 

ClNa: 2,746 eV ; a = 0.564 nm 

 

R = a/2 

Δ𝐸 = 𝐸1𝑝- 𝐸1𝑠 = 2.75 𝑒𝑉 

∆𝜂 2 = 26.18 ∗ 2.75 ∗ 0.564 ∗
0.564

4
= 5.725     𝑢0 

2   10 

𝑉0 4.8 eV 
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∆𝜂 2 = 
8𝑚𝜋2

ℎ2 Δ𝐸 𝑅2 

∆𝜂 2 = 26.18 Δ𝐸 𝑅2  

E, V0 [eV]; a, R [nm] 

𝑢0 
2 = 26.18 𝑉0𝑅

2 

Para los centros F de interés,  es :  

 

Δ𝐸 = 68 (10𝑎)−1.85  

 

según la ley de Mollwo – Ivey (con «a» en nanómetros , E en 

eV)        

        Asumiendo 𝑅 = 𝑥 ∗ 𝑎 

 

 

 

 

∆𝜂 2 = 26.18 Δ𝐸 𝑅2 = 26.18 ∗ 68 (10𝑎)−1.85 ∗  (𝑥𝑎)2 

∆𝜂 2 = 25.15 ∗  𝑎0.15  𝑥2 

Para  𝑥 = 0.5    𝑦    0.4 ≤ 𝑎 ≤ 0.74        𝑑𝑒𝑏𝑒 𝑠𝑒𝑟 ∶           5.48 ≤ ∆𝜂 2 ≤ 6 


