
 

МІНІСТЕРСТВО ОСВІТИ І НАУКИ УКРАЇНИ 

СУМСЬКИЙ ДЕРЖАВНИЙ УНІВЕРСИТЕТ 

 

 

 

 

 

ФІЗИКА, ЕЛЕКТРОНІКА, 

ЕЛЕКТРОТЕХНІКА 
 

ФЕЕ :: 2018 
 

МАТЕРІАЛИ 

та програма 
 

НАУКОВО-ТЕХНІЧНОЇ КОНФЕРЕНЦІЇ 

 
(Суми, 05–09 лютого 2018 року) 

 

 

 

 

 

 
 

Суми 

Сумський державний університет 

2018 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Electronic Sumy State University Institutional Repository

https://core.ac.uk/display/231761036?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


СЕКЦІЯ 1: Фізика та методика ФЕЕ :: 2018 

викладання фізики 

28 

Energy Spectrum of a Particle in an Infinitely Deep  

Potential Well with a Non-flat Bottom 
 

Husachenko A.V., Student; Ryzhkov O.S., Student; Denisov S.I., Professor 
Sumy State University, Sumy 

 

To model the quantum behavior of current carriers in heterogeneous 
nanostructures, different potential wells and barriers are widely used. Of 
particular interest are those (including artificial ones) for which the 
corresponding Schrödinger equation can be solved exactly. One of them is an 

infinitely deep potential well with a flat bottom defined as 𝑈(𝑥) = ∞ for |𝑥| ≥
𝑎 and 𝑈(𝑥) = 0 for |𝑥| < 𝑎. Here, we report on exact solution of the stationary 
Schrödinger equation in the case, when the potential bottom is non-flat, i.e., 

𝑈(𝑥) = −𝑓𝑥 (𝑓 > 0) if |𝑥| < 𝑎. Physically, this means that the particle in the 

well is subjected to an external force 𝑓 in the 𝑥-direction. 
For this potential, the stationary Schrödinger equation reads 

𝑑2

𝑑𝑥2 𝜓(𝑥) +
2𝑚

ℏ2
(𝐸 + 𝑓𝑥)𝜓(𝑥) = 0,                            (1) 

where 𝜓(𝑥) is the wave function of the particle of mass 𝑚, ℏ is the Planck 

constant, and 𝐸 is the particle energy. Introducing new variables 

𝑦 = − (𝑥 +
𝐸

𝑓
) (

2𝑚𝑓

ℏ2 )
1 3⁄

,     𝛹(𝑦) = 𝜓 (−
𝐸

𝑓
− 𝑦 (

ℏ2

2𝑚𝑓
)

1 3⁄

),       (2) 

Eq. (1) is reduced to the well-known equation 

𝑑2

𝑑𝑦2 𝛹(𝑦) − 𝑦𝛹(𝑦) = 0.                                   (3) 

Its general solution is expressed through the Airy functions Ai(𝑦) and Bi(𝑦) as 

𝛹(𝑦) = 𝛼Ai(𝑦) + 𝛽Bi(𝑦). The parameters 𝛼 and 𝛽 and the energy 𝐸 are 

uniquely determined from the boundary conditions 𝛼Ai(𝑦±) + 𝛽Bi(𝑦±) = 0, 

where 𝑦± = (±𝑎 − 𝐸 𝑓⁄ )(2𝑚𝑓 ℏ2⁄ )1/3, and the normalization condition 

(ℏ2 2𝑚𝑓⁄ )1/3 ∫ |𝛹(𝑦)|2𝑦+

𝑦−
𝑑𝑦 = 1. For example, the discrete energy spectrum 

of the particle is determined as real solutions of the equation 

Ai(𝑦−)Bi(𝑦+) − Ai(𝑦+)Bi(𝑦−) = 0                           (4) 

with respect to 𝐸. In particular, if 𝑓 → 0 then Eq. (4) yields the known result 

𝐸𝑛 = 𝜋2ℏ2𝑛2 8𝑚𝑎2⁄  (𝑛 = 0,1,2, …), and if 𝑓 → ∞ then 

𝑬𝒏 = −𝒂𝒇 + (
𝟗𝝅𝟐ℏ𝟐𝒇

𝟖𝒎
)

𝟏 𝟑⁄

(𝒏 +
𝟑

𝟒
)

𝟐 𝟑⁄

.                                             (5) 

 


