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С.Д. МАНУКЯН 

АНАЛОГИЯ МЕЖДУ ДВИЖЕНИЕМ ЗАРЯЖЕННЫХ ЧАСТИЦ В 

ЭЛЕКТРОСТАТИЧЕСКОМ ПОЛЕ И РАСПРОСТРАНЕНИЕМ 

СВЕТОВЫХ ЛУЧЕЙ В ПРОЗРАЧНОЙ СРЕДЕ 

Рассмотрена аналогия между движением заряженных частиц в электростатическом 

поле и распространением световых лучей в прозрачной преломляющей среде. Существо-

вание рассмотренной аналогии позволяет использовать понятия и методы обычной геомет-

рической оптики в совершенно новой области, а именно - в области электронной опттики, 

а также конструировать электронные приборы (электронный микроскоп, современные 

осциллографические трубки) по аналогии с соответствующими оптическими инструмен-

тами. 
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ТHE SIMILARITY BETWEEN THE CHARGED PARTICLE MOTION IN AN 

ELECTRIC FIELD AND THE LIGHT BEAM PROPAGATION IN A 

TRANSPARENT MEDIUM 

The similarity between the charged particle motion in an electrostatic field, and the light 

beam propagation in refracting transparent medium is considered. The existing similarity 

makes it possible to apply the concepts and methods of the ordinary geometrical optics in an 

absolutely new branch of science – “electronic optics”. It also makes it possible to construct 

electronic devices (electronic microscope, modern oscillograph tubes) similar to the 

corresponding optical instruments. 
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TRANSMISSION AND REFLECTION OF HOLES FROM SINGLE BARRIER 

IN A SEMICONDUCTOR HETEROSTRUCTURES 

The quantum mechanical problem of tunneling and reflection of holes from a barrier in 

a semiconductor heterojunction has been analyzed. By using the Luttinger Hamiltonian to 

describe the dynamics of holes, the inherent anisotropy, non-parabolicity and heavy and light 

hole mixing at the top of the valence band has been taken into account. The general relations 

among the reflectivities and transmissivities are obtained. These analytical results are 

complemented by numerical calculations for volt-ampere characteristics.  

Keywords: Light and heavy holes, quantum barrier, transmission and reflection coefficients. 

Introduction. Tunneling and reflection from one dimensional square barrier are 

traditional problems of quantum mechanics With the arrival of the manufactured 

semiconductor heterostructures, these problems became also of practical interest, as 

the epitaxial growth heterointerface between two different semiconductors is almost 

an ideal realization of a step potential. 

Many theoretical methods have been applied to study the semiconductor band 

structure, electronic and optical properties [1]. These methods can be divided into two 

general classes: the super cell approach in which the heterostructure is viewed as a 

material with a large unit cell [2], and the boundary condition approach in which bulk 

wave functions for each of the constituent semiconductors are matched at the 

heterostructure interfaces [3,4]. Within the latter category, the envelope function 

approach, based on the effective mass approximation [5] is easy to apply. 


