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للعلوم  الحديثة مجلة جامعة بنغازيشروط كتابة البحث العلمي في 
 والدراسات الإنسانية

 

 كهًح(. 051انًهخض تانهغح انؼشتٛح ٔتانهغح الاَعهٛضٚح ) -1

 انًمذيح، ٔذشًم انرانٙ: -2

 .)َثزج ػٍ يٕػٕع انذساعح )يذخم 

 .يشكهح انذساعح 

  .أًْٛح انذساعح 

 ذساعح. أْذاف ان 

  .انًُٓط انؼهًٙ انًرثغ فٙ انذساعح 

 انرٕطٛاخ(. -انخاذًح. )أْى َرائط انثؽس  -3

 لائًح انًظادس ٔانًشاظغ. -4

 .انًشاظغانًظادس ٔ( طفؽح يرؼًُح انًلاؼك ٔلائًح 55ػذد طفؽاخ انثؽس لا ذضٚذ ػٍ ) -5

 القواعد العامة لقبول النشر
 ا انششٔؽ اٜذٛح:الاَعهٛضٚح؛ ٔانرٙ ذرٕافش فٛٓذمثم انًعهح َشش انثؽٕز تانهغرٍٛ انؼشتٛح ٔ    .0

 ،ًٔذرٕافش فّٛ ششٔؽ انثؽس انؼهًٙ انًؼرًذ ػهٗ الأطٕل انؼهًٛح ٔانًُٓعٛح  أٌ ٚكٌٕ انثؽس أطٛلا

يٍ ؼٛس الإؼاؽح ٔالاعرمظاء ٔالإػافح انًؼشفٛح )انُرائط( ٔانًُٓعٛح ٔانرٕشٛك ٔعلايح انًرؼاسف ػهٛٓا 

 .انهغح ٔدلح انرؼثٛش

 ٕأٔ يغرم يٍ سعانح أٔ اؽشٔؼح ػهًٛح ٌ انثؽس لذ عثك َششج أٔ لذٌو نهُشش فٙ أ٘ ظٓح أخشٖألا ٚك. 

 ٌٔيطثٕػاَ ػهٗ يهف ٔٔسد،  -إٌ ٔظذخ  - ٚكٌٕ انثؽس يشاػٛاً نمٕاػذ انؼثؾ ٔدلح انشعٕو ٔالأشكال أ

 Times New( تخؾ )05( نهغح انؼشتٛح. ٔؼعى انخؾ )'Arial 'Body( ٔتخؾ )01ؼعى  انخؾ )

Roman.نهغح الإَعهٛضٚح ) 

 أٌ ذكٌٕ انعذأل ٔالأشكال يذسظح فٙ أياكُٓا انظؽٛؽح، ٔأٌ ذشًم انؼُأٍٚ ٔانثٛاَاخ الإٚؼاؼٛح.  

 أٌ ٚكٌٕ انثؽس يهرضيا تذلح انرٕشٛك ؼغة دنٛم ظًؼٛح ػهى انُفظ الأيشٚكٛح APA))  ٔذصثٛد ْٕايش

 انُؽٕ اٜذٙ: انًشاظغ فٙ َٓاٚح انثؽس ػهٗانًظادس ٔانثؽس فٙ َفظ انظفؽح ٔ

 ٌانًظذس،  أٌ ذصُثد انًشاظغ تزكش اعى انًؤنف، شى ٕٚػغ ذاسٚخ َششج تٍٛ ؼاطشذٍٛ، ٔٚهٙ رنك ػُٕا

 .انظفؽح ٔسلىٔسلى انعضء، يرثٕػاً تاعى انًؽمك أٔ انًرشظى، ٔداس انُشش، ٔيكاٌ انُشش، 

 ٚزُكش اعى  نهثؽس: ػُذ اعرخذاو انذٔسٚاخ )انًعلاخ، انًؤذًشاخ انؼهًٛح، انُذٔاخ( تٕطفٓا يشاظغ

طاؼة انًمانح كايلاً، شى ذاسٚخ انُشش تٍٛ ؼاطشذٍٛ، شى ػُٕاٌ انًمانح، شى ركش اعى انًعهح، شى سلى 

 .انظفؽح انًعهذ، شى سلى انؼذد، ٔداس انُشش، ٔيكاٌ انُشش، ٔسلى

هح انذساعح، يشك كهًح( تؽٛس ٚرؼًٍ 051ٚمذو انثاؼس يهخض تانهغرٍٛ انؼشتٛح ٔالاَعهٛضٚح فٙ ؼذٔد )   .2

فٙ َٓاٚح  انشئٛغٛحٔٔػغ انكهًاخ  .انذساعح ، َٔرائطانذساعح يُٓعٛحٔانٓذف انشئٛغٙ نهذساعح، ٔ

 ). انًهخض )خًظ كهًاخ
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 تؽمٓا فٙ أعهٕب إخشاض انثؽس انُٓائٙ ػُذ انُشش.ظايؼح تُغاص٘ انؽذٚصح  ذؽرفع يعهح  .3

 النشر إجراءات
 كانرانٙ:  ْٕٔظايؼح تُغاص٘ انؽذٚصح  ٙ انخاص تانًعهحانًٕاد ػثش انثشٚذ الانكرشَٔ ظًٛغ ذشعم

 ( ُٚشعم انثؽس انكرشَٔٛا Pdf  +Word )  إنٗ ػُٕاٌ انًعهحinfo.jmbush@bmu.edu.ly  أ َغخح

 ٚظٓش فٙ انثؽس اعى انثاؼس ٔنمثح انؼهًٙ، ٔيكاٌ ػًهح، ٔيعانّ. تؽٛس CDػهٗ 

 ػهٗ يٕلغ انًعهح( ٔكزنك اسفاق يٕظض نهغٛشج  ٚشفك يغ انثؽس ًَٕرض ذمذٚى ٔسلح تؽصٛح نهُشش )يٕظٕد

 انزاذٛح نهثاؼس إنكرشَٔٛاً.

  .لا ٚمثم اعرلاو انٕسلح انؼهًٛح الا تششٔؽ ٔفٕسياخ يعهح ظايؼح تُغاص٘ انؽذٚصح 

  فٙ ؼانح لثٕل انثؽس يثذئٛاً ٚرى ػشػح ػهٗ يُؽكًٍُٛ يٍ رٔ٘ الاخرظاص فٙ يعال انثؽس، ٔٚرى

ؼشع ػهٛٓى اعى انثاؼس أٔ تٛاَاذّ، ٔرنك لإتذاء آسائٓى ؼٕل يذٖ أطانح اخرٛاسْى تغشٚح ذايح، ٔلا ُٚ 

انثؽس، ٔلًٛرّ انؼهًٛح، ٔيذٖ انرضاو انثاؼس تانًُٓعٛح انًرؼاسف ػهٛٓا، ٔٚطهة يٍ انًؽكى ذؽذٚذ يذٖ 

 طلاؼٛح انثؽس نهُشش فٙ انًعهح يٍ ػذيٓا.

 ٍٚيٍ ذاسٚخ الاعرلاو نهثؽس، ٔتًٕػذ  ٚخُطش انثاؼس تمشاس طلاؼٛح تؽصّ نهُشش يٍ ػذيٓا خلال شٓش

 انُشش، ٔسلى انؼذد انز٘ عُٛشش فّٛ انثؽس.

  فٙ ؼانح ٔسٔد يلاؼظاخ يٍ انًؽكًٍُٛ، ذشُعم ذهك انًلاؼظاخ إنٗ انثاؼس لإظشاء انرؼذٚلاخ انلاصيح

 .ػششج أٚاوتًٕظثٓا، ػهٗ أٌ ذؼاد نهًعهح خلال يذج ألظاْا 

 ْا لا ذؼاد إنٗ انثاؼصٍٛ.الأتؽاز انرٙ نى ذرى انًٕافمح ػهٗ َشش 

 فًٛا ُٚشش يٍ دساعاخ ٔتؽٕز ٔػشٔع ذؼثش ػٍ أساء أطؽاتٓا. الأفكاس انٕاسدج 

 يٍ انًٕاد انًُشٕسج فٙ انًعهح يشج أخشٖ. إ٘ َشش لا ٚعٕص 

 ( ِ511( دُٚاس نٛثٙ إرا كاٌ انثاؼس يٍ داخم نٛثٛا، ٔ )د.ل 111ٚذفغ انشاغة فٙ َشش تؽصّ يثهغ لذس $ )

 -ليبيا  –بنغازي (: ػهًاً تأٌ ؼغاتُا انماتم نهرؽٕٚم ْٕ .إرا كاٌ انثاؼس يٍ خاسض نٛثٛادٔلاس أيشٚكٙ 

. الاسم )صلاح الأمين 0000-445520-000 ، رقمبنغازي -الرئيسي فرع المصرف التجارة والتنميت، 

 .عبدالله محمد(

 ظًٛغ انًٕاد انًُشٕسج فٙ انًعهح ذخؼغ نمإٌَ ؼمٕق انًهكٛح انفكشٚح نهًعهح. 

 

info.jmbush@bmu.edu.ly 

00218913262838 

 

 د. طلاغ الأيٍٛ ػثذالله                                                                           

 سئٛظ ذؽشٚش يعهح ظايؼح تُغاص٘ انؽذٚصح                                                               

                 Dr.salahshalufi@bmu.edu.ly 
  

 

 

https://ws01.server.ly:8443/smb/email-address/edit/id/985
https://ws01.server.ly:8443/smb/email-address/edit/id/985
https://ws01.server.ly:8443/smb/email-address/edit/id/986
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Transmission and Reflection Coefficients of the Random 

Electron Energy Profile With Respect to a Step Potential 

Barrier 

 

ABDULWAHHAB ALKUWAFI 

(Physics Department. Faculty of Science. Omar Al-Mukhtar University. Libya) 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
 

 

Abstract. 

An electron beam one-dimensional scattering problem has been treated in terms of 

quantum mechanics perspective by the agency of FORTRAN code to simulate the 

electron generator. One thousand different incident energies were examined within 

the range of (           ) to cross a step potential energy barrier of        . The 

percentage of the electrons that more likely to transmit or reflect due to the existence 

of the step-potential were investigated by the route of transmission and reflection 

coefficients. Unblemished curves obtained to represent the relation between the 

coefficients and the electron incident energies. The two coefficients are found, as it is 

intuitively expected to complement each other; their sum is unity everywhere. 

Key words: Scattering problem, Transmission coefficient, Reflection coefficient. 

 

 

 الملخص:

ذًد يؼانعح يشكهح انرشرد نؽضيح يٍ الانكرشَٔاخ ػهٗ ػٕء يثادئ ٔيغهًاخ يٛكاَٛكا 

انكى كًا ذًد يؽاكاخ يٕنذ الانكرشَٔاخ ٔتطالاخ يخرهفح تٕاعطح تشَايط ذًد كراترّ خظٛظا 

لًٛح      نٓزا انغشع تهغح انفٕسذشاٌ. ؽالاخ الانكرشَٔاخ انغالطح انرٙ ذى اخرثاسْا كاَد 

نرعراص ػرثح ظٓذ لذسْا       انٙ         فح نرغطٙ َطاق ؽالٙ ٚرشأغ يٍ يخره

. اعرخذو يؼايهٙ انًشٔس ٔالاَؼكاط نرؽذٚذ َغثح الانكرشَٔاخ انًاسج ٔانًُؼكغح.        

اظٓشخ انُرائط يُؽٍُٛٛ خانٍٛٛ يٍ انؼٕٛب ػُذ سعى انًؼايلاخ يغ انطالح. كًا كاٌ يرٕلؼا فاٌ 

ثؼغ ٔؼاطم انعًغ ػُذ أ٘ لًٛح يٍ لٛى انطالح ٚغأ٘ انٕاؼذ يكًهٍٛ نثؼؼًٓا ان انًؼايهٍٛ

 انظؽٛػ.
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Introduction. 

In quantum mechanics realm, a particle (say an electron) penetrates a potential 

barrier and end up in the other region, whereas, it is completely forbidden 

according to classical mechanics point of view. The analogy of this statement in 

macroscopic level is having a hill of height    and a ball of mass   ascends up the 

hill with a kinetic energy     . At the top all the kinetic energy will be transferred 

to a potential energy. We do know, classically, if the kinetic energy is happened 

to be less than the gravitational potential energy, it is absolutely impossible for 

the object to be at the other side of the hill (Halliday, 2013). On the other hand, in 

quantum mechanics the scenario is absolutely deferent; always there is some 

probability that the particle will appear at the other side where the potential 

barrier exist. In other words, even though the potential barrier that the moving 

particle encounters is greater than the incident kinetic energy, the particle might 

be detected at the other side. In the last twenty years a numerous number of 

researches have been conducted as well as many applications of the electron 

quantum transport in mesoscopic and nanoscopic systems emerged (Dyndyk, 

2013).  The electron hopping mechanism while transporting from the left to the 

right lead through the central part has attracted a number of authors (Ryndyk, 

2009), (Nazarov, 2009), (Ventra, 2008). This problem is well known in the 

research area as quantum junction. As we shall see in the following, the main 

formal situation to be discussed is the one dimensional electron transport 

problem with respect to the quantum mechanics postulates. Precisely, a confined 

particle to move only in one-dimension (in  -axis) with mass of   under the 

influence of variable potential field  ( )  The ultimate objective of this work is to 

figure out the one-dimensional electron scattering problem with the aid of the 

exquisite one-dimensional Schrödinger equation for booth bound and unbound 

states. This work will precede to identify the transmission and reflection 

coefficients (  and    respectively) of the incident electron facing a potential 

barrier. Taking into account the particle total energy is        we can 

express the time independent Schrödinger equation as 

    

   
  

  

  
(   )  

(1) 

          Here we must treat two cases individually. When the particle in the allowed 

region where the total energy is greater than the potential energy (   ); in 

this context it is obvious that the kinetic energy is positive and identified to be 

 
       

    

  
 

(2) 
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           In the above,   is the electron wave number. With this assumption one may 

recast the differential Equation (1) and its general basic solution as1 

    

   
    ( )  

(3) 

  ( )       (4) 

          On the other hand, if the potential energy barrier is greater than the total 

electron incident energy (   ), the electron is said to be in the classical 

forbidden region2. Under this condition, the differential Equation (1) and its 

basic solution are 

    

   
   ( )  

(5) 

 

  ( )      (6) 

            The insight eye can readily recognize that if the particle is in the allowed 

region, the solution is an oscillatory wave function (      ). In contrast, the 

solution is represented by a decaying wave (     ) or a growing wave (     ) if 

the particle happened to be in the classically forbidden region. The classical 

turning point is distinctly detected at     that corresponding to    /    

  /    ; which means, the solution of our Schrödinger equation at the 

classical turning point is a wave function  ( ) with a constant slop.  

Bound and unbound states of the electron. 

 In one-dimensional system, a normalizable wave function can exquisitely 

represent the electron bound state (Veszprémi, 2012). Mathematically, it is 

always true that a bound state    complies the condition 

 | |    for | |    (for all values of  ) (7) 

         The norm integral of the electron bound state over a broad interval gives a 

specific finite value 

 
∫ | |     
  

  

 
(8) 

            On the contrary, the norm integral of unbound state results a finite 

number only over a narrow finite interval  

                                                           
1
  The incident electron kinetic energy 

    

  
        

2
 The electron possess a negative kinetic energy:         

    

  
  and 
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 ∫ | |     
 

 
 for |   |    (9) 

             It is time to reminiscence some basic information pertain to the one-

dimensional linear momentum operator (in x-axis) 

 
 ̂     

 

  
 

(10) 

            If the momentum operator operates the electron wave function, the 

general eigenvalue equation ( ̂    ) will expressed as 

 
   

  

  
     

(11) 

             Within this framework if we measure the  -component of the linear 

momentum the most likely values that we might obtain are   . In the event that 

the electron is free and has no boundary condition, the solution of the previous 

equation is seen to be 

 
 ( )     

   
  

(12) 

           In quantum mechanics it is customary to work with wavenumber in the 

lieu of linear momentum and thus, the eigenfunction and the eigenvalues of one-

dimensional linear momentum operator are 

   ( )    
    (13) 

Consequently, the eigenstates of the one dimensional momentum operator are 

   ( )    
    

 

√  
    , (14) 

        These eigenstates are relevant to that of the unbound or free electron state3. 

In actuality, a proper treatment of the electron scattering problem, demands 

entire description of bound and unbound states. Predominantly, this sort of 

problems customarily contain a bunch (or, beam) of particles, can be, electrons 

or neutrons of equal energies or momenta, which is incident on a step potential 

barrier. It is evident that the norm integral of the wave function over an infinite 

domain (∫ | | 
  

  
  ) does not converge for the free electron state, dealing with a 

normalized wave function with respect to the particle density is preferred. In 

one-dimensional problem, the incident particle density   can be defined as 

    /  ; it is simply the differential number of particles divided by the 

differential length. It is essential that the wave function norm at any point   is 

                                                           
3
 The coefficient in equation (14) appears from the orthonormality condition of the electron 

eigenstates. 
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directly proportional to the existence of the electron there4 (Feynman, 1965), we 

might write  

 | |          , (15) 

         Or simply the total number of electrons that exist in a finite interval is 

(Liboff, 2003) 

 
∫ | |     
 

 

 
(16) 

Current density and continuity equation. 

In three-dimensional systems, the relationship between the incident electron 

density   and its relevant current density   can perfectly described by continuity 

equation 

   

  
       

(17) 

The integration of the left-hand side over a closed volume gives 

 
∮
  

  
   

 

 

∮       
 

 

   

 

(18) 

Taking into account the definition of the total number of electrons (  ∮    
 

 
), 

we obtain5 

   

  
 ∮       

 

 

 
(19) 

             A quick insight to equations (17) and (19), tells the verification concept of 

conservation of matter. For a bunch of electrons restricted to move in one-

dimension ( -direction), the reduced form of the current density vector is 

written as      ̂, whereas the continuity equation is 

   

  
 
   
  
   

(20) 

          We have shortly in equation (15) associated the square norm of the 

electron wave-function with the electron density. In order to establish a 

mathematical expression that represents the current density in terms of the 

                                                           
4 At any point  , we are specific that | |       . In this study, the proportionality constant 
arbitrary has been taken to be unity. 
5 Here, the Gauss's theorem (∮      

 

 
∮     
 

 
) has been utilized to simplify the integral. 
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electron wave-function, we have to follow the same concept for the wave norm 

and the electron density (Feynman, 1965), (Liboff, 2003). To do so, the perfect 

way is to invest the one-dimensional-time-dependent Schrödinger equations in 

the form of 

   

  
  

 

 
 ̂   and  

   

  
  

 

 
 ̂   (21) 

The one-dimensional Hamiltonian operator is defined as 

 
 ̂  

 ̂ 
 

  
  ( )   

  

  

  

   
  ( ) 

(22) 

          Taking into consideration that | |     , concurrently, it is the electron 

density  , we may readily write  

     

  
   

  

  
  

   

  
   (

   ̂

 
 )   (

   ̂

 
  ) 

(23) 

Substitution of the Hamiltonian from equation (22) yields 

     

  
 
  

  
(  

   

   
  

    

   
) 

(24) 

Or simply 

     

  
 
 

  
[
  

  
(  

  

  
  

   

  
)]    

(25) 

           If we correlate equation (20) with equation (25) with respect to the above 

mentioned definitions, one may conclude that the one-dimensional current 

density can be identified as 

 
   

 

   
(  

  

  
  

   

  
) 

(26) 

            One more thing we should emphasize here is the dimension of  -

component of the current density, which is obviously seen from equation (20) to 

be particle/time. 

Material and methods. 

The electron one-dimensional scattering problem can be utterly treated on the 

light of transmission and reflection concept. The particles (or electrons) that 

have definite momenta are said to be in plane-wave states. The wave-functions 

relevant to incident, reflected, and transmitted particles are assumed to be 

known. As a consequence, the current densities of those beams are identified in 

agreement with equation (2). Intuitively, the definition of the transmission ( ) 

and reflection coefficient ( ) will satisfy the following 
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   |
     

    
| and   |

    

    
| (27) 

              The reader should be aware that, if we presuppose that the incidents 

electrons all have the same definite linear momentum (        ) then, the 

reflected electrons will have precisely the opposite value (         ). Apart 

from the incident and reflected momenta, the transmitted momentum because of 

the potential barrier ( ( )), will have a distinguishable momentum (      

   ). In this study, we assume that the potential energies of the electrons out of 

the central region are constants to some definite values. In other words, a one 

dimensional wire-like structure centered horizontally on  -axis and extended 

from -1 to 1 mm has been chosen as a path of electron beam. The potential 

energy is zero for all values of   being within the range of       , in 

contrast, it is 0.5     for        A FORTRAN code has been written to 

produce 1000 energies that varies from 0.5 to 1.0     with nine digits accuracy 

after the decimal point. Each energy value commensurate with the condition 

that; for       , the incident electron energy is greater than the potential 

energy. The written code has an ability to calculate the corresponding electron 

incident and transmitted velocities (            ), wavelengths (            ), 

momenta (            ), wavenumbers (       ), and coefficients (     ). The 

wave-functions of the incoming and outgoing electron beam might be 

represented as 

 
        

 (       )          
    

 

  
 

(28) 

 
        

  (       )               
    

 

  
 

(29) 

 
         

 (       )           
    

 

  
            

(10) 

             In equation (29), we have robustly stated the fact that the electron beam 

total energy is conserved and the angular frequency of the incident and reflected 

electron must be equal. Employing the current density definition (equation 26) 

with the above three general solutions of the Schrödinger equations we end up 

with 

 
     

 

 
  | |

  
(11) 

 
      

 

 
  | |

  
(12) 

 
     

 

 
  | |

  
(13) 
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             It is precious to mention here that the last three equations are the particle 

currents conforming to the quantum mechanics point of view6. Inserting the 

recently obtained values of the particles currents into equation (27), we obtain 

the coefficients that we are after as 

 
  |

 

 
|
   
  

 
(14) 

 
  |

 

 
|
 

 
(35) 

             It is recognized that in the event that the incident wavenumber and the 

transmitted one are equal (     ) the simplest form of the transmission 

coefficient will obtained. In this work we put into form the way that quantum 

mechanics work of treating the simple step problem. The total energy of the 

incident electrons have been altered automatically 1000 times. Our aim is to 

elucidate which energies are more likely to transmit to the other region of the 

entire energy profile. As it depicted in Figure 1; all the incident energy values are 

greater than the step potential energy. Further, it is clear from the figure that 

there are two distinct regions, to demonstrate; in the first region  ( )    for 

   , while the second region characterized by constant potential for       

 
Figure 1 The step potential barrier with the maximum incident electron energy. 

              In the first region (region  ), the total energy is purely kinetic due to the 

omission of the potential energy, to obtain the wave-function (  ) we have to 

solve the time-independent Schrödinger equation of this region  

                                                           
6
 The interrelationship between classical and quantum mechanics is built by means of   | | , 

    , and   
  

  
 with   being the electron speed. 
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(36) 

By taking       
   ⁄  we end up with 

    

   
    

   
(37) 

              In region  , the scenario is quite different where the kinetic energy is 

observed to be reduced by the amount of potential energy there, and time-

independent Schrödinger equation of this region is formulated as 

 
 
  

  

   

   
 (   )  

(38) 

             If we express the kinetic energy as;            
   ⁄  then, we may 

write equation (38) in the form of 

    

   
    

   
(39) 

             The abecedarian or elementary solutions of the differential equations (37 

and 39) of the electrons in regions   and   in their most generic forms 

respectively are 

      
             (40) 

      
             (41) 

             It is conspicuous that the solutions have no time-dependent factors, to put 

into work, we have to include these factors which is visibly seen in Table 1. The 

solutions that comprise the time factors can readily interpreted as we mentioned 

in the last column of Table 1.  

Table 1 The terms of the wave-functions in regions befor and after the potential barrier with 
their interpretation. 

Region Wave-function term Interpretation  

                  (       ) Incident wave traveling to the right 

                  (       ) Transmitted wave traveling to the 
right 

                    (       ) Reflected wave traveling to the left 

                    (       ) Wave traveling to the left (originate 
from positive infinity) 

             Our authentic problem demands no electrons traveling from positive 

infinity to the left, as a consequence, the factor   is simply zero and one may 

recast the solutions as 
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             (42) 

      
     (43) 

             Because the solutions and their first spatial derivatives being continuous 

at    ; in fact, this condition must be always true to guarantee that the 

Schrödinger equation has a single solution. Mathematically, this condition is 

wording as 

   ( )    ( ) (44) 

  

  
  ( )  

 

  
  ( ) 

(45) 

It turns out that 

 
            

  
  
  

(46) 

           Solving the above for the sake of the aimed unknown factors, we attain the 

following 

  

 
 

 

      ⁄
   
 

 
 
      ⁄

      ⁄
 

(47) 

             Lastly, feeding the recently obtained equation into equations (34) and 

(35) we reach the transmission and reflection coefficients that we have eyes for, 

to be as 

 
  

     ⁄

,  (    ⁄ )- 
     |

      ⁄

      ⁄
|

 

 
(48) 

Results and discussion. 

The incident electron energy values and their associated transmitted energies 

that generated from the written code were plotted in Figure 2. The incident 

energy profile is perfectly cover a rectangular area in region   above the step 

potential value within the limited borders. As it is mentioned above, those 

energies are mainly kinetic. By virtue of the constant value of potential in region 

 , all the values are seen to be logically reduced by  ( ) . It is remarkable to 

notice here that the elementary condition (      ( )) in region   is attained. In 

the above, we have met that the transmission and reflection coefficients are just 

functions of the angular wavenumbers only. All the needful physical quantities 

that lead to the angular wavenumber of the incident and transmitted electron 

wave-functions have been calculated automatically with aid of the written code. 

Of course, the performance and reliability of the code has been checked in every 

step by handwriting calculations. From the contour depiction (Figure 3), it is 
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manifested that the step potential has strictly divided the graph into two 

distinguished regions. The first region represents the wave-functions of fairly 

high wavenumbers (the area between           (  )⁄         

    (  )⁄ ). On the other hand, wave-functions of low wave-numbers appear in 

the area of           (  )⁄             (  )⁄  in region   after the 

potential barrier. Broadly speaking, in Figure 3, the bright areas are the places 

where the coming electrons have higher energies and higher wavenumbers. In 

contrast the dark regions representing low energies and low wave numbers. 

After having the angular wave-numbers being calculated via the written 

code, it is time to demonstrate the relationship between the incident electron 

energy and its transmission and reflection coefficients by means of Figure 5. Two 

flawless curves were appeared exhibiting the tendency of    and   with no 

abrupt drop or raise. Furthermore, as the incident energy increase, the value of 

the transmission coefficient also increase, whereas its counterpart behaves 

adversely. It is recognized also that in small domain (             

          ) the transmission coefficient drastically ascend. In contrast, within 

the same energy range the reflection coefficient abruptly drop. At nearly      

          , the transmission and reflection coefficients are nearly equal, which 

means that; a beam of electrons, all of energy amount to           , 50 percent 

of them will transmit passing the potential barrier and the rest of them will 

reflect back. With incident electron energy being increased, the transmission 

(reflection) coefficient will gradually increase (decrease) to be near from one 

(zero) but not one (zero). 

 

Figure 2: The examined energy profile of 1000 random values with its corresponding 
transmission profile as a function of    
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Conclusion.  

The programing language is considered a powerful tool in simulating this sort of 

problems exquisitely. Apart from any other perspectives, the energy profile 

domain in this study has been chosen only for curiosity; in subsequent works we 

may study a broad range of electron energies or different values of step 

potential. Realistically, this article just pave the way to go deeply in one-

dimensional electron hopping mechanism. Each pair of electron incident energy 

and its associated angular wavenumber (       ) is perfectly reflected under the 

influence of the step potential by reducing its values with specific amount to be 

(        ). To recast, it is always true that (*       +  *        +). 

We have seen that modeling and solving the Schrödinger equations in 

their most general forms for incident, reflected, and transmitted beams with the 

aid of quantum mechanics postulates, leads to a fabulous plain applicable 

formulas. For instance, both transmission and reflection coefficients are 

functions of incident and transmitted angular wavenumbers only. It is worthy to 

mention here that there is a robust proportionality between that coefficients 

(transmission and reflection) and the incidents electron energy. To repeat, the 

electron beam energy is play a substantial role to overcome the step potential 

barrier. In the event that the incident beam of high kinetic energy (          ) 

happen to cross the barrier, one may fairly say that more than 95% of the 

electrons will manage to transmit. On the other hand, only less than 5% will 

reflect. 

Figure 3 The studied energy profile against the particle position with their correlated wave-
umbers been the contour lines7. 

 

                                                           
7 The contour lines are simply the angular wave numbers of dimension of     multiplying by 
    . 
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Figure 4 Transmission (𝑇) and reflection (𝑅) coefficients against the incident electron energy 
(𝐸𝑖𝑛𝑐). 

 

References. 

Di Ventra, M. (2008). Electrical transport in nanoscale systems. etns.  

Feynman, R. P. (1965). Feynman lectures on physics. Volume 3: Quantum 

mechancis. flp.  

Halliday, D., Resnick, R., & Walker, J. (2013). Fundamentals of physics. John Wiley 

& Sons.  

Liboff, R. L. (2003). Introductory quantum mechanics. Pearson Education India. 

Nazarov, Y. V., Nazarov, Y., & Blanter, Y. M. (2009). Quantum transport: 

introduction to nanoscience. Cambridge university press.   

Ryndyk, D. A., Gutiérrez, R., Song, B., & Cuniberti, G. (2009). Green function 

techniques in the treatment of quantum transport at the molecular scale. In 

Energy Transfer Dynamics in Biomaterial Systems (pp. 213-335). Springer, 

Berlin, Heidelberg.  

 Ryndyk, D. A., D’Amico, P., & Richter, K. (2010). Single-spin polaron memory 

effect in quantum dots and single molecules. Physical Review B, 81(11), 

115333.  

Ryndyk, D. A., Donarini, A., Grifoni, M., & Richter, K. (2013). Many-body localized 

molecular orbital approach to molecular transport. Physical Review B, 88(8), 

085404.  

Ryndyk, D. A. (2018). Theory of Quantum Transport at Nanoscale (introduction and 

contents). arXiv preprint arXiv:1812.10531.  

Veszprémi, T., & Fehér, M. (2012). Quantum chemistry: fundamentals to 

applications. Springer Science & Business Media. 


