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ABSTRACT: A submersible pump is a centrifugal 

pump. When is attached to an electric motor and 

paired with an Arduino microcontroller, these 

pumps can automate the flow distribution process 

which can be useful in application such as 

aquariums, fountains and other systems for 

irrigations, refilling and aeration. 
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I. INTRODUCTION 
Thin film atomic materials like graphene 

and 2D TMDs (transition metal di-chalcogenide) 

have emerged as a forerunner in platforms for 

nanoelectronic devices due to their unique 

properties like relativistic charge transports, carrier 

spin preservation, existence of Weyl-Dirac 

fermions [1-4], etc. These lead to unique 

applications in optoelectronics, quantum 

information processing, to name a few. Due to their 

nanoscale size, classical theory of charge transport 

is not sufficient and quantum treatment is essential.  

Till date, graphene is the most promising 

material among those mentioned. It’s honeycomb 

crystal lattice structure opens the door to novel 

electronic and opto-electronic applications like 

ultra high speed switching and modulation, 

magneto-optic spin processing [5-7], terahertz 

signal processing, single electron devices, among 

others. 

 

 

 

 

Section 1.   Analytical Model 
Here a detailed study is undertaken for the 

condensate properties of the electron-hole pairs and 

the resultant modified ground state characteristics. 

Honeycomb lattice structures generates nearly 

linear dispersion properties near the Dirac points in 

the electronic band structure.  

The gradient in the externally applied 

magnetic field gives rise to an added spin current 

due to the above modulation in the vector magnetic 

potential A (synthetic gauge function) (B = curl 

(A)). This extra current modulates the original spin 

current and gives rise to spin modulation/switching. 

This is somewhat anomalous quantum hall effect. 

Another extra current generates due to spin-orbit 

coupling. 

Magnetic precession is controlled by the 

external Larmour frequency of applied magnetic  

field. Precession results from Rashba spin-orbit 

coupling. 

 

Section II.  Device Analysis 
The original coinductivity e

2
/hgets 

multiplied by n times. Fractional quantum hall 

conductivity comes due to phase winding 

(braiding) no. n. n is given by the half (s) and full-

integer (S) values of the quantum numbers and the 

spin. 

For current density J and applied potential V, they 

can be related as  

hν = eV, so hJ = e
2
V, giving conductance  

σ = J/V = (e
2 
/h) √(n + 2m + s)  

   (1) 
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Fig 1.  Quantum conductance versus electron energy. 

 

General multiplier to conductance is 4 

because at four points the valence and conduction 

band light cones meet in three dimensions. 

Different values of n can be realized by 

proper configuration of the applied B. In presence 

of the applied B, the four quantum numbers are 

generated as demonstrated in the Stern-Gerlach 

experiment. Each component of the Dirac equation 

satisfies Klein-Gordon transport equation. The 

quasi-particles lose mass and follows SU(1) 

symmetry of the Hamiltonian.  

The superlattice is materialized in 

graphene hetero-structures with the help of the 

periodicity of the Dirac points in the Brillouin zone 

for the hetero-structures. The composite wave-

vector k is given by √(kx
2
 + ky

2
). The Bloch sphere 

determines the basis space for the crystal 

superlattice. 

Electrons propagate as guided waves – 

coherent (ballistic) propagation  – in the form of 

different modes (states) specified by the quantum 

numbers. The annihilation and creation operators 

generate a new state. Thus, the effective waveguide 

wavelength is given by λ√(n
2
 + m

2
 – q

2
 – s

2
). As 

such, the quantum electron conductance is given 

by:   

(e
2
/h) √(n

2
 + m

2
 – q

2
 – s

2
).  

Uniform external magnetic field results in 

quantized conductance. A gradient in magnetic 

field gives rise to precession. The field B generates 

a synthetic gauge potential given by A = curl (B). 

Under gauge transformation -  different modes are 

generated, preserving the gauge invariance. 

 

Section III.  Numerical Calculations 
A gradient in B results in coupling of the 

ground state (fundamental) mode to the higher 

order modes due to Rasba spin-orbit coupling, 

eventually modulating the effective quantum  

conductance. This is exploited in quantum 

information  processing. 

Four values of conductance multipliers, N, 

are realized, depending on the spin quantum 

numbers, s = ½, 1, 3/2 and 2.The corresponding 

Weyl-Landau energy levels E_n are given below.  

As an electron moves at relativistic speed, 

it’s electric field transforms into a magnetic 

counterpart due to Lorentz transformation. The 

effective magnetic field arising from t  he lattice 

atoms internal electric field is given by  

 

Beff (x) = (v × E(x))/c          (2) 

 

The electric field originates from the band and 

honeycomb crystal structure of graphene. 

 (3) 

V (r) = −μ · B(r) = − Ƭm. ħBeff(z)  (4) 

 

where m is the mass of the object, ¯h is 

Planck’s constant, V is the potential arises from the 

interaction of the magnetic dipole moment μ of the 

object with the magnetic field Beff, and  Ƭ is the 

gyro-magnetic ratio. 
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The Rashba Hamiltonian is given by  

 

E(k) = h
2
k

2
/2m + + α(E × k) × σ  (5) 

 

Section IV.  Discussion and inference 
The electrons propagate in a coherent, 

ballistic way, giving rise to quantum conductance. 

As the device length is of nano-scale, it is less than 

the electron mean free path length, causing ballistic 

propagation. 

 

Section IV.  Conclusion 

We have for the first time computed the 

quantum conductance modulation of thin graphene 

films under external magnetic field gradient, This 

would find important application in spintronics 

based computation and quantum information 

processing. 
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