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ABSTRACT

Wireless networking is the branch of communication in which wireless channels are used for the transmission
of the signak. There are various terminologies in the field of wireless networking which are taken form quantum physics.
Infact quantum physics consists of the signals which are in wireless medium. There are many important theories which are
given in the field of quantum mechanics which can be related with the concepts of wireless networks. In this paper we have
tried to link the famous Hinesburg Uncertainty Principle and the Schrédinger wave equation with the wireless network
in order to find the error in the position, momentum and energy of the network. A new concept is also discussed regarding
the error in the probability in which an attempt is made to derive the equation of error with respect to the displacement.
In order to derive these equations various concepts of mathematical modeling, Fourier series, Fourier transform, error

diagnosis are discussed briefly.
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I. INTRODUCTION

Quantum Physics is the branch of science which highly deals with the electrons and other subatomic particle
behaving as in the wave nature. Generally, scientists have two views that electron and other subatomic particles has two
nature either wave or particle. Several theories were presented by the scientists to prove that electron follows wave nature.
Generally in the field of wireless networking, waves are used for the transmission of the signal. The waves which are used

here can be compared to the electron and the other sub-atomic particle waves as generated by the wave nature duality.

The paper includes the method through which the concepts of Schrodinger Equation can be modified to be used
in wireless medium. The paper also includes the concepts the probability in which the normal distribution of probability
is used for the analysis of the theorems. We have tried to come up with a new concept in which the error in probability
is introduced. The paper majorly includes the connection of Schrédinger equations with the implementation of the theories
of wireless networking. The paper usually deals with the application layer of the wireless modeling. Probability of the
energy density is studied between the nodes by considering cases of boundary condition. Error in the probability will be
derived by considering the Heisenberg and Schrodinger equation. Normally if we take the case of normal form
of distribution we have the step deviation for which a constant probability occurs but generally there is an error in the

probability which can be linked through the error in the position, velocity or momentum of the particle.

He is enberg’s uncertainty principle, however, is a special case and it refers to wave packets with Gauss

distribution. The cases of Schrodinger equations which include the energy quantization, boundary conditions are taken
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from [1]. The proof of the strong inequality was given by Kennard and Weyl[2]. Later Robertson [3] generalized
the correlation for arbitrary observables A and B 1, and Dichburn [4] presented the relation between Heisenberg’s
fluctuations. Generalized and précised form of Heisenberg’s principle was given by Schrodinger [5, 6] and Robertson [7].
The Schrodinger’s relation (3) can be expressed in a compact [6] and “very elegant form” through [9]. Ref. [8] explains
about the role of noise in increasing the error. Ref [10] gives the information about the classical cases of quantum analogy
used in handbooks on experimental physics. Ref. [11] gives the information regarding the matrix analogy for quantum
physics. Definition of quantum mechanics is taken from [12]. There are two cases of Schrddinger equation as time
independent and other as time independent, we take ref. [13] in which the probability distribution of both the cases are
studied.

The remainder of the paper is described in the following ways: Section Il provides the extension in the principle
In the section Ill, approximation in the error in probability with respect to energy and position is defined and derived by

considering the wave equations of Schrodinger wave equation. Finally conclusion is in section V.

1. EXTENSION OF PRINCIPLES TO WIRELESS MEDIUM

Extending the concepts of Heisenberg Uncertainty principle in the wireless networking we will have the
uncertainty in the probability as there is a chance of having an uncertainty in the presence of connection between two
nodes. As discussed the connection between two nodes depends on the energy density of the signak present between these
signals. There we can say that the change of this probability will be dependent on the value of AE as the value of p is
related with the value of energy gradient. It has been described regarding the cutoff value which has been required for the

connection between the two nodes.
Ap.AE =
Here ¢’ is a constant whose value can be calculated formthe practical experiments.

Consider the case of standing wave generation in one dimension in which there are two nodes and they are
connected to each other through a string. When an oscillation is provided to this system it has the tendency to generate
a standing wave at the ends of the nodes (starting and ending point). This example can be compared with the three
dimensional wireless network where if two nodes are connected to each other then they will have wavelets having
oscillations along their path due to which travelling waves are generated at the connecting path of both the nodes but at the
ends of both the nodes there is a formation of standing waves. There is a property of standing waves that there is no
condition of interference among the signals, this acts as a plus point for the wireless networks as due to this there is no
cross connection of the signals within the nodes (this is the basic concept which is generally used for the case of no

interference within the wavelets).

This equation has a lot of solutions but the value of w must be finite, single valued and continuous. By the values
of y one has the tendency to find out the complete characteristics of the wavelets. The value of y? represents the
probability of the presence of electron at any position over the network, similarly by calculating the value of y?in the

wireless network one can get the value of probability of availability of the signal (energy density of the signak).

In this paper we will highly stick to the boundary conditions which are time independent as the study of the

distribution of the probability and potential over a fixed boundary. Again two cases arise in this, as whether the potential
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voltage of the signal is infinite or a limited. Here we will assume that the value of the potential voltage be zero over the

fixed boundary and then infinite for the value uptil infinity.

I11. ERROR MEASUREMENT

Consider a case in which we have a single particle of mass m confined to within a region 0 < x < L with potential
energy V = 0 bounded by infinitely high potential barriers, i.e. V= o from x < 0 andx > L.the potential experienced by the

particle is then:
Vix) =00<x<L
=wox=>2Lx<0

The regions over which the value of voltage is infinite, no wave function will exist over there, due to this the
probability distribution over that region doesn’t correspond to the connectivity of the nodes also we can say that this range
over which the value of Vis zero is the available range between the two nodes to be connected. It is clear that the value of

the probability present over the (x=0, L) is zero. Therefore, we have the following expressions.
v(0) =y@ =0
Now by the Schrédinger wave equation we have,

8m’m
h? 7

VAP(X) +-5=(E = VIp(x) =0

As potential voltage is taken to be zero over the fixed bounded region therefore we have V = 0.Therefore the

equation changes to

sm°m
h

——Ey(x) =0

VAP(x) +
2

hZ

Viy(x) = - Ey(x)
To solve this equation consider the coefficient of y (x) be m?. Therefore the equation changes to,

Viy(x) + M?y(x) =0

Therefore the value of m will be

M = Vv8mE *%
ey
8m

We know that the general solution of a two degree equation is;
v(x) = Asin(Mx) + Bcos(Mx)
By implementing the boundary conditions we know that at x =0,

v(0) =0;
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Therefore if we put the value of x= 0 in the equations then we get the result as B = 0; the solution of the equation
is
\V(x) = Asin (Mx)

Again applying the boundary condition for the other extremity as x = L.
v(L) = 0 = Asin(ML);

Two cases arises as either the value of A is zero or sin(kx) is zero, taking the first case gives the result as there is
no particle in the region of sight, taking the second one so we have the varied values of x for which the system will

undergo nil value. The values of mxover which the system will undergo zero value.
ML = nmt Wheren=0,+1,+2,+3......

We take only positive values of n and discard value as zero as this will make system as zero. The negative values

of n will produce the same set of instructions as being produced by positive values. Therefore, values of m will be,
M =nm/LWheren=1,2,3 ......

Put the value of M in E.

(2 E)Z
L 'm

E =
8m
E (n.n)?
T L28m

We apply the normalization method over the differential equation we get the following result. Therefore, the

probability distribution over the specified region will be:
y(x) = Asin <f) 0<x<L

= 0x>L

Now if we consider the normal distribution of the probability then the probability function will be as following:

X=Xx0

W(X) ey = VB, = VA e *o%

On comparing the values of both the functions, we get the following result:

A=A
sin (mz_x) = e_%a

In order to find the error between probability and step deviation, we need to find out the relation of error in x with

respect to the error and in step deviation. And then relate this error with the error of function of probability.

Therefore, considering
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nnx _X=Xp
sin (—) = ¢ 404
L

Put the value of x, = 0,

nux - 12
sin (T) = e¥.e %ox

Take differentiation on both the sides to find the error in x with respect to o,.

nmnx
Axcos (T) 3x, A 3x A Ax
= Oy — Oy —
sm(n:x) 40,7 " 4o 40,7

nmx 1 3(xp—x)
() 4 1) a = (P
(co ( L )+40x2) X 40,3 O,

3(xp—x
e Eng’i +)—>
4ax

This relation describes the relation between the step deviation error and error in distance. The relation between the

Ax =

error in position and error in probability is also described below.

We have
nnx
— a2 [—
—A<sm ( I ))
Take log on both sides of the equation.
log P, = logA + 2log sin ()
og P, = log ogsin L

Take differentiation on both the sides to find the error between probability and x.

nnx
CoS\ —
L7
nnx
sin
L

Now take the value of Ax from the previous equation and put in this equation to get the error in probability in

AP, =2, .Ax = 2.cot (er_x) Ax

terms of error in step deviation.

(o)

4
nnzx on
(COt ( ) + —)
40‘x

On substituting the values of Aa,. we get the error in probability.

X =

(o)
AP, = 2.cot (o) 22~ o,
L (Cot (T) + ?xz)
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6(xyg—x)
nmx Ao—x
O, (40x2 + tan (T)>

AP, =

Thus we have defined a relation between AP and Ag, that is the change in the value of step deviation with the
error in probability, this equation could be used in order to find the relation between change in probability with the change

in energy and change in momentum of the particle. Let, a variable as C

C= 6(xg— x)
Oy (40’x2 + tan (nLﬂ))
AP, =C.Ac,

Now, we can relate the error in p by others as by the given equations.
AP.Ap=C/4m
AP.Av = C/4mm

Therefore from the above equations, the error in p is calculated in terms of Ax. In the equation, there is an increase
in the value ofs,and then the error in p is reduced. Consider the case if o,>> 0, then approximately we take the value

ofa, = oo. If we put the value of o, as infinite in the above equation then following changes occurs.

6(xy— x)

0 (4002 + tan (%))

AP = Ao,.

AP =0

From the above equation it is clear that the error reduces if there is an increase in the value of o,. The error is
reduced as if there is a decreasing exponential curve and the expression contains o, in the denominator. Therefore we can

assume for higher value of step deviation the value of the error is very less.

IV. CONCLUSIONS

The paper consist a brief introduction about the error in the probability conditions in the infinite wall boundary
conditions of Schrédinger equation. From the given equations, it is clear that the error in the probability is inversely

proportional to step deviation. Due to which if the value of step deviation is high the error in probability is low.

REFERENCES

1. W.Heisenberg, Uber den anschaulichenInhalt der quantentheoretishenKinematik und Mechanik, ZS fiirPhysik, 43
(1927) ss. 172-198;

2. E. Kennard, ZurQuantenmechanikeinfacherBewegungstypen, ZS furPhysik, 44 (1927) ss. 326 352; H. Weyl,
Gruppentheorie und Quantenmechanik, Hirzel, Leipzig (1928);

3. H. Robertson, The uncertainty principle, Phys. Review, 34 (1929) pp. 163-164;

4. R. Dichburn, Proc. Royal Irish Academy, 39 (1932) p. 73;

Impact Factor (JCC): 3.2029 Index Copernicus Value (ICV): 3.0



Error Diagnosis in Infinite Wall Boundary Conditions of Schrddinger Equation Using Random Signal Analysis 119

5.

10.

11.

12.

13.

E. Schrodinger, ZumHeisenbergschenUnscharfeprinzip, Sitzungberichten der Preussischen, Akademie der
Wissenschaften (Phys.-Math. Klasse), 19 (1932) ss. 296-323;

A. Agelow, M. Batoni, Translation with annotation of the original paper of Erwin Schrdédinger (1930) in English,
Bulg. J. Physics, 26, no. 5/6 (1999) pp. 193-203, http://arxiv.org/abs/quant-ph/9903100

H. Robertson, A general formulation of the uncertainty principle and its classical interpretation,, Phys. Rev. 35
(1930) Abstract 40, p.667;

C. Shannon, “Communication in the presence of noise,” Proceedings of the LLR.E., vol. 37, pp. 10-22, January
1949,

M. de Gosson, Symplectic Geometry and Quantum Mechanics, Series: Operator Theory: Advances and

Applications, Subseries: Advances in Partial Differential Equations, vol.166, Birkhauser (2006) p.239;
M.Andreev, V. Ludskanov, Laboratory Physics, Sofia (1970) (in Bulgarian).

R. Bellman, Introduction to Matrix Analysis, McGraw-Hill Comp., Inc., New York (1960) Chapter 7.8, example
2.

P. Busch, M. Grabowski, P. Lahti, Operational Quantum Physics, Springer, Heidelberg (1995); John von

Neumann, Mathematical Foundations of Quantum Mechanics, (1932)

Andre Kessler, Derivation of the Heisenberg Uncertainty Principle, April 13, 2010, pg. 0-4, Invited paper.

WWW.iaset.us editor @iaset.us


http://www.iaset.us/




