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Abstract

This paper pertains to discussing the Schrodinger equation along with its
historical background. The paper starts with an introduction to quantum
mechanics and requirement of Schrodinger equation. The paper highlights
the need of Schrodinger equation in light of progresses made in quantum
mechanics. The paper also highlights the historical background of the
development of Schrodinger equation after which the paper also briefly
touches the development of the same through classical means. The paper
discusses about the Schrodinger equation while presenting the same for a
hydrogen atom. The paper ends with conclusion in which the importance of

Schrodinger equation is highlighted.

Introduction

It is a well-known fact among scientists that nonlinear partial differential
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equations are used to describe the non-linear complex physical systems.
These partial differential equations are used in different fields of science
including chemistry, physics and biology etc. The analysis of further solutions
for the nonlinear partial differential equations reveal better understanding of
the mathematical models of the nonlinear complex physical phenomena.
There are several methods established by experts of the field that are quite
effective in developing relatively exact solutions of the nonlinear partial
differential equations. These solutions include Lie Point Symmetries method
for solving nonlinear partial differential equations .

There are several theories in the history of science which were proposed in
different times by various scientists and other experts. Some of these
theories were later on tested and found to the wrong or misleading so they
were rejected based on the evidence through experiments or observation
with better equipment. On the other hand, some theories proved to be
standing true based on the experiments conducted by experts of the field
and they seem to be followed in every aspect hence they were made laws. In
most of the theories, there exists an equation describing that theory in order
to carry out some calculation and get the results. For instance, Newton’s
laws of motion were initially theories with one equation for each which prove
to be correct in classical physics hence were renamed to be laws of motion in
physics. It is well-known in classical mechanics that the motions of objects
are well described by the equations postulated by Newton in his second law
of motion and similarly, other simple laws govern the physics of large objects
in a standard given system. However, in the case of quantum mechanics, the

equation of motion presented by Newton in his second law is not sufficient to
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predict the behavior of atomic and sub-atomic particles . The Schrodinger’s
equation serves a similar purpose in quantum mechanics for motion of small
systems that the Newton’s equations for motion do for large systems in
classical mechanics. The Schrodinger equation is mathematically described
as a partial differential equation that is used in quantum mechanics and
other fields to describe the quantum behavior and state of the changes in

physical system with respect to time .

History of Schrodinger’s Equation

In 1687, Newton postulated its laws of motion in which the second law of
motion was given with equations of applied force vectors and acceleration of
the object depending on the constant of mass of the object. It was thought to
hold true for every single object of the universe until the start of the era of
modern physics. In modern physics, when things were seen at quantum
level, the motion of things were not seen to be following Newtonian laws
hence demanding need for new laws and equations to solve the quantum
level systems. A large number of researchers took part in forming various
theories and equations in modern physics. The very notable theory and
equation were presented by Einstein who presented the theory of General
Relativity and its equations. He also presented the famous equation of E=
MC2 .

The research of De Broglie on the matter waves was extensively studied by
Schrodinger before starting with his own research. Schrodinger concluded
from the research of De Broglie that the classical mechanics is not applicable

to micro-mechanical systems. In his point of view, this was similar to the
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already proven fact about non-applicability of geometrical optics for the
diffraction phenomena as well as interference. He also concluded that it may
be possible to overcome the issue of non-applicability of classical mechanics
to micro-mechanical systems through applying the same laws that governed
non-applicability of geometrical optics on diffraction and interference . In this
manner, he further pursued his research through first taking the classical
wave equation into consideration. In order to derive his equation for
quantum wave with time dependency, Schrodinger also used a principle of
integral-variation. He also applied the calculus of variations in determining
his equation while considering the extremum condition as the variation
theorem that was well-known. Schrodinger was able to extend and better
analyze the variation problem through such derivation. He also discovered,
through this derivation, both time-dependent and time-independent wave

equations for a conservative system that is completely arbitrary .

Schrodinger’s Equation

In order to define a physical system, the experts of quantum physics
consider the quantum mechanics’ standard interpretation of quantum state
as the complete description of the physical system. The quantum state is
also known by the names of state vector or wave function among the
community of scientists . This quantum state is fundamentally a function of
complex values derived from few countable variables. If the quantum state is
normalized then it becomes possible to get Absolute Square of the analysis
in order to get probability density of the physical system. The real valued

function obtained in such cases can be further used to determine the higher
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degree of probability for finding any particle at some specific place at some
specific time .

The modern physics has moved way ahead of the classical physics through
describing the behavior of macro as well as micro systems with the help of
quantum mechanics. The motion related dynamics of micro as well as macro
objects can be defined with great accuracies through resolving the system
with the help of the equations of quantum physics. However, in order to keep
the macro level systems much simpler, the scientists still use laws and
equations of classical physics. The micro level systems are the only possible
systems for use of the laws and equations of quantum mechanics including
the Schrodinger’s equation . Schrodinger equation is considered as the
fundamental equation to define non-relativistic quantum mechanics. A
simple form of Schrodinger equation could be written as following for a single

Hydrogen atom: -

Derivation through classical arguments

The Schrodinger equation can be driven easily with the arguments as well as
equations of classical physics. This derivation is not quite simple as it may
sound from the classical point of view of physics; however, such a procedure
brings up the importance of Schrodinger equation in both quantum and
classical mechanics. The principle of least action is required to be taken into
consideration in order to develop a correspondence in between the
geometrical optics and the classical mechanics. The principle of least action
is a basic principle in the classical mechanics which states that a particle can

be expected to move along a path that required minimum action from the
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particle. Another important principle of classical mechanics that is required
for the purpose of developing correspondence between the geometrical
optics and the classical mechanics is the principle of least time. This principle
is quite similar to principle of least action and in this it states that light
travels along the shorted possible path.

In developing the correspondence, A = H/p is set, where H is the
proportionality constant that is undetermined. This relationship or equation
does not represents frequency but it represents wavelength. The latter is
related to energy. The energy in this relationship is corresponding to each
frequency separately. The direct relationship between frequency and energy
is not possibility derived hence it can be arbitrarily written that E=H" v
where H' an also an undermined constant. Here it is required that the free
particle velocity (vp = dE/dp) should coincide with the overall group velocity
(v) of the similar wave packet hence leading to the equality of H" = H.

These two equations i. e. E = Hv and A= H/p can be used to derive
differential equations of general nature that W (r, t) & y (r) should satisfy,
that are the two (02) Schrddinger equations. These are different from the
main equation through the only fact that the H has taken place of the Plank’s
constant. A mathematical form for the classical mechanics is also derived in
this manner through using the equations and principles of classical
mechanics only. Wave equations of corresponding nature to the Newtonian
equations for motion are taken for this purpose which results in obtaining a
wave packet which is considered to be moving in the space in exact manner
as the classical physics postulates. The only distinguishing property in this

case is that the wave packed in such calculations is considered to have a
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finite size whereas in the case of classical objects the objects are considered
to be dimensionless entities. In these calculations, the proportionality
constant is considered to be having the prime importance. The
proportionality constant in these cases is H. The major deterministic factor
that is size of the object directly depends on the proportionality constant H.
Since p = H/A hence the smaller the proportionality constant H is taken, the
smaller would be the A of the system. However, A is used to determine the
dimensional size of the object under study so when A would be approaching
zero, the dimensional size of the under study wave packet would also be
approaching zero hence resulting in the consideration of a wave packet as a
single point. The Quantum mechanics can be obtained through setting the
value of H = h = 6. 6256X10-34 Js. Here, the H constant is very small from
the view of the macroscopic observer as well; however, for the
submicroscopic observer of the atoms, molecules, and ions, etc. this
constant of h is not very much small. Therefore, the quantum mechanics

would be radically different from the classical mechanics .

Visualizing the Equation Results

As already discussed in this paper, taking absolute square of Schrodinger
equation gives probability density of a system for finding any particle at a
specific place and at a specific time. Software can be used to carry out all
the relevant calculations and high resolution of data stream is used to
represent the resultant probability density. This high resolution data stream
of resultant probability density can be used to obtain any form of result and

data pertaining to the same system. The most interesting thing that can be
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done from a scientific point of view is that this high resolution data stream
can be converted to visual form in order to understand the system in much
simpler manner. The data can be visualized in a 3-D form. The results can be
mapped through assigning different colors to the input data and acquiring
corresponding colors in the results. The images obtained from such
experiment would provide a good basis of understanding the effects of
Schrodinger equation in defining the quantum systems. Through
experimenting different visual techniques, varying and interesting results
can be obtained. For instance, the system can be better understood through
zooming, rotating, stretching, and translating to other forms. Such changes
bring quite interesting results in the visual representation of quantum
mechanics and its laws including Schrodinger equation. Another interesting
way to look at such a plotted system is to insert the result of an already
stretched or rotated system into another one as the feedback and then view

the results .

Conclusion

In classical physics the motion of objects is governed by Newton’s law of
motion whereas in modern physics, when things were seen at quantum level,
the motion of things were not seen to be following Newtonian laws hence
demanding need for new laws and equations to solve the quantum level
systems. Schrodinger equation is as important in modern physics as the
Newton’s second law of motion’s equations are important in classical
physics. The Schrodinger equation tells about the behavior of an object at

atomic and subatomic level in terms of conservation of energy, motion,
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displacement, and time. The Schrodinger’s equation serves a similar purpose
in guantum mechanics for motion of small systems that the Newton’s
equations for motion do for large systems in classical mechanics. The
Schrodinger equation is mathematically described as a partial differential
equation that is used in quantum mechanics and other fields to describe the
guantum behavior and state of the changes in physical system with respect
to time.

The motion related dynamics of micro as well as macro objects can be
defined with great accuracies through resolving the system with the help of
the equations of quantum physics. However, in order to keep the macro level
systems much simpler, the scientists still use laws and equations of classical
physics. The micro level systems are the only possible systems for use of the
laws and equations of quantum mechanics including the Schrodinger’s
equation. Schrodinger equation is considered as the fundamental equation to
define non-relativistic quantum mechanics. Software can be used to carry
out all the relevant calculations and high resolution of data stream is used to
represent the resultant probability density. This high resolution data stream
of resultant probability density can be used to obtain any form of result and
data pertaining to the same system. The most interesting thing that can be
done from a scientific point of view is that this high resolution data stream
can be converted to visual form in order to understand the system in much

simpler manner.
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