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1-Introduction to Quantum Mechanics

Classical mechanics, based on Newton’s laws, provides an accurate description
of the motion of macroscopic objects. Within this framework, the future behavior of
particles can be predicted with complete certainty once the acting forces and initial
conditions are known. However, these laws fail when applied to microscopic
systems such as atoms, electrons, and subatomic particles, as they cannot explain
many experimentally observed phenomena, including blackbody radiation, the

photoelectric effect, atomic spectra, and electron diffraction.
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These shortcomings led to the development of quantum mechanics as a fundamental
theory describing the physical behavior of matter at the atomic and subatomic scales.
One of the key concepts of quantum mechanics is the wave—particle duality, which
states that material particles exhibit wave-like properties in addition to their particle-
like nature. As a result, a quantum particle can no longer be described by a well-
defined trajectory as in classical mechanics; instead, its state is described by a wave

function that contains all measurable information about the system.
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The mathematical description of the wave function is governed by the Schrbédinger
equation, introduced in 1926 by the physicist Erwin Schrodinger. This equation is
the cornerstone of quantum mechanics and plays a role analogous to Newton’s
second law in classical mechanics. Unlike classical equations of motion, the
Schrodinger equation does not provide an exact path for a particle, but rather offers
a probabilistic description of physical observables.
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The Schrodinger equation exists in two fundamental forms: the time-dependent
form, which describes the time evolution of a quantum system, and the time-
independent form, which is applicable when the potential energy of the system does
not vary with time. The latter is particularly useful for analyzing stationary states
and determining the allowed energy levels of quantum systems.
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2-The Wave Function

In quantum mechanics, the state of a physical system (such as one or more particles) is
described by the wave function, usually denoted as y(r, t), where r represents the position and t
represents time. The wave function is a complex-valued function, meaning that it generally has

both real and imaginary components.
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Although the wave function itself is not directly observable, it contains all the
information about the physical system, since the probabilities of different
measurement outcomes are obtained from its squared magnitude. The fundamental
properties of the wave function constitute the mathematical and physical foundation
of quantum mechanics and provide the necessary framework for formulating both

the time-dependent and time-independent Schrodinger equations.
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3-Fundamental Properties in Quantum Mechanics
1-Complex Nature:
The wave function is a complex-valued function and can be expressed as:
Y =A +iB
Where A and B are real functions of position and time, and i is the imaginary unit.
2- Complex Conjugate of the Wave Function
The complex conjugate of the wave function is defined as:
y*=A—1B

This concept is essential in defining physically meaningful real quantities.
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3- Absolute Value and its Square

The square of the absolute value of the wave function is defined as:

ly|Z=y y*= (A +iB) (A—iB)
=A% -i2B?> =A%+B? (where i2=-1)

4-Physical Interpretation of the Wave Function

The wave function itself does not represent a directly measurable physical
quantity. Instead, the quantity |\y|? represents the probability density of finding the
particle at a given position and time.
5- Reality and Positivity Conditions

since A% and B2 are real and non-negative, |y|? is always a real and positive

quantity, which is a necessary condition for its probabilistic interpretation.

6- Normalization Condition
For a physically acceptable description of the system, the wave function must

satisfy the normalization condition:

j | P(r,t) 12 dt=1

Which ensures that the total probability of finding the particle anywhere in space is
equal to unity. If the integral vanishes, the wave function is identically zero and
does not represent a physical state. Where | yi(r, t) |? represents the probability
density.



