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Overview
Applied Quantum Mechanics" by A. F. J. Levi serves as a foundational textbook designed to
bridge the gap between theoretical quantum mechanics and its practical applications in
engineering, particularly in the realm of semiconductor devices. The book targets advanced
undergraduate and graduate students in electrical engineering, materials science, and applied
physics, providing them with the necessary quantum mechanical tools to understand and design
modern electronic and optoelectronic components. Levi emphasizes a clear, intuitive approach,
moving beyond abstract mathematical formalism to focus on physical principles and their direct
relevance to real-world systems.

The core argument of the book is that a solid understanding of quantum mechanics is
indispensable for engineers working with nanoscale devices, where classical physics breaks
down. It systematically introduces key quantum concepts such as wave-particle duality, the
Schrödinger equation, quantum tunneling, and energy quantization, always linking these to
tangible phenomena observed in materials and devices. By integrating theoretical derivations
with practical examples and problem-solving techniques, Levi equips readers with the ability to
analyze and predict the behavior of quantum structures like quantum wells, superlattices, and
resonant tunneling diodes, making the complex subject accessible and highly relevant for future
technological advancements.

Key Takeaways
• Quantum mechanics is essential for understanding and designing modern nanoscale
electronic and optoelectronic devices, where classical physics fails.

• The Schrödinger equation is the fundamental mathematical tool for describing the behavior
of particles in quantum systems and predicting their properties.

• Quantum phenomena like tunneling, energy quantization, and wave-particle duality are not
abstract concepts but have direct, measurable engineering applications.

• Understanding the interaction of electrons with potential barriers and wells is crucial for the
design and analysis of semiconductor devices.

• Approximation methods and numerical techniques are often necessary to solve complex
quantum mechanical problems encountered in practical device physics.

• The performance and limitations of modern electronic devices at the nanoscale are
fundamentally governed by quantum mechanical principles.
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• The book provides a strong foundation for further study in advanced topics like quantum
computing, spintronics, and nanotechnology.

Chapter Summaries
Introduction to Quantum Mechanics

This chapter introduces the historical context of quantum mechanics, highlighting the limitations
of classical physics at the atomic scale. It discusses fundamental concepts like wave-particle
duality and the need for a new framework to describe microscopic phenomena, setting the stage
for the practical applications discussed later in the book.

The Schrödinger Equation

The core of quantum mechanics is presented through the time-dependent and
time-independent Schrödinger equations. This chapter explains the physical meaning of the
wave function, probability density, and expectation values, providing the mathematical tools
necessary to analyze quantum systems.

Simple Quantum Systems

This section applies the Schrödinger equation to fundamental problems such as particles in
infinite and finite potential wells, and the harmonic oscillator. It demonstrates the concept of
energy quantization and discrete energy levels, which are critical for understanding atomic and
molecular behavior.

Potential Barriers and Tunneling

The chapter explores the behavior of particles encountering potential barriers, leading to the
phenomenon of quantum tunneling. It discusses transmission and reflection coefficients, and
the practical implications of tunneling in devices like resonant tunneling diodes and scanning
tunneling microscopes.

The Hydrogen Atom and Atomic Structure

This part delves into the quantum mechanical description of the hydrogen atom, introducing
concepts like angular momentum, spin, and the quantum numbers that define electron states. It
provides a basis for understanding the electronic structure of more complex atoms and
materials.

Approximation Methods

Since many real-world quantum problems lack exact analytical solutions, this chapter introduces
essential approximation techniques. It covers time-independent perturbation theory, variational
methods, and the WKB approximation, which are vital for analyzing complex systems and device
structures.
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Electrons in Periodic Lattices

This section applies quantum mechanics to the behavior of electrons in crystalline solids. It
introduces Bloch's theorem, the concept of energy bands, effective mass, and the distinction
between metals, semiconductors, and insulators, forming the foundation for semiconductor
physics.

Semiconductor Devices

The book culminates in the application of quantum mechanics to modern semiconductor
devices. It explains the operation of p-n junctions, quantum wells, superlattices, and resonant
tunneling diodes, demonstrating how quantum principles dictate their electrical and optical
properties.

Quantum Transport

This chapter discusses advanced topics in electron transport, particularly in mesoscopic systems
where quantum effects are dominant. It covers concepts such as ballistic transport, quantum
conductance, and the Landauer formula, relevant for nanoscale device design.

Themes
• Quantum device physics

• Semiconductor applications

• Bridging theory and practice

• Wave-particle duality

• Quantum tunneling

Frequently Asked Questions
What is Applied Quantum Mechanics about?

This book bridges theoretical quantum mechanics with its practical applications, particularly in
electrical engineering and semiconductor device physics. It explains fundamental quantum
concepts and demonstrates how they are used to understand and design modern electronic and
optoelectronic devices at the nanoscale.

Is Applied Quantum Mechanics worth reading?

Yes, for students and professionals in electrical engineering, materials science, or applied physics
seeking a practical understanding of quantum mechanics. It's highly valued for its clear
explanations and focus on real-world device applications, making complex topics accessible and
relevant.

How does Applied Quantum Mechanics end?
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Spoiler: The book concludes by applying quantum mechanical principles to advanced topics in
semiconductor devices and quantum transport, illustrating how these concepts govern the
behavior of modern electronic components and pave the way for future technologies.

Who should read Applied Quantum Mechanics?

Advanced undergraduate and graduate students in electrical engineering, applied physics, and
materials science will find this book particularly useful. It's also suitable for practicing engineers
and researchers who need a solid foundation in quantum mechanics for device design and
analysis.

How long does it take to read Applied Quantum Mechanics?

Given its depth and technical nature, reading "Applied Quantum Mechanics" thoroughly could
take approximately 30-50 hours. This estimate accounts for careful study, working through
examples, and understanding the complex mathematical derivations.


