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Course Introduction

I ntroduction

This intensive specialized training course designed to equip Electrical Engineers with the foundational
knowledge and practical skills in quantum computing. As the world rapidly shifts towards a quantum-centric
future, understanding this disruptive technology is paramount for staying competitive and innovative.
Electrical Engineers, with their strong grasp of physics, circuits, and systems, are uniquely positioned to
spearhead the development and implementation of quantum hardware, quantum devices, and quantum
algorithms, driving advancements in next-generation computing, sensing, and communication technologies.

Training Course on Quantum Computing Fundamentals for Electrical Engineers delves into the
core principles of quantum mechanics, translating complex theoretical concepts into practical
applications relevant to electrical engineering. Participants will explore the qubit architecture,
guantum gates, and quantum circuit design, learning to leverage the power of superposition,
entanglement, and quantum interference. By mastering these fundamentals, electrical engineers
will be empowered to contribute to cutting-edge research, develop novel solutions for complex
optimization problems, enhance data processing capabilities, and design secure quantum
communication networks, paving the way for a new era of technological breakthroughs.

Programme Curriculum
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I ntroduction

This intensive specialized training course designed to equip Electrical Engineers with the foundational
knowledge and practical skills in quantum computing. As the world rapidly shifts towards a quantum-centric
future, understanding this disruptive technology is paramount for staying competitive and innovative. Electrical
Engineers, with their strong grasp of physics, circuits, and systems, are uniquely positioned to spearhead the
development and implementation of quantum hardware, quantum devices, and quantum algorithms, driving



advancements in next-generation computing, sensing, and communication technologies.

Training Course on Quantum Computing Fundamentals for Electrical Engineers delves into the core principles
of quantum mechanics, translating complex theoretical concepts into practical applications relevant to electrical
engineering. Participants will explore the qubit architecture, quantum gates, and quantum circuit design,
learning to leverage the power of superposition, entanglement, and quantum interference. By mastering these
fundamentals, electrical engineers will be empowered to contribute to cutting-edge research, develop novel
solutions for complex optimization problems, enhance data processing capabilities, and design secure quantum
communication networks, paving the way for a new era of technological breakthroughs.

Course duration

10 Days
Course Objectives

1.

10.

11.

12.

13.

Demystify Quantum Mechanics: Gain a solid conceptual understanding of quantum
mechanics principles relevant to computing.

. Master Qubit Fundamentals. Comprehend the nature of qubits, their properties, and diverse

physical realizations.

. Design Quantum Circuits: Develop proficiency in constructing basic quantum circuits using

leading software frameworks.
Explore Quantum Algorithms: Understand the power and limitations of key quantum
algorithms like Grover's and Shor's.

. Analyze Quantum Error Correction: Grasp the critical importance and foundational

technigues of quantum error correction.

. Integrate Quantum Hardware: Explore the interface between quantum software and emerging

quantum hardware platforms,

. Optimize Quantum Systems. Learn strategies for mitigating noise and optimizing quantum

system performance in N1SQ devices.

. Evaluate Quantum Advantage: Identify real-world electrical engineering problems where

quantum computing offers a significant advantage.

. Contribute to Quantum Cryptography: Understand the principles of quantum-resistant

cryptography and its implications for secure communications.

Develop Quantum Sensors. Explore the potential of quantum principles in developing highly
sensitive quantum sensors.

Simulate Quantum Devices. Gain hands-on experience simulating quantum device behavior
for future applications.

Future-Proof Engineering Skills: Acquire future-oriented skills for navigating the evolving
landscape of quantum technology.

Innovate with Quantum Technologies. Apply quantum computing concepts to drive
innovation in power systems, circuit optimization, and materials science.

Organizational Benefits

1.

Accelerated R&D: Faster exploration of new materials, designs, and solutions for complex
engineering challenges.



2. Enhanced Problem Solving: Tackle previously intractable optimization and simulation
problems with quantum algorithms.

3. Competitive Advantage: Position the organization at the forefront of the quantum technology
revolution.

4. Optimized System Design: Improve the efficiency and performance of electrical circuits and
systems through quantum insights.

5. Boosted Cybersecurity: Develop and implement quantum-safe cryptographic solutions for
data protection.

6. Talent Development & Retention: Cultivate a skilled workforce capable of innovating in the
quantum era.

7. New Product Development: Explore entirely new product lines and services leveraging
guantum capabilities.

8. Improved Resource Optimization: Optimize logistics, energy distribution, and manufacturing
Processes.

9. Strategic Partnerships: Facilitate collaborations with quantum technology providers and
research institutions.

10. Reduced Time to Market: Expedite the design and testing phases for complex electrical and

electronic components,

Target Participants
« Electrical Engineers
« Electronics Engineers
« Power System Engineers
« Control System Engineers
« Signal Processing Engineers
» Researchers
« Technical Managers

Course Outline
Module 1: Introduction to the Quantum Realm (Foundational Concepts)

« Classical vs. Quantum Computing: Differentiating bits and qubits, computational
paradigms.

« The Quantum Revolution: Historical context, current state, and future outlook of quantum
technology.

» Quantum M echanics Essentials: Superposition, entanglement, and quantum interference
explained for engineers.

« No-Cloning Theorem & M easurement Problem: Key quantum phenomena and their
implications.

« The Promise of Quantum Advantage: |dentifying problems where quantum computers
excel.

o Case Study: Simulating molecular interactions for new battery materials.

Module 2: Qubitsand Quantum Gates (Building Blocks)



« Understanding Qubits: Types of qubits (superconducting, trapped ion, photonic,
topological).

« Quantum State Representation: Bloch Sphere, Dirac notation for qubit states.

» Single-Qubit Gates: Pauli-X, Y, Z, Hadamard, Phase gates and their circuit representations.

o Multi-Qubit Gates: CNOT, Toffoli, SWAP gates and their role in entanglement.

« Measuring Qubits: Probabilistic outcomes and measurement basis.

» Case Study: Designing a basic quantum circuit for asimple logic operation.

Module 3: Quantum Circuit Design and Programming (Hands-on)

» Quantum Circuit Model: Principles of constructing quantum circuits.

« Introduction to Qiskit/Cirq: Programming frameworks for quantum computers.

« Simulating Quantum Circuits: Using local simulators for circuit validation.

« Building Quantum Programs: Practical exercises with quantum gates and measurements.

« Debugging Quantum Code: Strategies for identifying and resolving errors in quantum
circuits.

o Case Study: Implementing a quantum random number generator.

Module 4: Foundational Quantum Algorithms (Problem Solving)

« Deutsch-Jozsa Algorithm: Demonstrating quantum parallelism.

« Grover's Search Algorithm: Unstructured search and quadratic speedup.

« Shor's Algorithm Overview: Integer factorization and its impact on cryptography
(conceptual).

o Quantum Fourier Transform: Essential component for many quantum algorithms.

« Quantum Phase Estimation: A core subroutine for quantum simulation.

» Case Study: Applying Grover's algorithm to optimize a power grid routing problem.

Module 5: Quantum Error Correction and Fault Tolerance (Robustness)

» The Challenge of Quantum Noise: Decoherence and error sourcesin qubits.

« Basic Error M odels: Understanding amplitude damping and phase flip errors.

o Introduction to Quantum Error Correction (QEC): Principles and simple codes.
« Stabilizer Codes (Conceptual): Overview of common QEC techniques.

« Towards Fault-Tolerant Quantum Computing: Roadmap and ongoing research.
» Case Study: Analyzing error propagation in asmall quantum circuit.

Module 6: Quantum Hardwar e Architectures (The Physical Layer)

» Superconducting Qubits: Transmons, flux qubits, and current status.

« Trapped Ion Qubits: Precision control and long coherence times.

« Photonic Quantum Computing: Light-based approaches for quantum information.

o Quantum Dots and Silicon-based Qubits: Emerging solid-state technol ogies.

« Cryogenic Engineering & Control Electronics: Supporting infrastructure for quantum
computers.

« Case Study: Comparing the pros and cons of different qubit technologies for specific
electrical engineering applications.

Module 7: Quantum Sensing and M etrology (Precision M easur ement)

« Principles of Quantum Sensing: Leveraging quantum effects for enhanced sensitivity.
« Atomic Clocks and Magnetometers. Applications in navigation and medical imaging.
« Quantum-Enhanced Imaging: Beyond the classical limits of resolution.
» Quantum Gravimeters: Precision measurements for geological surveys.



« Challenges and Opportunities: Integrating quantum sensors into classical systems.
» Case Study: Designing a quantum sensor for high-precision voltage measurement.

Module 8: Quantum Communication and Cryptography (Secure Networks)

« Quantum Key Distribution (QK D): Unbreakable encryption methods (BB84, E91).

« Quantum Networks: Vision for future interconnected quantum systems.

« Post-Quantum Cryptography (PQC): Algorithms resistant to quantum attacks.

« Quantum Internet: Long-distance entanglement distribution.

« Challengesin Quantum Communication: Loss, decoherence, and range.

» Case Study: Understanding the security implications of Shor's algorithm on current
encryption standards.

Module 9: Quantum Machine L earning (Al-Quantum Conver gence)

« Introduction to Quantum Machine Learning (QML): Blending quantum and Al.

« Variational Quantum Eigensolver (VQE): Hybrid quantum-classical optimization.

o Quantum Neural Networks: Exploring quantum analogues of neural networks.

« Quantum Support Vector Machines (QSVMs): Accelerating data classification.

« Applicationsin Electrical Engineering: Pattern recognition in signals, fault detection.
o Case Study: Using QML for anomaly detection in electrical grid data.

Module 10: Quantum Optimization for Electrical Systems (Efficiency Gains)

« Optimization Problemsin EE: Circuit design, power flow, resource allocation.

« Quantum Annealing: Solving optimization problems using quantum physics.

« Quadratic Unconstrained Binary Optimization (QUBO): Problem formulation for
quantum annealers.

o Hybrid Quantum-Classical Optimization: Combining the best of both worlds.

« Real-World Applications: Smart grids, logistics, manufacturing optimization.

» Case Study: Optimizing component placement on a printed circuit board (PCB) using
guantum annealing.

Module 11: Quantum Materials and Devices (Next-Gen Components)

« Quantum Materials: Superconductors, topological insulators, 2D materials.
 Spintronics: Harnessing electron spin for novel devices.

o Quantum Transistors: Beyond Moore's Law.

« Nanofabrication Techniques: Building quantum devices at the atomic scale.

« Integration with Classical Electronics: Hybrid systems and interfaces.

« Case Study: Exploring the potential of quantum dots in advanced semiconductor devices.

Module 12: Quantum Computing Platforms and Ecosystem (Access & Tools)

 Cloud-Based Quantum Computing: IBM Quantum Experience, Azure Quantum, Amazon
Braket.

o Quantum Softwar e Development Kits (SDK s): Qiskit, Cirg, Pennylane.

« Quantum Simulators: Software tools for simulating quantum circuits on classical
computers.

 Industry Trends and Roadmaps: Major players and future directions.

» Open-Sour ce Quantum I nitiativesUpcoming Scheduled Sessions



Start Date

10 Aug 2026

17 Aug 2026

24 Aug 2026

31 Aug 2026

07 Sep 2026

14 Sep 2026

21 Sep 2026

28 Sep 2026

End Date

21 Aug 2026

28 Aug 2026

04 Sep 2026

11 Sep 2026

18 Sep 2026

25 Sep 2026

02 Oct 2026

09 Oct 2026

Location

Online

Online

Online

Online

Online

Online

Online

Online

Ready to enroll or request a customized program? Book online or contact us:

Register Online Now

Price

$2,200

$2,200

$2,200

$2,200

$2,200

$2,200

$2,200

$2,200

Email: info@fineskilltrainingcenter.com | Website: www.fineskilltrainingcenter.com


https://www.fineskilltrainingcenter.com/courses/training-course-on-quantum-computing-fundamentals-for-electrical-engineers

