INTRODUCTION TO QUANTUM COMPUTING

Course Learning Outcomes

1. Understand the fundamental principles of quantum mechanics relevant to quantum computing.
2. Explain the concepts of qubits, quantum gates, and quantum circuits.

3. Understand quantum information and basic quantum algorithms.

4. Identify emerging applications of quantum computing in optimization, machine learning, and

cryptography.
UNIT - I: Fundamentals of Quantum Mechanics for Computing

Limitations of classical computing
Classical vs quantum computation
Postulates of quantum mechanics
Representation of quantum states
Dirac notation

Measurement postulate
Superposition principle

UNIT — II: Qubits and Quantum Gates

Qubit representation

Bloch sphere representation

Multi-qubit systems

Quantum gates: Pauli gates (X, Y, Z), Hadamard gate, Phase gate, T gate
Multi-qubit gates: Controlled-NOT (CNOT), SWAP gate

Universal quantum gates

Quantum circuit representation

Unit -- 111: Quantum Information

Quantum Entanglement
Bell States

No-Cloning Theorem
Quantum Teleportation
Superdense Coding
Quantum Key Distribution

UNIT - IV: Quantum Algorithms

Introduction to quantum algorithms (overview)
Quantum parallelism
Deutsch and Deutsch—Jozsa algorithms
Grover’s search algorithm
Quantum Fourier Transform
Shor’s factoring algorithm

UNIT - V: Applications of Quantum Computing

Quantum cryptography and quantum key distribution
Quantum communication and teleportation



Optimization problems using quantum computing
Emerging quantum technologies and future directions
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