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Lectures contents 

1. Introduction to Quantum Mechanics 
1.1 Introduction 
1.2 Dirac Notation 
1.3 Linear Algebra in QM  

1.3.1 Inner Product 
1.3.2 Operators 
1.3.3 Tensor Product 

1.4 Postulates of QM 
1.5 Uncertainty Principle  
1.6 Local Hidden Variables 
1.7 The Bloch Sphere 
1.8 Density Matrix  

 
2. Classical and Quantum Circuits 

2.1  Quantum Gates 
2.2  Single Qubit Gates 
2.3  Two Qubit Gates 
2.4  Universality  
2.5  No-Cloning Theorem 

 
3. Applications of Quantum Circuits 

3.1  Superdense Coding 
3.2  Quantum Teleportation 
3.3  Deutsch-Josza Algorithm 
3.4  Quantum Cryptography 
3.5  Classical Key Distribution 
3.6 BB84 QKD Protocol 

3.6.1 Overview 
3.6.2 Analysis (without Eve) 
3.6.3Analysis (with Eve) 
 

4. Grover’s Algorithms 
4.1 Grover’s Algorithm  
4.2 Problem Statement 
4.3 Mapping to the Quantum Domain 
4.4 Geometric Picture 
4.5 Amplitude Amplification Procedure 
4.6 Pseudocode 



4.7 General Quantum Circuit 
4.8 N = 4 (2-bit) Implementation Example 
4.9 Further Reading 
 

5. Quantum Fourier Transform  
5.1 Preliminaries 
5.2 Fourier Transform 
 

6. Shor’s Algorithm 
6.1 FT/QFT Review 
6.2 Period Finding Algorithm 
6.3 Modular Arithmetic Review 
6.4 Shor’s Algorithm 
6.5 Example 
 

7. An Introduction to Quantum Error Correction 
7.1 Introduction and Classical Error Correcting 
7.2 Characterizing quantum errors 
7.3 Defining a quantum state using the density matrix 
7.4 The operator-sum representation 
7.5 Correcting quantum errors 

7.5.1 3-qubit bit flip error correcting code 
7.5.2 3-qubit bit phase flip error correcting code 
7.5.3 Shor's 9-qubit error correcting code 

7.6 Knill-Laflamme conditions 
7.7 Stabilizers 

 
 


