
Basic Quantum Algorithms: 
Superposition and Measurement 

Introduction 
Quantum algorithms leverage the principles of quantum mechanics to solve problems more 
efficiently than classical algorithms. Two fundamental aspects of quantum 
computing—superposition and measurement—play a crucial role in these algorithms. This 
document explores how these concepts are applied in basic quantum algorithms. 

1. Superposition in Quantum Algorithms 

Superposition allows qubits to exist in multiple states simultaneously, enabling quantum 
computers to process multiple possibilities at once. 

Hadamard Transformation 

●​ The Hadamard (H) gate is a fundamental quantum gate used to create superposition. 
●​ Applying an H gate to a qubit transforms its state from or to an equal superposition of 

both: 
●​ This property is used in quantum parallelism, where multiple computational paths are 

explored simultaneously. 

Application: Quantum Coin Flip 

●​ A simple algorithm that simulates a fair coin toss using the Hadamard gate: 
1.​ Initialize a qubit in . 
2.​ Apply the Hadamard gate. 
3.​ Measure the qubit to obtain either or with equal probability. 

2. Measurement in Quantum Algorithms 

Measurement collapses a quantum state into a definite classical outcome (0 or 1) based on 
probability amplitudes. 

Quantum Measurement Process 

●​ Measurement forces a qubit’s probabilistic state into a specific classical value. 
●​ The probability of obtaining a given outcome depends on the squared amplitude of its 

quantum state components. 
●​ For a state , the probability of measuring is , and for , it is . 



Application: Random Number Generation 

●​ By applying the Hadamard gate to multiple qubits and measuring them, a quantum 
computer can generate truly random numbers, unlike classical pseudorandom 
generators. 

3. Example: The Deutsch Algorithm 

One of the simplest quantum algorithms demonstrating superposition and measurement is the 
Deutsch algorithm, which determines whether a given function is constant or balanced. 

Steps: 

1.​ Prepare an input qubit in superposition using the Hadamard gate. 
2.​ Apply a function-specific quantum operation (oracle). 
3.​ Measure the output qubit to determine the function type in a single 

evaluation—something classical computers require multiple steps to achieve. 

Conclusion 
Superposition and measurement form the foundation of basic quantum algorithms. The ability to 
represent multiple states simultaneously and extract classical results efficiently makes quantum 
computing powerful. Understanding these principles is essential for advancing to more complex 
quantum algorithms such as Grover’s and Shor’s algorithms. 
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