117

Chapter 8

Simulation of Bloch Sphere
for a Single Qubit

Harsha Vardhan Garine
BML Munjal University, India

Atul Mishra
BML Munjal University, India

Anubhav Agrawal
BML Munjal University, India

ABSTRACT

The Bloch sphere is a generalisation of the complex number z with 112 = 1 being
represented in the complex plane as a point on the unit circle. The goal of the
research is to create a simulation that can be used to visualise a Bloch sphere of a
single quantum bit, also known as a Qbit. QISKIT (developed by IBM) is an open-
source lab for education in the realm of quantum computing, and is used to test
and validate this simulator. This study made use of both quantitative and qualitative
methods of investigation.

INTRODUCTION

A bit is the fundamental unit of a computer. The essential component allows data
to be stored in binary numbers, either O or 1. In a similar vein, the smallest unit
of a quantum computer capable of storing information is referred to as a quantum
bit, or in short, a qubit, for short. It has a complicated two-level mechanical system
with two states, |11 > and 10 >, divided into two categories. In the same way, that
information stored in a classic bit may be updated to meet our requirements, data
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or data recorded in a quantum bit can likewise be modified within the confines
of quantum mechanics. Different gates, such as XOR, OR, and more, are used in
digital electronics to change data and transport bits of information, among other
things. In the quantum world, we have a variety of gates to choose from. To better
understand how these gates function and how the qubit interacts with gates, we must
first understand a few mathematical concepts such as complex numbers, matrices,
and vectors. This is analogous to a simulation problem in that it is necessary to
comprehend and visualize the process. It is possible to tackle this difficulty by
modeling and simulating the procedure. Refer to Figure 1 for a visual understanding
of how a physical quantum device is simulated on a real quantum simulator.

This is a discrete event simulation, which means that the outputs are fixed for
the specified set of input parameters. The work (which is either one of 11> or 10>)
is determined by the probability of achieving the desired results. Please keep in
mind that this project will only be able to replicate a single qubit at this time. It is
possible to simulate several qubits as well.

Figure 1. A simulator of a real quantum computer
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