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Abstract  

This paper presents the place of quantum technologies in the modern information world. The technique of quantum computing is described. 
Also presented is a new model of a qubit based on a nanolaser with frequency stabilization, which emits at different wavelengths, which 
corresponds to its different states. Thus, the work proposes a scheme of a qubit, which underlies quantum technologies and quantum 
computers. Quantum computing is a thousand times faster than existing ones. In the future this technology will be able to solve problems 
that are beyond the power of modern computers, which means it will become the basis for learning and understanding the world more 
broadly. 
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1 Introduction 

With the advent of high-performance computing, 
algorithms and mathematical models are used to solve 
problems in many sciences: physical, biological and 
computer sciences. 

Quantum theory has proven to be a highly successful 
description of physical reality and has led, since its 
inception in the early 20th century, to advances such as 
lasers, transistors, and semiconductor microprocessors. 
The quantum computer uses the most efficient algorithms, 
using operations that are not possible in classical 
machines. Quantum processors do not run faster than 
classical computers, but they work in a completely 
different way, they achieve unprecedented speedups, 
avoiding unnecessary computation. For example, 
calculating the total electron wave function of the average 
drug molecule on any modern supercomputer using 
conventional algorithms is expected to take longer than 
the full age of our universe [1], while a small quantum 
computer can solve this problem in a few days. 
Encouraged by such a promise of quantum advantage, 
engineers and scientists are continuing their quest to build 
a quantum processor. However, the technical difficulties 
in manufacturing, managing and protecting quantum 
systems are incredibly complex, and the first prototypes 
have only appeared in the last decade. 

It is important to note that the technical problems of 
building quantum computers did not stop the 
development of quantum computing algorithms. Even in 
the absence of hardware, algorithms can be analyzed 
mathematically, and the advent of high-performance 
quantum computer simulators as well as early prototypes 
in the past few years has allowed further research to 
advance. 

Recent claims of quantum supremacy from Google 

[2], which are disputed by IBM [3], indicate that the era 
of quantum computing is near. The first processors using 
quantum effects to perform computations impossible for 
classical computer technology are expected within the 
next decade [4]. 

2 Quantum computing 

In classical information, the fundamental unit of 
information is the bit, a system with two identifiable states, 
often denoted 0 and 1. The quantum analog, the qubit, is 
a two-state system, the states of which are labeled |0⟩ and 
|1⟩. We use Dirac's notation, where | *⟩ identifies a 
quantum state. The main difference between classical and 
quantum information is that a qubit can be in any 
superposition of states |0⟩ and |1⟩: 

 (1) 

The complex coefficients α and β are known as the 
amplitudes of states, and they are related to another key 
concept in quantum mechanics: the effect of the physical 
dimension. Since qubits are physical systems, you can 
always come up with a protocol to measure their state. If, 
for example, the states | 0⟩ and | 1⟩ correspond to the states 
of the spin of an electron in a magnetic field, then 
measuring the state of a qubit is simply measuring the 
energy of the system. The postulates of quantum 
mechanics dictate that if the system is in a superposition 
of possible measurement results, then the act of 
measurement must change the state itself. The 
superposition system will fall apart at the measurement 
stage, the measurement thus destroys the information 
carried by the amplitudes in the qubit. Important 
computational implications arise when we consider 
systems of multiple qubits that can experience quantum 
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entanglement. Entanglement is a phenomenon in which a 
group of qubits are correlated, and any operation on one 
of these qubits will affect the overall state of all of them. 
A canonical example of quantum entanglement is the 
Einstein-Podolsky-Rosen paradox, presented in 1935.  

Consider a system of two qubits, where, since each of 
the individual qubits can take any superposition of states 
{|0⟩ and |1⟩}, the composite system can take any 
superposition of states {|00⟩, |01⟩, |10⟩, |11⟩} (and, 
accordingly, the system of N-qubits can take any of 2N 
binary strings, from {|0 ... 0⟩ to |1 ... 1⟩}. 

One of the possible superpositions of the system is the 
so-called Bell states, one of which has the following form:  

1
(10 01 )

2
  

 (2) 

If we measure on the first qubit, we can only observe 
|0⟩ or |1⟩, each of which has a probability of 1/2. This does 
not make any difference regarding the single qubit case. 
If the outcome for the first qubit was |0⟩, the system will 
collapse to the system |01⟩, and therefore any 
measurement on the second qubit will give |1⟩ with 
probability 1; similarly, if the first measurement was |1⟩, 
the measurement on the second qubit would give | 0⟩. An 
operation (in this case, a measurement with the result "0") 
applied to the first qubit affects the results that can be seen 
when the second qubit is subsequently measured. The 
existence of entanglement is fundamental to useful 
quantum computing. It has been proven that any quantum 
algorithm that does not use entanglement can be applied 
to a classical computer without a significant difference in 
speed. Intuitively, reason is the amount of information 
that a quantum computer can manipulate. If the N qubit 
system is not entangled, then the 2N amplitudes of its state 
can be described by the amplitudes of each one-qubit state, 
that is, the 2N amplitudes. However, if the system is 
entangled, all amplitudes will be independent, and the 
qubit register will form a 2N-dimensional vector. The 
ability of quantum computers to manipulate vast amounts 
of information through multiple operations is one of the 
main advantages of quantum algorithms and underpins 
their ability to solve problems exponentially faster than 
classical computer technology. 

3. New quantum bit 

If we imagine that laser radiation at different wavelengths 
are different states, then a semiconductor nanolaser based 
on quantum dots, Fig. 1, can be proposed as a qubit. The 
idea is to stabilize the radiation frequency of a nanolaser 
(NL), which emits unstably at wavelengths in the 630-650 
nm range.  
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FIGURE 1 Nanolaser 

To stabilize the LN radiation frequency, it is proposed 
to use a photonic crystal with a defect [5-6], in which the 
I2 molecules are placed, which function as frequency 
references (Fig. 2). 
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FIGURE 2 Nanolaser with photonic crystal 

The I2 molecule helps to stabilize the laser radiation 
frequency at a wavelength of 633 nm. As can be seen 
from the simulation results (Fig. 3), the LN radiation is 
concentrated in the defect of the photonic crystal. The 
emission of radiation beyond the boundaries of the 
photonic crystal defect is limited by the band gap for 
λ=633nm. Thanks to the concentrated field, it is possible 
to trap particles inside the defect by the Lorentz forces and 
to confine them due to the Kazemir-Polder forces. The 
particles placed in the defect are used to stabilize the 
frequency of the LN radiation. 

 
FIGURE 3 Simulation to stabilize the laser radiation 

But if three different isotopes of the I2 molecule are 
placed in a defect of a photonic crystal, for example, 
I2127 transition 11-3 P (48), I2127 transition 6-3 P (33), 
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I2127 transition 8-4 P (10), then the nanolaser will emit 
at wavelengths 612, 633, 640 nm, respectively, and these 
are already three different states. Therefore, this idea can 
be used as a qubit. 

4 Conclusion 

A quantum computer can store and manipulate vast 
amounts of information and execute algorithms 
exponentially faster than any classical computing 

technology [7-8]. The potential of even small quantum 
computers can surpass the best supercomputers in 
existence today, and ultimately, within the framework of 
certain tasks, can have a predominant impact on scientific 
and educational computing, which promises to move 
problems from unsolvable to difficult. The first quantum 
processors that can solve useful problems are expected to 
appear within the next decade. Therefore, understanding 
what quantum computers can and cannot do is a priority 
for every computer scientist. 
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