
Quantum computer 

 

What is a Quantum Computer? 

A quantum computer is a device for computation that makes direct use of quantum mechanical phenomena, such as 

superposition and entanglement, to perform operations on data. Quantum computers are different from traditional 

computers based on transistors. The basic principle behind quantum computation is that quantum properties can be used 

to represent data and perform operations on these data. A theoretical model is the quantum Turing machine, also known 

as the universal quantum computer. 

Basis 

A classical computer has a memory made up of bits, where each bit represents either a one or a zero. A quantum 

computer maintains a sequence of qubits. A single qubit can represent a one, a zero, or, crucially, any quantum 

superposition of these; moreover, a pair of qubits can be in any quantum superposition of 4 states, and three qubits in any 

superposition of 8. In general a quantum computer with n qubits can be in an arbitrary superposition of up to 2n different 

states simultaneously (this compares to a normal computer that can only be in one of these 2n states at any one time). A 

quantum computer operates by manipulating those qubits with a fixed sequence of quantum logic gates. The sequence of 

gates to be applied is called a quantum algorithm. 

Operation 

While a classical three-bit state and a quantum three-qubit state are both eight-dimensional vectors, they are manipulated 

quite differently for classical or quantum computation. For computing in either case, the system must be initialized. 

Potential 

Integer factorization is believed to be computationally infeasible with an ordinary computer for large integers if they are 

the product of few prime numbers (e.g., products of two 300-digit primes). By comparison, a quantum computer could 

efficiently solve this problem using Shor's algorithm to find its factors. This ability would allow a quantum computer to 

decrypt many of the cryptographic systems in use today, in the sense that there would be a polynomial time (in the 

number of digits of the integer) algorithm for solving the problem. In particular, most of the popular public key ciphers 

are based on the difficulty of factoring integers (or the related discrete logarithm problem which can also be solved by 

Shor's algorithm), including forms of RSA. These are used to protect secure Web pages, encrypted email, and many other 

types of data. Breaking these would have significant ramifications for electronic privacy and security. 

Diamond Computer 

In early 2009, Australian researchers had built the equivalent of diamond wires but were actually made grooves along the 

diamond, while allowing the transmission of photons directed. 

Now the team of Professor Marko Loncar was able to build diamond wires in fact, at the nanoscale. 

Virtually all the essential elements for the construction of quantum computers have already been demonstrated using 

diamond as the basic material – see, for example, Diamond has qubits for quantum computer room temperature and 

Diamond qubit is natural for building quantum computers . 

Until now, however, no one had managed to build the wires to interconnect these components, allowing them to exchange 

data in a simple and direct, making the role of gold and copper wires are inside of a computer processor. 
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Light Source 

But the result was better than expected. Far from being just a passive material, the nanowire diamond has shown itself 

capable of functioning as a bright and stable source of individual photons. Better still, he makes it to room temperature. 

This makes the diamond nanowires suitable not only for the fabrication of devices dedicated to the computation and 

quantum communication, but also for the feasibility of optical chips – that exchange data using light instead of electricity 

– and for application in areas ranging from the biological and chemical sensing to obtain scientific images of live samples 

at resolutions never before achieved. 

Colored Diamonds 

Contrary to what one might imagine, scientists took advantage of known purity of the diamonds – they just exploited its 

defects, responsible for creating the tones of colored diamonds. 

When a diamond has colored shades, this is because the pure crystal of carbon atoms in its interior features of other 

materials, types of impurities that were incorporated in carbon matrix while the diamond was forming. 

For example, boron atoms incorporated as impurities in the matrix of carbon result in blue diamonds, while nitrogen 

atoms generate yellow diamonds. 

When you are trapped inside the trap solid impurities atoms force the atomic lattice of the diamond to bend to 

accommodate the imperfections. From the standpoint of a jeweler, this creates the beautiful colors of diamonds. From the 

viewpoint of a physicist, they change the electronic state of atoms. 

Color center 

When you build a diamond nanowire that contains within it or that plugs into one of these impurities, the result is a wire 

can generate an intense flux of photons in single file, one right after another in perfect order. 

“The diamond nanowire acts as a nanoscale antenna that concentrates the photons coming from the color center in a 

microscopic lens,” said Loncar, Harvard University, who made the discovery with the help of colleagues at the 

Universities of Texas and Munich, Germany. 

The color center to which the researcher refers to the defect is in the atomic structure of diamond, generated by the 

presence of impurity. 

Qubit diamond 

Scientists have begun to explore the properties of natural diamonds after they learn to manipulate the electron spin – or its 

intrinsic angular momentum – coupled with a color center in which nitrogen atoms were adjacent to gaps in the atomic 

structure of diamonds – see Diamond qubit quantum computer has to room temperature . 

The quantum state of this gap of nitrogen (nitrogen vacancy), which acts as a qubit – a quantum bit – can have its status 

initialized and measured using light. 

The color center “communicate” through the emission and absorption of photons. The flow of photons emitted from the 

center of colors provides a means of bringing the information from the qubit initialization, creating a device that allows 

control, capture and storage of photons, essential for any type of communication or optical computing. 

Diamond Nanowires 

But there remains one problem: the color centers are in the depths of diamond crystals, making it very difficult to deal 

with the photons inside manipulated. 



That’s where the diamond nanowires. Either by building them on the crystal surface where the color center, is 

incorporating the color centers in various structures, it becomes possible to access all the features of a natural diamond 

qubit impure. 

Nanowires diamond interface with the color centers, a sort of probe can take you to the limits of its luster. This 

enhancement increases the optical properties of the capture of photons by a factor of 10 compared to a natural diamond 

device. 

The following is only to guide the photons to harness them so useful. The results surpass all systems studied so far for use 

in quantum computing, including the fluorescent molecules, quantum dots and carbon nanotubes. 

Crystal Computers 

The researchers used a technique “top down” nanofabrication centers to incorporate color into various types of structures, 

demonstrating the feasibility of application of diamond nanowires for interconnecting qubits, creating complex quantum 

networks. 

The system described in the scientific article is a collection with thousands of diamond nanowires, each with a few 

micrometers high and 200 nanometers in diameter, seated on the macroscopic crystal diamond from which they were 

created. 

Like the color centers are not uniformly distributed in the diamond crystal unique, each nanowire has its imperfection in a 

different spot, with varying couplings that result in variations in the intensity of signals received by each nanowire that 

acts as a sort of antenna to pick up the sign of the qubit. 

In the future, a technique already developed, capable of implanting ions selectively, may be used to generate color centers 

at predetermined locations, optimizing the devices. 

 

 

 

 


