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Abstract: Integrating physics, computer science and mathematics quantum computing has evolved in the last 

two decades from an imaginative idea to one of the most interesting field of quantum mechanics. Altering the 

model underlying information and computation from a classical mechanical to a quantum mechanical gives 

faster algorithms. Quantum algorithm can execute a selective set of tasks widely more effectively than any 

classical algorithm, but for many tasks, it has proven that quantum algorithms give no actual benefit. The scope 

of quantum computing applications is still being examined. This research paper gives an overview of quantum 

computer, explanation of qubit and discusses about the various applications of quantum mechanics to verify the 

existence of quantum computers.     
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I. Introduction 
A quantum computer makes straight use of quantum mechanical phenomena such as superposition and 

entanglement, (it is the ability for pairs particles to interact over any distance) for carrying out operations on 

data. Both quantum and digital computers vary from each other. The basic idea behind digital computers is the 

use of transistors in them which needs data to be encoded in form of binary digits (bits) while in quantum 

computation to represent data and to perform operations on such data quantum properties are used. It is expected 

that in the coming 8 years that is in around 2025, transistors and chips will be no longer present in computers. 

When we think of computers first thing that comes to our mind is the common classical silicon computer (digital 

computer) . Every one of us thinks that these are the fastest. But, quantum computes are faster than classical 

ones. Quantum computers are a next general of classical computers according to scientists.      

The technology used in quantum computers is very much different from classical ones. Quantum 

computer uses bits of quantum (qubits) for operation. The nature of Qubit is quaternary. The laws of quantum 

mechanics are totally different from classical mechanics. The main difference between bit and qubit is that qubit 

can not only exist in 0 or 1 logical values, but also in linear combination of 0 and 1 state due to the phenomenon 

of principle of superposition of quantum mechanics. The superposition state is one in which a qubit can be both 

0 and 1 simultaneously. Eight qubits are combined to form a qubyte  which is similar to a byte of a classical 

computer but qubyte can have all values from 0 to 255 simultaneously unlike a byte which can‟t take all values 

simultaneously due to the lack of presence of superposition principle.  

The computer technology has evolved from gears to relays to valves to transistors to integrated circuits 

and so on. Due to the presence of advanced lithographic techniques, one can compress fraction of large micron 

login gates and wires onto the surface of silicon chips which results into even smaller parts and assured to reach 

a stage where logic gates are so little that are made out of only handful of atoms. The rules of quantum 

mechanics are obeyed by the matter at atomic scale and such rule varies from the classical rules which 

determine the various properties of ordinary logic gates. So, new quantum technology must supplement present 

technology in order to have smaller computers in the future. Based on quantum principles, quantum computers 

can support completely new type of computation with qualitatively new algorithms.  

Let us reflect on a register made up of three physical bits. According to classical computer, its register 

in a particular time can store only one out on eight different values i.e. there are total eight possible values. Like 

000, 001, 010, ……….. 111 and the register can be in anyone of the above configurations at a particular instant 

of time. While if I talk about quantum register which is also made up of three qubits, at a particular time it can 

store all 8 configurations due to the quantum superposition principle. The physical presence of all 8 

configurations in the register is a striking feature, which is only possible due to the principles of quantum 

mechanics. To represent the state of an L-qubit system on a classical computer requires the storage of 2
L
 

complex coefficient whereas to characterize the state of n-bit classical system it is sufficient to give the values 

of L-bits, i.e., only L numbers. Hence, the storage capacity of register when qubits are added increases 

exponentially i.e. there are total eight possible configurations when three qubits are present. Similarly, four 

qubits can store sixteen different configuration at a time, so, the general formula depicts that L qubits can store 

(2)
L
 configurations or numbers at a time. All operations can be performed once the register is prepared in a 
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superposition of different configurations. A large amount of gain in time and memory is offered by quantum 

computer due to huge parallel computation in one piece of quantum hardware i.e. only 1 computation step 

carryout the same mathematical operations on (2)
L
 different input configurations compressed in coherent 

superposition of L qubits. While classical computer has to repeat the same computation (2)
L
 times in order to 

complete the same task. So, qubits can hold exponentially more information than their classical counterparts. 

Therefore, one can say, qubits can be in a superposition of all the classically allowed states.    

In classical computers, calculations are performed significantly in the same way as by hand. 

Consequently, the class of problems that can be solved efficiently is the same as the class that can be solved 

efficiently by hand. Here “efficiently”, refers to the idea that the evaluation time doesn‟t grow too quickly with 

the size of the input. While in quantum computers, calculations are done by unitary transformations on the state 

of quantum bits. Combines with the principle of superposition, this creates possibilities that are not available for 

hand calculations. This translates into more efficient algorithms for a.o. factoring, searching and simulation of 

quantum mechanical systems.   First 16- bit  quantum computers were build by IBM Q industry . Along with the 

IBM computer a company known as D-Wave has also been developing their own version of a quantum 

computer which is based on  a process called annealing. 

 

Qubit (Quantum Bit): 

In a quantum computer, information carried in the smallest unit is quantum bit. A. quantum bit exists in 

the superposition of two states i.e. 0 and 1 unlike classical bits which are present in only two forms i.e. 0 and 1. 

Bit is the fundamental unit of information of a classical computer. A quantum bit is also called as qubit. Both bit 

and qubit are analogous to each other. Only difference between them is that qubit has some quantum phenomena 

associated with it. Although, these bits and qubits are mathematical objects with certain properties yet they can 

be perceived physically in various ways as an actual physical system. Both bit and qubit are represented by 

states, bit has either a state 0 or 1 while qubit in addition to these 0 and 1 states can have any linear combination 

(superposition) as a physical state so, any physical state of a qubit can be described by:  

  =  /0> +  / 1>, where  and   take only complex values.  

The 2-dimenssional Hilbert space which is an abstract space for complex vectors can also describe the state of a 

qubit. States 0 and 1 form an orthonormal basis for this vector space. We get 0 with probability  
2
 and 1 with 

probability 
2
 when qubit is measured in orthonormal basis to determine its state according to theory of quantum 

mechanics. One can successfully write the state of qubit as          =   cos /0> + e
i

 Sin /1>   (Eq. 

1) 

Where, all phases factors are ignored and  and  define a point on the Bloch sphere. Also, 
2
 + 

2 
=1 due to 

property of Hilbert space as qubit is a unit vector of previously mentioned 2-dimensional Hilbert space.  

State which is mentioned in (Eq. 1) can be represented by 3-dimensional sphere called Bloch sphere. With help 

of this sphere, one can a single qubit can be visualized. Traditionally, the bits 0 and 1 are represented by bra-ket 

notation.  

 

Geometrical Representation of Qubit: 

The basis states (or basis vectors) in which qubit may be measured are normally written as /0> or /1> and 

(pronounced as “ket 0” and “ket 1”).  

 

 
Fig. 1 Bloch Sphere is a representation of qubit 

 

An infinite amount of information can be stored in single qubit theoretically, but when measured we 

get (0 or 1) i.e. classical results having specific probability which are specified by the quantum state. One of the 

most important features of quantum mechanics is that “hidden” information is conserved under the dynamic 
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progression (namely, Schrodinger equation) the same happen when qubit measured. So, it is allowed to change 

the information stored in unmeasured qubits with quantum gates. With the help of this feature and the allocation 

to manipulate the information is one of the sources for reputed power of quantum computers.  

 

II. Matrices as Quantum Gates: 
Logic gates that are used for the classical computers are based upon Boolean algebra. These Boolean 

logic gates do manipulations of the information that is stored in bits while in quantum computers, these gates are 

represented by matrices. When rotations of quantum state on the Bloch sphere takes place then quantum gates 

(matrices) can be visualized. Under such visualization, it has been observed that quantum gates are unitary 

operators i.e. the norm of quantum sate remains conserved (Let U is a matrix which describes a single qubit 

gate, then according to the property of unitary operators, U
+
U = 1, where U

+
 is the adjoint of U which is 

basically first doing transpose and then complex conjugate of U). As we have a NAND gate which is a universal 

gate of classical computing, we have a C NOT gate which is also a universal gate of quantum computing. In 

quantum computing, any multiple qubit logic gate may be made up from a quantum C NOT gate. C NOT gate 

involves an operation similar to that of classical XOR gate. Another distinguishing feature of quantum gates 

from classical gates is that they are reversible; if we perform inverse operation on the unitary matrix, then we 

get again get unitary matrix and therefore inversion is possible in quantum gates. One gate can invert another 

gate.     

 

 
Fig. 2 C NOT Gate 
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III. Applications of Quantum Computers: 
1. For conducting virtual experiments: Feynman first observed the quantum computing. His observations 

depicted that quantum systems are hard to model on classical computers. To model quantum system, we 

need quantum computers (This is “quantum stimulation”). For example, if we want to model chemical 

reactions then we need quantum computers since interactions among atoms in a chemical process is a 

quantum process. 

2. Cryptography: The first quantum algorithm was found by Peter Shor in 1974, which can perform an 

efficient factorization in principle. Only a quantum computer can do such a complex application. 
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Cryptography involves factoring as one of the most important problems. For example, the safety of 

electronic banking security system depends on factoring and is a big problem but due to useful feature of 

quantum computers, it takes only a few years to encrypt the data while it takes almost centuries on existing 

computers. 

3. Faster in speed: As already mentioned, quantum computers will be much faster and as a result they 

perform a huge number of operations in a very short span of time. 

4. Reliability: With quantum communication, both receiver and sender are alerted when an eavesdropper tries 

to capture the signal. More amount of information is communicated per bit in quantum computers as 

compared to classical computers. Also, quantum computers make communication more secure. 

 

Quantum Computers have limitations also: 
Decoherence is the process in which superposition of quantum state collapse into a classical state 

(Decohering is the process in which quantum coherence is lost). This happens due to some changes in 

parameters in a quantum state due to interaction process with environment. In production of quantum 

computers, this is the major obstacle. If one can solve this decoherence problem, them only quantum computers 

are better than classical computers.  

To construct a quantum computer that will make calculations before decohering is quite impossible. 

Alongwith the above mentioned problems; another problem that prevails is hardware of quantum computers. 

Some of the experiments on NMR (Nuclear Magnetic Resonance) technology are successful in constructing a 

simple quantum computer. But, it has also certain limitations. Therefore, time consuming tasks may result some 

quantum algorithms inoperable because of keeping the state of qubits for a long time will corrupt the 

superposition eventually.  Hence, it is not possible to predict about the hardware of quantum computers.  

 

IV. Conclusion: 
Experiments and Researches conducted till now gives an idea about the new type quantum computation 

with many advantages over classical computation. Such advantages are continuously being discovered and 

analysed and we trust that some of the discoveries will give technological fruit. IBM scientists have developed a 

new approach to stimulate molecules on a quantum computer that may one help revolutionize chemistry and 

material science. For the people who look for a basic understanding of  for realizing quantum computers, new 

technologies are being proposed. For the people who look for a basic understanding of the quantum theory and 

processing of information, quantum theory of computations is an integral part for them.  
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