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Abstract— The world of “Quantum Computing” is a 

fascinating, exciting and challenging one. A Quantum 

Computer operates based on the science of Quantum 

Physics. Therefore, it is inevitable that people willing to 

dive into the world of Quantum Computing need to have 

at least a very basic understanding of the concepts of 

Quantum Physics. The objective of this technical article is 

to enable people, having no knowledge of Quantum 

Physics, grasp the very basic concepts that enable the 

functioning of a Quantum Computer and thus, generating 

an interest in further pursuing this new field of computing 

technology. 
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I. INTRODUCTION 

Just like you, the reader who is reading this technical article, 

the author has always been curious to learn about the 

fascinating and exciting world of Quantum Computing. And, 

the author assumes that the reader is reading this technical 

article probably because you also get drawn to the world of 

Quantum Computing from time to time. And, yes, why not? 

The world of Quantum Computing seems to be an interesting 
and challenging one. 

 

So, follow along and read the rest of the article to gain a basic 

understanding of how things behave and work in the world of 

Quantum Computing. 

The author wishes to present a beginner’s perspective into the 

world of Quantum Computing in a simple, easy-to-understand 

concept that the author hopes would be easily grasped by 

people having no knowledge of the science of Quantum 

Physics and its relevant application in Quantum Computing. 

Readers willing to pursue an in-depth study and understanding 

of the field could immensely benefit by referring to some of or 
all the materials specified in the ‘REFERENCE’ section below 

[1 – 15]. 

II. SYSTEM AND METHOD 

A.  ‘Classical’ or ‘Normal’ Computers – 

For a moment, let us concentrate our focus and attention to the 

world of ‘normal’ or ‘Classical’ computers that we interact 

with and work on, every day. The ‘classical’ computers use or 

employ ‘Bits’ for data processing, manipulation and 

calculation. Let us suppose that we have a ‘classical’ computer 

consisting of two bits. That means, at a point in time, the state 

of the two bits would be either of the following. 

Bit 1 Bit 2 

0 0 

0 1 

1 0 

1 1 
 

Fig. 1. Bit-state combination representation for a classical 
computer with two Bits 

If our ‘classical’ computer had three bits, the state of the 

three bits at a point in time would be either of the following.  

Bit 1 Bit 2 Bit 3 

0 0 0 

0 1 0 

1 0 0 

1 1 0 

0 0 1 

0 1 1 

1 0 1 

1 1 1 
 

Fig. 2. Bit-state combination representation for a classical 
computer with three Bits 
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And, in case our ‘classical’ computer had four bits, the state 
of the four bits at a point in time would be either of the 
following. 

 

Bit 1 Bit 2 Bit 3 Bit 4 

0 0 0 0 

0 1 0 0 

1 0 0 0 

1 1 0 0 

0 0 1 0 

0 1 1 0 

1 0 1 0 

1 1 1 0 

0 0 0 1 

0 1 0 1 

1 0 0 1 

1 1 0 1 

0 0 1 1 

0 1 1 1 

1 0 1 1 

1 1 1 1 
 

Fig. 3. Bit-state combination representation for a classical 
computer with four Bits 

Mathematically, if our ‘classical’ computer had n bits, the 

total number of states that those n bits could have would be 2n. 

B. ‘Quantum’ Computers – 

Now, the question that we could go into asking ourselves is, 

what is a Quantum Computer? Before answering that question, 

let’s look at what ‘Quantum Physics’ is. Quantum Physics is 

the study of the behavior of atoms and fundamental particles 

like electrons and photons. A Quantum Computer is one that 

operates by controlling the behavior of the fundamental 

particles but in a way that is completely different from that of 
the classical computers. In short, a quantum computer operates 

based on the science of quantum physics. 

 

And, now, the time has probably come to be introduced to 

this new term called “Qubit”. A ‘Qubit’ stands for Quantum 

Bit – A Qubit is to a Quantum Computer, just like a Bit is to a 

Classical Computer. However, there is a fundamental 

difference between a Bit and Qubit. At a point in time, the state 

of a Bit could be either a 0 or 1. A Qubit, on the other hand, has 

a fluid, non-binary identity; a Qubit can also exist in a state of 

0 or 1, but what makes the Qubit completely stand out from a 

classical computer ‘normal Bit’ is the ability of the Qubit to 

exist in a state that is a combination of 0 and 1, with some 

probability of being 0 and some probability of being 1. This 
special Qubit state is what is referred to as a ‘Superposition’ in 

the world of Quantum Physics. In short, a Qubit’s identity is 

spread over a spectrum between 0 and 1. For example, a Qubit 

could have a 75% chance of being 0 and 25% chance of being 

1; or 80% chance of being 0 and 20% chance of being 1; or 

60% chance of being 0 and 40% chance of being 1. 

Theoretically speaking, there are endless possibilities. 

The fundamental aspect of the operation of a classical 

computer’s ‘normal Bit’ is that it sticks to a precise value of 

either a 0 or 1 at any point in time, whereas a quantum 

computer Qubit operates on the core principle of giving up on 

the precise values of 0 and 1, allowing for some level of 
uncertainty. A quantum computer operates by harnessing the 

powerful quantum properties of ‘Superposition and 

Uncertainty’ using Qubits. 

 

 

Fig. 4. Identity and States of a normal classical computer Bit 
and Quantum computer Qubit 

III. EXPERIMENT: TRYING TO VISUALIZE THE QUANTUM 

IDEA OF ‘SUPERPOSITION’ 

Now, does the idea of ‘Superposition’, that is, a Qubit 
existing in a state that is a combination of 0 and 1 at the same 
time, sound weird and confusing to you? Let us do this 
experiment ourselves to understand this then. 

Let us toss a coin. One side of the coin is the HEAD and 
the other side TAIL. While the coin is in the air, it is HEADS 
and TAILS at the same time, and we are not concerned about 
that at all until the coin comes down collapsing in our hand that 
we then OBSERVE the coin and see that it has either revealed 
its HEAD or TAIL position. 

So, does it mean that the coin must be always either a 
HEAD or TAIL? No. In quantum physics perspective, it is, in 
fact, always existing in a combination of HEAD and TAIL; 
however, we come up with a certain measurement of it being 
either HEAD or TAIL through our sense of observation and 
that is from the perspective of classical physics. 
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IV. QUANTUM COMPUTER: APPLICATION & HOW IT 

COMPARES AGAINST ITS CLASSICAL 

COUNTERPART 

So, now, a very important question – what do all these 
(Qubits, Superposition and Uncertainty) have to do with 
computers? Well, to answer that question, let us go back to our 
preliminary assumption of a ‘classical’ computer consisting of 
only one bit. That means, at a point in time, the state of the bit 
would be either 0 or 1 and the bit can have a maximum of two 
individual states. For a Qubit, it can be a combination of both 0 
and 1 at the same time; the Qubit, therefore, represents both the 
states at the same time. 

Let us now extend the analogy to a ‘classical’ computer 
consisting of four bits and consider all the 16 individual ‘bit 
state’ combinations (0000, 0100, 1000, 1100, 0010, 0110, 
1010, 1110, 0001, 0101, 1001, 1101, 0011, 0111, 1011 and 
1111). What if we used a Quantum computer consisting of four 
Qubits? That would mean that the four Qubits can represent all 
the 16 individual ‘bit state’ combinations, all at the same time. 

Thus, in our example, if the classical computer were to 
switch to the ‘bit state’ combination 1111 (following the strict 
‘bit state’ combination switching in the exact order of 0000, 
0100, 1000, 1100, 0010, 0110, 1010, 1110, 0001, 0101, 1001, 
1101, 0011, 0111, 1011 and 1111), it would take the classical 
computer 16 turns/processing cycles whereas just one 
turn/processing cycle for the quantum computer. In fact, for 
that single turn/processing cycle, the quantum computer holds 
both the right (one right answer) and wrong (15 wrong) 
answers at the same time. By a technique called the “Grover 
Operator”, the quantum computer can sweep away all the 15 
wrong answers and what it is left behind with is the single right 
answer (1111). Now, that is the beauty of quantum computing. 
Instead of trying each of the 16 values that a classical computer 
would, a quantum computer tries all the 16 values at the same 
time. 

 

Table -1 Result depicting how a Quantum Computer compares 
against its Classical counterpart 

 

Desired Activity Classical Computer Quantum Computer 

Switching to the ‘bit 

state’ combination 

1111 (following the 

strict ‘bit state’ 

combination 

switching in the exact 

order of 0000, 0100, 

1000, 1100, 0010, 

0110, 1010, 1110, 

0001, 0101, 1001, 

1101, 0011, 0111, 

1011 and 1111) 

Number of 

turns/processing 

cycles consumed 

Number of 

turns/processing 

cycles consumed 

16 1 

 
A quantum computer is always going to have a classical 

computer next to it and they must go together, hand in hand. 
So, you have a classical set of Bits, representing the problem 
that you are trying to explore. What the quantum computer is 

going to allow us to do is to explore the exponential number of 
bit states (2n), where n is the number of Qubits that the 
quantum computer has. However, at the end, after the quantum 
computer explores all the number of states, it must ultimately 
go back to a classical output – a string of 0s and 1s that can be 
interpreted by a classical computer. 

 

 

Fig. 5.  Co-existence of ‘Classical’ and ‘Quantum’ Computers 

V. CONCLUSION 

Quantum computers are perfect for solving such problems that 

have the characteristics to blow up exponentially and there are 

indeed a lot of such problems that exist in the world. These 

‘exponential’ type of problems are the ones that classical 
computers find it really difficult to solve – ‘difficult’ in terms 

of how much time it might take for a classical computer to 

solve those problems or the extraordinary amount of computing 

resources and capability that the classical computer might need 

to spend to be able to solve such problems. And, there are 

obviously certain problems (that have the ‘infinitely 

exponential’ state built into them) that classical computers 

might never ever be able to solve. Quantum computers are the 

new ray of hope to help tackle such problems. 

 

So, these were our first footsteps into the exciting, challenging 
and fascinating world of ‘Quantum Computing’. And, I would 

like to conclude by saying what IBM says about quantum 

computers – that building quantum computers is not about 

building faster computers; building quantum computers is 

something that is fundamentally different with respect to how 

they operate when compared to that of a classical computer. 
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