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Author's Note
The author is delighted to present herewith the
‘VIGNYAN‘ magazine to you. This is a periodic science
magazine which will introduce and discuss the
advanced trends and topics in Science and Technology
around the globe. This is a magazine which is being
published to help students and geeks of science who
will be looking forward to update themselves for
newer scientific aspects.
This volume of the magazine presents brief
introduction to Quantum Physics & Quantum
Computing. The field is well dynamic today around
the globe to exploit the principles of quantum physics
for faster computations. Therefore, the particular
volume of the ‘VIGNYAN’ magazine is dedicated to the
Quantum Physics & Quantum Computing. Since there
are very sparse literature and books available around
us for the students, the detailed discussion is held on
the topic. However, coverage of all the topics requires
detailed discussion. Therefore the contents
have been divided
into two parts.
The present volume of the magazine covers the part I.
Subsequently, the part II will be covered in the
upcoming publication. However, the content will be
discussed in first layer of the knowledge without going
deep in to the actual theory and mathematics to avoid
hanging on a single topic for a longer time which may
defocus the reader in the introductory level..
WISHING YOU ALL THE BEST

( Dr Raju S P )
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“The moon exists only when you look at it.”
- Quantum Mechanics
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INTRODUCTION TO
CLASSICAL AND QUANTUM COMPUTERS
Human being has been called as ‘the most intellectual creature’ ever lived on the
earth. Evolution on his/her body and mind is still a mystery down the timeline.
Endeavoring of transferring the knowledge, gathered from the outset of own
creation, to another dead box, so called computer, is the signature of the greatest
intellectual aspect. Therefore, such dead boxes reflect the essence of evolution
from the inception. This is a vital element to register how human being is different
from homosapien. Computers are the greatest invention of 20th century. This was
intended to employ a box to do ones job. The size of a computer, was literally
equivalent to a house when it was first invented. Parallel revolutions, over the
century, lead the computer to have such size and power with which we are working
on today. Such revolutions taken place in the areas of semiconducting physics,
electronics, computer science, information science, cryptography, etc. The size and
power of the computer made our life easy and delightful. However, the essence of
life is to progress further and tackle novel problems. The problems in one version
of computer, and curiosity on finding solutions for them, are the motivations to
Conversion table
work for the newer and newer versions of such devices.
of decimal to
The computer today is made by introducing number of tiny binary is given in
transistors embedded on silicon chip. We call these computers the table 1
as ‘classical computers’ through out the discussion. Tiny Decimal Binary
transistors act as switches depicting the states 0 and 1. These
0
0
discrete states are called as bits which are readable by the
1
1
classical computer. Physically state ‘1’ on a bit depicts a
2
10
developed/high voltage //we refer a ‘bit’ here as an abstract
3
11
4
100
segment on which 0 or 1 is assigned though the concept is quit
5
101
different in common computer language// On the other hand,
6
110
state ‘0’ represents no/low voltage. All types of calculation
7
111
made easy for computers by converting numbers into binary
8
1000
9
1001
system. All arithmetic operations are carried out by the
computers only when the numbers are represented in binary
digits. The simple addition operation on 3 and 4 is 7. However,
Can you
this is an impossible task to a computer unless they are fed in
hold it for a
second?
the form of binary digits. Therefore, our job is to convert it into
its really
binary
required binary form and feed it.
The binary form of 3 and 4 is 11 and 100 respectively. The
addition of them made by the computer is 111.
The “111” binary digit is again reformed to decimal as “7” which is
readable by a human.
VIGNYAN Vol I Part I

11
+ 100
111
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Increasing more number of such bits on a processor chip speeds up
the computation. As technology developed over the decades the
transistors fabricated on a chip within a certain area is being doubled,
and price is halved every two years. This law was the extrapolation of
the observation made on the development of chip technology
predicted by Gordon Moore (one of the co-founder of Intel Company).
Today, there can be 1.2 trillion transistors
printed over a 21 x 21 square cm. Such a big
number enhanced the speed of a processor by a
significant magnitude which in turn squeezed the
individual transistor to nano dimension. This has
made a single transistor to attain such a smaller
size where roughly 100 electrons are participating
in switching action. Such miniaturization of the size
of an individual transistor makes switching of state
1 to 0 and vice-versa more difficult. This is because
the quantum mechanical effects will start playing
major role by not allowing electrons and atoms to
behave as they were expected to be before the size
of a transistor was made smaller. This is a result of
trapping of electrons and atoms within a small
confined nano area. Because of the quantum
principles
like
superposition,
discreteness,
quantum tunneling, etc., it is impossible to a
transistor to create a resistive path permanently
when the bit state has to be written as 0 or
conductive path for the state 1. As a result, resistive
path may conduct electricity inevitably through
quantum tunneling effect. Such restriction has
significantly hindered the further development of
microprocessor fabrication technology and showed
the red flag.
Physicists across the globe
experienced the limitation of lowering the size of a
transistor by such quantum mechanical effects.
However, this limitation turned the whole picture
upside down and became a milestone for the
inception of an entirely new computational method
It is a microprocessor image showing the
which is called as “Quantum Computation”. They connection of transistor captured by
decided to exploit the same limitation as scanning electron microscopy (@ micron
level).
foundation to open an entirely new area of Source : NISE (National Information Stem
computation which is even greater than the earlier Education Network)
“Classical Computation”.
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Quantum computers are not the replacement of classical
computers with which we are working today, they are not even the
upgradation of the super computers which are being used to solve
critical problems, but they are fundamentally different in their basic
principles of operations. They work on the principles of quantum
physics such as wave-particle duality, superposition–Schrodinger’s
cat, entanglement, decoherence, Interference, quantum
tunneling, Heisenberg’s uncertainty principle, etc.
These
principles enable the quantum computer to drastically boost the
computational power among all other computers ever built.
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I am a classical
computer. I cannot
give the factorial of
such big numbers

User

120 : Give me
the factorial of
the number for
me

Classical computer

Quantum computer

Suppose a specific task like performing
factorial of a big number is assigned to a
quantum computer, it finishes the task
and arrives at the result within few
minutes from its start, contrarily, on the
other hand, the classical computer takes
its entire lifetime to complete the same
calculation.

Don’t be sad. He is
fundamentally like
that. I can give the
factorial of the
number
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Help me to solve
the maze and go
to the other side

Let’s understand another example by playing
a computer game. Usually the computer
game are meant for playing between
computers and humans,
or between a human and another human on a digital platform. Now, this
time, let’s trouble two computers to play the game. The game is between a
classical computer and a quantum computer playing against each other. The
game is to find a route quickly for the rabbit to get it out of the maze through
lot of confusing ways, as shown in the figure 1. Soon after the play starts, the
classical computer starts searching for a way out by trailing all of them one by
one. After sufficient number of searches with elapsed so much of time, the
rabbit would come out of the maze. Countering the game played by the
classical computer, the quantum computer would solve the maze and finish
the game in its first trail itself. This is absolutely shocking as it did not even
take more than one trail. That is the power of a quantum computer!.
Quantum computer searches all available paths paralelly for the rabbit to get
out of the maze in its first run itself. Surprisingly, speed of a quantum
computer processor is not as fast as a classical computer while performing a
task. But it significantly reduces the number of operations involved to arrive
at a certain solution by engaging parallel operations. This is the reason why
the quantum computer wins the game always well before the classical
computer starts the task. Therefore, such parallel computing operations
enable the quantum computer to attain the ultimate speed of processing of a
task
Now, the question pops up in our mind that what is this quantum computer
and how does it work after all with intuitive details? The answer can be found by
understanding the aspects related to quantum physics and computation. Therefore, this
is the right time to introduce the concept of a bit in quantum computers. Quantum
computer is the computational system by manipulating qubits. Qubit is the equivalent
word for a bit in classical computer (Qubit concept is ahead).
VIGNYAN Vol I Part I
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Bits are the physically possible smallest pieces of information which are
used to perform calculation. These bits are apples for a kid while doing
its arithmetic calculations in classical computation.

It is like addition, subtraction, multiplication of apples all the time. Holding an apple
is the state 1 and unholding it is 0 state. In the same way qubit is the smallest piece
of physical information for quantum computation. The word “qubit” is coined by
combining quantum-bit. Qubit is the smallest and fundamental piece of quantum
and physical information upon which the quantum computer performs its
calculation. If the same kid is performing quantum computational operation, it has
to hold a coin instead of apples. There is an important agenda lying behind in
choosing a coin as an analogy for a qubit. Now, let us define the states of coins first
as it was defined for the case of an apple; holding 1 and unholding 0. If the kid tosses
the coin and found it on the floor facing head skyward, it is state 1. If the coin faces
tail skyward, it is the state 0. While doing some basic operations, kid tossed the coin
100 times: head was found 50 times and the tail 50 times. Every time the kid tosses
the coin and finds 50% chance of getting head skyward and another 50% of the time
it is tail. Therefore, results with coin tossing in air is probabilistic. The state is known
only when we see the coin if it turned head or tail. Prediction/probability on such
measurement is always 50-50.
The best analogy of superposition was given on a cat. If the cat is kept
inside a box, nobody knows in which state it is; dead or alive. The state of the cat is
superposition. It is both dead and alive at the same time before the owner enters in
to the room and opens the box. This is popularly known as Schrodinger’s cat.

Schrödinger’s cat

dead or alive?
Note:
Erwin Schrodinger is a great quantum physicist, he is well known for his
equation in quantum physics
− 𝒉𝟐 𝟐
𝒊𝒉
 +𝑽=

𝟖𝟐𝒎
𝟐
This is equivalent to
F = ma in classical/Newtonian mechanics.
VIGNYAN Vol I Part I
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No state is biased to get head or tail, 1 or 0 at any given trail with
100 % probability. This is the reason why, we all know, a coin is
tossed by an umpire to allow a team, without favoring any, to
choose batting or bowling, before a cricket match is started.
Superposition
But an important information to note here that when the
coin is just tossed in the air, it is both head and tail at the
same time before landing on the floor with a particular
state. This intermediate state in the air is called as
superposition state of a coin. In the same way a qubit
would also work.

Tail

Head

It is both head and tail before you measure the qubit to realize which state is it.
The qubit state is also probabilistic. There are many other states also exists in
between 0 and 1 for a qubit as if a coin is having number of many other states in
between head and tail : 10 % head, 20 % head and so on (it applies to tail also).
Therefore, the quantum bit is equipped with many possibilities for computation.
However, these states are practically inaccessible. A qubit state is represented by
using a Bloch sphere as showed in the figure.

Bloch Sphere
z



0





The states 0 and 1 are represented in direct
ket notation in this quantum jargon: |0⟩ and
|1⟩. The states are superposition of |0⟩ and
|1⟩ before measuring the qubit.
The
measurement collapses the superposition to
force the qubit to exhibit a particular classical
state like |0⟩ or |1⟩. The states |0⟩ and |1⟩
are elementary vectors in the Hilbert space.
y Hilbert space is a mathematical set consisting
of such vectors.
The superposition state |W⟩ is represented as

|W⟩ =  |0⟩ +  |1⟩

x
1
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where  and  are complex numbers (between 0 and 1)
representing probability of getting |0⟩ and |1⟩ states,
respectively. However, after making a measurement, it
collapses to any one of the state either |0⟩ or |1⟩.
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Computation of such measurements are easy and convenient to be
represented using matrix form.
𝟏
𝟎
|0⟩ =
and |1⟩ =
𝟎
𝟏
The important point is here to note, which is also the essence of the condition, no
matter how many states can be found to given qubit, square and addition of the
probabilities of all the states including intermediate states must be equal to one
(100 %).
The above discussion is on a single qubit. Now, let us
take two qubits q1 and q2 in to consideration. This is
i.e., ||2+||2 = 1
as if taking two coins for computation.
OK, then what?. Flipping these two coins may also result in the same way with
little bit extra stuff. It is just considering two |0⟩’s and two |1⟩’s states for q1 and
q2 qubits, respectively. This would end up in four different states on measuring.
Case 1: Head on each coin: |0⟩ on both q1 and q2
Case 2: Tail on each coin : |1⟩ on both q1 and q2
Case 3: Head on first coin and tail on second coin: |0⟩ on q1 and |1⟩ on q2
Case 4: Tail on first coin and head on second coin: |1⟩ on q1 and |0⟩ on q2
While going through these aspects, question may arise in our mind that what
special thing makes the quantum computing so much superior than the classical
computer as everything is going classically and intuitively. Here we go, now we
have arrived at the place where the real essence of quantum physics and quantum
computation start to turn up and amaze us here after, which was being awaited to
be explored so far. When we simultaneously toss both the coins, getting head on
first coin is nowhere related to get head or tail on the second coin. However, if
these two coins are entangled!!! and separated apart???

If you spin up
I will also spin up.
Because we are
entangled

WOW!!
Amazing

Entanglement is the state of particles
which is totally interdependent.
Let’s simply assume that this entanglement
operation makes the two qubits
interdependent while operating on their
states. We will study more about it in the
part 2 of the magazine which will be
coming soon.
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If one coin faces head skyward, after landing
on the floor, immediately, the second coin flips
to the tail when it is also landed on the floor.

I am gonna toss the
coin. Tell me head or
tail?

If the second coin is showed head then the first coin immediately
turns to tail. This is what totally happens with the two entangled
qubits. However, this is not true in the case of only coins. Thanks
to the coins accompanied us so far for our useful discussion. This
is the time to give farewell to them. Here stops the analogy of
using coins for qubits because entanglement starts playing its role
between them. If q1 measures |0⟩ state, then immediately, q2
measures |1⟩ state and if q2 measures |0⟩ state, then q1
measures |1⟩ state. The surprise is in its percentage of being
flipped to the other state. This time it is 100 % to measure |0⟩
state on q2, if q1 measures |1⟩ state, and vice-versa. The
representation of two entangled qubits is given by the same
ket notation |q1 q2⟩.
If both q1 and q2 are in the |0⟩ state, then the notation turns to |00⟩
If q1 is in |0⟩ and q2 is in|1⟩, then the state is represented as |01⟩
If q1 is in |1⟩ and q2 is in|0⟩, then the state is represented as |10⟩
If both q1 and q2 are in the |1⟩, state then the notation turns to |11⟩

Now, the linear equation turns to

 |00⟩ +  |01⟩ + |10⟩ +  |11⟩

Every time these states refreshes without permanently declaring their state to any
one particular state when they are entangled. Therefore, now we have got four
information bits available for computing using only two qubits at a time. If there are
three qubits entangled |q1 q2 q3⟩, then there are 8 such states readily available for
our computation. If there are four entangled qubits, then there are 16 available
states for computation. Increment of quantum states available for computation is
growing exponentially like 2N , where N is number of qubits entangled. Contrarily, if
there are two bits present in the classical computing platform, four states are
available to represent information. However, these four states are not available for
computation at a time. Because, it is just the possible combination of data
representation using classical bits. Likewise, If there are 3 bits, 6 states exist for
computation. If there are 4 bits, there will be 8 states available for computation.
The increment of states available for computation is just doubling like 2N because
classical bits are permanently declared until they are rewritten.
VIGNYAN Vol I Part I

Page No 8 /13

The power of the exponential growth makes the quantum
computer far superior to classical computer. The another
interesting thing is only 300 entangled qubits are enough
to represent the whole atoms in the universe. Sounds
crazy!!! But it is true and this is solely because of the
exponential growth of number of states with qubits due
to entanglement. The power of exponential growth can
be realized by unfolding the below story.

The story of the inventor of the chess
Long ago in India, the inventor of Chess game was appreciated by the king of
the land. Therefore, the king decided to offer him any reasonable reward he
deserves and desires towards his work that he had invented such a greatest
logical game ever built. The legend who invented the chess game politely
requested the king to offer him an amount of wheat grains and he said the
following. Since there are 64 boxes on the chess board, kindly grant me the
amount of wheat grains remained in the last box by doubling its number after
crossing each box from the beginning; single wheat grain in the first box, two in
the second box, four in the third box, eight in the fourth box, sixteen in the fifth
box and so on. This is just the calculation of exponential to the base two (2N).
The king underestimated the power of the exponential growth of a number. He
laughed at him and wandered on the foolishness involved in his silly requisition.
However, since he had to reward the chess inventor with the thing he wanted,
someone in the palace was employed by the king to calculate the total number
of wheat grains gathered at the last box following the above doubling said
calculation. It took him a week before he had returned to the king with his
finished calculation on the number of wheat grains gathered at the last box in
the chess board (64th box), i.e., 18,446,744,073,709,551,615. This number of
wheat grains weighs 210 billion tonne of wheat sacks.
The entire world has to harvest the wheat crop for several decades to satisfy
such a big amount. Stacking of these sacks would stand with the height
equivalent to the Himalayan Mountain. This would cover the entire Indian
territory with one meter thick wheat grains layer.
News: “The Google claimed recently that a
quantum computer manufactured by the
company
completed
10,000
years
calculations in less than four minutes”.

OMG!!
It is an incredible stack of
huge wheat sacks
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WHAT IS A QUBIT?
Qubit is the physical segment like combination of a transistor & a capacitor in the
case of classical computers to represent the 0 and 1 bits. A qubit can be
manufactured by making particles like atoms, electrons, photons, etc., isolated from
the rest of the world. For example, if qubit is made by isolating an electron, we can
consider its spin.
There is another advantage of quantum computation
that is a qubit can be fabricated in different types.
They are 1. Trapped ion/atom qubit
2. Superconducting qubits
3. Polarized photon qubits
4. Quantum dot based qubit etc.

Quantum logic gates
Logic gates are the primary instruction processing
channels for classical computers.

IBM's 5-qubit chip (SQUID). Image
courtesy of IBM via
MIT Tecnology Review

In the same way, even quantum computation follows required logics, which are
performed using quantum logic gates. Another major advantage of quantum
computation is “reversibility”. Except OR gate in classical computing logic gates, no
other gates enable us to reverse the inputs after the performance of logic. For
example, if 0 and 1 are two inputs for the AND gate, the output is 1. Looking at the
output 1, it is impossible to regenerate the inputs 0 and 1 in this case. However, in the
case of quantum computing, even the inputs can also be generated by using output.
Therefore, no information is lost. There is another important thing to note here that,
since we are not losing any input information, the processor would not generate
unwanted heat.
What??
YES,
in the case of logic operation of a classical computer, as we erase one of the outputs
(based on the particular gate except OR gate), the entropy of the system increases by
kT ln 2 times. This is called as Landauer’s law. This increment in the entropy results in
heating up of the processor. This is another disadvantage of the classical computers. To
reduce the heat, a continuous fan has to be running over the processor based on the
number of operations. At this time, we lose energy in the form of heat as we erase one
of the outputs and
VIGNYAN Vol I Part I
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the energy required to reduce the heat by spinning a fan over the
system. Since no input is lost during the process of quantum logic
operation, no heat is produced. The truth table, now, does not have
two inputs and one output columns, as it was used in the case of
classical computers, but two inputs and two output columns for
quantum computers. Few examples of types of logic gates in quantum
computing are given below
1. Hedamard gate
2. Quantum NOT gate
3. Controlled Z gate
4. Pauli’s gates (x, y, z)

However, the detailed discussion can be found in the part 2 of the present
magazine which is coming soon.

Super conductor based
D WAVE QUANTUM COMPUTER
Photo courtesy
www.digitaltrends.com
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QUANTUM INFORMATION PROCESSING

The inception on Information processing for computation takes us back near to the
construction of Turing machines. This model of processing information on 0 and 1 is
simple on classical computers. The impressive thing on it is ‘the Turing machine was
invented in the first half of the 20th century long before the computer practically
established’.
No matter how beautiful are the
working principles of a physical
Time line of
device, the algorithms play the major
in making the life of computation
algorithms for computation role
easy. It is left to the intelligent
methods we follow to get work done
TURING MACHINE
on a computer. Even for a quantum
computer, such algorithms are very
PROBABILISTIC TURING
crucial.
The algorithms used by
quantum computers start from
MACHINE
Deutsch to Grover’s down the
timeline and still continuing. The
CHURCH – TURING THESIS
establishment of any other algorithms
should consider one important thing,
DEUTSCH’S ALGORITHMS
that is to consider and include other
earlier models for algorithms also.

SHOR’S ALGORITHMS
Lov GRAVER’S ALGORITHMS
Fix it firmly so that
the problem
Solving is made
possible
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The ways and origins of creating an
idea on establishing of such
algorithms are many. However, one
important way is to look into the
problems needed to be solved.

Quantum
Algorithms
under construction
Go slow computing
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Deutsch looked in to the physical theory to set a foundation to
create algorithms which is suitable for quantum computing. He
tried to establish a computational system which is capable of
simulating any arbitrary physical systems on computers. His
endeavors obviously lead him to the devices made over the
foundation of principles of quantum physics. The another new
algorithm capable of working on a quantum computer is Grover’s
algorithm. The field is welcoming researchers to work on it
today.

The detailed discussion on the working and capabilities of
these algorithms can be found in the magazine part 2.
****

The thing that doesn’t fit is
the thing that’s the most
interesting : the part that
doesn’t go according to
what you expected
- Richard Feynman
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Companies manufacturing
quantum computers

Books for reference

IBM Q
ALIBABA
GOOGLE
D WAVES
MICROSOFT
INTEL
RIGETTI
QUANTUM CIRCUITS
IONQ, etc.

Programming Quantum Computers:
Essential Algorithms and Code
Samples, by Eric R. Johnston, Nic
Harrigan.
Quantum Computation and Quantum
Information by Nielsen

The websites for news
and sources

https://www.nap.edu/read/25196/c
hapter/7#114
https://nationalpost.com/news/worl
d/google-says-quantum-computerbeat-10000-year-task-in-less-thanfour-minutes
https://www.standrews.ac.uk/physics/quvis/simulat
ions_html5/sims/blochsphere/bloch
sphere.html
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