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Quantum theory confronts us with bizarre paradoxes which contradict the logic of classical physics. At the subatomic
level, one particle seems to know what the others are doing, and according to Heisenberg's "uncertainty principle", there
is a limit on how accurately nature can be observed.

In other words, individual photons can deliver more or less energy, but only depending on their frequencies. In
nature, single photons are rarely encountered. The Sun and emission sources available in the 19th century emit
vast numbers of photons every second, and so the importance of the energy carried by each individual photon
was not obvious. However, although the photon is a particle, it was still being described as having the
wave-like property of frequency. Effectively, the account of light as a particle is insufficient, and its wave-like
nature is still required. A photon of ultraviolet light delivers a high amount of energy â€”enough to contribute
to cellular damage such as occurs in a sunburn. So, an infrared lamp can warm a large surface, perhaps large
enough to keep people comfortable in a cold room, but it cannot give anyone a sunburn. Anomalous results
may occur in the case of individual electrons. For instance, an electron that was already excited above the
equilibrium level of the photoelectric device might be ejected when it absorbed uncharacteristically low
frequency illumination. Statistically, however, the characteristic behavior of a photoelectric device reflects the
behavior of the vast majority of its electrons, which are at their equilibrium level. This point is helpful in
comprehending the distinction between the study of individual particles in quantum dynamics and the study of
massed particles in classical physics. These properties suggested a model in which electrons circle around the
nucleus like planets orbiting a sun. A second, related, puzzle was the emission spectrum of atoms. When a gas
is heated, it gives off light only at discrete frequencies. For example, the visible light given off by hydrogen
consists of four different colors, as shown in the picture below. The intensity of the light at different
frequencies is also different. By contrast, white light consists of a continuous emission across the whole range
of visible frequencies. The formula also predicted some additional spectral lines in ultraviolet and infrared
light that had not been observed at the time. These lines were later observed experimentally, raising
confidence in the value of the formula. Emission spectrum of hydrogen. When excited, hydrogen gas gives off
light in four distinct colors spectral lines in the visible spectrum, as well as a number of lines in the infrared
and ultraviolet.
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Quantum Theory, A Graphic Guide, by McEvoy and Zarate is a short book and a small one. The graphic part of the book
helps one understand the theories presented, and.

In this article we will try to understand what exactly is quantum computing and how it will affect us. What is a
Classical Computer? Classical computers are the machines that we use in our daily life including out laptops,
Desktop, Servers etc. They use logic gates to process the information and use binary codes i. Limitation of
Classical Computers Classical computers have made our life very simple and fast too. We have achieved a lot
of things and the world has completely changed with the advent of computers in the last century. But classical
computers have some limitations too. A classical computer uses transistors to form logical switches which
either allow electric current to pass through them switch ON or restrict the current flow switch OFF. Over the
time, size of the transistors has become very small which allows us to fit millions of transistors onto a small
chip thus giving rise to small portable computers with increased computing power e. Today, transistors have
already achieved the size of 1 nanometer. On an atomic range less than 1 nanometer , the electrons behave
weirdly and do not follow the principles of physics that are normally applicable to larger objects. On the
atomic scale, the electrons show Quantum tunneling effect, i. Since we cannot have a perfect transistor switch
at such small sizes, we have reached a final limit of how many transistors we can fit in a small area, keeping
the transistors just big enough to avoid the Quantum Tunneling effect. This, in turn, holds us back from
increasing the computation power of our computers. There are a lot of problems which grow exponentially in
terms of computation and due to the limitation of classical computers, it will take years to solve them. So, we
need to look for a more efficient way to solve these problems. The answers lie in Quantum Computers. What
is Quantum Theory? Quantum theory is the branch of physics that deals with the world of atoms and the
smaller subatomic particles inside them. What is a Quantum Computer? Quantum Computers are the machines
built on the principles of quantum mechanics, that takes a new approach to processing information, thus
making them super powerful. Quantum computers use Qubits to process the information. The next year was a
breakthrough year for Quantum computing as one of the most renowned physicist of his time , Richard
Feynman argued that it is impossible to simulate a quantum system on a classical computer in an efficient
way. Hence he proposed a basic model of quantum computer. British physicist David Deutsch proposed an
universal quantum computer in at university of Oxford. A universal quantum computer is able to simulate any
other quantum computer. This allows quantum computers to factor large integers quickly but a classical
computer takes huge amount of time for the same task. The discovery of this algorithm generates a great
interest in quantum computing and even the United States Government organized a workshop on quantum
computing in the same year. In the subsequent years United States Department of Defense did a lot more
research on quantum computers because of its huge application in cryptography. In the year the first
demonstration of a working 2 qubit quantum computer took place at Oxford university. This was a great
breakthrough in the field of quantum computing as a lot of people refused the idea of quantum computers in
the beginning. Since then there has been a tremendous improvement in this field. Many companies such as
Microsoft and IBM are investing heavily on the development of a large scale quantum computers which can
be able to solve a lot of problems that seems impossible with classical computers. Microsoft has developed a
language Q Q sharp to write programs for quantum computers. IBM has set up IBM Q Experience - a quantum
computing environment, accessible over internet where you can create and simulate your own quantum
programs. What is a Qubit? Qubits have special properties that help them solve complex problems much faster
than classical bits. When multiple qubits interact coherently, they can explore multiple options and process
information in a fraction of the time compared to the classical, even the fastest non-quantum, systems. What is
Superposition principle? This behavior is only observed at an atomic level. A Qubit can exist in Superposition
of zero and one, i. They can also create a complex superposition of 0 and 1 by interacting with other Qubits.
The total number of superpositions that are possible with n Qubits is 2n. Entanglement is an extremely strong
correlation that exists between quantum particles, so strong, in fact, that two or more quantum particles can be
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inextricably linked in perfect unison, even if separated by great distances. This means a quantum state of each
particle cannot be described independent of each other. The states of entangled Qubits cannot be described
independently of each other. This means if we measure one Qubit then we also get some information about
what will happen if we measure another Qubit. The Qubits sounds interesting but they are highly unstable and
even a little disturbance in the system can throw up the whole operation. So, Microsoft is working on to create
a more stable Qubit called Topological Qubit. It can store information in a more stable form as compared to
other Qubits. Topological Qubit will allow Quantum computer to scale with much higher rate and allow us to
build a quantum computer large and stable enough to solve our most challenging problems. What quantum
computers are better at than ordinary computers? One important point that we should keep in mind is that
Quantum computers are not the replacement of Classical computers. There are few problems that Quantum
computer can solve with tremendous speed compared to a Classical computer. One of such problem is the
factorization of a large number i. Another type of problem is where classical computers are unable to give
accurate output such as finding the bond length on chemical compounds such as Calcium monofluoride CaF
and Sodium diatomic Na2. Difference between Classical computers and Quantum computers.
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Chapter 3 : Introduction to Quantum Computing - Art of Engineer
Taking the reader on a step-by-step tour of the key players of quantum theory, and explaining such concepts as
Heisenberg's uncertainty principle, non-locality and Schrodinger's cat, this text aims to provide a clear introduction to the
theories which have shaped current thinking in.

Aharonovâ€”Bohm effect In quantum mechanics, a particle such as an electron is also described as a wave.
For example, if the double-slit experiment is performed with electrons, then a wave-like interference pattern is
observed. The electron has the highest probability of being detected at locations where the parts of the wave
passing through the two slits are in phase with one another, resulting in constructive interference. But now
suppose that the electrons in the experiment are subject to electric or magnetic fields. For example, if an
electric field was imposed on one side of the axis but not on the other, the results of the experiment would be
affected. The results of the experiment will be different, because phase relationships between the two parts of
the electron wave have changed, and therefore the locations of constructive and destructive interference will
be shifted to one side or the other. It is the electric potential that occurs here, not the electric field, and this is a
manifestation of the fact that it is the potentials and not the fields that are of fundamental significance in
quantum mechanics. Schematic of double-slit experiment in which Aharonovâ€”Bohm effect can be observed:
One such example is the Aharonovâ€”Bohm effect , shown in the figure. But the solenoid has been positioned
so that the electron cannot possibly pass through its interior. If one believed that the fields were the
fundamental quantities, then one would expect that the results of the experiment would be unchanged. In
reality, the results are different, because turning on the solenoid changed the vector potential A in the region
that the electrons do pass through. Now that it has been established that it is the potentials V and A that are
fundamental, and not the fields E and B, we can see that the gauge transformations, which change V and A,
have real physical significance, rather than being merely mathematical artifacts. Suppose we imagine the two
parts of the electron wave as tiny clocks, each with a single hand that sweeps around in a circle, keeping track
of its own phase. Although this cartoon ignores some technical details, it retains the physical phenomena that
are important here. Not only that, but it is not even necessary to change the speed of each clock by a fixed
amount. This is another example of a gauge transformation: Summary[ edit ] In summary, gauge symmetry
attains its full importance in the context of quantum mechanics. In the application of quantum mechanics to
electromagnetism, i. These two gauge symmetries are in fact intimately related. Types of gauge symmetries[
edit ] The description of the electrons in the subsection above as little clocks is in effect a statement of the
mathematical rules according to which the phases of electrons are to be added and subtracted: Experiments
have verified this testable statement about the interference patterns formed by electron waves. Except for the
"wrap-around" property, the algebraic properties of this mathematical structure are exactly the same as those
of the ordinary real numbers. In mathematical terminology, electron phases form an Abelian group under
addition, called the circle group or U 1. Group means that addition associates and has an identity element ,
namely "0". Also, for every phase there exists an inverse such that the sum of a phase and its inverse is 0.
Other examples of abelian groups are the integers under addition, 0, and negation, and the nonzero fractions
under product, 1, and reciprocal. Gauge fixing of a twisted cylinder. As a way of visualizing the choice of a
gauge, consider whether it is possible to tell if a cylinder has been twisted. If the cylinder has no bumps,
marks, or scratches on it, we cannot tell. Once this arbitrary choice the choice of gauge has been made, it
becomes possible to detect it if someone later twists the cylinder. In , Chen Ning Yang and Robert Mills
proposed to generalize these ideas to noncommutative groups. A noncommutative gauge group can describe a
field that, unlike the electromagnetic field, interacts with itself. For example, general relativity states that
gravitational fields have energy, and special relativity concludes that energy is equivalent to mass. Hence a
gravitational field induces a further gravitational field. The nuclear forces also have this self-interacting
property. Gauge bosons[ edit ] Surprisingly, gauge symmetry can give a deeper explanation for the existence
of interactions, such as the electric and nuclear interactions. This arises from a type of gauge symmetry
relating to the fact that all particles of a given type are experimentally indistinguishable from one another.
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Imagine that Alice and Betty are identical twins, labeled at birth by bracelets reading A and B. Because the
girls are identical, nobody would be able to tell if they had been switched at birth; the labels A and B are
arbitrary, and can be interchanged. Such a permanent interchanging of their identities is like a global gauge
symmetry. There is also a corresponding local gauge symmetry, which describes the fact that from one
moment to the next, Alice and Betty could swap roles while nobody was looking, and nobody would be able
to tell. If Alice and Betty are in fact quantum-mechanical particles rather than people, then they also have
wave properties, including the property of superposition , which allows waves to be added, subtracted, and
mixed arbitrarily. It follows that we are not even restricted to complete swaps of identity. The fact that the
symmetry is local means that we cannot even count on these proportions to remain fixed as the particles
propagate through space. According to the principles of quantum mechanics, particles do not actually have
trajectories through space. In terms of empirical measurements, the wavelength can only be determined by
observing a change in the wave between one point in space and another nearby point mathematically, by
differentiation. A wave with a shorter wavelength oscillates more rapidly, and therefore changes more rapidly
between nearby points. We then measure the two waves at some other, nearby point, in order to determine
their wavelengths. But there are two entirely different reasons that the waves could have changed. They could
have changed because they were oscillating with a certain wavelength, or they could have changed because the
gauge function changed from a mixture to, say, Something in the theory must be changed. The result is that
we have an explanation for the presence of electromagnetic interactions: In the case of electromagnetism, the
particle corresponding to electromagnetic waves is the photon. In general, such particles are called gauge
bosons , where the term "boson" refers to a particle with integer spin. In the simplest versions of the theory,
gauge bosons are massless, but it is also possible to construct versions in which they have mass, as is the case
for the gauge bosons that transmit the nuclear decay forces.
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"Introducing Quantum Theory" takes us on a step-by-step tour with the key figures, including Planck, Einstein, Bohr,
Heisenberg and Schrodinger. Each contributed at least one crucial concept to the theory.

It simply lays out the history of physics as a discipline, the 6 premises of quantum theory along with the
scientists key to the development of each, and all the ways scientists continue to test the bounds of those 6
parts. When I checked this out from the library, I assume For someone with only 1 high school physics class in
my background and a like of Big Bang Theory, this is a great gap filler in my knowledge of quantum physics.
When I checked this out from the library, I assumed it was a graphic novel more along the line of Derrida for
Beginners which is fantastic. Most come at the beginning or end of written chapters. In fact, a surprising
number of books are published that explain quantum physics in words alone, with not a single illustration to
accompany them other than a fancy Hubble picture on the cover. It works, in many cases: McEvoy and Zarate
aim for exactly such a concise visual presentation of quantum theory, but unfortunately overstretch themselves
by covering too much material in their little book. Other works in this series cover topics such as Freud,
Wagner, Semiotics and Success: The pictures in Quantum Theory are a mix of illustrations, by Zarate, and
photographs. These photographs include quite brilliant historical illustrations: As the illustrations indeed do
prove to be very helpful, one realises that a little colour might have made them even better, especially in the
chapter on absorption spectra. A black-and-white illustration of hydrogen absorption in the visible spectrum
does not really help to explain the concept. Also, the illustrations in the ebook version were much too small, at
times making it impossible to read the words in the comics, and it was impossible to zoom in â€” if you have
the choice, go for the paper book. This book is not the first on quantum theory by a long stretch, nor is it the
best one. The book was actually first published in The edition reviewed here is from , but the final chapter of
the book shows that this edition has not actually been updated at all. There are more instances in this book
where the authors make claims they perhaps should have left out. An ignominious start to one of the greatest
revolutions in the history of physics! The authors make one big mistake in their book that is going to cost
them: The book then continues to teach quantum mechanics up to an extraordinarily advanced level for a short
popular work: For those who can stomach such a dense approach, however, this book is well-written. It does
not shy away from equations, which are explained in detail: McEvoy and Zarate give a complete picture of
quantum mechanics, rather than the polished verbal version many reviews give. Yet at one point, the authors
even demand knowledge of matrix multiplication, which is only taught in the most advanced mathematics
classes in high school. This makes the book an excellent introduction to quantum physics for other scientists,
who may specialize in mathematics, engineering or computer science, but not for a wider readership than that.
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Quantum theory is the abstract solution to the problem of the quantities and states of energy on the quantum scale
(subatomic levels) in a system. Quantum theory is proved using a form of mathematics called `quantum mechanics'.

Introduction to Quantum Theory Skills to develop Give a very brief history on the development of chemistry
as a science leading to the development of quantum theory. During the 16th to 18th centuries, we have learned
that material consists of compounds that are combinations and variation of only about 90 chemical elements,
each with a unique atomic weight. The variation of their macroscopic properties as a function of the atomic
weight is very interesting. For example, lithium, sodium, potassium and cesium react with water vigorously,
and their reactivity increases as their atomic weights increase. This discovery led to their arrangement in a
periodic table in the 19th century. During the 20th century, chemists have studied the structure of atoms. The
discovery of electrons in by J. Thomson showed that there were more fundamental particles present in the
atoms. Fourteen years later, Rutherford discovered that most of the mass of an atom resides in a tiny nucleus
whose radius is , times smaller than that of an atom. In the mean time, Max Planck theorized that light beams
were made of photons that are equivalent to particles of wave motion. These discoveries created new concepts.
When these concepts and discoveries are integrated, new ideas emerge. The result is a quantum theory, named
perhaps from the discrete nature of energy levels in microscopic systems. This theory gives good
interpretations of the phenomena of the atomic and subatomic world. In this microscopic world, distances are
measured in nanometers or 1e-9 meter and fantometers 1e meter, also called fermi, in honour of Fermi who
built the first nuclear reactor. The quantum theory has many mathematical approaches, but the philosophy is
essentially the same. Quantum mechanics is the foundation of chemistry, because it deals with subatomic
particles, as well as atoms, molecules, elements, compounds, and much larger systems. At the sub-atomic
scale, there is no boundary between particles and waves. In fact, both particles and wave properties must be
considered simultaneously for a system. The study of quantum mechanics lead us to understand the material
and the universe beyond the general perception of matter by our ordinary senses of tasting, seeing, hearing,
feeling, and sensing. Furthermore, when coupled with the theory of relativity developed by Einstein, there is
no boundary between material and energy. Energy and mass are equivalent, and they can convert into each
other. On this and some related pages that follow, you are introduced to the quantum theory for the treatment
of the hydrogen atom. The quantum theory does much more than explaining the structure of the simplest atom,
it rationalizes the existence of the chemical elements. The most widely used periodic table of chemical
elements today is based on the results of quantum theory. What we tend not to appreciate today is the hard
work and ingenuity that went into the development of the quantum theory we today take for granted. A
hydrogen atom is the simplest atom. It consists of a proton in the nucleus and an electron around it. This type
of atom is also the most abundant atom in the solar system, as well as the universe. Closer to home, hydrogen
is also very abundant on the surface of the planet of Earth. Most hydrogen atoms are combined with oxygen to
form the water molecule. In organic substances, hydrogen atoms are mostly attached to carbon, nitrogen, and
oxygen atoms. In terms of number, hydrogen is the most abundant atom in our body. This is the atom which
causes problems in our body with certain types of radiation -- Can you find why? Thus, we present several
modules to explain quantum theory and the hydrogen atom. Here is a preview of these modules.
Chapter 6 : Introducing Quantum Theory by J.P. McEvoy
Quantum Theory: A Very Short Introduction 'John Polkinghorne has produced an excellent piece of work Many authors
of ''popular'' books on modern physics have the regrettable.

Chapter 7 : Intro to Quantum Theory
Introducing Quantum Theory: A Graphic Guide to Science's Most Puzzling Discovery by J.P. McEvoy, Oscar Zarate and

Page 7

DOWNLOAD PDF INTRODUCING QUANTUM THEORY (INTRODUCING)
a great selection of similar Used, New and Collectible Books available now at www.nxgvision.com

Chapter 8 : Introducing Quantum Theory - Joseph P. McEvoy, Oscar Zarate - Google Books
In the late 18th century, great progress in physics had been made. Classical Newtonian physics at the time was widely
accepted in the scientific community for its ability to accurately explain and predict many phenomena.
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