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Welcome! Here you will find information and extra material for the course "Quantum theory in a Nutshell" given @AIMS Ghana 2021. Unfortunately, due to the global situation, the lectures will happen online.Lecturer: Antonio D. PereiraContact: adpjunior@id.uff.br or A.Duarte@science.ru.nl Feel free to write an e-mail to me with questions. I will try
to collect questions and answer them during the lectures. If time does not permit that, I will reply to your e-mail privately. There are several very good books on the topic and you can probably find one that you like most. I will use different books for the preparation of the lectures. Some texts that I like or I judge to be useful for you are"Modern
Quantum Mechanics" - J. J. Sakurai"Introduction to Quantum Mechanics" - D. Griffiths"Quantum Mechanics", Vol. 1 - C. Cohen-Tannoudji"Quantum Physics of atoms, molecules, solids, nuclei, and particles" - R. Eisberg and R. Resnick"Curso de Física Básica" - Volume 4 - H. Moysés Nussenzveig (unfortunately, this book does not have a translation to
English)I will also provide some notes and/or specific references for each different topic that we will cover.Lecture 1: Introduction to the course; overview of "classical physics"; introduction to blackbody radiation. See virtual blackboard here.Lecture 2: Blackbody radiation; Planck & quantization of energy; Planck's constant; Einstein & the
photoelectric effect. See virtual blackboard here.Lecture 3: Einstein & the photoelectric effect; Compton & the Compton shift. See virtual blackboard here.Lecture 4: Rutherford & the Nucleus; Atomic spectra; Fraunhofer lines, absorption spectrum & emission spectrum; exercises. See virtual blackboard here.Lecture 5: Bohr & the hydrogen atom; de
Broglie & waves of matter. See virtual blackboard here.Lecture 6: Recap of week 1, Particle-wave duality, double-slit experiment. See virtual blackboard here.Lecture 7: Double-slit experiment with classical particles and electrons; Schrödinger wave function; Born's interpretation. See virtual blackboard here.Lecture 8: Polarization of light; Photons
and quantum states; Bra and Kets; Normalization condition. See virtual blackboard here. Lecture 9: Different representations of the same state vector; recap of complex numbers; Starting with the postulates of quantum mechanics; measurements and probabilities. See virtual blackboard here.Lecture 10: Quantum states associated with circular
polarization; introduction to observables; expectation value. See virtual blackboard here.Lecture 11: Expectation value of an operator; Outer product; Superposition; Resolution of the identity; Projectors. See virtual blackboard here. Lecture 12: Q&A; Matrix representation of an operator; Hermitian conjugate of an operator. See virtual blackboard

here.Lecture 13: Hermitian matrices; Postulates for observables; Polarization as an observable; Introduction to uncertainty relations. See virtual blackboard here.Lecture 14: Uncertainty relations; (In)compatible Observables; Position and momentum operators; canonical commutation relation See virtual blackboard here.Lecture 15: Wave function;
Position and momentum operators in position space representation; Schrödinger equation; Simple Harmonic Oscillator. See virtual blackboard here.Assignment 1 - Find it here. The deadline for its submission is March 13 (2021).Assignment 2 - Find it here. The deadline for its submission is March 20 (2021).Assignment 3 - Fint it here. The deadline for
its submission is March 27 (2021)."Dr. Quantum" animation about the double-slit experiment can be found here. Don't take the explanations in the video too seriously but rather focus on the different outcomes of the double-slit experiment! ;)Paper by W. Bragg with the very interesting quote: "There must be some fact of which we are entirely ignorant
and whose discovery may revolutionize our views of the relations between waves and ether and matter. For the present we have to work on both theories. On Mondays, Wednesdays, and Fridays we use the wave theory; on Tuesdays, Thurs- days, and Saturdays we think in streams of flying energy quanta or corpuscles. That is after all a very proper
attitude to take. We cannot state the whole truth since we have only partial statements, each covering a portion of the field. When we want to work in any one portion of the field or other, we must take out the right map. Some day we shall piece all the maps together ". See the full paper here.I recommend reading Chapter 1 of Volume 3 of the famous
"Feynman Lectures on Physics". It is available online here. The requested URL was not found on this server. Additionally, a 404 Not Found error was encountered while trying to use an ErrorDocument to handle the request. Apache/2.4.41 (Ubuntu) Server at tunxis.commnet.edu Port 443 What is quantum physics? Put simply, it’s the physics that
explains how everything works: the best description we have of the nature of the particles that make up matter and the forces with which they interact.Quantum physics underlies how atoms work, and so why chemistry and biology work as they do. You, me and the gatepost – at some level at least, we’re all dancing to the quantum tune. If you want to
explain how electrons move through a computer chip, how photons of light get turned to electrical current in a solar panel or amplify themselves in a laser, or even just how the sun keeps burning, you’ll need to use quantum physics.The difficulty – and, for physicists, the fun – starts here. To begin with, there’s no single quantum theory. There’s
quantum mechanics, the basic mathematical framework that underpins it all, which was first developed in the 1920s by Niels Bohr, Werner Heisenberg, Erwin Schrödinger and others. It characterises simple things such as how the position or momentum of a single particle or group of few particles changes over time.But to understand how things
work in the real world, quantum mechanics must be combined with other elements of physics – principally, Albert Einstein’s special theory of relativity, which explains what happens when things move very fast – to create what are known as quantum field theories.Three different quantum field theories deal with three of the four fundamental forces by
which matter interacts: electromagnetism, which explains how atoms hold together; the strong nuclear force, which explains the stability of the nucleus at the heart of the atom; and the weak nuclear force, which explains why some atoms undergo radioactive decay.Over the past five decades or so these three theories have been brought together in a
ramshackle coalition known as the “standard model” of particle physics. For all the impression that this model is slightly held together with sticky tape, it is the most accurately tested picture of matter’s basic working that’s ever been devised. Its crowning glory came in 2012 with the discovery of the Higgs boson, the particle that gives all other
fundamental particles their mass, whose existence was predicted on the basis of quantum field theories as far back as 1964.Conventional quantum field theories work well in describing the results of experiments at high-energy particle smashers such as CERN’s Large Hadron Collider, where the Higgs was discovered, which probe matter at its
smallest scales. But if you want to understand how things work in many less esoteric situations – how electrons move or don’t move through a solid material and so make a material a metal, an insulator or a semiconductor, for example – things get even more complex.The billions upon billions of interactions in these crowded environments require the
development of “effective field theories” that gloss over some of the gory details. The difficulty in constructing such theories is why many important questions in solid-state physics remain unresolved – for instance why at low temperatures some materials are superconductors that allow current without electrical resistance, and why we can’t get this
trick to work at room temperature.But beneath all these practical problems lies a huge quantum mystery. At a basic level, quantum physics predicts very strange things about how matter works that are completely at odds with how things seem to work in the real world. Quantum particles can behave like particles, located in a single place; or they can
act like waves, distributed all over space or in several places at once. How they appear seems to depend on how we choose to measure them, and before we measure they seem to have no definite properties at all – leading us to a fundamental conundrum about the nature of basic reality.This fuzziness leads to apparent paradoxes such as
Schrödinger’s cat, in which thanks to an uncertain quantum process a cat is left dead and alive at the same time. But that’s not all. Quantum particles also seem to be able to affect each other instantaneously even when they are far away from each other. This truly bamboozling phenomenon is known as entanglement, or, in a phrase coined by Einstein
(a great critic of quantum theory), “spooky action at a distance”. Such quantum powers are completely foreign to us, yet are the basis of emerging technologies such as ultra-secure quantum cryptography and ultra-powerful quantum computing.But as to what it all means, no one knows. Some people think we must just accept that quantum physics
explains the material world in terms we find impossible to square with our experience in the larger, “classical” world. Others think there must be some better, more intuitive theory out there that we’ve yet to discover.In all this, there are several elephants in the room. For a start, there’s a fourth fundamental force of nature that so far quantum theory
has been unable to explain. Gravity remains the territory of Einstein’s general theory of relativity, a firmly non-quantum theory that doesn’t even involve particles. Intensive efforts over decades to bring gravity under the quantum umbrella and so explain all of fundamental physics within one “theory of everything” have come to nothing.Meanwhile
cosmological measurements indicate that over 95 per cent of the universe consists of dark matter and dark energy, stuffs for which we currently have no explanation within the standard model, and conundrums such as the extent of the role of quantum physics in the messy workings of life remain unexplained. The world is at some level quantum – but
whether quantum physics is the last word about the world remains an open question.
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