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  DISCLAIMER


The following manual only claims to be exhaustive in some of the breadth and facets of the subject. Some of the examples illustrated are the most known and easiest to grasp in the field and a myriad of other examples and cases have been deliberately discarded in order to make this text the most accessible to everyone regardless of their level of study. Therefore, the text may be reductive and simplistic in many of its parts. For those who already have a good level of knowledge of physics, other types of texts are recommended. All efforts have been made to make the content accessible and enjoyable by purging it of complex mathematics and formulas(which would require greater preparation to understand them) while maintaining the key essential concepts. 






  
  WELCOME


Does the thought of learning quantum physics make you want to curl up in a ball and cry? Then you have come to the right place because we're here to wipe away those tears and turn that frown upside down. We're going to take a real-world, relatable look at the science behind the tiniest pieces of our universe and the scientists who study them. Part of the reason quantum physics is so intimidating is that the subject is often fraught with indecipherable formulas and fancy terminology that leaves the average human scratching their head and throwing up their hands. 
So go ahead and use those stuffy textbooks to prop up the uneven legs on the table you inherited from Aunt Sarah and Uncle Joe. Sure, we're going to have to tell you about some of the math, but we promise it won't be painful.
Even better, there won't be a test at the end. Just sit back, relax, and come on a laid-back, sometimes irreverent ride that will take you from the discovery of the atom to the astonishing science of the greater universe. 
We're going to take a look at some of the most brilliant minds that ever grace a laboratory, the experiments they developed and presented to the world, and why sometimes, even these geniuses were misguided in their pursuits. 
Quantum physics strives to recognize and explain how the universe's tiniest pieces all fit into the big picture. If there comes a time when human beings can journey to and live on other worlds, it's going to be because of quantum physics. If we ever want to travel through time, it's going to be because of quantum physics. And if you have no interest in those things, but you'd like a teleporter to get your errands done a little quicker- you guessed it- it'll take some pretty solid quantum physics. Yes, these things all sound more like science fiction than science fact, but have you ever read any good ol' pulp sci-fi? Some of that stuff has already come true, so there's always hope! 
The point we're trying to make is that quantum physics isn't something you need to be afraid of.
As you work your way through the book, you'll realize that the scientists who founded and continue to study quantum physics might be wired a little differently (looking at you, Schrödinger!)
Still, they're human beings who want the same thing as you, to know and understand the nature of the world and the vast universe around us.






  
  Introduction to Quantum


Scientists didn't just wake up one day with a laboratory full of fancy electron-scanning microscopes and mass spectrometers. It took years of discovery and experimentation to get to the understanding of quantum physics that we have today. The story of quantum physics, which holds a dictionary definition of "the branch of physics concerned with the quantum theory" (helpful, huh?), begins with the story of classical physics. This, of course, is the scientific discipline that aims to use mathematics and mechanics to explain how the world works. So, where does the fundamental split between classical and quantum physics occur? 
The truth is, there is no specific date or definitive line that shows us where classical physics ends and quantum theory begins. Like a snowball rolling downhill, the theories that would evolve into quantum studies started slowly, building up momentum and growing - and that snowball eventually became an avalanche that is still roaring today.It was innate human curiosity that instigated the first experiments that would lead eventually to the creation of quantum physics as a separate field of study. When scientists found that they couldn't explain things using the laws of classical physics, they went looking for their answers elsewhere. Thus, quantum physics, quantum mechanics, quantum chemistry, and every other quantum discipline was born. But let's get things in the right order.

1.1 What is Quantum?
At its core, quantum refers to the fundamental nature of matter and energy at the smallest scales. It encompasses the behavior and interactions of particles of the subatomic world. It is derived from the Latin word "quantus," meaning "how much" and/or "how many." The term "quantum" is employed to express the fundamental basic units or packets of energy, that exhibit both particle and wave-like properties. The term "quantum" encapsulates the notion that these physical quantities exist in discrete, quantized states, rather than in continuous, infinitely divisible forms. It signifies a departure from classical physics, where quantities were assumed to vary continuously and could take any value.
Quantum measures vs Classical measures
A quantum measure and a continuous and infinite measure are two distinct concepts that differ in terms of their nature and application. A quantum measure refers to a measurement that is discrete and discontinuous in nature. It is characterized by distinct and separate values or states. To make it simpler (and may physicists forgive this profane example): let’s consider a ruler, a "quantum ruler" - a quantum measure would involve measuring an object's length using discrete units, such as centimeters or inches in this fictitious case.
Each unit represents a specific value, and there is no possibility of subdividing the unit further. For example, if this hypothetical quantum ruler has centimeter markings, you can measure an object only as 1 cm, 2 cm, 3 cm, and so on. It is not able to give you a value below that unit. There is no room for any intermediate values between these discrete units. On the other hand, a continuous and infinite measure refers to a measurement that is not limited to discrete unit “blocks” but can be subdivided infinitely. Using the ruler example, a continuous and infinite measure would involve measuring an object's length with infinite precision. Each centimeter on the ruler can be further divided into an infinite number of smaller units, such as millimeters or micrometers, and so on. This means that between each centimeter marking on the ruler, there are countless intermediate values that can be measured.
In summary, a quantum measure involves discrete and separate values, while a continuous and infinite measure allows for infinite subdivisions and intermediate values.  The infinite subdivision is a pure mathematical possibility that only makes sense on paper. But in reality, things are a little different.  The revolution of quantum physics brings to the table this new discovery, which is: at the subatomic level there’s a limit in which the matter and energy can be divided. Matter and energy cannot be divided infinitely. Understanding the difference between these two types of measurements is crucial in quantum physics.  Said that today, the term "quantum" has extended beyond the realm of physics and permeated various fields, including computing, cryptography, and even spirituality. It has become synonymous with notions of uncertainty, unpredictability, and the potential for revolutionary breakthroughs.

1.2 How it was born
Even before the apple could fall on Newton's head and spark the origin of classical physics, quantum physics made a brief debut. The earliest concept of little tiny pieces of matter was actually introduced circa 400 BCE by the Greek philosopher Democritus. He proposed a so-called Theory of the Universe that subscribed to the following principles:
	all matter consists of indivisible spherical pieces that he called atoms; these are too small to be seen;

	there is empty space between all atoms;

	atoms are solid but have no set internal structure;

	every substance is made of different atoms, with their own weight, size, and shape.



This early theory is surprisingly accurate, albeit generalized. The fact that Democritus based his theories on philosophical thought experiments rather than scientific study makes his theory's accuracy even more astounding. He firmly believed that all substances could be divided and divided again until only the smallest elements of that matter remained - and that smallest particle is what he dubbed "the atom." In Greek, the word "atomos" translates to "indivisible" or "uncuttable," which perfectly encapsulates this concept.
His theory would remain widely accepted and largely untouched until the turn of the 19th century. As mentioned, there is no precise date in the physics timeline that signals the beginning of this new branch but it emerged as a distinct discipline when scientists started to question the principles of classical physics and sought new explanations for the behavior of matter and energy. This quest for knowledge led to groundbreaking discoveries and a paradigm shift in our understanding of the fundamental nature of reality.
One of the key figures in the development of quantum physics was Max Planck, who introduced the concept of quantization and the idea that energy is quantized into discrete packets called 'quanta' (plural of quantum). This revolutionary concept laid the foundation for the field and set the stage for further advancements. As scientists delved deeper into the study of matter and energy, they encountered phenomena that classical physics could not explain, such as the behavior of light, and the fact that particles can exist in multiple states and can be in multiple places at the same time.  Classical physics, based on the idea of continuous quantities and deterministic principles, struggled to account for these observed phenomena.

[image: ]


1.3 Quantum Mechanics and Quantum Field Theory

Now let's examine the two primary branches that compose Quantum Physics as a whole - they are:
	Quantum Mechanics and 

	Quantum Field Theory. 



Quantum mechanics explores the behavior of matter and energy at the smallest scales. It delves into the realm of subatomic particles, such as electrons and photons, and provides us with a deeper understanding of the fundamental nature of reality. Its focus is addressed on the nature and behavior of the single particle and revolves around several key aspects, each contributing to its intricate tapestry of principles and theories. The wave-particle duality of matter and the probabilistic nature of quantum processes are the main topics of quantum mechanics.
Quantum field theory, on the other hand, combines the ideas of quantum mechanics with a field-based framework to explain particles and their interactions. Quantum Field Theory broadens the scope of Quantum Mechanics by examining the interactions between particles and the fields they generate, in addition to the behavior and characteristics of individual particles. Quantum field theory tries to unify special relativity with quantum mechanics to create a cohesive framework for comprehending the fundamental forces of nature. 
This field theory approach allows physicists to study particle interactions, such as those involved in particle colliders and high-energy experiments. It has been successful in predicting and explaining a wide range of phenomena, including the behavior of elementary particles, the creation and annihilation of particles, and the quantization of fields.
Quantum field theory has become an essential tool in modern theoretical physics and is a key component of the Standard Model, which describes the electromagnetic, weak, and strong nuclear forces.
I know, all of this sounds complex and ungraspable but we are here to unpack it. Chapter by chapter and piece after piece we'll understand the meaning of these words together. We will start our journey with the first branch Quantum Mechanics.






  
  Shedding Light on Light


2.1 The Kickstart of Planck
We know that the classical physics of Newton and pals reigned supreme for a few centuries, but what was the specific thing that for the first time suggested there was more to the universe than we have previously thought? This big shift was initiated in 1901 when Max Planck solved something regarding the electromagnetic waves called the Ultraviolet Catastrophe, a melodramatic name which we will explain shortly. But first, we need to introduce in this extensive explanation the concept of Blackbody to better comprehend this Ultraviolet Catastrophe and how it all began.

What is a Blackbody? A blackbody is a theoretical object that absorbs all incoming electromagnetic radiation, regardless of the wavelength or frequency, and does not reflect or transmit any of it. If you want to know more about electromagnetic waves, see my publication: “Basic Physics for Beginners - A Comprehensive Study Guide For The Self-Taught Scientist“, there you have all you need to understand the basics of classical physics. In short, the electromagnetic spectrum encompasses all sorts of waves starting from the high frequencies such as gamma rays, X-rays, ultraviolet, and visible light, to the lower frequencies such as infrared, microwaves, and radio waves.
[image: ]
When we talk about visible light, we are referring though to the portion of the electromagnetic spectrum that is visible to the human eye. This portion ranges from approximately 400 to 700 nanometers in wavelength. Within this range, different colors are perceived by our eyes, including violet, indigo, blue, green, yellow, orange, and red. So coming back to the blackbodies, these objects are called like that because they appear completely black when they are at a lower temperature than their surroundings. The concept of the blackbody was first introduced by the German physicist Gustav Kirchhoff in the 19th century.
When you shine a light on an object, some of it may be reflected, some of it may be transmitted and some of it may be absorbed.  Darker objects tend to absorb more of the light incident upon them and reflect less than lighter objects, which is why they appear dark in the first place but also why they tend to heat up more quickly - think about how black surfaces heat up in the summer compared with white surfaces.
If the temperature of a blackbody is less than the temperature of the environment in which it's placed then it will continue to absorb energy from the environment until it has reached the same temperature - at which state it is said to be in a thermal equilibrium.
If however the blackbody has a temperature that is higher than its surroundings, then it will radiate energy away until it has lowered its temperature sufficiently to reach thermal equilibrium. Therefore a blackbody is not only a perfect absorber of radiation but also a perfect emitter of radiation. While a true 100% blackbody doesn’t exist in nature, it serves us as a useful theoretical model for understanding the behavior of radiation and how objects interact with it.
According to Max Planck, a perfect blackbody emits radiation at all wavelengths and frequencies, with the intensity of the emitted radiation depending on the temperature of the black body in question. This relationship between temperature and radiation emission is known as blackbody radiation or thermal radiation.
[image: ]
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      ***Thermal radiation
Thermal radiation refers to the emission of electromagnetic waves from a heated surface. These waves carry energy in the form of heat and are commonly referred to as infrared radiation. Unlike conduction or convection, which require a medium for heat transfer, thermal radiation can occur in a vacuum as well. When an object is heated, its atoms and molecules gain energy and start vibrating. As a result, they emit electromagnetic waves across a wide range of frequencies, including the infrared spectrum. This is what we perceive as thermal radiation. Thermal radiation plays a crucial role in our everyday lives. For example, the warmth we feel from the Sun is a result of the thermal radiation emitted by it. Similarly, the heat we receive from a fire or a hot stove is also a form of thermal radiation.

      ***Even if the perfect blackbody doesn’t exist, the Sun, paradoxically, is the closest thing that exists in nature to a blackbody, that’s due to the intrinsic characteristic of our star. The Sun has no solid surface, but any radiation that hits the star is scattered and absorbed until is completely lost in its nucleus. This makes the Sun very close to a blackbody, as far as absorption is considered. 
Considering the emission of radiation instead, the Sun even if not perfect when compared to the model described by Planck, is a good radiator because emits strong thermal radiation, and if we overlap the spectrum of an ideal blackbody and that of the Sun in a graph, the curve would be similar in both bodies.
[image: ]
Of course, we know that can’t be true, otherwise every time we use a toaster we would get blasted with UV radiation. This contradiction was dubbed somewhat dramatically: the Ultraviolet Catastrophe. In a sense, it was catastrophic because it meant that something was fundamentally wrong with classical physics. In science, if a theory does not accurately align with observations of reality, it must be revised - and it was in this way that we realized that classical electromagnetism, as complete as it may seem, must have some kind of limitations in its ability to describe light and energy.
As we said, Planck solved this puzzle. The notorious physicist had an intuition and untangled the phenomenon by introducing a new brand concept called Quantization. We know from classical physics that heat is just the transfer of kinetic energy from one place to another.
In the case of the hot rod of iron, for example, kinetic energy takes the form of atomic vibrations or oscillations. These spasmodic vibrations are what generate the luminosity we see in the blackbody spectrum. Planck proposed that in order to avoid falling into the absurdity of an impossible and infinite accumulation of kinetic energy of a heated body - he presented the idea of circumscribed levels of energy that an electromagnetic wave can carry. That is a quantified minimum and maximum.
In other words, the energy of the electromagnetic waves they emit must be quantized. This means that instead of having the ability to take on any value from a continuous series, they can only have particular and discrete values from a set of accepted values. In this manner, he developed this expression for blackbody radiation: E = nhf
E = Energy
n = any integer (1,2,3..)
h = Planck’s Constant (6.626 x 10^-34 J.s)
f = frequency of radiation
The n value is what results in quatization, as it can only be an integer, and not any fraction or decimal in between, meaning that the resulting energies will also comprise a set of allowed values, with anything in between being forbidden.
This application of the new quantization idea and the accompanying Planck’s constant was only proposed for this specific practical purpose, but they allowed for the practical prediction of the true distribution of blackbody radiation at all wavelengths which meant that this constant is more than a mathematical fluke, but a clue as to the fundamental nature of reality.
And the fact that Planck’s constant is so incredibly small, explains why the notion of quantization of energy had not cropped up before, because it shows that energy is “chunked“ on such an incredibly small scale that the gradations between the allowed values are utterly minuscule. So as to appear non-existent to any measuring apparatus.
To give an idea of the scale of the dimension we’re talking about - this is so small that if an atom was the size of the earth, a Planck length would be much smaller than even the head of a pin! This explains why macroscopically speaking, we humans, and aliens with humanoid forms (such as Bohr and Einstein), see energy as continuous! Joking aside, on the fundamental level, it is indeed quantized, even though this conclusion was so strange that most scientists of the time, even Planck couldn’t believe this sorcery of nature and that it had actual concrete physical meaning.
So, as we scale towards higher frequencies of vibration, the quantity of energy required to actually access the next quantized energy level (correspondent in the ultraviolet zone) is so colossal that the high-frequency vibrations cannot start vibrating - and this is what happens in our everyday life and this is why you’re not blasted when using a toaster that has accumulated heat. To have any light emitted from the blackbody, the subatomic particles within the blackbody must be shaking with the specific frequency required to increase to the next level.
This means that eventually at a certain energy level, there’s not enough thermal energy within the black body to induce the vibration at the frequency required for an increased energy. Therefore waves with very short wavelengths are not able to be generated and the blackbody spectrum shortens on the left side. This was the first time the new brand concept of quantization had solved such a big puzzle in physics, but it wouldn’t be the last.

      ***Yeah but who was this guy?
MaxKarl Ernst Ludwig Planck was a German physicist born on April 23, 1858, in Kiel. He is best known for his groundbreaking work in quantum theory, which revolutionized the field of physics.
Planck began his academic journey by studying physics at the University of Munich and later at the University of Berlin. He completed his doctorate in 1879 and went on to pursue a career in academia.
In 1900, Planck made a significant discovery that transformed our understanding of energy. As we said he introduced the concept of quantization, which states that energy is not continuous but exists in discrete packets called quanta. This discovery laid the foundation for a new era in the field of physics.
Moreover, Planck's constant, denoted as 'h', became a fundamental constant in quantum mechanics. It serves as a fundamental building block for calculating the energy of a photon or a particle, leading to the development of numerous technological advancements, such as lasers, transistors, and semiconductors.
[image: ]
Throughout his illustrious career, Max Planck not only made remarkable discoveries but also fostered a new era of scientific inquiry. His theories and contributions laid the groundwork for the development of quantum mechanics and revolutionized our understanding of the microscopic world. Planck's profound impact on physics continues to resonate to this day, inspiring generations of scientists and shaping the trajectory of scientific research. Planck's innovative work on quantum theory earned him the Nobel Prize in Physics in 1918.

      ***Impressive, but what is a Constant?
A constant is a value that remains unchanged and consistent throughout various experiments and observations. It serves as a building block for mathematical equations and theories, providing a framework for scientific understanding. A constant in physics can be defined as a fixed numerical value that represents a physical quantity or property. These values are considered universal and are independent of any specific measurement or experimental setup. Constants are typically denoted by specific symbols or letters and are used to express the relationships between different variables in mathematical equations. One of the most well-known constants in physics is the speed of light, denoted by the symbol 'c'. It is a fundamental constant that represents the maximum speed at which information or energy can travel through space. The speed of light in a vacuum is approximately 299,792,458 meters per second (m/s).
Another important constant is the gravitational constant, denoted by the symbol 'G'. It represents the strength of the gravitational force between two objects and is a key component in Newton's law of universal gravitation. The gravitational constant is approximately equal to 6.67430 × 10^-11 cubic meters per kilogram per second squared (m^3/kg/s^2), and it determines the magnitude of gravitational interactions between celestial bodies. Constants in physics can differ in their nature and application. Some constants, like the
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2.2 The Photoelectric Effect

      ***	
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2.3 Double-Slit Experiment
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