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Preface



I wrote this book to inspire other readers out there, who are career-driven and curious for physics, and who are there to dream bigger and continue a journey in life. The book teaches everything you’d like to know about Physics and its relation to every matter we have in this world. Like time, space, gravity, the universe and gaming. The book that I have written is a journey from the beginning of the universe to the future of physics. 

I, the author, Bongani Banda, loved physics since I was a young kid, when I was watching a science educational show on Da Vinci Kids, and started planning crazy experiments. This book teaches why physics or any other field of study helps us to change the world and the universe. I am inspired by renowned physicists like Brian Cox, Jim Al-Khalili, Matt Parker, Hakeem Oluseyi, Stephen Hawking, Neil DeGrasse Tyson and Carl Sagan. I hope, you get inspired and follow your curiosity with the help of this book and know everything about physics and its relations of it. Thanks to all my inspirations who led me to write this book.

From the beginning to the end, from the past to the future, you will learn a lot about Physics and everything about it in this fun-driven book. I hope this book inspires you and your dreams and goals you need to achieve, whether you love Physics or not.



Introduction



Everything You Need To Know About Physics &… Everything



This book focuses on the fundamental world of physics and its relations to the real-world. This book has many answers to your questions like “What is the Big Bang and how did it create the universe?”, and “How is physics related to gaming, and how will it affect the real world?”. “Everything You Need To Know About Physics &… Everything” is a fun-driven book about the fundamental principles and creations that physics has done for us. From astronomy to the rivalry between metric and imperial system or the battle of matter and antimatter, this is the book that lead you out-of-this-world to outer space, then back in time to the Big Bang, causing the creation of our universe.

This book is educational and explores the main concepts of physics, from SI units to the laws of motion. This book also shows ideas of what physicists will have to take a next step towards using physics into the near and far future. Physics is not just for physicists or university students, but it’s for everyone to learn and continue to dream big with it and other fields of study. 

Like Albert Einstein, Ernest Rutherford, Niels Bohr, Glenn Seaborg and Carl Sagan, and other stupendous scientists out there today, were also inspired by one of their inspiring scientists of the past. I hope the book helps you open your imagination and enter a world full of physics and following your wonder.




CHAPTER 1

EVERYTHING YOU NEED TO KNOW ABOUT PHYSICS & EVERYDAY LIFE



Have you ever wondered about physics resulting in our everyday life? There’s true physics behind two cars colliding between each other causing a tragic car accident, which is an example of collision physics. Or two people bumping into each other without seeing themselves approaching on the way. But physics has told us many stories and true factual stories about our world, our universe and beyond. 

Physics’ connection with our everyday life is obvious like the first-ever creation of our universe from the Big Bang, light in our homes, and we use fire to heat our food during blackouts outside our homes. There is physics in our everyday life, it helps us to do everything, but it might cause very bad things in our daily lives, like in history, the fatalities that took place in Hiroshima in 1945, and Boksburg, South Africa in late 2022. 

Ancient Greeks believed that the god of lightning, Zeus made lightning, but it is actually physics that made lightning made of electrons together into the clouds, and attracts with protons on the ground, causing a huge spark. But weather or should I say “Atmospheric physics”? Atmospheric physics has been impacting our everyday life, rain ruining days for young children, or a tornado ruining houses in some parts of the world. Physics might be bad in our lives, but can also be helpful in our daily lives. 





As you see in the image above, clouds in the skies cause a very sparking atmospheric phenomena, that people hate and some love. Lightning is an atmospheric phenomena, that any meteorologist and physicist can understand and investigate. It is a force of nature that anyone cannot understand because other people think lightning comes from Zeus from Greek mythology, or Thor from Norse (Scandinavian) mythology, or from our Father God. 

Atmospheric physics is a type of physical science that deals with types of weather, like tornadoes, monsoons, rain, hail and more. These atmospheric phenomenons are an example of physics’ connection with our everyday life. Even cars with high speed showing velocity in our everyday life, or apples falling showing gravity in our everyday life like Newton perceived the idea of renaming the force “gravita” in Old English. Or explosions showing big chemical reactions in our everyday life, showing a violent and dangerous way of testing how physics is connectedwith our everyday life. Even gaming can help build physics and mathematics skills. Physics can help enrich our daily lives.



CHAPTER 1.1


PHYSICS & GAMING 


HOW THESE TWO COLLIDE INTO ONE FASCINATION!



Have you ever wondered how physics and gaming are related to each other? Is gaming bad for our lives? Well, physics is also the gateway to the future of high-quality gaming. 

Why is physics the gateway to high-quality gaming? Well, physics is the gateway because modern video games use simulation devices that help video game developers to make the game look realistic and graphical, those devices are called physics engines that help developers to make the video game look realistic like EA Sports FC, developers have been using a physics engine known as Frostbite, which is used only on EA companies around the world to develop a video game like FC. Physics are also used in code and programming when developing a video game on Java, C++ or Python. Gamers around the world don’t know that video games are realistic thanks to physics by the help of physics engines that use a way of making the game look realistic called “Realism”. 

Realism is a concept where video game developers, artists who make art assets for video games and future video games that are developing now. Physics engines like NVIDIA PhysX, Frostbite or EA Sports Ignite to calculate the distance of the game’s background or measurement of characters. Physics and gaming collide into one amazing thing, that makes characters interact with objects, that’s the true physics’ connection with gaming and modern technology. Gaming is not bad for our lives, it helps engage with the gaming world and learn entering a new world like the futuristic devices of gaming, like the Meta Quest VR. 

From the past, gaming has start influencing people. From the first console invention of Prof. Ralph Baer to the innovation of PlayStation, without physics, gaming would have not existed based on the movement of characters, what they do, interactions between characters and objects. Physicists have discovered the connection between physics and gaming. Gamers would thank physics for what it has done for them, to play thousands of video games from consoles, PCs or mobile. Physics and gaming have been along since the beginning of the First Computer Era. Between the 1970s and 1980s, the first video game console ever built, the Magnavox Odyssey, was born, filled with amazing 8-bit video games like Tennis for Two, invented by William Higinbotham. 

Ralph Baer was a genius to build a device that would connect physics with gaming in the future. Did he know that his first ever console device would make history? Then after, it came the Atari, a Japanese-made video game console, that was built in the mid-1970s and also the invention of Pong and Pac-Man. Today, physics and gaming are being used as one always, and will be used forever until artificial intelligence takes over the world, I think. During video game development, programmers use collision physics to make the character look like it’s colliding with another object. 

Collision physics is the way of showing two objects colliding together showing a terrible impact. The animation of the video game characters impress the gamers a lot, based on their motion and battle movement based on the velocity and interaction the game is using from developers. For console developers, they have been using SDK stands for Software Development Kit from PlayStation, Nintendo or Xbox to connect ports on PCs or TVs to start developing the game from ideas, to storylines, to character design, and using physics engines to make the game look realistic based on computer physics about resolution on 4K or 8K games. Games in the past were 8-bit resolution because they didn’t have physics engines back then. The resolution is calculated by the help of adding the game’s image pixels by 180p. The resolution start from 180p multiply by 2 gives 360p multiply by 2 gives 720p by 2 also gives 1080p which is Full HD and so on. Developers use resolution physics to calculate the modern look nd realism of high-quality gaming images when developing a video game. Like this image of these cyber-like soldiers in this modern physics-realistic background below:























Gaming is also bad for our mental health as well, if you play games for more than 3 hours of gameplay, you get addicted and can impact your health. But physics and gaming have a unique chemistry that shapes our modern tech-look of playing video games realistically in the future. 

Vectors in gaming, during development, game developers use video game engines that has physics software to calculate the 3D vector dimensions of how video game characters are going to move during animation timelines in each axes. X-Axis, length, Y-Axis, width, and Z-Axis, height. The character stays at the point where its going to be animated. Shows how each character moves in each dimension when animating a game storyline on the previous page.

There’s a lot more to embrace the life of gaming by reliving it using virtual reality. Virtual reality is a gaming technology that simulates the game into an open world or a real-world to think that the person is in the game. Physics’ connection with gaming is also simulation from sports like football, basketball, golf, wrestling, racing and not just sports, but life. 

Gamers think that gaming is just a fun activity, but it is also an activity that helps them learn the new ways of life and explore new worlds in a video game, and Gaming helps you develop maths and physics skills like Portal 2, a video game that focuses on Chell, a silent protagonist who enters Aperture Science, a lab where she will learn to solve physics puzzles. From graphics, motion to collision physics, Physics has a strong connection with gaming. Physics is the gateway to future gaming, and physics is also the importance in game development and video game designs. 


	
1 CHAPTER 1.2




PHYSICS & THE WORLD WE LIVE IN

TIME, SPACE AND THE UNIVERSE



Have you ever wondered about the world we live in is all surrounded by the fundamental world of physics? But physics has shaped our daily lives in this world we live in. But let’s go back in time from the Big Bang, well, our universe was only filled with immense clouds made of hydrogen and helium until a big explosion took place, 13,8 billion years ago. 

During the Big Bang, there was no hours, minutes or seconds but there was Planck time which was first demonstrated by German physicist Max Planck in the 20th century. What is a Planck time? Planck time is a unit of time where some events take place faster than a second, or a millisecond or even a zeptosecond, it is the fastest time unit possible. What people don’t understand about time, is our Earth’s rotation around the Sun. The Earth ends its revolution after 365¼ days because the year is divided into four seasons and the Moon ends its revolution around the Earth for a month or 29½ days. 

The Earth rotates around the Sun for a day, meaning it has 365 rotations in one year, or 366 in a leap year. The physics behind time, is that it is also the temporal rate quantity of speed like velocity or acceleration like explained in derivatives in the field of mathematics, for example in velocity or distance, kilometres per hour, and in acceleration, metres per second, to show the distance of how the different modes of transportation travel in every unit of time, as it shows in physics. 

People say the earth is the biggest clock in the universe, well, it’s true, it is the biggest clock, because the earth has different variants of time zones starting from Greenwich, England. GMT stands for Greenwich Meridian Time, it is the most known time zone in the world. In South Africa, our time zone is GMT+2:00, why? For example, let’s say, England’s time is 08:00 AM GMT, then in South Africa, what is the time? The time is actually 10:00 AM GMT, why? 

Because South Africa’s time is 2 hours ahead from England’s time. Even time is different beyond our biggest clock. Earth’s revolution around the Sun is a year. But further from Earth, Neptune’s revolution around the Sun is actually 164 years that’s like a year in Neptune but on Earth is more than that. Why on Neptune the revolution takes 164 years? The Neptune’s rotation around the Sun is slower than other planets near the Sun like Mercury, Venus and our home, Earth. 

Time has also been around in space. Physics’ connection with space and time is based on Einstein’s special theory of relativity and there is an invisible phenomenon that Albert Einstein has been discovering in the 20th century, known as the spacetime curvature.

The spacetime curvature has been observed by Albert Einstein in his special theory of relativity, he found out that the curvature has three dimensions of space, which are height and length also shown on mathematics when learning 3D shapes and area, and one dimension of time that shows when combined, create the four-dimensional mathematical model that shows the Earth or other planets like Mercury have a huge amount of mass that create a curvature underneath their planetary size, even the Sun, has 99.85% mass of the solar system. Space and time has shaped our world and our universe, from the Big Bang to supernovas. Gravity is the force that surrounds our universe, and it is measured in Newtons, unit of force named after English physicist and theologian, Isaac Newton. Even gravity defies between space and time. What is the connection between spacetime and our universe? People ask, who or what created the Universe? The Universe was created by the Big Bang, a huge violent explosion that occurred 13,8 billion years ago. What made the Big Bang and what was the cause of it? Well, before the Big Bang, before our universe became our universe, space was filled with nothing but hydrogen gas around darkness and reacted with helium gas as it came out of nowhere. Both hydrogen and helium gas violently reacted each other and created the Big Bang! 

Since the Big Bang, the universe before was made of heat, at that time when the universe was created, the explosive reaction caused the universe to be full of heat, and a few Planck times later, the universe started expanding and inflation started to cool down. Today, the universe is still expanding, but on recent newspapers, journalists believe that the universe stopped expanding because of climate change shown on Earth. But will this pseudoscience continue to spread? Actually, these newspaper facts spread pseudo-belief on newspaper readers today. But the amazing fact is that, the universe is still expanding, and physicists still don't know when the observable universe's expansion will stop. 

Since the Big Bang, the universe was created and was a ball of heat because of its explosive reaction until it cooled down, but there is still remaining heat around the observable universe's halo that is still growing and expanding until infinity (∞) or so.

375,000 years after the Big Bang, An afterglow light pattern appeared, and thereafter, the galaxies and planets started to develop, the Milky Way Galaxy was developed and the birthplace where stars are born is in the nebulae. Nebulae are immense clouds of hydrogen gases where stars are born and develop. Why do stars develop on nebulae? Stars develop because of the hydrogen gas and rocks near the nebulae to form a birth star. Physics and the universe have a connection from the origins of the universe to the development of celestial objects like galaxies, planets, clusters, stars and violent explosions like supernovas and dangerous objects you can’t get near of like a black hole. 

Physics and its connection with the world we live in is invisible because people think physics is about equations and calculations, but it is actually more than that. Physics has connection with the time we have always in our devices, clocks and watches. And space, from the incredible sight of the most luminous Sun to the twinkling stars of the night sky. Physics is surrounded in anything we have in the world we live in, such as violent explosions.

As you see the image below, showing the Big Bang, and how it expanded in its timeline, how galaxies developed, our Milky Way, our solar system, stars, and planets as well.




	
2 CHAPTER 2





	
1 EVERYTHING YOU NEED TO KNOW ABOUT PHYSICS & MATHEMATICS






Have you ever wondered how physics and mathematics are related to each other? Well, in this chapter, you will learn how mathematics is inside this astonishing field of study and how they are related. Physics’ connection with mathematics is based on solving a problem that physicists are trying to find. Physicists use mathematical physics to calculate velocity, and other parts of physics’ problems. For students at high schools, mathematical physics is a bit harder in everyday life, the reason behind this, mathematical physics has challenging problems that students can’t even solve. Number systems in physics, have been easy and hard for primary schools and high schools but there is a reason why it’s both easy and hard.

Real numbers are numbers that are not transcendental like Pi, or any other number. Example: [1; 2; 3… etc] 

Non-real numbers are numbers that are transcendental 

Example: [1,27365...; 1,56273164… etc]

Rational numbers are numbers that are fractional 

Example: [½; ¼; ¾… etc] in percentages, it is 50%, 25% and 75%

Irrational numbers are numbers that are not fractional like square roots: Example: [√16] which is equivalent to four

Integer numbers are numbers that both positive and negative

Integers that start from +∞ to -∞ (positive infinity to negative infinity) like on a thermometer showing from above temperatures to below temperatures. There’s also mathematical physics in extreme weather, if the Earth has below -180°C, all humankind and every life would die and time would freeze, this very dangerous and astonishing weather phenomena that has never happened before, it is also known as Absolute Zero, it has a decreased temperature of -273,15°C. 

There is also mathematics in nature. Natural plants and its leaves have very beautiful mathematical shapes that are geometrically fascinating. The mathematician Fibonacci discovered that the sequence he created is a series of numbers that varies of those two preceding ones, it starts from 0+1 = 1, then 1+1=2, then 2+1 = 3, and so on. 

There is some natural phenomenon known as the Fibonacci spiral, it is related to the golden ratio known as Phi (ɸ) in decimal version, it is 1.618… Mathematicians say that the Fibonacci spiral might be seen in art, nature and even finance. Why are they both related?

The Fibonacci spiral results in nature and astronomy. Like spiral galaxies, and pinecones which show a golden ratio or phi (ɸ) geometrical shape. 

1:1.618 of the geometrical sunflower showing the Fibonacci spiral’s astonishing geometrical existence of how mathematics has shaped nature, not only has shaped nature but the entire physics world. Even the greatest mathematical-natural object of them all, the Nautilus shell also has the same golden ratio spiral structure. Physics’ relation with maths is really fascinating.






CHAPTER 2.1


	
3 PHYSICS & DIMENSIONS





	
1 EUCLID’S GEOMETRY AND THE PHYSICS BEHIND IT






Have you ever wondered how a dimension and geometry are related to time and space? What is a dimension? In mathematics and physics, a dimension is a minimum number of coordinates that are shown in a given amount of space. `

For example: A unidimensional (1D) shape is a line, just a horizontal line with one coordinate from point A to point B. ; showing that the unidimensional shape has one vector or axis. 







In ancient times, Greek mathematician Euclid discovered that shapes come from different dimensions and have a different number of coordinates, and there is an unknown dimension,  somewhere beyond our universe, but that dimension cannot defy space but can defy time, it is also known as the fourth dimension.

People wonder what Euclidean space and geometry is, Well, what is Euclidean space? The term "Euclidean" is named after best Greek mathematician Euclid who discovered the geometry of dimensions. Euclidean space is the geometrical space that focuses on the topics of coordinates and vectors that are occurred on dimensions like 1D has the x-coordinate (horizontal axis). 

One-dimensional space has one coordinate, and it has only two points and has an x-coordinate (horizontal), because its a line. Two-dimensional spaee has two coordinates, it has a length and width only, and it has a x and y-coordinate (both vertical and horizontal on both sides of the shape), proven in Euclid's geometry. 

And finally, the most incredible dimension in the whole universe but it occurs in Euclidean space, 3D, shown in high-octane action movies, animation films and in real life. Three-dimensional space has three coordinates (length and width, which adds height as the third dimension). People think dimensions end on 3D, but there are one last dimension that show time, but it merges with the three dimensions of space (length, width and height), beyond Earth and the Milky Way. 3D has (x, y and z coordinates) which shows the three coordinates of space and matter.









Physics' mathematical connection with dimensional geometry has "shaped" how the future will be with 4D or more dimensions. Computer animators, graphic designers and artists are developing 4D technology to animate or create new characters for their next films and video games. 2D was the first era of animation and gaming, and now there's a new era of 4D tech to shape our future.

Is there a fourth dimension or is it a myth? Well, there is no scientific fact about the Fourth Dimension, but it has been in the special theory of relativity that Einstein has been proving about, the spacetime curvature. The combination of space and time leads to the fourth dimension, three dimensions of space (length, width and height) and one dimension of time (which is a unknown coordinate, actually but it is considered as a "w-coordinate" from scientific research). 

There is a four-dimensional shape that resembles as a cube but there is a cube inside of a cube, it is called a tesseract. A tesseract is a four-dimensional shape that resembles a cube inside a cube in its four-dimensional structure.















People believe that the Fourth Dimension was shown in the Marvel Cinematic Universe, and they never know that it theoretically exists. Well, yes, the fourth dimension exists because of geometry around us like a rectangular prism-like shack, or a cube-like stove oven. Geometry is the mathematics of shapes around us and helps mathematicians to solve angular (angle) problems. Do you know that there is a secret that dimensions have when they extend from 3D to 4D and so on?

So, you ask yourself, what is the secret behind the dimensional extension or growth? The secret starts from 0D (zeroth dimension). 0D starts as a point and it has no coordinate, as the secret of the dimensional extension starts as the point duplicates to become two parallel points and they create a line and extends to 1D with x-coordinate which is a horizontal line.

A 1D shape or a line becomes two parallel lines as they create a 2D figure or shape, for example: a square, which has two parallel lines joined together to make a four-sided 2D shape, or in mathematics; we call it a quadrilateral. 

Thereafter, a 2D shape or a square duplicates to two squares with joining lines that create the third dimension (also known as height) to originate a cube (a 3D shape). 

Finally, the 3D shape has merged with the dimension of time (also known as the unknown 4th dimension). But in vectors, it has a w-coordinate like 3D has x, y and z coordinates showing height, width and length. Actually, the 4th dimension only shows nothing but time, which is a very eerie structure for the fourth dimension of time merging with the three dimensions of space.

The eerie secret of 4D showing a cube inside of a cube known as a tesseract, the 3D shape or a cube duplicates into two parallel cubes with joining lines creating the fourth dimension of time which leads to a tesseract, The dimensional extensions shows some kind of repeating pattern. How will 5D look like? In my opinion, 5D will originate from a four-dimensional shape like a tesseract duplicates into two tesseracts which will make a five-dimensional shape, which will look like a cube inside of a cube inside of a cube and finally, inside of a cube.

















0D starts from a point, 1D, a line representing length, 2D  a flat shape representing both length and width, 3D, a realistic shape adding height as the third dimension.

4D, adding time as the fourth dimension which is shown on Einstein's special theory of relativity about the spacetime curvature, proving to show that the third dimensions of mathematical space, was merged with single dimension of time. Dimensional coordinates are also shown in the mathematical physics of vectors. For example, the x-axis is horizontal, and the y-axis is vertical creating the dimensional figures of shapes. 

This mathematical discovery was first proven by Ancient Greek mathematician Euclid, who discovered different types of dimensional spaces, like two-dimensional space which has length and width to create the 2-dimensional Euclidean figure.

Physics has also extra dimensional secrets to unravel in this incredible mathematical world of geometry. But this topic won't connect to Euclidean geometry. But it will connect with astrophysics and Beyond the Standard Model. There is a theory that Professor Edward Witten had been working on: the M-theory, is a scientific concept that proves that there are other universes that have fundamental 11-dimensional figures that is connected to a powerful force related to gravity, but super. 

Supergravity is a gravitational force that is powered by electromagnetism in space, with the help of the electromagnetic radiation, which is also related to the Electromagnetic spectrum, it is said that is involved in the superstring theory to prove whether the 11-dimensional figures are true. 

The superstring theory has an 11-dimensional formula: (seven-dimensional hyperspace + four common dimensions we have in both space and time (length, width, height and time). Hyperspace meaning that the universe is full of dimensional matter like a cube, spherical stars or even tesseract-like planets out there even scientists and physicists didn't observe in their space satellites. 

There is an astonishing figure that has six dimensions on its spatial structure; it is the Calabi-Yau manifold that I saw on the string theory and M-theory. A six-dimensional figure is an astonishing shape ever observed in astrophysics, art, mathematics and the world. Why? Well, in string theory, a six-dimensional figure is shown to be "curled up" and showing weird curly patterns, meaning they are unobservable to the human eye, they are too microscopic. 

A six-dimensional shape can add with the four common dimensions (three spatial dimensions and one time-based dimension) which are equivalent to ten-dimensional figure.

There is also a dimensional formula for velocity that resembles speed (distance divided by time to the power of negative one). [D]÷[T]˗¹

For example; a car travels between 180 and 200 km/h (kilometres per hour) (rate of change) shown at a limited amount of velocity or speed.or between 100 and 180 m/s (metres per second) shown in of acceleration (amount of speed in a limited amount of time).

Dimensions has shown us the "points" of view in mathematical physics. Well, in the world of physics, geometry and dimensional insanity, we have learnt how Physics and Dimensions can really "shape" time and space both together and beyond the string.




CHAPTER 2.2


	
2 PHYSICS & DATA





	
1 DOES THIS INFORMATION "BYTE" YOU?






Have you ever wondered how many different types of data exists there? For example, mobile data you are using online, mathematical data that helps you find important key facts about the world of mathematics, data you analyze from research, or even computational data or computing data. 

Data and physics have been each other since the dawn of computer era, not the data you use for your mobile, or for analysis. Find out how data and physics go hand in hand, one “byte” at a time. The data that was first made since the beginning of the Internet and the first Windows 1.0 computer back in 1985, 40 years ago. developed by Microsoft billionaire Bill Gates. Also, the first Apple Macintosh computer built in 1984, by Steve Jobs and other Apple developers. 













Let’s dive in to the physics of computational data, based from the SI units, which as the Systemé Internationalé d’Unités in French translated as “International System of Units” in English. The unit of data starts from bits. Bit is the building block of representing every computing data information and it can be 0 or 1 showing a binary system in the unit of data. Do you know how many bits create a byte? 

Well, in the world of computing physics and data information of how computers work in the world of bits and bytes, Pixels are the building blocks of pictures that show visual information to people who perceive the image, Pixel is the combination of the words “picture” and “element”, Picture shortened as “pix” and element shortened as “el”, so it means the pixel is a picture element made of three colors that create a single image pixel, red, green and blue, creating luminosity and brightness on an image. There are even more bigger “bytes” you can handle in the world of 0s and 1s. A bit is also a binary digit made up of two possible numbers that create information through the computer’s data systems, 0 and 1. Those binary numbers are not just ordinary numbers. Well, actually, this is how the first visual images looked like in the past, how rgb pixels look like in microscopic form, below.















But binary digits that helped crack the German code and won the World War with the help of English mathematician and programmer Alan Turing. By meaning they are more bigger “bytes” to handle, I mean they are more units of data to learn and explore in the world of computing and its connection with physics. 

In physics and data, there is a computational idea that helps you to program values or digits with the help of logic. It Is programming logic is a way of helping programmers to choose operators like + to add, it is like you are controlling your own computer. But sometimes, computers don’t understand what unknown program other humans do and cause an error, which is called a logical error in computing.
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