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      M stands for ‘magic,’ ‘mystery,’ or ‘membrane,’ according to taste


    

    
      - Edward Witten
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  Preface



Some scientific ideas do more than just explain the world. They expand how we imagine it.




String theory is one of these ideas.




At first, it seems almost impossible to believe: the basic building blocks of reality might not be tiny particles, but incredibly small vibrating strands. The universe, with all its complexity and beauty, could come from patterns of resonance. 




String Theory is perhaps the most ambitious and also complex theory of Physics. It is hard to grasp even if you have a graduate degree in physics. The math has gotten so complex that at this point, to make a contribution to string theory, research must prepare to devote a decade or more to studying it, before contributing something substantial.




We wrote this book because we believe that struggle is not necessary.




We wanted to reveal the core idea behind the complexity. String theory is challenging, but its main ideas are not out of reach. They are bold, elegant, and surprisingly natural when viewed from the right perspective.




What comes next is our attempt to make that journey possible. You will not find every calculation, every debate, or every part of this vast subject here. This is not meant to be a textbook on String Theory.




Instead, you will find the story, why physicists looked beyond particles, how strings became important, why membranes matter, what extra dimensions mean, and why many thinkers believe there is a hidden, unified structure beneath what we see. We have tried, above all, to keep the sense of discovery alive. 




String theory, and its cousin Membrane theory (M-Theory) are also our best hope to bring together the two main ideas of modern physics, quantum theory and gravity, and to find a clearer understanding of reality. Whether this effort leads to success, change, or something new, it has already changed how physicists think about matter, space, information, black holes, and the universe itself. power.




The Science you studied at school is sufficient to appreciate this book. We do not assume any more background in physics than that. If this book succeeds, it will do one thing well: it will bring you close to that beauty of physics without making you get lost in complexity.




Beyond that threshold, the ideas speak for themselves.
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By the second half of the twentieth century, physics had arrived at an awkward triumph. It possessed two theories of astonishing power, and they did not fit together.




One was quantum mechanics, later folded into quantum field theory, which describes the microworld of electrons, quarks, photons, the jittery realm where particles appear less like tiny billiard balls than like excitations of underlying fields. The other was Einstein’s general theory of relativity, which describes gravity not as a force in the ordinary sense, but as the curvature of space-time itself.




Each theory worked spectacularly well in its own domain. Quantum theory explained matter and radiation with precision. Relativity explained planets, stars, black holes, and the expanding universe. But both theories failed at Black Holes and Big Bang.




Black holes are both compact and gravitationally extreme. The early universe was both tiny and dense. In such places, the two frameworks ought to meet. When physicists tried to make them meet, the mathematics blew up. The trouble may begin at distances far beyond ordinary experience. But from those depths, the inconsistency spreads upward. A theory that cannot describe its own most extreme limits is not finished.




String theory began as an unexpected answer to that problem. Replace zero-dimensional points with one-dimensional strings. Let the fundamental objects have a tiny extent. Then the violent interactions that occur when point particles collide at a single mathematical location are softened. The infinities that plague quantum gravity no longer arise in quite the same way. The theory changes character.




It changes in another, more startling sense too. A vibrating string can oscillate in different modes, much as a violin string can produce different notes. In string theory, those modes register to us as different particles. One pattern of vibration looks like an electron. Another like a quark. Another like a photon. And among the possible vibrations is one that has exactly the properties expected of the graviton, the hypothetical quantum carrier of gravity. Gravity, which had resisted incorporation into quantum theory for decades, seemed not to need bolting on from the outside. It was already there, encoded in the spectrum.




That was one of the first clues that string theory might be on to something. The price of the idea was steep. Strings do not live in the familiar four-dimensional world of three dimensions of space plus one of time. The equations insist on extra dimensions. Depending on the version of the theory, there may be ten or eleven dimensions in total, with the additional ones hidden from view, curled into tiny geometric shapes, or otherwise concealed from everyday perception. The theory also came with symmetries more intricate than anything in previous physics, and with mathematics that quickly became forbidding.




This book aim to go into the essence of string theory. The point is not to pretend string and membrane theory are easy. They are not. The point is to separate what is inherently difficult from what is merely unfamiliar. Once that distinction is made, a great deal comes into focus.




What follows is the story of an idea that tried to reconcile the laws of the very small with the law of gravity, and in doing so reshaped modern theoretical physics. Whether string theory, in its final form, becomes the correct description of nature remains an open question. But even as a work in progress, it has already changed the terms of the search. It has suggested that matter may be geometry in disguise, that gravity may be encoded on lower-dimensional boundaries, and that the universe may be stitched together by principles more subtle than anyone expected.
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INTRODUCTION 

The orchard is silent - until the apple falls. 


We’re in rural England, late 17th century. A storm brews overhead. The air is thick with summer humidity, and as thunder rumbles in the distance, an apple detaches from its branch and drops. 


[image: Image]

Isaac Newton



It’s a simple moment that, in legend, sets the course for how we understand nearly everything around us. Sir Isaac Newton, so the story goes, glimpses gravity in that falling apple, and a centuries-long revolution in physics begins. This is the start of classical mechanics, a viewpoint so powerful it’ll dominate for two hundred years - until the walls shake again, courtesy of the quantum age. 

* * *


NEWTONIAN ORDER  


Isaac Newton’s world was one of absolute certainty. In 1687, he published Principia Mathematica, which described the laws of motion and universal gravitation.  These laws made it seem as though the universe was a grand clock: wind it up, set the initial conditions, and everything ticks predictably. In Newton’s view, objects follow precise paths determined by forces acting upon them, and for the next two centuries, it looked as if the entire cosmos played by these rules.


This clockwork vision had triumphs galore. Planetary orbits were determined by an inverse-square law of gravity. A cannonball’s trajectory was a neat parabola. A collision between carts computed with Newton’s laws. The key was that if you measure a system’s state accurately, you can predict its future. The orchard story is half myth, half metaphor. Newton’s flash of insight - whether from an apple or not - remade our perception of reality, forging the notion that the universe stands on rational ground - stable, comprehensible, and open to discovery. 



Fast-forward to the 19th century. Another pivotal mind steps forward: James Clerk Maxwell. Armed with a handful of equations, Maxwell unifies electricity and magnetism into a single phenomenon - electromagnetism. By merging electric and magnetic fields into the electromagnetic field, he reveals that light itself is an electromagnetic wave traveling through space. Suddenly, one more puzzle piece snaps into place in the grand classical scheme: Fields. Forces can be represented by continuous fields in space. Gone are the days of action at a distance with no explanation. 

[image: Image]

James Clerk Maxwell

Now, if you want to know how a charged particle moves, you look at the local electromagnetic field. If you want to know how large masses attract, you rely on Newton’s gravitational field. By the late 1800s, many physicists believed we were on the brink of a complete theory of nature. Sure, a few anomalies popped up here or there - like the puzzle of how light’s speed seemed constant, or how atoms actually hold themselves together. Yet many folks assumed these would yield to Newton-Maxwell thinking eventually. They had no idea what storms were coming.

* * *



FISSURES IN CLASSICAL PHYSICS 


Despite the confidence in a clockwork universe, certain phenomena bluntly defied the Newton–Maxwell script. One glaring puzzle involved black body
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