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On Chaos and Randomness


Sometimes it seems fate is determined to harm us in every way possible. An alarm clock refuses to go off on time and traffic is gridlocked as far as the eye can see. Or it starts raining the one day you decide to walk to work. Other times, we think of how our luck could not be any better. You may find some money on the ground or that special someone you have had your eye on asks you out on a date. But is it fate or luck that rules over our lives? Perhaps it is all random and we merely take the good and bad of it? Did I win the lottery because I used my lucky numbers? Or was it because my numbers were “due” to come up? Or is it in fact just random and I happened to win? These questions and ones like them have forever plagued mankind. Philosophers, mathematicians, physicists, and gamblers have all sought answers to these questions, and what they have found is quite interesting.

To begin forming a conclusion on the true existence of randomness, a proper definition ought to be established. Randomness is a property describing a lack of bias and complete unpredictability. A random process, then, is one which the outcome is neither governed by natural laws or human will. In an effort to find such a random process, one must eliminate both the natural and human elements. The human element is the easiest to remove and is clearly demonstrated through any concept of gambling. In it, one party wagers that something will happen. For this example, the first party shall wager that the top card on a shuffled deck will be red. The second party, then, who is wagering against the first party that a red card will not be turned up first, would flip the card off of the top of the deck. To some, this would seem like a legitimately random process. Neither party is favored and certainly only the luck of the draw is to decide who will win. Now imagine this situation if, instead of taking the top card off of the top of the deck, the second party picked up the deck, rearranged the cards to ensure that the top was not a red card, replaced the deck on the table, and proceeded to draw the top card. Certainly this situation now seems to have lost all semblance of randomness. The least that can be recognized is that either the natural element or human element of randomness was removed. One might say that the natural randomness inherent in a shuffled deck of cards was removed when the second party rearranged the cards. As will be discussed later and more thoroughly though, the shuffled deck never had any randomness at all. In this way, the human element was removed. Similarly, in most forms of gambling, the human element is removed. Dice are not so random when you flip them to whichever side you like, and a coin that is placed on the ground is certainly not a fair flip. As such, the natural element of nature is the one that is significantly more interesting and the one that gives randomness its credibility.

The natural element of randomness is the one that is a bit harder to pin down. Consider, for example, rolling a die. Most would say this action results in a random outcome. That is because there is an equal chance of the die landing on any one of its six sides. No one side is more likely to come up more often than any of the others. Is the rolling of a die, then, a random process? To truly understand this question, the entire process of the roll must be considered. It should be assumed that when rolled the die is given a strong toss and its path is not obstructed. Furthermore, it is given sufficient spin to ensure that the die does not simply slide across the ground. The die is allowed to come to a natural stop after a fair amount of rolling. Conditions seem ideal for randomness. To test the randomness, though, one should ask if one could predict the outcome of the toss of the die. In order to predict such an outcome, one should try to model the path of the die mathematically. One should take note of the initial position and orientation of the die. The velocity the die is thrown with should be recorded. The angle at which the die is tossed should be measured. The force of spin applied to the die should be taken into account. One should factor in the speed and direction of the wind. Furthermore, one should inquire into the material and density of the die as well as the surface the die is being tossed on. Armed with such data, a few physics equations, and a proper understanding of physical mechanics, one could conceivably predict the outcome of a toss. To be sure, this case is extreme and highly impractical, but it is in fact quite plausible and it serves well to illuminate a point. We live in a world of surprising order. In understanding this order we can use it to eliminate the popular conception of randomness. When we can predict the outcome of rolling a die, most random events suddenly lose the mystery of randomness associated with them, such as shuffling a deck of cards as mentioned earlier. 

It would appear, then, that creating a random process is not easily done. Perhaps then, finding one in nature would be easier. For countless years, scientists in a vast array of fields have had to deal with data that never quite fit perfectly. Such data produced inexplicable outliers and disorganized chaos; chaos that would make scientists cringe. Randomness is very different for a gambler and a scientist. Randomness is a gambler’s lifeblood. Randomness, at least in the sense of reasonably unpredictable outcomes, is what makes gambling worthwhile. For a scientist though, chaotic data can be a nightmare. Chaotic data means that a pattern or symmetry a scientist is looking for is unable to form perfectly. To be sure, in most experiments there will always be some outlying data and noise due to human and mechanical error in the experimental process, but chaotic data is inexplicable and prevents a scientist from coming to a conclusion as easily as he would like. It is in this way that chaotic data has tormented scientists. As technology caught up to science and mathematics, though, it became easier for mathematicians and scientists to model situations using a computer. As new advances permeated the science community, it became clear to certain people that this random, chaotic data may be following a pattern after all. From this idea, and evidence supporting it, grew chaos theory.

Chaos theory is the idea that in some dynamic systems, highly sensitive initial conditions can produce extreme results. A superb example of chaos theory is in weather predictions. When modeling the weather, even the slightest change of any variable will, in the long term, create wildly varying outcomes. A commonly cited example says that the flap of a butterfly’s wings in Brazil can set off a tornado in Texas. While this may be an exaggeration, it is in fact where the term butterfly effect originated. The butterfly effect, then, refers the scenarios where a small change in input creates drastic and unpredictable changes in output. When looking at chaotic data through the lens of chaos theory and the butterfly effect, it is true that results are still, for the most part, unpredictable. Is unpredictability due to human limitations enough to qualify an event as random though? While we may not currently be able to predict the outcome of an event, it is not unreasonable to believe that some future progress in technology and mathematics could make this possible. In this way, it would appear as if both the common man and the scientist have been unable to produce scenarios of true randomness. 

Perhaps, then, true randomness does not exist. This tends to radically alter most people’s view of the universe. For one thing, it leads to the idea of determinism, which is the idea that every occurrence is the result of past occurrences in an unbroken chain of events. Like a giant set of dominoes, everything in the universe is set in motion following a certain set of physical laws. In the same way that one could look ahead in a chain of dominoes, with the right tools and knowledge one could look ahead in our physical world and determine what is going to happen. Realistically, we could never come to the point where we could determine everything that is going to happen, but the idea that something is “destined” to happen and out of our control can be frightening. The fact that everything is going to happen predictably is even more frightening when considering the human chemistry. The human mind is still very much a mystery to scientists. It is known, however, that certain emotions and feelings are related to certain chemical reactions in our brains. Furthermore, we know that the gap between decision making and action is a series of chain reactions in our bodies. It is conceivable, then, that perhaps our decisions, even our thoughts, may just be a small part in a longer chain of events that were predetermined when they started! Initially the thought that a lack of randomness in our universe leads to a lack of human choice is a tough connection to make. To be sure, it is topic of hot contention not only among the scientifically inclined, but the religiously inclined as well. The human mind may very well be able to produce thoughts independently of all physicality. It may as well simply be fed by a greater being, though. Regardless, the complexities of the human mind may never be fully understood by those who utilize it. 

Human limitations, it would seem, construct an undeniable wall between our understanding of randomness and its true nature. The existence of randomness is, in this way, fleeting. As mankind progresses, processes which previously seemed random will display a clear rhythm and reason. Will we ever come to encounter such a pure randomness that the physical laws of our universe, both those known and unknown to us, will be unable to explain? Perhaps, but it does not seem very likely. Strictly random events are simply too much to ask for in a universe as beautifully full of order as ours. 
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