An Introduction to Special Relativity



Time...
    The time we use was defined for us by the Babylonians in 2000 B. C. Taking a page from Genesis, they divided the night and the day into 24 hours, the hour into 60 minutes, and the minute into sixty seconds. 
    This definition of time must have been an intellectual tour de force in Old Babylon because we're still using it today. In the 1790's, when the French Academy of Science undertook the creation of the metric system, many of our common measures were replaced by their metric equivalents, but the units of time remained unchanged.
    In the summer of 1665, a plague swept England. The young Isaac Newton had just finished(?) his Bachelor's Degree in natural philosophy at Cambridge under the tutelage of the mathematician and churchman, Dr. Isaac Barrow. Newton came home to his mother's farm at Woolsthorpe that summer to wait out the plague. With time on his hands, he began to ponder, given the moon’s transverse orbital velocity, what force it would take to cause it to fall toward the earth at just the right rate to keep it in a circular orbit. (By assuming that the gravitational force falls off as 1/r2, and comparing it with the Moon's centrifugal force, he "found them agree pretty nearly".) During the ensuing "annus mirabilis" ("miracle year"), he invented the infinitesimal calculus, and enunciated his three laws of motion and the law of universal gravitation.

    The universe that Sir Isaac Newton and his intellectual heirs presented to the world was a clockworks. The clockworks was the computer technology of the 17th century, and it was only natural that in the 17th century, the universe would be described in terms of that then-current paradigm. It had been set into motion at the time of its creation, and then, obeying inexorable and immutable laws, the universe proceeded through its preordained development to its inevitable conclusion, whatever that might ultimately prove to be. In this respect, it was like a novel. Given its rules of development (its laws of physics) and its initial conditions at the time of its creation, its exact course of development was predictable;.
    The form that this construction assumed was that of a set of breathtakingly accurate equations that could predict the actions of objects and events ranging from grains too small to be seen by the naked eye all the way up and out to stars at the edges of the universe.
    Time appears in the equations of Newtonian mechanics as a continuous variable a little like a dimension, but it appears a bit differently than do the three spatial dimensions. Also, we can see both directions along the three spatial axes, whereas our view of the time axis is restricted to the ever-fleeting moment. We cannot look into the future or the past. So it was understandable that time wouldn't have been treated as a dimension during the era of Newtonian physics. Sir Isaac said that “time flows like a river”, and that's where the matter stood until the dawn of the 20th century.
    In the late 19th century, physicists were preparing to celebrate their complete understanding of nature. They thought that, with their recent codification of the laws of electromagnetism, all the basic laws of nature had been discovered, and it was only a matter of tying up a few loose ends to fully understand God's, or Nature's, Grand Design for the universe. There were just a few nagging problems remaining (one of which was their inability to detect an ether drift).
    In 1901, a 45-year-old physicist by the name of Max Planck solved one of the nagging problems that still remained: successfully deriving the frequency spectrum of “black body” radiation. But in doing so, he pulled on a loose thread in the 19th-century tapestry of physics that would soon unravel it, and reveal paradoxes that are hard to reconcile with reason to this day.
    Then in 1905, an obscure clerk in the Swiss Patent Office published a paper in Annalen der Physik (Annals of Physics) entitled “Zur Elektrodynamik¨ bewegter Körper” (“On the Electrodynamics of Moving Bodies”) in which he showed that space and time were not the rigid measures that they had previously been supposed to be, but could seemingly distort for rulers and clocks that are moving at speeds relative to us that are approaching the speed of light. He also argued that no matter how fast you're going relative to me, it will seem to you as though you're at rest and I'm the one who's moving away from you. Consequently, the speed of light will seem to be the same to you as it does to me, even though it seems, from my point of view, that you may be approaching it. This is like trying to reach the horizon. If you and I are out on open ocean, and you sail toward the horizon until I can hardly see you, I might suppose that you're nearly at the horizon. But actually, you're no closer to your horizon than you were before you started, and I will appear to you to be close to your horizon in the opposite direction.
    These two papers by Einstein and by Planck were the opening salvoes inaugurating the two major revolutions in physics of the first half of the 20th century: relativity and quantum mechanics.
In 1908, three years after Einstein published his ground-breaking 1905 paper, his former math professor at the University of Zurich, Dr. Rudolph Minkowski, published a paper in which he pointed out that the geometric meaning of Dr. Einstein's postulates and equations is that time is really a fourth dimension akin to the three spatial dimensions. 

    Well, if time is a dimension, and in fact, is the fourth dimension, how in the world can we ever visualize it? 
    Actually, any time you plot something against time, such as, for instance, stock prices, you're looking at the shape of its curve down the time axis---a two-dimensional representation, but one that shows the shape of something as it appears along the time (fourth) dimension. Figure 1, below, shows such a stock-price-versus-time plot.
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    See! You've been doing this all along and you didn't know it! 
    Another common example would be wave motion at the beach. If you were floating in an inner tube just off the beach and we plotted your motion as you bobbed up and down for few minutes, your "altitude" over a period of a minute or two would look like a wave (Figure 2).
     
    These are both examples of two-dimensional plots of one of the three spatial dimensions--height-- and the fourth dimension, time.
    The length of something down the time axes is a measure of how long it has existed.
    For example, Figure 3 below depicts a dot that, as we would see it, suddenly comes into existence at time t1, exists as a point until time t2, and then ceases to exist. We would see it as a point that suddenly appears, exists for a little while, and then disappears again.
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    Figure 4 below shows what would appear to us to be a dot that suddenly comes into existence at time t1, rises until time t2, and then suddenly disappears.
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   In each of these cases, we could imagine some three-dimensional object replacing the dots that we've been using. For example, we could imagine ourselves floating up and down in our inner tube at the beach. And we could imagine 3-D pictures of ourselves, taken as we bobbed up and down, pasted to the wavy curve of Figure 2. If we imagined the 3-D pictures spaced closer and closer until they became continuous, we would have a 4-dimensional picture of ourselves. At each point in time, there would be a 3-D picture of us at some point along the wave. 
    Another, simpler example might be found in Figure 3. If we imagined a white marble sitting quietly upon a table, its time history would look like Figure 3, where instead of a stationary dot, we would have a stationary white marble at each point in time from t1 to t2.
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    An excellent way to depict, and to visualize four-dimensional objects is through streak or smear photography, as shown in Figure 6 below.
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     Figure 6 shows a four-dimensional image of a baseball as it travels from the pitcher to the catcher. (Some similar pictures show a blurred, drooping, semi-transparent cylinder punctuated by images of the ball at different points in time, but here, you have to imagine the cylindrical outline of the ball's path as it moves through both space and time.) At any instant along its path, it's a static, three-dimensional baseball, while the outline its motion describes is a (droopy) cylinder. 

    This cylinder (which you have to imagine) is the baseball as it looks in four dimensions.
    The four-dimensional object that this represents is a right spherical cylinder, analogous to a right circular cylinder. Just as the cross-section of a cylinder at any point along its length is a circle, so the cross-section of this spherical cylinder is a sphere--the baseball--at any point along its length. Of course, each point along this cylinder's length represents a different moment in time. 
    However, you won't need to deal with four-dimensional geometry in order to understand our four-dimensional space-time. Everything that's important can be done just as well in three dimensions, or even in two dimensions. For instance, a solid, 3-dimensional, right circular cylinder does as good a job as a 4-dimensional right spherical cylinder of showing how something can be rectangular down the time axis and circular in its spatial dimensions. 


                                                               

We would simply think of the right circular cylinder having a circular cross-section at every point along its length, and of the right spherical cylinder having a sphere at every point along its length. In both cases, we have to mentally visualize what’s happening. (We can’t actually see an infinite number of circular slices of the right circular cylinder.)
    Still, it might be entertaining to take a look at another basic 4-dimensional object. For example, something that starts out very small and then expands spherically at a constant rate (like a balloon or an explosion) would grow in direct proportion to the time, and would have a spherical cross-section at any given moment. Figure 7a, below, shows a right circular cone. It has a circular cross-section at every point along its length. We could think of its horizontal axis representing time, in which case, we would




            a. 







            b.

see it as an expanding circle. Figure 7b. depicts the same thing except with a spherical cross section at every point in time. By analogy with the right circular cone in Figure 7 a., the expanding sphere in Figure 7 b. would be a right spherical cone. But really, all we’re saying is that if you made a hollow transparent cone and put balloons of increasing size along the cone from left to right, it would probably make a pretty good model of a four-dimensional, right spherical cone for a science project. Want to generate a 4-D object? Blow up a balloon. A plot of its diameter versus time is a triangle. If you could see it in four dimensions, it would look like a right spherical cone during the period when you’re steadily inflating it (until you have to stop to catch your breath).
    Taking it a step further, you could imagine the universe existing as a frozen four-dimensional sculpture.


 

Summary:
    In "classical" Newtonian physics that existed prior to the introduction of quantum mechanics and the Heisenberg Uncertainty Principle, the evolution of the universe was determined at the moment of its creation.  


    A purely three-dimensional object would be one with no duration. It would flash into and out of existence instantaneously. 




In fact, for all practical purposes, you could say that its past and its future existed, as well as its present. 


    Let's consider the four-dimensional picture of a marble. If the marble is sitting somewhere and not moving, it would look, in four dimensions, like a long rod with a spherical cross-section. At any moment, the marble at that instant would be its three-dimensional cross-section. (The three-dimensional analog would be a long rod with a circular cross-section. 
    The next question is: which way should the time axis point? The answer is that its conventional to imagine the time axis pointing upward toward the future 

    There seem to me to have been two problems with Professor Minkowski's insights. First, Dr. Minkowsi's exposition was, as Albert Einstein mentions in one of his later books (“Out of My Later Years”?), a masterpiece of obfuscation. I tried to follow it more than once over the years, but I gave up on it. Second, Professor Minkowski died of a cerebral hemorrhage two years later, in 1910. I've sometimes wondered what might have happened if Professor Minkowski had lived, and had been around to elucidate and publicize his insights. 
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    Figure 5 below shows a plot of a falling body versus time. We would see it accelerating slowly at first, and then faster and faster. 
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   In each of these cases, we could imagine some three-dimensional object replacing the dots that we've been using. For example, we could imagine ourselves floating up and down in our inner-tube at the beach. And we could imagine 3-D pictures of ourselves, taken as we bobbed up and down, pasted to the wavy curve of Figure 2. If we imagined the 3-D pictures spaced closer and closer until they became continuous, we would have a 4-dimensional picture of ourselves. At each point in time, there would be a 3-D picture of us at some point along the wave. 
    Another, simpler example might be found in Figure 3. If we imagined a white marble sitting quietly upon a table, its time line would look like Figure 3, where instead of a stationary dot, we would have a stationary white marble at each point in time from t1 to t2.
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    It's not hard to imagine plotting two spatial dimensions, such as height and depth, against time as the third dimension, time.  Figure ? below depicts a fixed disk or lamina plotted against time from t1 to t2. 
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And it's not really that hard to imagine plotting three dimensions against time. 
It's like the individual frames in movie films, and especially, in 3-D movie films like Omnimax.  

    Taking it a step further, you could imagine the universe existing as a frozen four-dimensional sculpture (just like a frozen three-dimensional sculpture). Now four-dimensional sculptures aren't something most of us have tried to visualize, but as you'll see, this kind of four-dimensional sculpture is easy to imagine. Actually, although it's not hard to visualize four dimensions, we can see all that we need to see in three dimensions, or even in two dimensions. And strictly speaking, we can't even see in three dimensions. We really see stereoscopically in two dimensions, and then convert what we see into three-dimensional images in our brains. 
    Of course, we can see in four dimensions even less well than we can see in three dimensions. The past and the future are invisible to us. However, that doesn't mean they aren't there, or that we can't visualize them. Also, there's the dilemma: where does that fourth axis go?






    Actually, it's as easy as pie. Well, maybe only certain kinds of pie, but you get the idea. The best way I know to visualize the fourth dimension is to see it using "streak" or time-lapse photography. 

