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As an object moves, it’s mass increases, and time goes slower for the object. Exactly determining the position and momentum of an object is impossible. A particle is mostly here, but partially there, and partially somewhere else. A vacuum consists of electrons with negative mass. In vacuum, particles appear out of nothing for a very short period of time and then disappear. These statements seem absurd from the common point of view, but in fact they are very real and can be easily proven by experiments and by the laws of modern physics.

In Newtonian physics, everything is simple. Newton said “Absolute space in it’s own nature, without relation to anything external, remains always similar and unmovable.” He also asserted in the principia, “Absolute true and mathematical time, of itself, and from it’s own nature flows equably without relation to anything external, remains always similar and immovable”. The physics Newton built was based on three main ideas: Newton’s first law (Galileo’s principle of inertia) stating that an object at rest tends to remain at rest unless acted on by an external force; Galilean transformation of inertial frames: 
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 (Krane 18), and the law of conservation of momentum 
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These ideas seemed self-evident and no one even tried to doubt them, until two American scientists, Micheleson and Moorly performed an experiment in which they discovered that the speed of light is the same to any moving object traveling at any speed in any direction. This means that if someone measures the speed of light from the sun when traveling away from the sun at one mile per hour, or traveling at 500000 kilometers per second, the two measurements would be the same. This has a very unusual consequence. Consider this experiment. A person A is observing a train traveling close to the speed of light. Person B is traveling in the train. Person B sends a beam of light from the floor to the ceiling and it reflects back down. If the ceiling is two meters high, then person B in the train says the beam light traveled 4 meters. Since the train is moving fast relative to person A, he says that the light traveled more than four meters. In classical theory, this could be explained by saying that the light travels faster because it is in a moving train. According to Micheleson and Moorly’s experiment, this could not happen because the speed of light is the same to any moving object traveling at any speed in any direction. So, according to the fundamental formula 
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 didn’t change and 
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 got larger because the light went a longer distance, then 
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 should also get larger, and so time on the train goes slower (Haliday 1111). 

Another experiment that can be done to disprove the classical theory is about the addition of speed. In classical theory, if a train is traveling half the speed of light relative to a lamp in a train station, and a person on top of the train is running at half the speed of light relative to the train, then the person on top of the train would catch up to the light coming from the train station. According to Micheleson and Moorly’s experiment, this is impossible. This can be explained if the person on the train becomes shorter relative to everything else, or everything else becomes longer relative to the person.

If an object is accelerating away from a light source, according to classical theory, it would eventually catch up to the light, no matter how small the acceleration is. But according to Micheleson and Moorly’s experiment, this is impossible. Therefore, scientists hypothesized that the faster an object moves, the more mass it has, and the mass goes to infinity as the speed goes to the speed of light, thus it never can accelerate to the speed of light.

Now consider a big disc rotating in a room. Person A is placed on this disk without knowing that the disc is rotating. Person B is standing in the room and is not moving relative to the room. Person A notices three things: a force that pulls all objects from the center, time travels slower farther away from the center and things become shorter farther away from the center. Person A does an experiment by measuring the radius r and circumference c of the disc using little rulers. Since the rulers become shorter when placed farther away from the center in the direction of the movement, he will find that 
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. Then person B sends a light ray across the room. Person A will say that this ray of light went not straight but curved. From the last two experiments, person A will conclude that space is curved on the platform (Gamow 55).

If a rocket in outer space were accelerating, a person in this rocket would feel a force pulling him to the floor. In fact, this person would not notice any difference between this force and gravity. If this person sends a light ray across the rocket, the ray would curve in the same way the ray curved in the previous experiment. So, gravity can be interpreted as curvature of space in which time travels slower and things become contracted (Gamow 56).

This all reasoning is the subject of the theory of relativity, developed mostly by Einstein. This theory is saying the exact opposite of what physicists firmly believed from the times of Newton till the beginning of 20th century. They thought that space and time are independent. This is certainly not true because of the last experiment mentioned. But, as was shown by Einstein, the difference between classical and relativistic physics becomes noticeable only at speeds, which are close to the speed of light. So, the conclusion is that Newtonian physics is good in common life but fails at very extreme speeds.

Another extreme, where classical physics does not work is the case of very large distances, which is when we investigate the universe. Ukrainian physicist, George Gamow, proposed a theory in which he said that the universe started out as a small but very massive object and then exploded making stars, planets, and galaxies. The universe is now expanding from this explosion, which is called the big bang. If all the matter in the universe put together had a mass above a certain mass called the critical mass, then the universe would be a closed universe and some day would collapse into the same massive object from which it started out and then would explode again creating a pulsating universe. If the universe had less mass than the critical mass, then the universe would keep on expanding forever. However, the universe seems to have more mass than the critical mass, so some day it will collapse. This also means that a light ray sent in any direction would travel across the whole universe and come back to the same point, but it would take a very long time (thousands of billions of years) (Gamow 66).

We see that the world of very high speeds and very large distances is not a Newtonian world. Is it the only world that is hostile to classical physics? The answer is probably “not” because there is another extreme: the world of tiny distances and particles. Scientists found that in this tiny world even more strange things happens with Newtonian physics. It always was considered true that there is a definite difference between matter (particles), and waves (electromagnetic waves). However, in the early 1900s, some experiments left physicists doubting this. This lead to very unusual discoveries and the hunt for the theory of everything (which has not been discovered, yet).

In 1900 German physicist, Max Plank did an experiment in which he made a box out of a material that is black and does not reflect electromagnetic radiation. The box should emit electromagnetic waves because of its temperature. Due to its size, and because the amplitude of an electromagnetic wave at the surface of a metal is zero, it should emit waves of discrete wavelengths. It also should emit more waves of low wavelengths, since low wavelength waves could be arbitrary small. (Low wavelength waves have high energy). But this didn’t happen. The most waves were emitted at a certain wavelength range, and lower and higher wavelengths were emitted less. This could only be interpreted if energy existed in discrete bundles called quanta. Here was a ground braking discovery. So, there is a limit to how big a wave could be, and, therefore, how small a wavelength could be. This limit is proportional to Plank’s constant  
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A little later A. Einstein did a series of famous experiments for which he was awarded the Nobel Prize. He discovered the release of electrons from a substance under the influence of electromagnetic radiation. This proved that electromagnetic waves have the momentum
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. This is called the photoelectric effect. (Gribbon 281).  

Soon, Arthur Compton discovered the so-called Compton effect, in which the X-rays increase wavelength after colliding with electrons. This proved that waves with the wavelength 
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 behave like particles with the momentum
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With all this experiments in mind, French physicist Louis DeBroglie proposed an idea that if light behaved like particles with the momentum 
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, then particles with momentum p should behave like waves with the wavelength 
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.  Since h is so small, this wave-particle duality should be noticeable only with very small particles. DeBroglie tried an experiment, in which he sent fast moving electrons through a narrow slit. If the electrons behaved like particles, they would go through the slit and keep going in a straight line. If they behaved like waves, they would diffract and come out of the slit at an angle. The electrons did diffract and DeBroglie’s proposition was correct (Krane 85).

This particle-wave duality led to another extremely strange for Newtonian physics concept—uncertainty principle. German physicist Werner Heisenburg proposed a theory that since a particle behaves like a wave of the wavelength 
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 would not be able to describe the position of the particle because it extends from negative infinity to positive infinity. However, by adding many sine curves of different k, the result can become a “wave packet” that has almost no amplitude beyond a certain area 
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 (the number of wavelengths needed to be added to get a wave of the wavelength 
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(uncertainty in position) which is 
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. If this equation is differentiated, the result is 
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When a particle is placed inside a box, it’s component waves reflect from the walls of the box and add up resulting in a lower wavelength, which means a higher momentum. Therefore, by putting a particle in a box, the particle gains momentum, and may eventually “leak out” of the box. Another way of interpreting this is if there is a wave, it is impossible to determine anything without making a mistake in the order of the wavelength. However, it is possible to measure the crests over a large area and then divide the length 
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by the number of crests and get the wavelength, but the length still can be determent only with the uncertainty 
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. But using this method, the uncertainty in the position is more. There is a simple relationship between the uncertainty in position and the uncertainty in a wave length which is 
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 where q is the position of the wave. This can be applied to particles, since particles behave like waves. The equation 
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The uncertainty principle produces many interesting phenomena. For example, if a particle is stationary, then an observer would know it’s exact momentum which is zero. This is a violation of the formula 
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would be zero and anything multiplied by zero would be zero, which does not equal 
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. Therefore, it is impossible to completely stop anything from moving. (Haliday 1163)

Both the DeBroglie wavelength and the Heisenburg uncertainty worked excellently to describe many experiments and phenomena. However, there was one problem. What did the amplitude of the DeBroglie wave mean? Austrian physicist Erwin Schrodinger was the first one to address this problem by inventing an equation that completely described the wave-like properties of particles. The time-independent Shrodinger equation is a second-order differential equation, the solution of which is a so-called wave function that gives the probability of finding the particle in a certain region of space. It also happens to correspond in some cases to the DeBroglie wave for a particle with certain mass and potential energy. 

The equation is:
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where E is the energy of the particle, V is the potential force acting on the particle, m is the particle’s mass, h is Plank’s constant, and 
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 is the amplitude of the wave function (Krane 117).

From this function, many conclusions can be derived. One of them is that when a particle is in a box, it can have only certain speeds, which can be calculated. This led German physicist Wolfang Pauli to formulate the structure of the atom. Another set of conclusion comes from interpreting the wave function so that the square of the function times the interval dx is the probability of finding the particle at that interval (121). The time dependent Schrödinger equation is 
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where 
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 is the frequency of the wave, t is time, and 
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. This equation has a very interesting conclusion that allows particles to penetrate through potential barriers (Krane 136).  This means that if a beam of n electrons has the energy E and the mass m is traveling into a barrier with the potential U and thickness L, then the number of electrons that will penetrate the barrier is nT where 
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 (here e is the base of the natural system of logarithms, having a numerical value of approximately 2.7183), where 
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. This means that some of the electrons disappear for a short period of time and reappear on the other side of the barrier. If one particle is approaching the barrier, then the value T would be the probability of the particle penetrating through the barrier. (Haliday 1166). This, according to classical physics is absurd, because in classical physics, a particle has to have a certain momentum to overcome a barrier.

According to the time-independent Schrödinger equation, in an atom, electrons have discrete energy levels (orbits) that they can be in. An electron always takes up the lowest energy level possible. Paul Dirak, when solving the Schrödinger equation for the possible energy levels for electrons in an atom ended up with a square root. This means that there could be positive and negative energy levels. Since electrons always take up the lowest energy level possible, why don’t all of the electrons disappear into these negative states? Dirak suggested that they are already taken up. Since there are infinite negative energy levels, there are infinite electrons. These electrons have negative charge and negative mass. Since they are absolutely everywhere, they are uniformly spread throughout space, and do not apply any pressure or resistance to an object moving in-between them. They fill up the vacuum. By making a hole in the vacuum (knocking a negative mass electron out), a hole is created. This hole has the opposite properties of the vacuum. It is a positive electron, or an anti-electron. When an anti-electron collides with a regular electron, they both disappear and turn into energy. This is called antimatter. (Gamow 191)

The next challenge of quantum physics was finding elementary particles. Everyone knows that mater is made of atoms, which consist of electrons traveling around a nucleus that consists of protons and neutrons. But what are protons, neutrons, and electrons made out of? To answer this question, scientists used a very elegant method. Using very big accelerators, they accelerated particles in opposite directions and crashed them into each other. They discovered that during these collisions, new particles are created. So far, they have discovered over 200 new particles. These particles have new properties such as spin, charm, top, bottom (Gamow 230)


These particles are classified into two categories: fermions and bosons. Fermions combine to form atoms and other more unusual particles, while bosons carry forces between particles and give particles mass (Encarta Encyclopedia, Elementary particles, Encarta.com).

Fermions are divided into two categories: leptons and quarks. Leptons and quarks are the most basic building blocks of matter. An electron is an example of a lepton. Each lepton and quark has an antiparticle partner, with the same mass but opposite charge. Quarks cannot be isolated because there is a force in-between them that grows stronger when the distance between the quarks increases. (like a rubber band). 

There are 6 varieties of quarks, and 6 varieties if leptons. These 12 basic types are divided into 3 groups, called generations. Each generation consists of 2 leptons and 2 quarks. All ordinary matter is made up of just the first generation of particles. The particles in the second and third generation tend to be heavier than the particles in the first generation. These heavier, higher-generation particles decay, into their first generation counterparts. These decays occur very quickly, and the particles in the higher generations exist for an extremely short time (a millionth of a second or less). Particle physicists are still trying to understand the role of the second and third generations in nature. (Encarta Encyclopedia, Elementary particles, Encarta.com).
Two views of the world have been presented above, that conflict with Newtonian physics. One is quantum mechanics, which deals with a tiny world, and another is the theory of relativity, which describes the world of huge speeds, distances and masses. It happens,  they also conflict with one another.  Using quantum mechanics, one can answer a question concerning the states of a tiny particle or a group of particles. In general relativity, things are very different. One performs calculations that compute the evolution and structure of an entire universe at a time. Thus, there is a definite rift between quantum mechanics and string theory. The purpose of physics right now is to somehow combine the two theories to make an ultimate theory; the Theory Of Everything. A promising theory that might accomplish this goal is the M-theory, which originally started out as the String Theory.

In the 1970’s physicists did experiments with the strong force. They found that some of the phenomena in those experiments could be described using Euler’s equation. However, they did not know why. After years of research, it was found that this can be justified in a string theory. String theory claims that all elementary particles and particles that carry force are tiny one-dimensional strings, which are connected at the ends to form a loop, like a rubber band. An electron, for example, is one single loop. Those loops, called super strings, vibrate. Their vibration pattern determines the mass, charge, and spin of a particle. Superstrings are considered elementary; they have no further constituents. They also have a very high tension; it would take 
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 tons to “pluck” a super string. This is the reason why super strings are so small, 
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Modern physics works like this: A physicist is given the conditions of an experiment and its possible outcome. The physicist calculates the probability of this outcome. The probabilities should be between zero and one. A string theory with one-dimensional strings vibrating in three spatial dimensions and one time dimension gave ridiculous answers such as infinite and negative probabilities. In order for these probabilities to cancel out, there would have to be nine spatial dimensions and one time dimension. This theory with strings vibrating in nine spatial dimensions and one time dimension is known as M-theory.


Why don’t we see these extra dimensions? This is because they are tiny curled up dimensions, too small to see. From a far distance, a garden hose, for example, appears one-dimensional. However, if you look more closely, the surface of the hose is two-dimensional. The six extra dimensions are curled up in much the same way. Originally, this was proposed by polish mathematician Kaluza. However, he lived in the 1920s. String theory was not around back then.


M-theory has some consequences. The most important one is super-partners. All particles have a property known as spin. This spin comes from the solution of the Schrödinger equation. Spin is represented by a number, such as 0, .5, 1, 1.5. According to string theory, just like there is a symmetry in motion: as one can say that he is standing and another person is moving, so another can say that he is standing and the first person is moving, there is a symmetry in spin. Two particles whose spin differs by one half are called super-partners. A super-partner of an electron, for example, would have a mass billions of times greater than a proton, and would instantly decay into lighter particles such as protons. In order for such particles to be created, one would have to collide two regular particles at such colossal speeds that cannot be reached by present day technology. Such a powerful accelerator is being built in Switzerland and is projected to be finished in 2010. The discovery of super-partners would confirm string theory. 


The purpose of this essay was to investigate the applicability of Newtonian physics. It was found that it serves as a good approximation for the phenomena, which we observe in our daily lives. But if one were to look too closely or to broadly at the universe, Newtonian physics is no longer applicable. The objective of physics now is to construct one theory that would describe absolutely everything, from tiny particles to the whole universe.
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