Lesson 1: SPECIAL THEORY OF RELATIVITY

Relativity is a concept originally developed by Galileo. He found that the apparent motion of an object depended on the frame of reference of the observer. For example, let's say an observer is watching a ship quickly sail by at a constant velocity. As he watches, a sailor working at the top of the mast drops his hammer.

From the frame of reference of the sailor, the hammer falls more or less straight downward:
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From the frame of reference of the observer, the hammer moves forward as well as down, along with the ship. We're assuming that the ship is moving at quite a high speed.
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In both cases, the laws of motion hold true. In other words, any time we say an object is in motion, it is relative to a particular frame of reference. It is equally true that there is no absolute or "preferred" point from which to measure motion.

Inertial Frames of Reference

[image: image1.png]



In our example above, both the sailor and the observer are in inertial frames of reference. Inertial refers to the fact that the frame is neither accelerating nor decelerating. The frame is an area in which the laws of physics work the same for all observers within it.

The most commonly-used inertial frame of reference is the Earth. For example, if we are calculating the distance traveled by a car, we do not need to account for the Earth's rotation or its orbit around the Sun.

The concept of the inertial frame of reference is key to Galilean and Newtonian physics. Using their laws of physics, one could successfully measure motion on Earth. However, Newtonian physics tends to break down when applied to high speeds. In particular, the nature of light continued to confound physicists of the day.

THE MICHELSON-MORLEY EXPERIMENT

Maxwell's work with electromagnetic waves helped answer a few questions. He proved that light was an electromagnetic wave. Since electromagnetic waves can travel through vacuum, there was no longer any need for the hypothetical ether (or any other medium) as a means of transmitting light waves. However, Maxwell's equations required the ether as an absolute frame of reference - in other words, electromagnetic waves traveled in relation to the ether.

Albert Abraham Michelson, near the end of the 19`h Century, was the physicist who had most accurately measured the speed of light (to within a few metres per second). He teamed up with Edward Morley, a chemist and physicist, to use this knowledge to determine the nature of ether. They theorized (as did most scientists of the day) that the ether would affect light in the same way that wind affects the speed of sound.

In 1887, Michelson and Morley designed an experiment to compare the speeds of light travelling in two perpendicular directions relative to the Earth's motion through the ether. They expected to find a difference in the measured speed of light depending upon how their apparatus was oriented with respect to the ether. To detect such a small difference in speed, Michelson and Morley used an interferometer that produced an interference pattern between two parts of a split beam of light moving in different directions with respect to the ether. Any small difference in the velocity of light along the two paths would be indicated by a change in the interference pattern as the apparatus is rotated.
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The Null Result

After performing the experiment, they were puzzled. They had obtained a null result- it was as if there was no ether at all! This caused a great stir in the scientific community, most of whom (including Michelson and Morley) believed that they had made some sort of error. However, every experiment that followed, no matter how refined or accurate, utterly failed to detect any evidence of ether. Many scientists began to wonder if the ether did, in fact. exist.

EINSTEIN'S SPECIAL THEORY OF RELATIVITY

Albert Einstein was one such scientist. He (and others) noted that c, the speed of light in a vacuum, was a constant value-it does not vary with the speed of the observer. Also, it does not depend on the speed of the object emitting the light. From these, he developed the two postulates of his special theory of relativity.

1.
The laws of physics in all inertial frames of reference are the same. Those laws are independent of location in space or time.

2.
The speed of light in vacuum is the same for all observers, regardless of the motion of the source or observer.

The second postulate effective eliminates the need for ether as a frame of reference, because motion can be described relative to the constant c.

In order for the second postulate to be correct without breaking the first postulate, there are some interesting conclusions. If velocity is absolute, then distance and/ or time cannot be. Velocity is equal to distance divided by time (v= d/t). If v does not change (is absolute), then distance and/or time must change. That is, distance and time depend on the frame of reference. To use time as an example: time is not the same in all frames of reference.

SIMULTANEITY

Because light requires a finite time to travel from one point to another, two observers may not see events at the same time.


In the case above, an observer on the space station will see the event in space before the observer on Earth. This makes sense because the light from the event must travel farther to the Earth than to the space station.

Events that are observed to be simultaneous in one inertial frame of reference may not be observed to be simultaneous when observed from a different inertial frame of reference. For example, let's consider the following situation:

Situation

• Observer one (O2) is moving very fast in a flat bed train car to the right. 
• Observer two (O2) is stationary as shown.

• Observer one is sitting midway between two light sources. 

• The two lights are turned on at the same time when observer two is the same distance from both lights.

Observations

• Observer two will observe the two events (light 1 and light 2 turning on) at the same time - simultaneously.

• Observer one will see light 2 before light 1 because O1 moves toward light 2, decreasing the distance the wave has to travel, and away from light 1, increasing the distance this wave has to travel.

Inertial frames of reference are at rest or move at a constant velocity








