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Abstract

This paper discusses Galilean/Newtonian Relativity and Einstein’s Special Relativity as it

relates to time dilation. Both theories agree that the laws of physics are the same for all inertial

reference frames. However, there is a disagreement between the two theories on what are

considered invariants and variants. Some of these include the speed of light, simultaneity, and

time. Multiple experiments were conducted to attempt to answer these questions. Both

Maxwell’s equation and the Michelson-Morley experiment addressed the speed of light. A

thought experiment involving lightning striking both sides of a moving train was used to discuss

simultaneity’s non-invariance. The thought experiment involving light clocks was used to discuss

time’s non-invariance. Using this, scientists were able to derive an equation to calculate time

dilation.

Introduction

Galilean/Newtonian Relativity is founded on the idea that the laws of physics are the

same for all inertial reference frames. An inertial reference frame is a point of view that is not

accelerating. In an accelerating reference frame, the laws of physics are not the same due to the

presence of fictitious forces. If something is invariant, it does not change from reference frame to

reference frame. If something is variant, it does change. Velocity and location are considered

variant, as the apparent position and speed of objects changes depending on the frame of

reference. Galilean/Newtonian Relativity defines the following as invariant: mass, time,



acceleration, force, distance, and simultaneity. However, studies of special relativity (Maxwell’s

approximation, Michelson-Morley experiment, train-lightning thought experiment) prove

otherwise.

James Maxwell was able to make an approximation for the speed of light using the

knowledge of its property to generate both electric and magnetic fields. He determined the

following equation,

where C is the speed of light, 𝜇 is the strength of the magnetic field, and ϵ is the strength of the

electric field. Therefore C was approximated at about 3 * 108 m/s .

However, scientists still had some questions about the speed of light. The

Michelson-Morley experiment was a failed attempt to find a hypothesized medium for light

called the “ether”. The setup is shown in the diagram below:

Retrieved from scienceworld.wolfram.com

http://scienceworld.wolfram.com/


Light leaves the light source, goes through the beamsplitter, and reflects off both mirrors

until it reaches the detector. Scientists hypothesized that if the ether was present, one beam of

light would reach the detector before the other. However, they found that both beams of light

always reached the detector at the exact same time, which proved that light does not have a

medium and its speed is always the same. This conclusion was further confirmed by the fact that

the experiment was conducted multiple times during multiple seasons, always ending in the same

result.

To address simultaneity, scientists used a thought experiment. If lightning were to strike

both sides of a moving train simultaneously from an observer’s perspective, what would the

person inside the train observe? Because the train is moving, the light from the front of the train

would reach the person inside the train before the light from the back of the train. Therefore, the

events would not be observed simultaneously from inside the train, which means that

simultaneity is non-invariant.

Methods

Light clocks are another thought experiment that when combined with the train thought

experiment, were able to explain time dilation. The setup of the light clock is shown in the

diagram below:



The clock consists of a light source, a mirror, and a detector. The light clock times how

long it takes for the light to reach the detector after it leaves the source, which is called one

“tick”. Δt represents the time it takes for one tick in a moving observer, while Δt○ represents the

amount of time for one tick in a stationary observer (proper time). To put this in the context of

the train, the person on the train is the moving observer, while the person outside the train is the

stationary observer. Δt and Δt○ can be expressed with the equations 1 and 2 (written below),

which are a manipulation of d = rt (t = d/r).



equation 1:

equation 2:

The distance that the moving observer travels can be expressed as vΔt, because d = rt.

Using the Pythagorean Theorem, the value of L can be calculated, with the values of the legs as

D and ½ vΔt, because the clock only travels half of the total distance by the time the light reaches

the mirror. L is expressed as the following:

This value of L is then substituted into the original Δt equation, and then both sides are

squared.

4D/c2 is then replaced with Δt○
2.

v2Δt2 / c2 is then subtracted from both sides of the equation.

Δt2 is then factored out of the left side of the equation.

Both sides are then divided by (1 - v2/c2). The square root of both sides is then taken to

derive the value for Δt. This equation can be used to calculate time dilation.



Conclusion

Today, scientists have come to a better understanding of physics due to contributions

from both Newtonian and modern physics. Einstein’s equations on time dilation have helped

scientists make calculations for their particle accelerators and satellites. Though Einstein’s

equations explain physics more accurately, the effects of relativity can only be significantly

noticed at currently unattainable speeds. Therefore, Newtonian physics still plays a large role in

our daily lives and still serves to explain the forces around us.


