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In this section, your attention is drawn to a practical 

experience about this phenomenon.

General Phenomenon

In this section, we focus on the postulates of general relativity

Postulates of Special Relativity

In this section, we focus on theory of Time Dilation and its practical 

applications

Theory of Time Dilation

Here is a brief introduction to theory of Length Contraction, another 

theory similar to Time Dilation 

Length Contraction & Paradoxes
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01General Phenomenon



• Imagine a situation where you are standing 

still on a platform in a train station.

• You observe that the speed of a passing train 

is two coaches per second.

• Now imagine that you are running in the same 

direction as the train at half the speed of the 

train.

• Then you can see that only one train coach 

passes you per second.



• Now imagine the train passing you as a light 

ray.

• You observe that it travels at the speed of light

.

• Now imagine that you are running in the same 

direction as the train at half the speed of light.

• Theoretically, you should see that the light ray 

travels at half the speed of light.

• But you can still see that the light beam 

traveling at the same speed as light!



02Postulates of SR



• A frame of reference which the Newton’s law 

of Inertia holds.

• In such frame no external force acted and will 

move in a constant velocity.

• Basically, any set of axes moving with uniform 

velocity is known as a inertial frame of 

reference.

Inertial Frames



1. All the laws of physics are the same in all inerti

al reference frames. (Principle of Relativity)

2. The speed of light in a vacuum is the same 

(3.0 x108 m/s) in all inertial reference frames 

regardless of the motion of the observer or 

source. (The principle of the constancy of 

the speed of light.

Postulates of SR theory



03Theory of Time Dilation



• Now again consider the example of the train 

discussed earlier.

• The phenomenon can be explained by the 

fact that time flows slower when 

you run fast.

• That phenomenon is known as Time Dilation.

• Time dilation is a difference in the elapsed

time as measured by two clocks due to a 

relative velocity between them.

• The faster you move through space, the 

slower you move through time.

Time Dilation due to speed
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1. The Hypersonic Technology Vehicle 2 

(HTV-2) is an experimental rocket vehicle 

capable of traveling at 21,000 km/h 

(5830 m/s). If an electronic clock in te

HTV-2 measures a time interval of exactly 

1-s duration, what would observers on 

Earth measure the time interval to be?
Solution :

𝑡 =
𝑡0
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𝑐2
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1 𝑠
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(3 × 108)2

𝒕 = 1.000000000189 s



1. How fast must a vehicle travel for 1 second of 

time measured on a passenger’s watch in the 

vehicle to differ by 1% for an observer 

measuring it from the ground outside?

Solution :

𝑡 =
𝑡0

1 −
𝑣2

𝑐2

1.01 𝑠 =
1 𝑠

1 −
𝑣2

(3 × 108)2

𝒗 = 4.2 × 𝟏𝟎𝟕 m 𝒔−𝟏



• Consider an object falling from space toward 

earth.

• As it reaches the Earth’s surface,

its velocity increases.

• As we discussed before “The faster 

you move through space, the slower you 

move through time.”

• Also the intensity of the gravitational field on 

the Earth’s surface is greater than in space.

Time Dilation due to gravity



• Therefore, we have to modify our 

definition for time dilation as below.

• Time dilation is a difference in the elapsed time as 

measured by two clocks due to a relative velocity 

between them or to a difference in gravitational 

potential between their locations.



• Consider a GPS satellite which is orbited 

around Earth.

• Those satellites move at a speed of 

about 29000 km/h. 

• Because they are so far away from 

Earth’s center, the intensity of the 

gravitational field they feel is low.

• As a result, the clocks on those satellites 

shows different time at about 38 

microseconds per day.

GPS Satellites



• Although 38 microseconds is a very short 

time, this error can cause a difference of 

about 10km in the GPS on Earth.

• In that case, if we were not able to 

deal with the theory of time dilation,

the entire GPS will be useless.

• Because of this, the engineers on those 

satellites regularly adjust the time on the 

clocks.



04Length Contraction &

Paradoxes



• Now again consider the example of the train 

discussed earlier.

• Suppose the length of a train coach was 

exact half as long as the train was 

moving.

• Then we have another solution for the 

problem we had earlier.

• Length contraction is the phenomenon that a 

moving object's length is measured to be 

shorter than its proper length, which is the

length as measured in the object's own rest 

frame.

Length Contraction



• Formula for length contraction,

𝐿 = 𝐿0 1 −
𝑣2

𝑐2

𝐿 = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑏𝑦 𝑎𝑛 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑟
𝑜𝑢𝑡𝑠𝑖𝑑𝑒 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑓𝑟𝑎𝑚𝑒.

𝐿0 = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑏𝑦 𝑎𝑛 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑟
𝑖𝑛𝑠𝑖𝑑𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑟𝑎𝑚𝑒

𝑣 = 𝑆𝑝𝑒𝑒𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑏𝑗𝑒𝑐𝑡
𝑐 = 𝑆𝑝𝑒𝑒𝑑 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡



• As we discussed earlier, when we travel fast, 

the time ticks slowly.

• So if we can move at higher velocities, 

theoretically we will be able to 

move through time.

• But in this way we can only move through time 

into the future.

• There are several theories that prove that 

time travelling is not possible.

Is time travelling possible?



• There are some mind experiments done by 

several scientists to prove that

time travelling is not possible. Such as,

1. Grandfather Paradox

2. Twin Paradox

• As well as, there are some explanations to 

resolve them.

Paradoxes for Time Travelling



Any Questions?
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