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CHAPTER 1. PHYSICAL FUNDAMENTALS OF 

MECHANICS 

Elements of the special theory of relativity 

The generalization of the principle of relativity for all physical phenomena was carried out by A. 

Einstein in the special theory of relativity. It turned out that the coordinates and time in 

different inertial reference systems are related to the Lorentz transformations  and not Galileo. 

However, at low speeds of relative motion of reference systems (compared with the speed of 

light in a vacuum = , ∙ 8 𝑚𝑠 = ∙ 8 𝑚𝑠 ), Lorentz transformations become Galilean 

transformations. 
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If 𝒗 ≪ 𝒄, then − 𝑣2𝑐2 ≈   Lorentz transformation 

will then transform into Galileо transformation. 
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Galileo transformations 



If 𝒗 > , then − 𝑣2𝑐2 <  

This means that the transformation does not make sense, since 
motion with 𝑣 >  is impossible. From the Lorentz transformations it 
is evident that time and spatial coordinates are interconnected. 

 

Using Lorentz transformations, one can obtain 

the relational law of adding velocities: 𝑉 = 𝑣′ + 𝑣+ 𝑣2 𝑣′ 
If 𝑣 and 𝑣′are much smaller than the speed of 

light, then 𝑉 = 𝑣′ + 𝑣 

This means that the equation goes into the classical law of adding velocities. 



Consequences of the Lorentz transformations 

1.The concept of the simultaneity of events is relative and not absolute as defined in classical 

mechanics. This means that the simultaneous events occurring at different points of system K' 

will be non-simultaneous in system K. 

2.Relative time interval between events ∆𝜏 = ∆𝜏0− 𝑣22  

where ∆𝜏0is time interval measured by the clock moving along with the body (own time); ∆𝜏is the time interval in the system of decomposition moving with velocity 𝑣. 

From the obtained formula it turns out that the time itself is less than the time measured by 

the clock moving relative to the body. 

3. Reduction of linear dimensions in the 

direction of motion (Lorentz reduction) 
= 0 − 𝑣22  

where 0is the length of the body in the reference system, relative to which it rests (its own 

length);  is the length of the body in the reference system, relative to which it moves at  

velocity 𝑣. 

Only longitudinal dimensions change, the transverse ones remain constant. 



Basic relations of relativistic dynamics 

1. Einstein showed that the mass of the body is 

a function of the speed of motion: 
= 0− 𝑣22  

where 0is mass of the body in the reference system in the state of rest (rest mass);  is 

the mass of the moving body. 

2. Relativistic linear momentum 𝑝 = 𝑣  𝑝 = 0𝑣 − 𝑣22  

3. The relativistic expression of Newton's 

second law 

𝑡 0𝑣 − 𝑣22 =   



4. Relations of mass and energy 

Complete (relativistic) energy = 2 

The rest energy of the particle 0 = 0 2 

The total energy of a body is equal to the product of its relativistic mass per square of the 

speed of light in a vacuum. 

Every change in body’s weight on ∆  is accompanied 

by a change in its energy by the value: 
∆ = ∆ 2 

5. The relativistic expression for kinetic energy has the form: 𝑘 = − 0 = 2 − 0 2= 0 2− 𝑣22 − 0 2 𝑘 = 0 2 − 𝑣22 −  



The connection of the kinetic energy with the linear momentum of a relativistic particle: 

𝑝 = 𝑘 𝑘 + 0  

The theory of relativity does not deny the existence of absolute values and concepts. It states 

that a number of concepts and quantities, which were considered absolute in classical 

physics, are in fact relative. 

 

Relativistic effects for ordinary macroscopic bodies and normal velocities are so small that lie 

far beyond the limits of practical precision. 

 

In most branches of technology, classical physics "works" as well as before. 


