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CHAPTER 1. PHYSICAL FUNDAMENTALS OF 

MECHANICS 

Fundamental equations of dynamics  

Dynamics is a section 

of mechanics which 

studies the body 

motion taking into 

account the causes 

causing this 

movement. 

Mass (𝒎) is a scalar physical quantity, which is a 

measure of inert and gravitational properties of the 

body. It can serve as a measure of energy content. 

The main properties of the mass: 

- the mass in classical mechanics does not depend 

on the speed of motion; 

- the mass is an additive value, that is, the mass of the system of bodies is 

equal to the sum of the masses of the bodies belonging to this system; 

- in classical mechanicsthe mass of a closed system remains constant, that is, 

the law of conservation of mass is valid here as well. 



 

Density (𝝆) is a scalar physical quantity, and a characteristic of a material that is numerically 

equal to the mass of the volume unit. =  



Linear momentum ( ) is a vector physical quantity equal to the product of the mass of the body 

by its velocity.  =   
Force (𝑭) is a vector physical quantity that is a measure of mechanical action on a body, other 

bodies or fields. 
- Strength is characterized by a module 

(numerical value), a direction and an 

application point. 

- The straight line along which the 

force is directed is called a line of 

force. 

- The force of action can be static and 

dynamic.  

- Static action is manifested in the 

occurrence of deformations, dynamic 

can be seen in the occurrence of 

accelerations. 

- The form of the formula for 

calculating the force depends on the 

nature of the interactions. 



Types of interactions 

Gravitational interactions. The 

law of universal gravitation. 

=  = . ∙ − ∙
 

If one of the interacting bodies is Earth, and the body with mass m 

is at an altitude h from the Earth's surface 

= + ℎ  
≈ , ∙ kg – Earth’s mass ≈   km - the average radius of the Earth 

On the surface of the Earth (or near the surface) ℎ ≈   =  =  𝑭𝒈𝒓𝒂𝒗𝒊𝒕𝒚 = 𝒎𝒈 



Free fall of bodies is a movement that a body would perform under the 

action of the gravitation force only with out air resistance, which is in 

fact the movement of the body in air free space (vacuum).  

Movement of bodies at free fall is equally 

accelerated. 

 

The acceleration of free fall  = ,    

Bodies are in free fall and 

they move vertically 

upward: 

The body thrown 

vertically upward  

The body falls from 

height ℎ 

Kinematical equation is  =  + 𝑎   = +  + 𝑎 /  = 𝑎 /  = +  ℎ = +  

𝑖   𝑎  = ℎ/  𝑖  =   𝑖  𝑎  = ℎ = −  ℎ = −  

𝑖 𝑖  𝑖  = /  𝑖 𝑖  ℎ 𝑖 ℎ  ℎ = /  

The position location of the body at any time  𝒚 = 𝒚𝟎 + 𝒗 𝒚𝒕 + 𝒈𝒚𝒕𝟐/𝟐 



Body weight is a force that presses on the support or stretches the suspension. 

In each case the weight is determined according to the 

condition of the task: 

𝑏 =  

= + 𝑎  

= cos 𝛼 = − F sin 𝛼 

= − 𝑎  

= − 𝑎  = + 𝑎  



Types of interactions. Electromagnetic 
interactions. 

Forces of elasticity and frictional forces are the manifestation of 

special cases of electromagnetic interactions.  

Hooke's Law. 
Some deformations (ie, change in the size and shape of 

the bodies) can occur under the influence of external 

forces. If after the cessation of the forces the former 

form and size of the body are restored, then the 

deformation is called elastic. 

𝑥 = − ∆  

Another: Mechanical stress is directly proportional 

to the relative deformation of the body 

The strength of the 

elasticity is 

proportional to the 

deformation of the 

body: 𝜎 = 𝜀 𝜎 = ⦜
 𝜀 = ∆  

where ⦜ - elastic force acting perpendicular to 

the cross-sectional area of rod ; 𝜀 - relative deformation of the body; ∆  - absolute deformation of the body; 

 - initial body size; 

 - the Yung module.  - rigidity of the spring;  - absolute 

deformation of the body 



The law of dry friction The law of viscous friction 

Any body moving in a viscous (liquid or 

gaseous) environment goes under the 

effect of the force that inhibits its 

movement. = −  

Stokes formula 

𝑆 = 𝜂  

Buoyant force - Archimedes law  

𝐴 = 𝑙  



Basic laws of the dynamics of the material 

point (Newton's laws) 
Newton's first law 

Every body maintains a state of rest or even straight motion 

until the actions of other bodies do not change this state. 

Newton's second law 

The rate of change in the body's impulse is equal to the 

resulting forces acting upon the body: 

 =  
  =  =  +  

 =          =   =  =  
  = 𝑎  

The resultant of all the forces acting on the 

body is equal to the product of the mass of 

the body multiplied by its acceleration. 



The basic equation of the 

dynamics of the material point: 
 =  

 

Newton's third law 

The forces that two bodies interact with are equal in 

magnitude and opposite in direction. = −  

The set of material points (bodies) allocated for consideration is called the mechanical 

system. 

Internal forces are caused by the interaction of 

the bodies that belong to the system. 

External forces are caused by the interaction 

with bodies that are not part of the system. 

A system is called closed, if external 

forces do not act on it. 



Let’s o sider the syste  of odies that i tera t 
with each other and with external bodies. 

For each body now we write the second 

Newton’s law. 

𝑑 1𝑑𝑡 =  − +  − +  𝑑 1𝑑𝑡 =  − +  − +  𝑑 1𝑑𝑡 =  − +  − +  

The rate of change in the total impulse of a 

body system is equal to the principal vector of 

external forces.  =   If system is closed 
 =  

The momentum of a closed system of 

material points (bodies) does not change. 

+ + =  + + =  


