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CHAPTER 1. PHYSICAL FUNDAMENTALS OF 

MECHANICS 

Jet propulsion  

One of the important 

practical applications 

of the law of 

momentum 

conservation is the jet 

motion. 

Jet propulsion is a movement that occurs when some 

part of a body separates from it at a certain speed. 

The peculiarity of this movement is that a body can be 

accelerated and slowed down without any external 

interaction with other bodies.  

The products of combustion during a thrust receive 

some speed relative to the rocket. 

In accordance with the law of conservation of 

momentum, the rocket itself receives the same impulse 

as gas, but the momentum is directed to the other side. 



Jet propulsion is characteristic of  

Fo  the fi st ti e, the idea of usi g jet p opulsio  fo  spa e 
flights was proposed by a scientist-engineer Mykola 

Kibalchych. 

Reactive technique allowed to 

look into the depths of the 

human space. 



and Ukrainian scientist Yuri Kondratyuk 

Significant contribution to the 

development of the theory of space 

technology was made by Russian scientist 

Konstantin Eduardovich Tsiolkovsky 

For the first time a spacecraft with a 

man on board was launched in the 

Soviet Union in 1961. 



 



The law of conservation of momentum is 

required to calculate the speed of the 

rocket. 

Some mass is separated from the body at 

a certain speed. 

According to the law of conservation of 

momentum, the speed of movement of 

the body will also change, that is, the 

movement of the body of a variable mass. 

The combustion products are thrown through the rocket nozzle then its body moves in the 

opposite direction. 



Let’s fi d the e uatio  that des i es the ove e t of a 
rocket and the speed of its movement. We enter the 

designation:   - mass of the rocket at time t;   - instantaneous velocity of the rocket shell relative to the selected coordinate 

system x, y, z; 

 - speed of combustion products relative to the same coordinate system x, y, z; 𝑑   - change in the speed of the rocket shell; 𝑑  - mass of combustion products discharged during time dt;  𝑑  - outflow of external forces. 

Let's write the second law of Newton: the force impulse 

equals the change in the momentum of the system "rocket-

products of combustion" 𝑑𝑃 = 𝑃 + 𝑑 − 𝑃 = − 𝑑  + 𝑑  − 𝑑 −    𝑑 = 𝑃 + 𝑑 − 𝑃 = − 𝑑  + 𝑑  − 𝑑 −    𝑑 =  + 𝑑  − 𝑑  − 𝑑 𝑑  − 𝑑 −   𝑑  𝑑 =  +  + 𝑑𝑑  

Neglecting the addend 𝑑 𝑑   that is much smaller than the 

others, since it is a product of two infinitesimal quantities, we 

obtain 

The vector sum  +  gives the velocity  of the gases relative to the shell of the rocket. Its 

value remains unchanged, since it is determined by the design of the jet engine nozzle. 



The equation of Meschersky  

(Russian scientist, 1859-1935) 𝑑  𝑑 =  + 𝑑𝑑  

The second addend in the equation has the dimension of 

force and is called the reactive force that arises due to the 

change in body weight over the time 
 𝑗𝑒𝑡 = 𝑑𝑑  

Tsiolkovsky (Russian scientist, 1857-1935) solved the 

Meschersky equation for the case of the absence of 

external forces  =  with the initial conditions: for = ,𝑉 = ,  =  , where  isthe start mass of the 

rocket. = ∙  

Tsiokolsky's equation 



Tsiokolsky's equation shows that the ultimate speed of a rocket is proportional to the relative 

velocity of gas leakage,and the larger the ratio of starting mass  to the final mass , 

the greaterthe ultimate speed of a rocket.  

To increase this ratio 

Tsiolkovsky proposed 

multi-stage jet engines. 

It is structurally impossible to (make) 

manufacture a light casing of the engine, 

refueling it with a large amount of fuel.  

The modular engine body allows you to increase the ratio 
𝑚0𝑚 , and as a 

result to increase the ultimate speed of the rocket. 



Escape velocities  

The first escape velocity is called the 

minimum speed that a body needs to be 

able to move around the Earth in a 

circular orbit (h<<R), that is to turn into 

an artificial satellite of the Earth: 

The second escape velocity is called the 

smallest speed that a body needs to be 

provided with, so that it can overcome 

the attraction of the Earth and become a 

satellite of the Sun. In this case, the 

kinetic energy of the body has tobe equal 

to the work carried out against the forces 

of gravitation: 

The third escape velocity is called the 

speed required to be given to the body 

on Earth, so that it left the limits of the 

solar system, overcoming the attraction 

of the Sun: 

𝑅 = 𝑀𝑅 = 𝑔   

= 𝑀𝑅 = 𝑔𝑅 = ,9 /  

=  𝑀∞
𝑅 𝑑 = 𝑀𝑅   = 𝑔𝑅 = ,  /  

= ,  /  


