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Scientific bases of elementary physics courseon the example  
of the part «Conservation laws in mechanics» 

The article is devoted to the conservation laws in mechanics. In this paper, an overview of the 3 fundamental 
physical laws, which are important in physics is quite huge. Conservation laws hold of all the laws of nature a 
special position. It should be noted, however, that they are the basis for the most important calculations in 
physics and its technical applications, in some cases, allow to predict the effects and phenomena in the study 
of a variety of physical and chemical systems and processes. The conservation laws allow a relatively simple 
way, without considering the forces acting on the body and without motion tracking system of bodies, to 
solve a number of practical problems. 

Keywords: impulse, energy, angular momentum, homogeneous, isotropic, closed system, the increased com-
plexity of the problem. 

 
The conservation laws — the fundamental physical laws, according to which, under certain conditions, 

some measurable physical quantities characterizing a closed physical system does not change over time. 
The philosophical background to the discovery of these laws were laid more ancient philosophy, and Des-
cartes and M.V. Lomonosov. 

Some of the conservation laws are carried out always and under all conditions (for example, the laws of 
conservation of energy, momentum, angular momentum, mass, electric charge), or, at least, have never been 
observed processes, contrary to these laws. 

The value of conservation laws in mechanics and physics huge. In addition, and most importantly, open 
to the mechanics of the laws of conservation of momentum and energy in physics play a huge role, far be-
yond the scope of most mechanics. Even in those cases, when the laws of Newtonian mechanics can not be 
used (for example, the motion of electrons in the atom), the laws of conservation of mechanical variables do 
not lose their value. They apply both to the bodies of normal size, and to the cosmic bodies and elementary 
particles. 

It is the universality of the conservation laws and their applicability to all the phenomena of nature, and 
not only to the mechanical make these laws is very important. 

Conservation laws hold among all the laws of nature, a special place. The generality and universality of 
the conservation laws determine their great scientific, methodological and philosophical significance [1]. 

The discovery and synthesis of conservation laws occurred with the development of the whole of physics. 
The most important conservation laws are valid for any isolated systems, are: 
 the law of conservation of momentum; 
 thelaw of energy conservation; 
 the law of conservation of angular momentum; 
The laws of conservation of energy, momentum and angular momentum are, as it turned out, very deep 

origin, associated with the fundamental properties of space and time — homogeneous and isotropic. Namely, 
the law of conservation of energy is related to the homogeneity of time, and the laws of conservation of mo-
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The law of conservation of mechanical energy: 
In an isolated system, where there are conservative forces, the mechanical energy is conserved. 
The law of conservation of mechanical energy linked to the homogeneity of time, i.e., invariance of 

physical laws on the selection of the starting time. For example, when the free fall of the body in the gravita-
tional field of its speed and distance traveled depend only on the initial velocity and duration of the free fall 
of the body and does not depend on when the body began to fall. 

In order to introduce the concept of mechanical energy on the basis of Newton's law II, the concept of 
work. We proceed to solve highly complex challenges. 

A chain of mass m = 0.80 kg and length l = 1.5 m rests on a rough-surfaced table so that one of its ends 
hangs over the edge. The chain starts sliding off the table all by itself provided the overhanging part equals 
η = 1/3 of the chain length. What will be the total work performed by the friction forces acting on the chain 
by the moment it slides completely off the table? [6]. 

 
Given: 
Chain 
m=0,8 kg 
l=1,5 м 

 

Solution: 
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If the body is rotating, it introduced its momentum. 
The moment of momentum of the system can be changed only under the action of the total moment of 

the external forces. Hence it follows directly follows another important conclusion — the law of conserva-
tion of angular momentum: 

The angular momentum of a closed system of particles remains constant, that is it does not change with 
time, and this is true for the angular momentum taken with respect to any point of the inertial reference sys-
tem. 

Thus, in the inertial reference system the angular momentum of a closed system of particles 

  .iL L r const 
 

 

Demonstrate the law of conservation of angular momentum can be with the help of Zhukovsky bench. 
Let the man sitting on the bench, which is without friction rotates around a vertical axis, and holding in his 
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outstretched hands dumbbells (Fig. 6) is shown in rotation with angular velocity of the 1.  If the person will 

squeeze the dumbbells to her, the moment of inertia of the system is reduced. Since the moment of the exter-
nal forces is zero, the moment of momentum of the system conserved, and the angular velocity 2  increases. 

Similarly, a gymnast during a jump is running out to the torso arms and legs to reduce its moment of inertia 
and thereby increase the angular velocity of rotation. 

 

 

Figure 3. Demonstration of the law of conservation of angular momentum  
with the help of Zhukovsky bench 

 
The law of conservation of angular momentum plays such an important role, as the laws of conservation 

of energy and momentum. Already in itself it does not allow in many cases a number of significant conclu-
sions about the properties of various processes, it is not going into their detailed consideration.  

Of particular interest are the cases where the angular momentum L


 conserved for open systems in 
which, as is known, the momentum p


varies with time. 

The reasoning that leads to the law of conservation of angular momentum is entirely based on the valid-
ity of Newton's laws. And as is the case in systems that do not obey these laws, such as electromagnetic radi-
ation systems, atoms, nuclei, and others? 

Given the huge role played by the law of conservation of angular momentum, in physics the concept of 
angular momentum to extend the non-mechanical systems (which are not subject to the laws of Newton) and 
postulated the law of conservation of angular momentum for all physical processes. 

Such an expanded the law of conservation of angular momentum is no longer a consequence of New-
ton's laws, and is an independent general principle, which is a generalization of experimental facts. Along 
with the laws of conservation of energy and momentum conservation law of angular momentum it is one of 
the fundamental laws of nature. Consider the problem of increased complexity in the law of conservation of 
angular momentum. 

The horizontal plane is the thread coil. Coil pull a thread. At what angle α between the force and the 
horizontal coil will accelerate in the direction of the thread taut? [7]. 

 

Ре
по
зи
то
ри
й К
ар
ГУ



Серия «Физика». № 1(85)/2017 

Given: 
Coil of threads 
R 
r 

      

The c

point 
this p

cosα

α α

α-? 
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the addition. This means that the cha
acteristics of a system of bodies. Th
time: the homogeneity of space, tim
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So the equation of continuity — it 
Torricelli — the law of conservation
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Т.С. Ковель, Л.Ф. Ильина  

Научные основы элементарного курса физики  
на примере раздела «Законы сохранения в механике» 

Статья посвящена законам сохранения в механике. В работе приведен обзор трех фундаментальных 
физических законов, значение которых в физике является достаточно огромным. Законы сохране-
ния занимают среди всех законов природы особое положение. Следует отметить и то, что они яв-
ляются основой важнейших расчетов в физике и ее технических приложениях, позволяют в ряде 
случаев предсказывать эффекты и явления при исследовании разнообразных физико-химических 
систем и процессов. Законы сохранения позволяют сравнительно простым путём, без рассмотрения 
действующих на тела сил и без прослеживания движения тел системы, решать ряд практически 
важных задач.  

Ключевые слова: импульс, энергия, момент импульса, однородность, изотропность, закрытая сис-
тема, задачи повышенной сложности. 

 
 

References 

1 Irodov I.E. The basic laws of mechanics, Moscow: Prosveshchenie, 1988, 251 p. 
2 Gel'fer Yu.M. Conservation laws, Moscow: Nauka, 1967, 264 p. 
3 Kikoin I.K., Kikoin A.K. Physics: textbook for 9 kl., Moscow: Prosveshchenie, 1992, 191 p. 
4 Stepanova G.N. Collection of problems in physics: for 9–11 class. secondary institutions, Moscow: Prosveshchenie, 1997, 

256 p. 
5 Trofimova T.N. Physics Course, Moscow: Vysshaya shkola, 1990, 478 p. 
6 Savelyev I.V. Problems in general physics, Moscow: Nauka, 1982, 272 p. 
7 Vorobyov I.I., Zubkov P.I., Kutuzov G.A. et al. Textbook, Novosibirsk: Novosibirsk State University, 1999, 370 p. 

 
 
 
  

Ре
по
зи
то
ри
й К
ар
ГУ




