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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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mentum and angular momentum — according to homogeneous and isotropic space. The foregoing should be
understood in the sense that these conservation laws can be derived from Newton's second law, when he was
joined by the corresponding symmetry properties of space and time.

Opening the possibility of a different approach to the various mechanical phenomena, laws of conserva-
tion have become very powerful and effective tool for the study, which routinely use physics. This essential
role of conservation laws as a research tool due to a number of reasons.

1. The conservation laws do not depend on the particle trajectories, nor the nature of the active forces.
Therefore, they provide a number of very common and important conclusions about the properties of various
mechanical processes, without going into a detailed examination of their using the equations of motion.
If, for example, it turns out that such a process is contrary to the laws of conservation, we can just assert that
this process is impossible and pointless to try to implement it.

2. The fact that the conservation laws do not depend on the nature of the forces makesthem even when
the forces are unknown. In these cases, the conservation laws are unique and irreplaceable research tool.
Thus, for example, is the case in elementary particle physics.

3. Even in those cases where the force is exactly known conservation laws can be of great help in solv-
ing many problems of the motion of particles. While all of these problems can be solved with the help of the
equations of motion (in this respect, from the conservation laws we do not get any additional information),
attracting conservation laws often provides a solution to the most simple and elegant‘'way, saving us from the
cumbersome and tedious calculations. Therefore, when new challenges.are usually accepted to adhere to the
following order: first of all, one by one, apply the relevant laws of conservation,.and just making sure that
this is not enough, then transferred to a solution with the help of the equations of motion.

Consider the law of conservation of momentum.

Momentum has an interesting and important property, which is only a few physical quantities.
This preservation of the property.

What is it?

The property is maintained - this property is to remain unchanged. It is such a pulse property of bodies.
It refers to the case where two or more bodies interact with each other, but they are not acted upon by exter-
nal forces. Such a group of bodies, or, as they say, body system, called closed: closed system of bodies —
a collection of bodies interacting with each other, but do not interact with other bodies [2].

We explain the concept of a closed system and the preservation of the property of the momentum sim-
ple experiments.

We put on two horizontal railscarts of equal mass m. To one end of which is fixed a ball of plasticine
and each of them are fixed to the ends of the spring buffer (Fig. 1). Suppose first the trolley facing each other
ends, devoid of springs.

We inform both carts same modulo speed toward one another.
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Figure 1. The collision carts without springs

Carts meet, plasticine hold them together, and they will stop. The test results are easy to understand.
Two colliding carts — a system of two interacting bodies. It can be considered a closed system, because the
action of the other bodies — the Earth and supports compensated. Before meeting the pulses of both carts on
the module are equal to each other and in the direction opposite. Therefore, the sum of the pulses of both
carts is equal to zero. During the collision carts interact, that is act on each other with some forces, equal in
modulus and opposite in direction (Newton's third law) [3]. Therefore, the momentum of each of the carts
changed. But the amount of pulses has remained the same, i.e., zero — because the carts stopped. We rotate
the carts so that they face each other spring buffers (Fig. 2).
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By repeating the experience, we see that after the collision carts disperse in opposite directions with
equal in magnitude but opposite in direction velocity. It means, the interaction of the pulses changed again,
but the sum of the pulse is still zero, as they say, it has been preserved.
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Figure 2. The collision carts with spring buffers

The masses and the velocities of the bodies may be different. We should not think that the total momen-
tum of a system of bodies is saved only when it is zero.
Let the mass of carts are not the same: the mass of carts is leftm,, right —m,. Let the velocity reported

carts, are different — v, at the left and ¥, right carts. It means, the momentum before the collision left carts
wasm,0,, right — m,0,. In a collision the cart on the left acted some force ', to the right — it is equal in

magnitude but opposite in the direction of the force, that is —F. Timme t action of the force F is the same as

the effect of force —F. As a result of the forces of both velocities, carts changed. Let the speed of the left
carts became equal U;, right - ¥,. Changed course and carts pulses.

Let us write the equation for each carts.

To the left carts:

Ft=my —m,;
to the right:
~Ft = m, 0}, —m,0,.
Add up these equalities term by term
0 = m,0; — m¥; + m, 0y —m,V,,0r mV, + m,0, =m,V, + m,V).

In the left-hand side is the sum of the momentum of both carts before the collision, the right - the sum
of the momentum of the same carts after the interaction. The momentum of each carts has changed, the sum
remained unchanged.

If the two do not interact;:as in our examples, but many bodies, it is possible by applying to each of
them a formula £t = mb —mV,, to prove that in these cases the sum of the momenta of the closed system of
interacting bodies is unchanged (conserved). This is the law of conservation of momentum.

Geometric sum bodies momenta constituting a closed system remains constant in all the movements and
interactions of the system bodies.

Consider the problem of high complexity, using the law of conservation of momentum.

Gunners shoot so that the kernel got into the enemy camp. At the time of departure the core from a can-
non‘at him sits Baron Munchausen, and therefore the core falls short of the target. What part of the way
Myunhauzen have to walk to get to the enemy camp? Accept that the Baron has a mass 5 times greater than
the core. Planting Baron considered inelastic collision [4].
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Let us turn to the law of conservation of energy.

If the body system can do the work, then we say that it has energy. Energy characterizes the ability of
the body (or system of bodies) do work.

Making mechanical work, the body or system of bodies moving from one state to another, where their
energy is minimal.

Energy in mechanics — the value determined by the state of the system — the position of body or body
parts and their velocities [5].

The kinetic energy — the energy, which has a moving body.

The kinetic energy of a material point — a value equal to half the product of the mass of the square of
its velocity:

2
mvy

2
Potential energy — the energy of interaction of bodies, due to their relative positioning of body parts.
An amount equal to half the product of k& body elasticity coefficient of elongation or compression of x
squared, called the potential energy of the elastic deformation of the body:

E =
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kx2
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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 / = 1.5 m rests on a rough-surfaced table so thatone of its‘ends
hangs over the edge. The chain starts sliding off the table all by itself provided the overhanging part equals
n = 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: Solution:
Chain
m=0,8 kg
=1,5wm

_1
773

Ay, —?

F,, =k-(1-n)mg = nmg

k= /A friction coefficient

1=n
5A=Lﬂxgdx
l=n ¢
2O
1-n /¢ 1-n) 2/
n 2] (1-m)
mgl
A——(l—n)nTg

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

L=>"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 w,. 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 ®, 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 anrexpanded 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 a between the force and the
horizontal coil will accelerate in the direction of the thread taut? [7].

94 BecTHuk KaparaHgmHckoro yHusepcurteTa



Scientific bases of elementary...

Given: Solution:
Coil of threads

The condition of equilibrium (equation of moments): with respect to the
point O; moment of force /=0, force action line Fshould pass through

msdic

this point;

r r
COS0 =—; COSO. > —
R R

a <o, — must be

Thus, the present article is devoted to the three integrals of motion, i.e., such physical characteristics
that persist over time in closed or isolated system of bodies. The common property of integrals of motion is
the addition. This means that the characteristic of a system of bodies is equal to the sum of the relevant char-
acteristics of a system of bodies. This fundamental laws that are associated with the properties of space and
time: the homogeneity of space, time, homogeneity, isotropy of space. Using the solution of problems of
conservation laws facilitates this solution in comparison with the use of Newton's Law II. And in those cases
where the closed system, the use of Newton's law Il excluded. Moreover, there are areas of mechanics, for
example, fluid mechanics and gas, in which «work». is the conservation laws, but in an unconventional way.
So the equation of continuity — it is the law of conservation of mass; Bernoulli equation and the formula
Torricelli — the law of conservation of energy.
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T.C. Kosens, JI.®. Unbnna

«Mexammauafbl CaKTajly 3aHaapbD» ooJtimi MBICAJIBIHA AT bl
AJIEMECHTAPJIbI (l)n3m<a KYPCBIHBIH FBLJIIBIMUA Herimepi

Makasa MexaHUKaHbIH CaKTajly 3aHbIHA apHaJFaH. ABTopiiap (pU3MKaJa MaHBI3bI 30p KOCHIMIIANAp/Aa I
(byHIaMeHTaI bl 3aHIap/bl KapacThIpraH. SIFHU, oJap (HU3UKaNaFbl )KOHE TEXHUKAJIBIK MaHbBI3[(bl HETi3ri
ecenteyiaep Ooubln TabbUIaJbl JKOHE Kell jkarjainapia op Typii (GH3MKa-XMMHUSUIBIK JKYHenep MeH
ypaicTepai 3epTTey KesiHae acep MeH KYObUIbICTapAbl ajjiblH ana OosbkayFa MyMKiHZIK Tyanasl. Cakramy
3aHJapbl CaJBICTHIPMAJIbl OHAH Typlie, JCHere ocep eTeTiH KYIITep MEH JKyifeieri AeHeHIH KaaranayblH
ecenKe anMail GipHelle MpakTHKAaIbIK MaHbI3Ibl €CENTEP/i IbIFapyFa 6omaisl.

Kinm co30ep: nMITynbC, SHEPTHSI, UMITYJIbC MOMEHTI, OIPTEKTLIIK, H30TPONTHUIBIK, JKa0bIK XKYiie, dKOFaphl
JICHT eIl ecenrTep.
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T.C. Kosensb, JI.®. Mnsrnna

HayuHble 0CHOBBI 3JIEMEHTAPHOI0 Kypca pu3uku
HA NpUMepe pa3aesia «3aKoHbI COXPAHEHHSI B MEXaHUKE»

Cratss IOCBSIIEHAa 3aKOHAM COXpaHEHHs B MexaHHKe. B pabore mpuseneH 0630p Tpex GyHIaMEHTaIbHBIX
(GU3NUECKUX 3aKOHOB, 3HAYCHHUE KOTOPbIX B (DM3UKE SBIACTCS JIOCTATOYHO OrPOMHBIM. 3aKOHBI COXpaHe-
HUS 3aHUMAIOT CPEH BCEX 3aKOHOB NPUPOJBI 0co00e nosoxkenue. Ciieqyer OTMETUTh U TO, YTO OHHU SIB-
JIIOTCS. OCHOBOH Ba)KHEHIINX pacyeToB B (PU3HMKE M €€ TEXHHYECKUX NMPUIIOKEHHUSX, TO3BOJSIOT B psJie
cllydaeB IpeacKas3biBaTh 3QQGEKTsl U ABICHHSA NPH UCCIEJOBAHUU Pa3HOOOPA3HbBIX (PU3MKO-XMMHYECKUX
CHCTEM U IPOLECCOB. 3aKOHBI COXPAHEHHS MO3BOJSIOT CPABHUTEIBHO MPOCTHIM ITyTEM, 0€3 pacCMOTPEHUS
JEHCTBYIOINX Ha TeNa CHI M 0e3 MPOCIEKUBAHHS JBIDKCHUS TEJI CHCTEMBI, PEIIaTh PsiJi MPaKTHIECKH
Ba)KHBIX 3a/ad.

Knouesvie cnosa: UMIYJIbC, 3HEPTUA, MOMECHT UMITYJIbCa, OOTHOPOAHOCTDH, NU30TPOITHOCTH, 3aKpbITad CHUC-
TEMaA, 3ala4un ITOBBIIICHHOM CIIO)KHOCTH.
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