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Scientific bases of elementary physics course as an example of electrostatics

The article describes a technique of teaching of electrostatics on the first and second stages learning the stu-
dents of physics at school. To improve the quality of education offered to use complex methods and means of
activating the cognitive activity of students and develop their cognitive interest. For better quality and assimi-
lation, the theme given of high complexity tasks. The use of interactive equipment increases the visibility of
the material, raises the interest of students can improve memorization of educational material. The above arti-
cle analyzes the theoretical material allows you to organize a new, non-traditional learning activities, depend-
ing on the task in class.
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Development of informative interest of the problem is caused by problems of modern society, preoccu-
pied with preparing the younger generation to the active life. Physics as a subject forms the primary idea of
the modern picture of the world is able to develop cognitive interests and creative abilities of students, their
attitudes and beliefs, i.e., It promotes the education of highly moral person.

Relevance of the thesis consists in need of development of the receptions and means, which are stirring
up cognitive activity of pupils. In a concrete case for studying of the subject «Electrostatics» use of the inter-
active equipment and the software corresponding to him is offered during studying of all subject in general.
Both for carrying out lessons of lectures, and for lessons the solution of tasks, fixing and generalizations of
material, laboratory researches. At the second stage of studying of this section there is a need provided by the
program, considerations of some more difficult subjects of an electrostatics at the level of physical and math-
ematical, i.e. profile classes. What demands use of high school literature and its processing.

Work purpose: development of a technique of carrying out classes in an electrostatics as on the first and
at the second step of studying of subjects I have undressed, and in higher education institution, with applica-
tion of interactive technologies of the school students who are stirring up cognitive activity at lessons.

The novelty of the work consists in new role of the teacher in the classroom: he becomes organizer of
independent informative activity of pupils, a competent advisor and assistant, helping students to overcome
the difficulties encountered in the work.

Section «Electrostatics» in a school course of physics — this is one of the difficult parts.

After a detailed analysis of the topic «Electrostatics» in the basic physics course, we have selected and
organized the relevant topic theoretical material studied in the first phase of training of pupils in schools.

In the first stage of the study of electrostatics, special importance is attached to the visibility of the ma-
terial, since no serious laws can be no question. The concepts of electrodynamics, the electric charge and its
main characteristics, types of charges and their interaction; the concept of electrification, electrifying ways.
Considered one of the basic laws of electrostatics — the law of conservation of electric charge and Cou-
lomb's law.

One of the fundamental laws of nature is the law of conservation of electric charge. This law estab-
lished experimentally for the electrically isolated (closed) systems. Electrically isolated system is a system of
bodies, electric charges are not communicating with the surrounding space.

The law of conservation of electric charge is formulated as follows: in a closed system, the algebraic
sum of the charges of bodies remains constant [1]. The law is a mathematical expression:

q,+4,+q,+...q, =const. €]

The law of interaction of electric charges has been experimentally established French physicist Charles
Coulomb in 1785. In their experiments, Coulomb measured the force of attraction and repulsion of light
charged beads through their specially designed instrument — torsion balance (Fig. 1). Torsion balance is an
extremely high sensitivity. For example, the balance beam by a force of about 10~ N is rotated to 1°.
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Using the method was performed weighing charge changes sev-
eral times. If a charged ball brought into contact with the exact same
unloaded ball, the first ball the charge is divided equally between the
two balls. In experiments measured the interaction between pendant
balls with dimensions much smaller than the distance between them
(for example, 1 mm in radius). If the distance between the bodies is
many times their size, any shape, size or charged substances is not
significantly affect the interaction between them. These charged bod-
e ies are called point charges.

If you change the value of the charge of beads it was found that
the strength of the interaction is proportional to the product of the
module values of the charges:

F=|q|]q,|- ©)

4 —small metal ball: b — ball fixed on When you change the distance between the interacting charged
a rod attached to the’lid of the balance:  balls in two to three times the force of interaction has decreased or

¢ — counterweight increased in four, nine times that It varies inversely with the square
of the distance between the points charged bodies:
Figure 1. Model of the torsion balance 1 3)
= — -
B

Comparing both results, Pendant set the following pattern: the force between two electric charges is di-
rectly proportional to the product of modules interacting point charges and inversely proportional to the
square of the distance between them, i.e.

F:|‘J1|r‘2|%| . )

This wording expresses the interaction between the fixed point electric charges, which was later called
Coulomb's law [2]. Mathematically, Coulomb's law is written in a vacuum in the form of:

r =glallel )

2
7

where F, — the force of interaction of point charges in a vacuum; |q1| and |q2| — modules interacting

charges; » — the distance between the charges; K — coefficient of proportionality depending on the choice of
the system of units used in the formula.

Coulomb's law — the fundamental law of electrostatics. Electrostatics — electrodynamics section in
which we study the properties and interactions of fixed relative to the selected frame or bodies charged parti-
cles. With the help of modern experimental methods scientists have determined that at distances of 10" me-
ters to tens of kilometers and violation of Coulomb's law is not observed.

Concepts of electrostatic field and its main characteristics — strength and capacity, the relationship be-
tween power and energy characteristics of the electrostatic field, a graphical representation of an electrostatic
field. Electrostatic field — is a special kind of matter through which passed the action charged substances to
others.

The power characteristic of the field produced by the charge of ¢, is the ratio of the force acting on the
charge to the amount of this charge is called electrostatic voltage, i.c.,

E=L -4 5 ©)
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where E — the intensity of the electrostatic field; 7 — the force exerted by the electrostatic field on the
test charge g, -

In order to describe the electric field strength vector must be set in each point of the field. This can be
done graphically or analytically. To do this, use the power lines — a line tangential to that at any point of the
field coincides with the direction of tension E (Fig. 2). Typically, when a graphic image of the field lines of
force density determines the magnitude of the intensity vector. This one line of force per unit area perpen-
dicular to the line corresponds to a unit of tension.
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Figure 2. The lines of force of the electrostatic field

The power line is credited a certain direction — from the positive to the negative charge, or to infinity
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a — uniform electrostatic field; b — electrostatic field positive and negative charges;
¢ — electrostatic field of two opposite charges
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Figure 3. The direction of the force lines of the electrostatic field

Concludes the study of electrostatics on the first stage of familiarity with the concept of the capacitor,
its types and main characteristics (Fig. 4).

Figure 4. Types of capacitors

Selected and systematized relevant topic theoretical material studied in the second phase of training of
pupils. The concept of flow strength, Gauss theorem, we study its application.

The lines penetrating element S, and S, penetrates the element, which is a projection of S on a plane
perpendicular to the vector of the £ (Fig. 5) of the element. The flow field vector — scalar quantity. It can
be both positive and negative [2].
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Figure 5. Determination of the flow of the vector field through the area S

We consider the electrostatic field in the presence of conductors and dielectrics, capacitors and connec-
tion types of energy charged capacitor.
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Electrical conductors — are substances that are well-conducting. A characteristic feature of the conduc-
tors that they always have a large number of free charge carriers, i.e. free electrons or ions (Fig. 6).
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Figure 6. The electrical conductor placed in an external field

Due to the redistribution of charges in the conductor, it creates its own field strength E TiEO. There-
fore, this field strength inside the conductor £ = 0 and the potential is the same at all points (Fig. 7).
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Figure 7. Parallel (@) and series (b) connection of capacitors

When placing a dielectric in an electric field does not occur directional traffic charges.

1. The intensity of the electric field inside the dielectric may not be equal to zero.

2. Bulk density of the charge in the insulator can be different from zero.

3. The tension lines are not perpendicular to the surface of the dielectric.

4. Different points of the dielectric may have a different capacity. Therefore, to talk about «the potential
of the dielectricy is not necessary.

Offset electrical charges of matter under the influence of an electric field is called polarization. The
ability for the polarization of the main properties of the dielectric (Fig. 8).
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Figure 8. The weakening of the field inside the dielectric

The polarization of the dielectric components comprises — electronic, ionic and orientation (dipole).
Figure 9 illustrates polarization mechanisms of these kinds of [3].
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Figure 9. Polarization of dielectrics

It picks up on the theme and tested quality and experimental tasks, as well as the increased complexity
of the problem. For example, select one of these tasks (Fig. 10, 11).

7 ™
The tasks of high complexity Given: | Solution:
N mg+FE,+N =0 (equiibrium)
m
What is the minimum charge q needs to be fixed at the bottom of the Q X: Nsina — F,,sinf =0
spherical cavity radius of the R . so that the gravitational field small ¥: FECGEB -mg- Neosa=0
ball weight m and of charge Q located at the top of the cavity in the — Nsina = F, sinf
position of stable equ.ilibri q-? m
| 2 F, sinf Iner? sinf
ga = =
______ . We derive the FcosB—mg ﬁjmsﬁ g
ball Q a short ;2 - i 1 ; rﬂ g
E == 22z ;B20,Ters
distance from R %ros,ﬂ —mg 1- 4%“;5
the state of ) BnestRimg 32mg,Rmg . 32ne,R*mg
equilibrium s ta Qg Q
AL _ 32 :uoﬂzrng
min — 0
A 3 b4 \_ Y,
Figure 10. Graphical representation task Figure 11. Solution of the task

It is known that the electrostatic field is often depicted with the help of the power lines. Suppose we de-
fine the intensity of a point lying on the boundary between two media: air (¢ = 1) and water (¢ = 81). At this
point in 81 time decreases during the transition from air to water, the electric field intensity according to the

q
4mee,

of lines of force. When solving various problems in the calculation of fields because of the continuity of the

formula E =

/ r*. If we neglect the water conductivity, then as many times will decrease the number

vector tension E on the border between the media and dielectrics are certain inconveniences. To avoid
them, we introduce a new vector D , which is called electrostatic induction vector:

D=ggE . (7)

You can now finalize the Gauss theorem: the flow of NV vector of the electrostatic field in a vacuum E

through any closed surface is proportional to the total charge ¢, located i.e. the flow vector of the inside sur-
face of the electrostatic field through a closed surface can be found by the formula:

N=_1 ’ (8)
ee,

where € — dielectric constant of the medium [4].
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We apply the Gauss theorem (Fig. 12, 13).

o :
Given: Solution:
NE:L(s:de_' =0

NE-:s;de) == NE: (side)

r
R
What is the intensity of the flow of a homogeneous electric E»
field, which is equal to the radius of the section R and r? The E, = Ecosa
electric field E makes an angle a with the axis of the cone o
N

a'+9:§

= Ecosa- S, 4.,co5a” = Ecosa -S4, sin@

Ne (oiae)

n(RE=r%)
S - L /

side

sin@

N-E':'-‘lds} = COSa- ;T(RZ = r:)

Answer: Ngge) = cosa-m(R? —17%)

il SN S/

Figure 12. Graphical representation Figure 13. Solution of the task of the task

In the study section «Electrostatics» in high school should consider the following demonstration: elec-
trification of dielectrics and conductors, the interaction of electrified bodies, structure and operation of the
electrometer, the same name to obtain of opposite and equal charges when an electrifying charge distribution
on the surface of the conductor, Coulomb's law, electric field lines, equipotential surfaces, the concept of
electric capacity. The proposed demonstration in today's schools can be shown to students in the form of vid-
eo clips.

Based on the above, we can make the following conclusions:

1. The study of the topic «Electrostatics» is included in the mandatory training program for students of
physics.

2. Differences in the method of presentation of electrostatics on the first and second stages of the study
are determined, first of all, the selection of the material content.

3. At the first stage of studying in the 8th grade students familiarize with basic concepts and simple
enough on: electrification, charges species and their properties, electrostatic field, its main features and char-
acteristics, tensions, potential capacitor. The number is theoretical familiarization character. In a number of
the topics we studied not only the concept but also practiced the skills of application study of matter in prac-
tice, solving problems, such as Coulomb's law, electric capacity capacitors, electrostatic field strength, work
and other.

4. In the second stage of the study of this subject in the 10th grade repetition is performed before the
material studied in the 8th grade, and then repetition of those requiring more in-depth approach. We consider
the increased complexity of the problem, a number of topics being studied for the first time. One such topic
is, for example, the Gauss theorem — it is a hard material that requires careful study and time, but in spite of
this consideration of the theorem in high school is necessary, because this largely improves the understand-
ing of the physics and facilitates the solution of problems.
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J1.®. Unvuna, A.b. NiimyxameToBa

DJIeKTPOCTATHKA MbICAJIbI Heri3iHge KapanabIM
(¢usuka d0arnapaamMachIHbIH FHUIBIMU Heri3aepi

Makanana MEeKTeIl OKyIIbUIapbIHa (PU3HKAHBI OKBITYIBIH OipiHINI jKoHE eKiHIN Ke3eHAepiH/e dIeKTPOoCTaTH-
KaHbl OKBITYIBIH OJICTEMECi YCHIHBUIFAH. bimiM 0Oepy camachlH apTTHIPY YIIiH OKYIIBIHBIH TaHBIMIBIK
KbI3METIH OeJICeHIIpy KOHE OJapAbIH TaHBIMIBIK KBI3BIFYIIBUIBIFBIH 93IpJCyaiH KEIICHII daicTepi MeEH
KYpaJIIapblH Taiianany KapacThIpbliraH. TaKbIPBINThI HKAKChl )KOHE callajbl Urepy YIIiH Kypewiri )KOoFapsl
ecenrep Oepinren. MHTepakTUBTI jkaOAbIKTap/bl KOJNAaHy OEpiireH MaTepuaiblH YCBIHYBIH Kylueireni,
OKYIIBUIAP/IBIH  KBI3BIFYLIBUIBIFEI MEH OCpiireH MaTepHaliblH €CTe CaKTayblH apTThIpajabsl. Makanana
YCHIHBUIFAH TEOPHSUIBIK MAaTEepUaIbIH TajJaybl CBIHBIITA [ICHIJIETIH ecentepre OallaHBICTBI JKaHa,
JIOCTYPITi eMec OKBITYAbI YHBIMIACTBIPyFa MYMKIH/IK Oepeti.

JI.®. Unbuna, A.b. MimmMyxameroBa

HayuHble 0CHOBBI 3JIEMEHTAPHOI0 Kypca pusnkn
HA NpUMepe JIeKTPOCTATHKHU

B crathe paccMOTpeHa METOJMKA MPENoAaBaHUs 3IEKTPOCTATHKM HAa TEPBOM U BTOPOM 3Tamax OOydYeHHs
ydamuxcsi Gpusuke B mKkoiue. [ yiaydiieHus kadecTBa oOpa3oBaHUS MPEUIOKEHO UCIOJIL30BAHHE B KOM-
IUIEKCEe MPUEMOB U CPEJCTB, AKTUBH3UPYIOMNX MO3HABATENbHYIO AESITENFHOCTh IIKOJIGHUKOB M Pa3BHBAIO-
IIMX UX MO3HAaBaTENbHBIA HHTepec. I TydIIero n KaueCTBEHHOTO YCBOCHHS TEMBI AaHbI 3a]]a9X MOBBIIICH-
HOH cnoxxHocTu. [IpuMeHeHne HHTepaKTHBHOTO 000PYAOBAHHS yCHUIIMBACT HATIISITHOCTD M3JI0)KEHHOTO MaTe-
pHaa, IOBHIIIAET 3aHHTEPECOBAHHOCTh YUAIMXCs, TI03BOJISICT YIYUIINTh 3allOMHHAHNE yIeOHOTO MaTepHua-
na. [IpoBeneHHBIN B CTaThe aHAIN3 TEOPETUUECKOTO MaTepHana MO3BOJISIET OpPraHU30BbIBATh HOBBIE, HETpa-
JUIIOHHBIE BUIBI Y4eOHOH IeATETbHOCTH B 3aBUCHMOCTH OT PELIAEMBIX Ha yPOKe 3a/au.
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