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ABSTRACT

In this article, the electric field strength is explained in detail through the Gauss theorem
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Introduction c_ 1 qq T )
According to Coulomb's law, charges located at - Arze, T2y (1)

a certain distance from each other interact
through space. The area of space in which the
effect of electric forces around an electric
charge is felt is called the electric field of this
charge.

To study the characteristics of the electric field,
the concept of "test charge" is introduced. The
amount of the "test charge" should be as small
as possible, so that it does not change the
properties of the field under test with its field.
Let's place a test charge (+qc) at the point
determined by the radius - vector [, the
position of the charge concerning +q (Fig. 1).
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Figure 1.

We find that the Coulomb force acts on this
charge as follows.

F the ratio unit characterizes the force acting
Q.

on the positive charge, which is independent of
the size of the test charge. Therefore, we take
this ratio as a quantity defining the electric

field and denote it by Ye.
E = F = 4 % T (2)
Q. 4mey, r°r

The vector quantity in relation (2) is called
electric field strength.

Therefore, the field intensity at an arbitrary
point of the electric field is understood as a
physical quantity characterized by the force
exerted on a unit charge brought to this point.

The main part

The electric field strength is a vector quantity,
the direction of which is determined by the
direction of the force acting on a unit positive
charge brought to the tested point of the field
(Fig. 1). If the charge q is positive, the direction
Ye is directed away from the charge along the
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grid line connecting the tested point of the
field, or towards the charge when q is negative.
In SI, the unit of electric field strength is the
newton coulomb (N/KI) or volt meter (V/m).

If the electric field is created by several
charges, the resulting field strength is equal to
the vector sum of the electric field strengths
created by individual particles, i.e.:

E=E+E,+..E ) E (3)
i=1
Expression (3) expresses the principle of
superposition (addition) of fields.
Lines of tension. Gauss' theorem
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Figure 2.

a

To represent the electric field graphically, the
magnitude of the lines of force is entered.
Voltage lines are drawn based on the following
two conditions:

1. The test applied to an arbitrary point of the
voltage line must coincide with the direction of
the electric field voltage vector at this point.

2. When choosing the density of lines, the
number of lines passing through a unit surface
perpendicular to the lines should be equal to
the numerical value of the vector Ye. Electric
field lines have a beginning and an end, starting
with a positive charge and ending with a
negative charge.
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Figure 3.

If the intensity E is the same at all points of the
electric field, the electric field is said to be
homogeneous.
Figures 3a and b show the electric field of
positive and negative point charges. Lines of
the intensity of point charges consist of radial
mesh lines starting from the surface of a
positive charge and ending at the surface of a
negative charge or extending from a positive
charge to infinity.
The number of lines of force crossing a surface
located in an electric field is called the flux F of
the field passing through this surface.
Now let's determine the value of F. For this,
let's take an elementary surface dS placed
perpendicular to the direction of the stress
lines (Fig. 9.3a). dS is the number of stress lines
crossing the surface equal to EdS. The
expression EdS is called the flux of the stress
vector passing through the surface dS. If the
surface is not perpendicular to the field lines,
and the field strength is different in its different
parts, then the surface should be divided into
dS sub-surfaces, each of which can be assumed
to have a constant field strength. In this case,
the voltage-current passing through the
elementary surface is equal to:
d®=EdS'=EdScosa=EdS (4)

Herea- the angle between the stress line and
the normal n transferred to the surface dS. dS’
and dS is the projection of the surface onto the
plane perpendicular to the stress lines. In that
case, the current of the field strength passing
through the entire surface is represented by
the sum of elementary currents dF. We write
this by integration as follows:

®=[d®=[Eds (5)

Let us find the flux of vector E through a
spherical surface of radius r. Recalling (1).

1 9q
A (©
0

on the other hand, the total surface area of a
spherical surface with a radius r is equal to
4nr2, As aresult
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This expression represents the flux of the
vector Ye passing through a spherical surface
surrounding a single-point charge. Now let
there be point charges q1, qz, etc. with arbitrary
values inside a closed surface.

Based on (2) according to the principle of

superposition of fields:
E,=E,+E,+..E, > E, (8)
i=1

Using (8) and (6), we get:
qD:DjEndS=mZK:EnidS=ZK:mEnidS (9)
S

g i=1l i=l g
This expression characterizes the flow of Eni -
the electric field strength vector generated by a
point charge i through an arbitrary closed
surface S surrounding this charge. Based on the
relation (5) above:
fE.ds="
s o
Taking this into account, we write (9) as
follows:

1 n
d=[[|[EdS=—> q 10
Lsﬁ 48 =20 (10)
This expression is called Gauss' theorem. This
theorem can be described as follows: the flow
of the electric field intensity vector through a
closed surface of arbitrary shape is the
algebraic sum of the charges located inside this
surface is equal to the ratio of €o.

Using Gauss's theorem, let's find the electric
field strength of a uniformly charged infinite
plane with surface charge density +c, which is

equal to:
E-9 (11)
2¢,
+a' 3
£, £ L.
E. E. E.
Figure 4.

Here a:% charge is the surface density. The

electric field between two mutually parallel
charged infinite planes is the electric field
strength.
E=E +E 2 +2 =2 (12)
28, 2¢, &,
So, the resulting field will be the sum of the
fields created by both charged planes (Fig. 4).
Since the value and direction of E at all points
of the field between these two planes are the
same, this field is called a homogeneous field.
The work of electrostatic field forces
Let's calculate the work done by the field forces
in moving the charge q' located in the field of
fixed point charge q from point 1 to point 2. It
is equal to the work done on an elementary
path of length dl (Fig. 5).

dA=Fdlcosa = -%dlcow:i-%dr
Arey 1 dre, r

Figure 5.

Here dr = dl cosa. We find the work done on
the path between points 1-2:

2 rh ’ ’
A=foa-pdr_ 1 (ﬂ—qq] (13)
1

> =
Arey 17 Ame, (L

It is known from the mechanics part that the
work done by field forces on a closed path is
zZero, i.e.

qu’EidICOSa:O
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here, Yei-Ye is the projection of the vector in the
direction of the elementary displacement dl
(the circle in the symbol of the integral
indicates that the integral is taken over a closed
contour).

If we make the integral representing the work
equal to zero and reduce the constant quantity
q’, we get the following relationship:

[ﬁEidl: 0 (14)

this relation must hold for any closed loop.

So, from relation (11) it can be seen that the
electric field is a potential field, and the
circulation of the intensity vector of this field
along an arbitrarily closed circuit is equal to
Zero.

Using the above considerations, the work
expressed by formula (10) can be expressed as
the difference of potential energy at points 1
and 2 of the charge field q'.

1 1
A12: ﬂ_—ﬂ:Wm_an

It is located at points 1 and 2 potential energy
of the charge in the charge field q":
1 qq', _ 1 qd

1 n2 —
Are, T,

" Az, x

it follows that it is equal. In general, q’ potential

energy of the field when it is located at an
arbitrary point

1 qq
W, = b 15
" 4xe, v (1)

Various test charges q’, q”, etc., have energies
W', W",, etc. at a certain point of the field.
However, Wn/q' is relatively the same for all
charges. The following quantity is called
potential.

L P (16)
q Arey 1

If the electric field is generated by a system of
charges, the resulting potential is equal to the
algebraic sum of the potentials at the point
under investigation.

b= +d+...+D ¢ (17)
Using (16) and (17), we get:

_ 1l G
0= o 2y (18)
using (16).

WH =q-¢ (19)

we make, therefore, the work done by the field
forces on the charge q can be expressed by the
potential difference:

A, =W, W, = CI(¢1 _¢2) (20)
or
¢@»= 0, then

A =0 (21)

Using this, the potential can be defined as
follows: the potential of an arbitrary point of
the electric field is defined as the quantity
characterized by the work required to move a
unit of positive charge from this point to
infinity.

The division between the strength of the
electric field and the potential let’s see. If q'the
work done when the test charge is moved away
by the field forces by a distance dr, F . will be
equal to dr. This work q'causes the potential
energy of the charge to decrease to dWP. Thus,
considering equation (13).

Fdr = —dw,,
or
F_ dw,,
dr

This expression can be expressed as 'the
amount of charge being transferred to both

sides q' as for:
1
df W
F__\9)

q dr
from this
E :—% (22)
dr

we derive the expression. In (22) (Z_(p the
r
expression is called potential gradient, i.e.

(grad @), then we can write (22) as follows:
E =—grad¢ (23)

Conclusion

Thus, the electric field strength is equal to the
gradient of the potential obtained with the
opposite sign. Here, the negative sign indicates
that Ye is oriented in the direction of
decreasing potential.

Eurasian Journal of Physics, Chemistry and Mathematics

www.geniusjournals.org
Page |79



Volume 13| December 2022

ISSN: 2795-7667

References

1. Tolaboyev, D. X., Abdullayev, S., & Xidirov,
D. S. (2021). Standart ko ‘rinishdagi izotrop
jismlarning o ‘tkazuvchanligi. Oriental
renaissance: Innovative, educational, natural
and social sciences, 1(11), 565-570.

2. Nasirov, M. X, Axmadjonov, M. F,
Nurmatov, O. R, & Abdullayev, S. (2021).
Olchamli  kvantlashgan  strukturalarda
kvazizarralar. Oriental renaissance:
Innovative, educational, natural and social
sciences, 1(11), 166-174.

3. Tolaboyev, D. X. O. G. L., Mirzayev, V. T. L.,
Axmadjonov, M. F., Abdullayev, S. S. 0. G. L.,
& Raximjonov, J. S. 0. G. L. (2022). YARIM
o‘tkazgichlarda ichki nuqtaviy
nugsonlarining termodinamikasi. Oriental
renaissance: Innovative, educational, natural
and social sciences, 2(4), 231-240.

4. Rakhimjanov, J. S. 0., Mirzarahimov, A. U.,
Abdullayev, S. S. 0., Nematov, H. M. 0., &
Khidirov, D. S. (2022). MogenavpoBaHue
MaTeMaTU4YeCKOT0 daHTOMa B
nporpaMmMHoM  koMmiekce — “fluka” ¢
untepdeiicom “flair”. Oriental renaissance:
Innovative, educational, natural and social
sciences, 2(4), 241-250.

5. Sh, A. S, & Meliboyev, . A. (2022,
December). Fizika fani amaliy
mashgulotlarida, labaratoriyalarida
o‘quvchilar mavzuni teranroq anglashi
uchun suniy intellekt  jihozlardan
foydalanish. In Conference Zone (pp. 423-
428).

6. Teshaboyev, A. M., & Meliboyeyv, L. A. (2022).
Types and Applications of Corrosion-
Resistant Metals. Central asian journal of
theoretical & applied sciences, 3(5), 15-22.

7. Hypwmaros, O. P, Ao6gysuaaes, . LI, &
Onpawes, H. X. (2021). BpemeHHas
peJsiakcanus $OTO03/IEKTPETHOTO
COCTOSIHUS B GOTOBOJIbTAaUYECKUX IJIEHKAX
cdte: ag, cd, cu u sb2se3: se. Central asian
journal of theoretical & applied sciences,
2(12),315-322.

8. lainazapoBa, K. H., Hab6ues, M. B,
YcMmoHoB, {., YemoHoB, C., & Abaynnaes, L.
(2030). JlerupoBaHue
TEPMO3JIEKTPUYECKUX  MaTepHhasioB  Ha
OCHOBe BiZ2Te3-Bi2se3 WUCIOJb3yeMbIX B

TEepMOreHepaToOpax KOHIIEHTPHUPOBAHHOIO
COJIHEYHOTI 0 U3JIy4yeHusl. AHeu
Mamepuaanap 8a eeauomexHoiozusiaap, 69.

9. Mamirov, I., Sobirov, A., Xasanov, A. S., &

Meliboyev, L. (2022, September).
Raqamlashib Borayotgan Zamonaviy Oliy
Ta’'limda Pedagogning Kasbiy
Kompetentsiyalarini Rivojlantirishning
Zamonaviy Mexanizmlari. In Conference
Zone (pp. 8-11).

10. 0‘G'Li, M. I. A. (2022). Gazdan xavfli ishlarni
xavfsiz olib borishni tashkillashtirish bo
‘vicha xavfsizlik tiziml. Ta’lim fidoyilari,
4(7), 36-40.

11. Meliboyev, 1. A. (2022). Azot oksidli chiqgindi
gazlarni katalitik zararsizlantirish usuli.
Pedagog, 1(3), 257-261.

12. Meliboyev, i. A. (2022). Oliy ta'lim
muassasalarida modulli o ‘gitishning
axamiyati. PEDAGOG, 1(3), 333-336.

13. lomynagkanoBa, ll. K., Menu6oes, U. A, &
Mamupo, H. T. (2022, November).
Crocobbl ¥ YCTPOMCTBA MO MPOU3BO/CTBY
u3BecTH. In Conference Zone (pp. 327-337).

14. Abduraxmon o‘g'li, M. I. (2022, December).
Farzand tarbiyasida ona tiling tutgan o ‘rni.
In Conference Zone (pp. 461-465).

15. Abduraxmon o‘g'li, M. I. (2022). Materiallar
kristalidagi nuqgsonlar va ularni aniqglash
usullari. Pedagog, 1(3), 413-415.

16. Fayzullaev, N. 1., Akmalaev, K. A., Karjavov,
A., Akbarov, H. I, & Qobilov, E. (2020).
Catalytic Synthesis Of Acetone And
Acetaldehyde From Acetylene In Fluoride-
Based Catalysts. The American Journal of
Interdisciplinary Innovations and Research,
2(09), 89-100.

17. Abdruraxmon o‘g'li, M. I. (2022). A Method
of Catalytic Neutralization of Exhaust Gases
with Nitrogen Oxides. Eurasian Research
Bulletin, 14, 21-24.

18. Abdruraxmon O‘gli, M. L (2022).
Occupational  diseases in  industrial
enterprises: causes, types and principles of
prevention. International Journal of Advance
Scientific Research, 2(10), 1-9.

Eurasian Journal of Physics, Chemistry and Mathematics

www.geniusjournals.org
Page |80



