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To increase the speed of information flow and storage capacity in electronic devices laser can be used to carry information instead of
electric current. Since the photon is faster than electrons, one expects information to be transmitted very fast through the internet when
photons replace electrons. This requires searching for chips that act as capacitors, inductors or resistors. To do this Maxwell's equation
for the electric field intensity beside the electron equation of motion were used. The electron is assumed to vibrate naturally inside a
frictional medium in the presence of a local electric and magnetic fields. These equations have been used to find a useful expression
for the absorption coefficient. The absorption coefficient was found to be dependent on the laser and natural frequencies beside the
coefficient of friction in addition to the internal electric and magnetic fields. These parameters can be fine-tuned to make the chip act
as a capacitor, inductor or resistor. The laser intensity decreases when the absorption coefficient inecreases. Thus, the absorption
coefficient acts as an electic resistor. Therefore, if the absorption coefficient inecreases upon decreasing the frequency the chip acts as
a capacitor. But when the absorption coefficient inecreases when the laser frequency inreases the chip acts as an inductor. In the case
that the absorption coefficient inecreases with the concentration of the carriers it acts in this situation as a resistor. For magnetic
materials with magnetic flux density that cancels the frictional force, when the laser frequency is equal nearly to the atom’s natural
frequency the material acts as an inductor. But when the frictional force is low with the internal and external electric fields in phase,
the material acts as a capacitor. However, it acts as a resistor for negligible natural frequency, when no electric dipoles exist and when
the internal magnetic field force balance the frictional force.

Key words: laser; chip; capacitor; inductor; resistor.
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Electromagnetic waves (EMW) play an important role in our day life. They are oscillating electric and magnetic
field propagating with the speed of light ¢ in free space. The behavior of EMW is described by Maxwell's equations [1].
Light, laser, microwave, x-rays and gamma rays are electromagnetic waves used in a side variety of applications. Radio
and laser EMW are used in telecommunication, where the transmit information through the internet to mobile phones and
computers [2]. Laser is used also in medicine in surgery and curing some diseases, beside other biological applications [3].

The utilization of EMW in telecommunication is the most commercially important to people. The rapid increase of
people using network encourages scientists to search enabling the electronic chips to strong very large number of bits and
digits, beside fast transmission of information. These needs replacing electrons by faster particles to increase information
flow. These particles also need to be smaller than electrons by many orders of magnitude to stove more information. The
particles that satisfy such requirements are photons [4]. Laser rays, which are photon streams, is suitable to be used to
transmit and store information [5].

Different attempts were made to utilize laser in storing and transmitting information [6,7,8].

The work done by Christopher Monroe [3] speak about using laser in quantum computer to control floating atoms.
This will enable computers to perform many calculations within almost no time. One particle can store many pieces of
information [9]. This means that the behavior of atoms is on the atomic scale. The quantum laws thus control their
behavior. Therefore, the control of such computers become a formidable task due to the probabilistic nature of the
quantum systems. This problem can be surpassed by utilizing laser but using classical systems on the scale of more than
300nm, say on the micro scale. These needs using classical laws like Maxwell equations for laser electronic systems.
Monroe informs us that on 2016 that for quantum electronic system ytterbium — 17 was used for qubits for particular
states. Error — corrected universal reconfigurable ion trap quantum archetype) EURIQA began operating autonomously
in April 2019 [9]. The work done by Vishal, et al [10], is concerned with using quantum laws to show how to use them
for quits and gates like Not and Xor gates.

The paper showed that the prablistic nature of quantum laws allows storing very large number of information pieces
of information but at the same time make the control of computer behavior very difficult [109]. In the work done by Julie
change, et al [11], the cost was minimized for convolutional neural networks (CNNS) by incorporating a layer of optical
computing prior to electronic computing. This system improves the accuracies of the optical system. The modeling of
neural dynamics can be done with the aid of nonlinear optics. When the task of producing non-linearity is gives to

7 Cite as: M.AM. Yousef, A.S. Alsubaie, Z.A.A.A. Saad, and M.D. Abd-Alla, East Eur. J. Phys. 2, 141 (2022), https://doi.org/10.26565/2312-4334-2022-2-18
© M.A.M. Yousef, A.S. Alsubaie, Z.A.A.A. Saad, M.D. Abd-Alla, 2022


https://doi.org/10.26565/2312-4334-2022-2-18
https://portal.issn.org/resource/issn/2312-4334
https://periodicals.karazin.ua/eejp/index
https://orcid.org/0000-0002-5641-4849
https://orcid.org/0000-0002-6722-7061
https://orcid.org/0000-0002-2036-320X

142
EEJP. 2 (2022) Mashair Ahmed Mohammed Yousef, Abdullah Saad Alsubaie, et al

electronic circuits in hybrid op to electronic circuit, the system will become more practical. This analogy is quite natural
as far as the neuron cells functions are related to the electric pluses and bio photons [13,14,15]. The use of laser in
electronic chips was realized by many researchers [16,17].

In the work done by Jin Li and others an optical gain op to electronic oscillator based on dual frequency integrated
semiconductor laser was fabricated to generate high frequency micro and milli wave frequency. The device is dual
semiconductor laser. The bandwidth was widened by introducing optical amplifier instead of electric one [18]. This means
that laser electronic chips are now available. The rapid grow of topological photonics can give remarkable push to
quantum computers. The discovery of quantum hall effect and topological insulators in condensed matter. The topological
photonics using orbital angular momentum (OAM) can be used in optical quantum computer, routing and switching [19].
Many approaches and designs were suggested for quantum electronics [20,21,22]. However no intensive work or attention
were played on designing laser capacitor or inductor although many researches were done for frequency dependent
conductivity [23,24,25]. This paper is devoted for laser capacitors and inductor as shown in sections “Laser travelling in
a resistive frictional medium” and “Laser electronic components for the electron equation of motion in the presence of
local electric and magnetic fields beside thermal”. Sections “Discussion” and “Conclusion” are for discussion and
conclusion.

LASER TRAVELLING IN A RESISTIVE FRICTIONAL MEDIUM
Maxwell's equations describe the behavior of moving and static charges as well as electromagnetic waves (EMW).
The electric field intensity E for a medium with electric permittivity and conductivity € and € is given by

2p _ e E 5% _
VE — ue oz “HO5 =0, )
where is the magnetic permeability of the medium. Consider a solution in the from
E = Eje't"t7a?) ()

Differentiating equation (2) with respect to space and time yields

V2E = y2E
0%E 5
- v
aE .
i +iwE 3)
Inserting equation (3) in (1) gives
2 + pew? — iwuc)E = o 4)
Rearranging equation (4) gives
Yo = iwpo — pew? 6))

For the electron moving with velocity v in aresistive medium of coefficient ¥, under the action of the electric field
E, the equation of motion of the electron is given by

dv

m—-= eE —yv (6)
Since E oscillater with time thus
E = E et 7
In this case the electron also oscillate with velocity
v =v,e"t ®)

Differentiating v in eqn (8) w.r.t time and inserting this result in equation (6) gives

imwv = eE —yv

[imw + ylv = eE 9
Thus, the electron velocity is given by

e E _ e(y—imw)

(10)

imw+y  m2w2+y2

For dielectric material the electric dipole moment (polarization) for n dielectric atoms por unit volume having
distance x between the dipoles and charge q is given by
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p = qnx (11)
Thus, the current density J is given by [1]
- _
I= = ang = qnw (12)
Inserting eqn (10) in (12) and using the definition of the conductivity (¢ = o; + ig,) yields
e(y—imw) .
qunmEzaEz (01 +ig,)E (13)
Thus, the real part o; and the imaginary part o, of the conductivity are given by
neqy —mwneq
0 = m2Zw2+y2 02 = m2w2+y2 (14)
One can simplify the expressions for g; and o, by adopting some approximations. For instance let
Yy <mw mw >y (15)
In this case equation (14) gives
neqy —-neqgmw neq
01 = m2w?2 02 = m2w?2 = mw (16)
Since y < mw, thus g; < |a,|
Numerically
neqy~n x 10738y
mw~1073% x 1015~1071° 17)
m 10730
Rt T
neqmw~n X 10738 x 10715~n x 105! (18)
0,~107%3n (19)
o | > 41 (20)
Since for visible light w~1015 pe~—~10"17
[
Thus
uew?~10"17 x 1030~1013 (21)
Clearly, the above estimations show that
mw > y (22)
According to equations (16), (17), (18) and (5) with the fact that [1 , 26]
Uo = 4m X 1077~107¢ henry m™!
n~10%°
e~q~1071° (23)
102% x 10738 x 1071¢ 4
0-1"" 10_30 ""10
10201038 -
oy~ # ~1073 (24)
WO = Wio, + iwpo, ~101° X 1076 X 107* + i 105 x 1076 x 1073~10% +i 10°  (25)
But
2 30
pew? =2 = —2—~10% x 10717~10'3 (26)

¢z~ o9x1016



144
EEJP. 2 (2022) Mashair Ahmed Mohammed Yousef, Abdullah Saad Alsubaie, et al

Thus are can to a good approximation ignore both wuo;and wpo, compared to usw? in equation (5) to get

vE = —pew? = — > @7
Vo =i G=it=ik (28)

In view of eqn (2), one gets
E = E elwt-k2) (29)

Which were sent a pure travelling wave with attenuation.

LASER ELECTRONIC COMPONENTS FOR THE ELECTRON EQUATION OF MOTION IN THE
PRESENCE OF LOCAL ELECTRIC AND MAGNETIC FIELDS BESIDE THERMAL
The local field E}, an be induced when the external electric field displace atoms to form electric dipoles having dipole
moment p. the local field strength is thus by

E, =X p =« gqnx, (30)

where « is a constant of proportionality q is the dipole charge, x is the displacement n is the atomic concentration. Thus,
the equation of motion is given by

m%=eE+EL—yv—k0x=eE+o<qnx—yov+Bev—mW§x (€28

Y =Y, — Be, (32)

where B is the magnetic flux density of the internal field and kx is the thermal vibration force. Again the velocity can
become.

v=u, eiwt (33)

Integrating both sides yields

x=fvdt=2=-2 (34)

14
w

where x is the displacement. The differentiation gives

av _ .
o = wv 35)
Inserting eqns (34) (35) in (31) gives
. «<qn imwzv
imwv = eE — w—yv+
[i[m(w? — w2)+x gn] + yw]v = ewE (36)

For simplicity and to gain time as well as ink and paper one can define

B =mw?+x gn —mw?2 =mWw? — w2) + < qn 37
Y =Y, — Be (3%)
Thus, eqn (36) becomes
[iB+wylv=ewE (39)
Hence, the velocity v is given by
V= 0

The current density resulting from dipole oscillation is thus given by
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= _ o
I=a =g =aw (@1

In view of equation (40) one gets

) =W B GF = (0, + io,) E (42)

w2y2+ B2

Thus the real and imaginary conductivities are given by

__ eqnw?y

oy = w2 2ig2 (43)
__ —Bengw

%2 = gt @9

If we select a material with weak internal field, and when we consider the case when the frequency w equal to w,, . Thus
wy>p (45)

There fore
w?y? + B2 ~ w? y? (46)

One is concerned with dipole current according to eqn (41). Thus, the mass of vibrating atoms m and w for visible
light have the orders

m~10"26 w~1015 47)
Hence
B~10726 x 103°~10* (48)
Also
wy~10%%y (49)
wy > f B <wy (50)
This requires
y>10"1 (€3]

The value of y(y = m/7) for the element Bi exceeds 1071 [26]. Thus the oscillating dipole should have friction more
than that of the element Bi. In this case

eqn

o == (52)
_ _Bengw _ B _ B
02——W——enqw—y2——alw—y (53)
loz| < oy (54)
Thus one can neglect the imaginary conductivity to get
0-2 ~ (0]

According to eqns (53), (54) and (5)
va? = i — pew? = uw (? —ew) = pw(i X 10738 x 101 x 1020 — 105 x 107*1) = pw(1077i — 10%) (55)

Thus

Ya=1ik (56)

In view of eqn (2) is a travelling wave in the form
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E = EO ei(wt—kZ) (57)

This wave is un attenuated. Now consider the resonance condition with no local field, i.e

w = wo X =0 (58)
In this case eqn (37) gives
B=0 (59)
Thus eqns (43) and (44) gives
oy =28 (60)
0,=0 (61)
In view of equation (38)
Y =Yo— B (62)
If one make the internal magnetic field by doping the sample with magnetic dipoles such that
Yo — Be (63)
In order to make
y ~ 107%° (64)
In this case equation (60) gives
o, ~ 10%%n (65)
Since
uew? ~ 1013 (66)

Thus one can neglect the last term in eqn (5) to get [see eqns (61) , (65) , (66)]

y=iwpa = ()wuo (66)
Thus
Yo = 6,4—51 WUO
1 i
Yo = (5 + %) vwroy (67)

A direct substitution of eqn (67) in eqn (2) gives

i(wt— . WmHZ) _Ywuoy ,
V2 e 2

E = Eoe

E =Eoe V2 e 2 (69)
Thus the attenuation (absorption) coefficient becomes
_ Ywpow
o= 2 (70)

Increases with the frequency. This means that the resistance of the medium to the radiation increases upon increasing
frequency. This behavior resembles that of an inductor, which has resistance (x;, = wL) increasing with frequency. This
means that the medium behaves in this case as an inductor.

Another case can be considered by doping the chip with magnetic dipole atoms such that

y=Y,—Be=o0 7n
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In this case eqns (43) and (44) gives

—enqw

(72)
In view of equation (37)

B=mw?—-w2)+xgn (73)

B can also be adjusted by doping the chip with electric dipoles and selecting atoms having natural frequency w, or
alternatively when no electric dipole exist, with the laser frequency fine-tuned such that

B ~107%° (74)
In this case equation (72) gives
o, ~10%2 nw (75)
Thus with the aid of equations (17) and (23)
wuo, ~103% x 1076 x 10%?2n ~ 10%° n (76)

In view of equations (5), (21), (72) and (76), one can neglect all terms except the term (76) to get

y,fz—wyazz%zﬁwz (77)
Therefore
Ya= Cow (78)
Where
;=5 (79)

A direct substitution of eqn (79) in (2) gives
E = Eoe—Cowzei(wt) (8())

This equation represents an oscillating wave with amplitude diminishes with distance z and angular frequency w.
Thus the resistance of the medium to the wave increases with frequency. Thus, this medium acts as an inductor. This
medium also allows intalgenment as far as

K=—=0 (81)
Thus the wave speed is

V=" (82)

Another approach can be tackled using equation (5) by considering a travelling diminished wave. This requires
defining y,, to be in the form

Ya =k + Yoq (83)
Where conductivity o and electric permittivity are complex
o=o0y+ i0y
e=¢ + ig, (34)
Thus a direct substitution of equations (83) and (84) in eqn (5) gives
2 — _

Yé = —k? + ¥ia + 2kYoql = iwuoy — wuo, — pugyw? — ing;w?

Since the wave number k is given by
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k=" = wyig (85)

Then the two terms cancel out on both sides. Equating real and imaginary parts give
Yoa = ~WHO; Yoa = V—WHO, (86)

2kYoq = Wpoy — pe;w?

WO, — e w2

Yoa =

2k
For elements like Ag and Cu with T~107* at 273 K [26]
m
m~10730 w~10%° y~ ?~10‘3° x 10*14~10716
mw~10"1°
Therefore
mw >y
Thus equations (14) and (89) gives
neqy
01 = m2 w2
-mweq neq
2T e T mw
Inserting eqn (91) in (86) gives
Yoa = ’%
Inserting also eqn (90) in (87)
neqyuw 2
———|-uew
Yoa = ( 2 WZZZ

When the internal local polarized field is in the same direction and in phase with the external field

E=& & =0

Vou = LEAVE
oa 2m2kw

The term in equation (92) can be made similar to that of eqn (95) by

1 _ k?
HE=T12 =0z

Thus inserting equation (96) in (92) gives

_ |neque _ neq __ neqkz_k neq
Yoa me m e v2 mew? wAql me

Therefore equations (97) and (83) inserted in (2) gives

_k [neq,
E = Ege W\ me el(Wt—kZ)

87

(8%)

(89)

(90)

oD

92)

93)

4

95

(96)

N

(9%)

Equation (98) represent a travelling wave attenuated with distance Z. the attenuation rate increases upon decreasing

the frequency. This means that the medium resistance to the wave increases when the frequency decreases.

Therefore, the medium, which is doped with electric polarized atoms or molecules, with low mechanical resistance

act as a capacitor for electric circuits, where the capacitor resistance (xc = —) increases when the frequency decreases.

wc
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However for elements like Bi with T~10716 [26], the friction coefficient takes the form
y~§~10-3° x 1016~10~14 (99)
Thus
Yy >mw (100)
This since (m w~1071%), in the case of copper the relaxation time [1] is of the order T~1071%, Thus
y~T~107% % 1019~10711
The frictional term is thus much larger than the term mw, i .e
y > mw (101)
Thus equation (14) gives

ne megmw
0-1 = yq 0-2 = -

(102)
In view of equation (86) the insertion of the imaginary conductivity gives

Yoa = \/neqmy (103)

For real dielectric constant when the internal and external fields are in phase
&g =€ & =0 (104)

Thus inserting the real conductivity in eqn (102), together with (104) in (87) gives

Yoa =7 o (105)
Thus inserting eqns (105) and (83) in eqn (2) gives
E=E, ey 2k Zeitwi-k2) (106)

This equation represent a travelling wave facing resistance proportional to the frequency. Thus this chip, doped with
materials that polarize themselves in the direction of the external electric field, acts as an inductor.

The chip can acts as a resistor, when using equations (37), (38) and (39). When the internal field B is adjusted by
doping the chip with magnetic material such that [see (38)]

y=v,—Be=o (107)
i.e

B="= (108)

e
When also electric dipoles that generate internal field are present
xX=0 (109)

Neglecting also thermal agitation when one cool the thin film or dope it with very strong bond which prevents electrons
and atoms vibrations. In this case

wo = 0 (110)

Thus equation (37) gives
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B =mw? (111)
In view of equation (39) one gets
_ _ iwe _ _ le

v= msz - me (112)

Using the formal definition of the current density

ine? ,

J=nev= ——F = (0, +ioy)E (113)

Thus, the real and imaginary conductivities are given by

2
o,=0 o= (114)

Vou= "t = J% (115)

This equation represents an attenuated travelling wave with attenuation and resistance proportional to the
concentration of the doped material n. This indicates that the chip acts here as an ordinary resistor.

Using equation (86) yields

DISCUSSION

The magnetic and electrical properties of the materials or the impurities added to the host substrate determine
completely and affect the laser propagation inside electronic laser chips. Section (2) shows that for a medium which has
only mechanical resistance, such that the atoms are in the form of dielectrics equations (10), (12), (14) and (15) beside
equation (29) show that such dielectric material enables laser waves to travel without any attenuation. Thus this material
act as a conducting wire which connect electronic components with each other.

The dream of scientists to use laser instead of electrons in integrated circuits and electronic chips can be realized if
certain conditions are satisfied.

According to equation (5) the attenuation coefficient reflects the resistance of the medium to the laser or
electromagnetic radiation. Large attenuation coefficient reflects high resistance, while low coefficients reflects low
resistance. This means that also when the attenuation coefficient is directly proportional to the frequency the medium acts
as an inductor, which has resistance(X; = WL). Nevertheless, when the attenuation coefficient is inversely proportional
to the frequency the medium acts as a capacitor, which has resistance(X, = 1/(wc)).

The dependence of the attenuation coefficient on the frequency is through the conductivity o as shown by
equations (5) and (14). The interaction of the medium with EMW manifests itself through the electron equation of
motion (31), beside equations (37) and (38). This interaction manifests itself through conductivity as shown by eqns (43)
and (44). The properties of the medium that affect the attenuation coefficient through the conductivity o are the local
magnetic field B beside the local electric field « g n in an edition to the natural vibration frequency WO and friction
coefficient y. Equations (58 — 70) shows that when the laser frequency is equal to the natural medium frequency, and in
the absence of a local electric field, by adjusting the magnetic internal field to can cell out (see (64)) and to be just less
than the friction force, in this case the attenuation coefficient is directly proportional to the frequency. Thus, the medium
act as an inductor in this situation (see eqn (70)). However, when the magnetic force exactly can cell out friction force as
shown by eqn (71), with laser frequency equal to the natural frequency, for very low doping with dielectric or electric
dipoles that having very weak local field, the medium acts again as an inductor as shown by eqn (80).

Another approach can be tried by assuming the laser as a travelling wave with attenuation coefficient y,, as shown
by eqn (83).

When one has elements like Ag and cu with relaxation time t~10713 or more the attenuation coefficient is inversely
proportional to the frequency (see (97)). The medium thus acts as a capacitor.

However, for elements like Bi with t~1071° or less (see eqn (99)), the medium doped with Bi acts as an inductor
as shown by eqns (105, 106).

The chip acts also as a resistor for nonelectric, non-oscillating atoms medium having internal field force exactly
cancelling the frictional force (see eqns (107 — 116).

CONCLUSION
Using Maxwell's equations and the electron and dipole equation of motion it was shown that chips fabricated from
some materials act as conductor or capacitor or resistor. For laser or light frequency nearly equal to the natural frequency,
such that the local magnetic force just cancels the frictional force, in this case the material act as an inductor. The chip
acts as a capacitor for nonmagnetic material with negligible natural frequency and high mobility electric dipole, which
align itself in the external electric field completely. The chip also acts as a resistor for non-dielectric, nonmagnetic material
with negligible natural frequency when its relaxation time exceeds 10~1* second.
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EJEKTPOHHI YIIIH, IO AIIOTh AK KOHAEHCATOPU ABO HHIAYKTOPH,
KOJIM JIA3EP JII€ SIK IEPEJIABAY IH®OPMAIIIL
Mamaip Axmen Moxammen IOced?, Adaysia Caan Aucy6aii?, 3onnyn Axmen AGeiin Astax Caan®,
My®6apak dipap A6a-Anna‘
“Disuunuil paxyremem, Koneddxc yrigepcumemy Xypma, yrieepcumem Taig, Cayoiscvka Apagis
b@izuunuii paxyromem, gpaxyromem mucmeyme i nayx, JJaxpan Aoxcainy6, Yuisepcumem xopoas Xanioa, Cayoiscvka Apasis
“@isuunuti paxyromem, gaxyivmem npupooHuuux Hayk Cydancvkoeo yrisepcumemy nayku i mexuixu, Xapmym, Cyoan

Jlist 301IbIIeHHS IBUIKOCTI IOTOKY iH(pOpMaii i EMHOCTI ITaM’SITi B €JIEKTPOHHHUX HPUCTPOSIX JJIS IIepeHeceHH s iHpopMalil 3aMicTh
SJIEKTPUYHOTO CTPYMY MOXKHA BUKOPHUCTOBYBATH J1asep. OCKiIbKN (OTOH MBHUILIMK 32 €JIEKTPOHH, OHiKy€ThCs, 1110 iHdopMmartis Oyne
nepenaBaTHCs TyXe MIBUAKO 4yepe3 [HTepHeT, konu (GoTOHH 3aMiHATH eilekTpoHH. Lle BuMarae mouryky Mikpocxem, siKi IiOThb SIK
KOH/ICHCATOPH, 1HAYKTOpH a0 pe3uctopH. [ 1poro Oyjo BUKOPHCTAHO PiBHAHHS MakcBeiuia Ul HalpyXXeHOCTi eJIeKTPUYHOTO
TI0JIS TIOPSL 3 €IEKTPOHHUM PIiBHSHHAM PyXy. BBa)KaeThcs, 110 €NEKTPOH BiOPY€E MPUPOIHUM YHHOM BCEPE/MHI CePEOBUILA 3 TEPTIM
B MIPUCYTHOCTI JIOKAJILHOTO EIEKTPUYHOTO Ta MarHiTHOro nomiB. Lli piBHAHHS OyiM BUKOPHUCTaHI AJI MOUTYKY KOPUCHOTO BUpa3y IS
koedimieHra morimHaHHA. Byno BusABIEeHO, mo KoeillieHT NOTIMHAHHSA 3aJICKUTH BiJ[ YacTOTH Jla3epa Ta BIACHUX IOPSI 3
Koe(II[ieHTOM TepTs Ha JOAATOK JI0 BHYTPIIIHIX eIeKTPUYHHUX Ta MarHiTHUX noumis. Li mapameTpy MokHa TOYHO HalAIITYyBaTH, 1100
MiKpocxema Jisiia sIKk KOHICHCATOP, IHAYKTHBHICTh a00 pe3nucTop. [HTeHCHBHICTS J1a3epa 3MEHIIYEThCS IPH 301IbIIeHH] KoedilieHTa
nornuHaHHsg. TakuM YHMHOM, KOe(illieHT IOIJMHAHHS i€ SIK eJeKTpUYHHN pesuctop. OTe, SKIIO KOoedil[ieHT MOrIMHAHHS
301IBIIYETBCS MTPU 3MEHIICHHI YaCTOTH, MIKpOCXeMa Ji€ K KOHIEHCATOp. AJie KONu KOe(ilieHT MOrIMHAHHS 30UIbLIYEThCS MPU
MiIBUILCHH] YacTOTH J1a3epa, MiKpocxema i€ sK iHAyKTop. Y BHUNAJKY, KOJH KOe(DII[i€HT MOIJIMHAHHS 3pOCTAE 3 KOHLEHTPALIEI0
HOCIiB, BiH BUCTYIa€ B Wil CUTYyAIi K pe3ucTop. s MarHiTHUX MaTepiaiiB i3 MIJIbHICTIO MarHITHOTO MOTOKY, SIKA CKACOBYE CHILY
TEpTs, KOJIM YacTOTa Jia3epa AOPIBHIOE Maibke BIIACHIK YacTOTi aToMa, Marepian i€ K iHAyKTOp. AJie KOJNU CHjla TEpTS HU3bKa 3
BHYTPIIIHIM i 30BHIIIHIM €JIeKTPUYHUMH ITOJSIMU B (a3i, MaTepial mie sk koHaeHcaTop. OqHAK BiH i€ SIK PE3UCTOP VI HE3HAUHOI
BJIACHOI YaCTOTH, KOJH HE iICHY€ eNeKTPUYHHX JHUIOINIB 1 KOJIM CHJIa BHYTPIIIHBOTO MAarHITHOTO ITOJISI BPiIBHOBAXKY€E CHIIY TEPTH.
KurouoBi citoBa: nasep, Mikpocxema, KOHIACHCATOP, IHIYKTOP, PE3UCTOP





