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THEORY OF NONLINEAR OSCILLATIONS
ON EXTERNAL INFLUENCE ON
PHOTON BEHAVIOR

N.N.Leonov
The article describes a mechanism of external influence on behavior of photons.

The quantum theory considers a photon as a characterless object of an unknown structure. It
is assumed that a photon is an indivisible quantum of electromagnetic energy that features wave-
corpuscle properties, zero electric charge and zero rest mass. It has been argued that in the
absence of any external influence a photon moves precisely in straight lines, that its motion
velocity does not depend on a velocity of the photon source motion, and, when in “vacuum”, it
moves at the constant velocity of ¢=299792458m-s".

Einstein discovered photon in 1905 when studying such a phenomenon as an external
photoelectric effect (photoeffect). The reason why photon features these properties is unknown
to the quantum physics.

Photon is, undoubtedly, a very unusual but still a material object. That is why it was
absolutely natural for the scientific community to be interested in which interactions with the
matter can involve photon.

Yet in 1801, when it was nothing known about existence of photons, German physicist and
astronomer J. von Soldner, by reference to the corpuscular nature of light, calculated the angle 6
of light beam bend in a solar limb. The angle appeared to be equal to 0.83".

Following the discovery of photon and development of the relativity theory Einstein assumed
that gravity could influence photon behavior. After calculations he estimated the angle as
0=1.745". Comprehensive in-Situ measurements carried out in 1919-1952 showed that the true
value of § is within (1.61", 2.24").

Einstein had a hunch that photons may be also exposed to magnetic action. In a private
discussion he suggested to P.L. Kapitsa that he attempts to measure influence of magnetic fields
on the speed of light [1]. However, experimental attempts to do it failed.

Types of Photons and Their Structures

Different types of photons and their structures were identified using methods of the theory of
nonlinear oscillations [2]. The most common object in our Universe is apparently photon that is
an electron-antielectron dipole. Besides this type of photons there may be three more types of
photon dipoles: positron-antipositron dipole, electron-antipositron dipole and positron-
antielectron dipole.

Electron-antielectron and positron-antipositron dipoles can be called “chargeless” as the sum
of electric charges of electron and antielectron as well as the sum of electric charges of positron
and antipositron is zero.

Knowledge about photons structures enables using theoretical means alone, without any
special-purpose experiments, to obtain incontestable evidence that gravity, electric and magnetic
fields have a real influence on behavior of such dipoles.

Since photons consist of electron-like microobjects it is obvious that they can be involved in
gravity, electric and magnetic interactions with the matter and that they take no part in nucleonic
interactions.

In order to understand how these interactions happen, one should illustrate photon properties
by the example of an electron-antielectron dipole.



Properties of Photon Dipoles

Electron-antielectron dipole has the basic properties of photon: zero total mass and zero total
electric charge. In addition, it has zero resulting vector of magnetic moment.

Electron e and anticlectron o in this dipole are exposed to electric attraction (red color) and
magnetic repulsion (blue color) (fig.1).

Fig.1

Resulting electromagnetic forces Feny, acting on electron and antielectron are located along
straight line | that intersects electron and antielectron and are directed oppositely to each other.
These forces impart the respective accelerations to electron and antielectron. Since antielectron
features a “negative” mass, these accelerations have the same directions. Therefore, electron and
antielectron always move in the same direction. In the absence of any external influence they
move strictly along straight line I.

If distance b between electron and antielectron is 4.4-10 '°m, then resulting electromagnetic
forces are equal to zero, and the dipole is in an unstable state of static equilibrium. If
b<4.4-10 '°m, the dipole is “fast”, it moves in vacuum at a velocity close to ¢, electron moves
ahead and antielectron follows the electron’s “track”. If b>4.4-10"°m, the dipole is “slow”.
Motion velocity of a “slow” dipole is incomparably lower than ¢. Antielectron moves ahead in
this dipole and electron follows the antielectron’s “track”. “Slow” photons are known in the
guantum theory as “Copper paired electrons with different spins”.

The analysis conducted using methods of the theory of nonlinear oscillations showed that the
motion velocity of a “fast” photon is a function of ether resistance to such motion, 1.e. it depends
on the density of ether on the photon path. It happens as described below.

In the absence of any external influence a “fast” electron-antielectron dipole moves along a
straight line that intersects both elements of the dipole. During the motion of dipole electron
moves ahead and antielectron follows the electron’s “track™.

If the dipole motion velocity is lower than the one that was stabilized the ether resistance to
the electron motion is higher than the one to the antielectron motion. As a result, the antielectron
under the dipole’s “motive force” starts moving at a velocity that exceeds the electron’s velocity.
At the same time, dipole base b, that is a distance between electron and antielectron, decreases
while the resulting force of the interaction between the dipole’s elements, i.e. the dipole’s
“motive force”, increases.

Increase in the dipole’s motion velocity results in increase in the ether resistance. At the
same time, the resistance to the antielectron motion at some moment starts growing faster than
the resistance to the electron motion. At some velocity the ether resistance to the electron and
antielectron motion becomes equal. This velocity of the dipole’s motion is called stabilized
velocity.

“Fast” photons participate in the phenomenon of microscopic object excitement. “Slow”
photons take part in generation of electric currents, maintain magnetic properties of permanent
magnets and generate fireball energy.

Among microobjects capable of self-accelerating, electron-antipositron and positron-
antielectron dipoles feature highly unusual properties. They have double electric net charges.
Due to this, motion velocities of these dipoles are much higher than c. The fact is that the
resulting electromagnetic force in electron-antielectron and positron-antipositron dipoles is equal
to the difference of magnetic and electric forces. The resulting electromagnetic force in electron-



antipositron and positron-antielectron dipoles is equal to the sum of magnetic and electric forces.
And since the “motive force” of these dipoles is higher than the “motive force” of chargeless
dipoles, the ether resistance at a stabilized motion velocity of “charge” dipoles is higher than in
“chargeless” dipoles, and their motion velocity is higher accordingly.

“Charge” dipoles can only be “fast”. One day, when I was about trying hand at the
microworld theory and so collected different information related to microworld phenomena, |
came across a report of some unknown microscopic objects observed with double electric
charges. Regretfully, back then I could not estimate the meaning of that information and did not
remember its source.

Gravity Effects

Generally speaking, the force of external influence on a dipole comprises a longitudinal and
transverse component. The longitudinal component is on a straight line that intersects both
elements of the dipole while the transverse component is orthogonal to the straight line.

Longitudinal Gravity Effects

If electron-antielectron dipole is not exposed to any external influence, the force of ether
resistance to steady motion of electron #; is equal to the force of ether resistance to steady
motion of antielectron 75, and each of them is equal to electromagnetic force Fepn,.

When electron-antielectron dipole moves towards a source of external gravity effect
(rightwards on fig.2), the electron is exposed to the sum of forces equal to Fem+Fg—#1, where Fq
is longitudinal component of the gravity effect force, #; is the force of ether resistance to the
electron motion, and the antielectron is exposed to the sum of forces equal to Fem—Fg—2 (the
gravitational component is black on fig. 2).
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Fig.2

As a result antielectron is behind electron, distance b between the electron and antielectron
increases, the “electromagnetic motive force” of the dipole decreases and the dipole’ motion
velocity decreases too. At the same time, the force of ether resistance to the electron motion #;
exceeds the force of ether resistance to the antielectron motion 7,. Variations in ether resistance
to the electron motion #; and to the antielectron motion 7, based on dipole base b and dipole
velocity v are illustrated by figure 3 (71 is solid line, 7 is dashed line).

Fig.3

Electron and antielectron motion velocities become equal when the forces acting on electron
and antielectron are equated: Fem+Fg—#1=Fem—Fg—#2. This happens if #1—#,=2F,, i.e. when the
dipole motion velocity is decreased.
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When electron-antielectron dipole distances from a source of gravity effect the gravity force
direction is reversed (fig.4).
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Fig.4

In this case, electron and antielectron motion velocities become equal if 7—#;=2F, i.e. when
the dipole motion velocity is increased.
0
Everything said above can be repeated for any other “fast” dipole. Thus, gravity effect slows
down “fast” dipole when it is approaching the gravity source and accelerates the dipole when it
is distancing from the gravity source.

Transverse Gravity Effects

Transverse component of gravity effect f is the same for the both elements of photon dipole
(fig.5).

Fig.5

However, due to the antielectron mass being “negative”, the dipole is exposed not to a force
of displacement across the motion direction but to the moment of forces M=Dbf that tends to turn
the dipole clockwise relatively to its center of mass. Moment A makes the dipole slowly rotate
around its center of mass. And since the dipole velocity vector is on the line that intersects both
elements of the dipole, the velocity vector is rotating concurrently with the dipole. As a result,
the dipole motion path becomes distorted.

Angular velocity w(t) of rotation of the dipole and its linear velocity vector is determined
from the equation:

d/dt(lw)=M,
where | is inertia moment of dipole equal to 0.5b’m,, force f=GMsm.R 2siny, G is gravity
constant, Mg is mass of the gravity effect source, m. is mass of electron-like microobject, R is
distance from the gravity source to the dipole, y is angle between the dipole centerline and vector
R.

On the basis of these relations one can build dipole motion equations. However, in order to
describe dipole motion path, it is necessary to know the b(t) function. Since b(t) is unknown the
study in question does not allow for determining a precise value of the dipole motion path
distortion but reveals the causal mechanism of such distortion with utmost clarity.
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Yet, it is quite possible to estimate the photon path bend angle approximately. Back in 1801
Soldner was close to such estimate but failed because he knew nothing about the photon
structure.

Let us calculate an approximate value of 6 when a “fast” electron-antielectron dipole is
passing through the spherical border of our Sun.

We shall introduce the xy coordinate system, where x=ct, ¢c=3-10°m-s™', the x axis is tangent
to the spherical border of the Sun in O(0,0), i.e. in the origin of coordinates, and the y axis passes
through the Sun center and through O (fig.6).
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Fig.6

Dipole path becomes distorted almost only in the vicinity of the Sun and the bend angle is
extremely small. Since the Sun radius rs=696-10°m, the longest distance from the Sun to the
Earth is 1.521-10"m, and the experimentally measured greatest value of light beam deflection
angle is 2.24"=10""rad, then the greatest value of linear deviation of photon when it is passing
from the Sun to the Earth is only 0.001rs.

Therefore, we shall assume that the distance from the Sun center to a photon dipole is
R=(rs’+c%t?)%°. As the dipole path bend angle is extremely small, we may assume that y in the
equation for force f is determined by the equation: siny=rs-R™", and f=GMsm.R"".

Under the action of f, electron is shifted along the y axis according to the equation: mey"=f, or

equally to the equation: y"=C(a*+t?)""*, where C=GMsrsc ™, a=rsc . Subject to this equation and
initial conditions, y'=Ca t(a®+t%) °~, and y=Ca *(a*+t?)°°.
Curve y=Ca *(a*+t?)*° has the asymptote: y=Ca *+Cat. For this asymptote, dy/dx=
y'Ix'=Ca *c¢'=GMsrs 'c . By substituting numerical values we obtain: dy/dx=1g=0.00213-10",
where ¢ is angle between the asymptote and the x axis. Due to the smallness of the obtained
value, ¢=0.00213-10 *rad=0.4393".

The ¢ angle characterizes the photon path bend due to photon dipole rotation induced by the
gravity influence of the Sun on electron. The gravity influence on antielectron results in doubling
of angular speed w(t) of photon dipole rotation. As a result, at photon dipole distancing from the
Sun the photon motion path is bent by 2¢=0.8786".

As photon dipole approaching to the Sun, its motion path is also bent under the gravity
influence of the Sun to the angle equal to 0.8786". The resulting bend angle of photon dipole
path is 6=1.7572".

Magnetic Action
How photons response to an external magnetic field?
There are two types of photon dipoles (let us denote them as 4 and B), depending on

direction of magnetic moment vectors of their elements (on fig.7: — is magnetic moment
vector).

Fig.7

As magnetic moment vectors in both photons are opposite, the direction of magnetic forces
for both photons is the same (fig.8).

Fig.8



Despite of the fact that directions of magnetic forces in type 4 and B photons are the same
these photons’ response to external magnetic fields differs.

If a longitudinal component of the external magnetic field is directed leftwards, opposite to
the dipole motion direction, then longitudinal components of external magnetic forces have the
directions as shown on fig.9 (purple), electric interaction forces between the dipoles are omitted
here.

Fig.9

In the case A4 the external magnetic field increases the dipole’s “motive force”. So electron
and antielectron motion velocity v is increased by some ¢. Consequently, the ether resistance to
electron motion 71 and to antielectron motion 7, increases too, so that 7, exceeds #; (fig.6). That
IS why antielectron is behind electron and distance b between electron and antielectron increases
until #; and 7, become equal to each other and ¢ becomes zero, i.e. until the dipole velocity is
becomes equal to v again.

In the case B the external magnetic field decreases the dipole’s velocity by some e.
Ultimately, the dipole velocity remains the same while dipole base b decreases.

If the external magnetic field is directed rightwards, along the dipole path, then it results in
the dipole base reduction in the case 4, and in the dipole base extension in the case B with the
dipole motion velocity remaining constant.

Thus, external magnetic field changes only the dipole base value leaving the dipole velocity
unchanged.

0

Transverse component of the external magnetic field generates Lorentz forces that result in
moment of forces M, that turns the dipole around its center of mass and distorts the dipole
motion path.

Electric Action

Longitudinal component of the external electric field, like in case with magnetic action, does
not change motion velocity of an electron-antielectron dipole. Only the dipole base value
changes based on the “sign” of the electric field and the dipole motion direction in relation to the
field source.

Transverse component of the external electric field simply shifts the dipole path leaving its
motion velocity unchanged and the “shifted path of the dipole parallel to the original path.
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OmnucaHbl MEXaHU3MBI BHEIITHUX BOSHGﬁCTBHﬁ Ha IIOBCOCHHEC CI)OTOHOB.
°

B kBanToBOW Teopuu mnoj (OTOHOM TMOHUMAETCs O€3NUKUN OOBEKT C HEU3BECTHOU
cTpykTypoil. Cumtaercs, 4Tto (OTOH SBISCTCS HEICIMMBIM KBAaHTOM 3JEKTPOMArHUTHOU
SHEpruu, 00JaJAIIUM KOPIYCKYJISPHO-BOJHOBBIMU CBOWCTBAMH, HYJIEBBIM 3JIEKTPUUECKUM
3apsIoM U HYJIEBOH Maccod TMOKOsl. YTBepxkaaeTcs, 4To ()OTOH, MPU OTCYTCTBHHM BHEIIHUX
BO3/ICHCTBUI, TBUKETCS CTPOrO MPSIMOJIMHEHHO, YTO CKOPOCTh €r0 JBIKEHHUS HE 3aBUCUT OT
CKOPOCTH JBWKCHHSI UCTOYHMKA (DOTOHOB, U YTO B «BAaKyymMe» OH JIBHXKETCS C IMOCTOSHHOMN
CKOpPOCTBIO ¢=299792458m ¢ .

@oToH OB OTKPHIT DifHIITEHHOM B 1905T MpH M3y4eHHH TAaKOTO SBJICHUS, KaK BHEIIHHUM
dotoanekrpuuecknii dpdext (poroaddexr). Ilouemy ¢ortoH oOnamaer FTUMU CBOHCTBAMH,
KBAaHTOBOH (pM3MKE HE U3BECTHO.

o

@®OTOH, HECOMHEHHO, SBJISIETCS OYEHb HEOOBIYHBIM, HO BCE JK€ SBHO MaTe€pUaIbHBIM
00BexToM. [103TOMY COBEpIIIEHHO €CTeCTBEHHBIM ObUT MHTEPEC Hay4HOTO COOOIIECTBa K TOMY,
B KaKUX B3aMMOJICUCTBHUSAX C BEIIECTBOM MOXKET MPUHUMATh y4acTue (GOTOH.

Emé B 1801r, korna emié He ObIJI0O HUYETO U3BECTHO O CYIIECTBOBAHUU (DOTOHOB, HEMEIKUI
¢u3uk u actponom M. ¢on 30mbaHEp, HCXOISM U3 KOPITYCKYJISIPHOW TPUPOABI CBETA, BHIYHCIIHI
yroJl 0 UCKPUBJICHHSI CBETOBOTO Jiyya B COJHEYHOM JuMOe. Benmuumna »TOro yria okasanach
paBHoii 0,83".

[Tocne oTkpeiTHA (HOTOHA U CO3AAHUS TEOPHIl OTHOCUTENBHOCTH, DUHIITEHH MPEIIOI0KII,
YTO TPaBUTAIMS MOKET OKa3bIBaTh BO3JICHCTBHE HA TOBeaeHUE GoToHa. [IpoBenst BRIYUCIICHUS,
Ol MOJyYMJI OIIEHKY BenuuuHbl yriaa o =1,745". Ilposenennsie 1919-1952rr, TmiarenbHble
HaTypHbIE W3MEPEHHS TOKa3alM, YTO WCTUHHAs BEIWYMHA yria J HAXOAUTCS B HMHTEpBaJe
(1,61",2,24").

°

DWHIITEHH Toa03peBal, 4YTO (OTOHBI MOTYT MCIBITHIBATH M MAarHUTHBIE BO3AeHcTBUs. B
OoMHOW w3 JWYHBIX Oecen, oH mnpemioxun I[IJI.Kanuue mnoneTathCss HM3MEPUTH BIUSHHE
MarHUTHBIX TOJIEW Ha CKOpocTh cBeTa [l1]. OnmHako, SKCIEPUMEHTAIBbHO 3TO CHAENaTh He
yZ1aJI0Ch.

Tunsl GpOTOHOB M UX CTPYKTYPbI

Hanuuue paszHbIX TUIOB (DOTOHOB M MX CTPYKTYPbl ObUIM BBISBICHBI METOJAAMH TEOpUU
HEeNMHEHHbIX Konebanuii [2]. B Hameil BeenenHol, caMbIM pacpOCTpaHEHHBIM SIBISETCS, TO-
BUIUMOMY, (DOTOH, TPEACTaBISIOUIUN COOON 3IEKTPOH-aHTUAJIEKTPOHHBIM aumnonb. Kpome
3TOro Tumna (OTOHOB, BO3MOXKHO CYIIECTBOBaHME e€II€ TPEX TUNOB (POTOHHBIX TUMONEH —
MTO3UTPOH-AHTUIIO3UTPOHHOT O, JIEKTPOH-aHTUITO3UTPOHHOTO U MTO3UTPOH-aHTUAIIEKTPOHHOTO.

ONEKTPOH-aHTUAJIEKTPOHHBI M MO3UTPOH-AHTUIIO3UTPOHHBIM JUIOIM MOXHO Ha3BaTh
«0e33aps10BBIMUY, TaK KaK CyMMa JJIEKTPHUYECKUX 3apsAf0B IEKTPOHA M AHTURJICKTPOHA , a
TaK)K€ CyMMa 3JIEKTPUYECKUX 3aps10B IIO3UTPOHA U AHTUIIO3TPOHA, PABHBI HYIIIO

3HaHue CTPYKTYpP (POTOHOB MO3BOJSAET YUCTO TEOPETUUECKUMU CPEICTBAMHU, O€3 0OpaleHHs
K CIHEIHaJbHBIM JKCIEPHUMEHTaM, IIOJydUTh OECCIOpHbIE [0Ka3aTeabCTBa TOTO, 4YTO
TPaBUTALMOHHBIE, 3JIEKTPUYECKHE W MATHUTHBIE IOJS OKa3bIBAlOT PEaJbHOE BO3JECHCTBUE HA
[IOBEJCHUE ITUX TUIIOJIEH.

Tak kak (OTOHBI COCTOAT U3 NEKTPOHONOAOOHBIX MUKPOOOBEKTOB, TO, OUEBUAHO, YTO OHU
CIOCOOHBI y4acTBOBAaTh B I'PAaBUTALIMOHHBIX, MATHUTHBIX U 3JIEKTPUYECKUX B3aUMOICHCTBUSIX C
BEUICCTBOM, U YTO B HYKJIOHHBIX B3aMMOJCHCTBHUAX OHU HE y4aCTBYIOT.

YroObl TOHATH, KAK TPOUCXOIAT OSTH B3aUMOJCHCTBUSA, HYKHO HPOHIUIIOCTPHPOBATH
CBOMCTBA (POTOHOB Ha IIPUMEPE IEKTPOH-AaHTUIIEKTPOHHOTO TUMOJISL.



CaoiicTBa (POTOHHBIX IUIIOJIEH

DNEKTPOH-aHTUAIECKTPOHHBIN IUIONb 00J1ajaeT OCHOBHBIMU CBOMCTBaMH ()OTOHA — HYJIEBOM
CyMMapHOM MacCOM M HYJIEBBIM CYMMAapHBIM DJJIEKTpUYECKMM 3apsnoM. Kpome Toro, oH
o0JasaeT HyJeBbIM CYMMapHBIM BEKTOPOM MarHUTHOI'O MOMEHTA.

Ha 551exTpoH - ® 1 aHTHAJIEKTPOH - 0 B 3TOM JIUIIOJIE ICHCTBYET FIEKTPUIECKOE MPUTIKCHHE
(KpacHBI IBET) U MAarHUTHOE OTTaJKUBaHUE (royry0oii nBeT) (puc.l).
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Puc.1

PesynbpTHpyromue 3JI€KTpOMAarHUTHbIE CUIIbl Fen , ACHCTBYMOIIME HA 3JIEKTPOH U
AQHTHUDJICKTPOH, PACIIOIOKEHBI BJIOJb MPSIMOiA |, mpoxosineit uepe3 3IeKTPOH U aHTUDIICKTPOH U
HaIpaBJIeHbl IPOTUBOMOIOXKHO APYT APYry. DTH CHIIbI COOOIIAIOT 3JIEKTPOHY U aHTUAJIEKTPOHY
COOTBETCTBYIOIIME YCKOpEHHUs. Tak Kak aHTHUAJICKTPOH 00JIa/laeT «OTPHUIATEIBHOM» MacCou, TO
9TH YCKOPEHHUs UMEIOT OJMHAKOBBbIE HallpaBiieHUsA. 1103TOMy 3JIEKTPOH M aHTHAJIEKTPOH BCErna
JBUXKYTCS B OJIHY U Ty € CTOpoHY. IIpy OTCYTCTBMM BHEUIHMX BO3JEMCTBUH, OHU JBUKYTCS
CTPOTO BOJIb MPMOii |.

Ecau paccrosHue D Mexay SJIEKTPOHOM M AHTHUDICKTPOHOM PaBHO 4,410, TO
PaBHOJEHCTBYIOIIME JJIEKTPOMAarHUTHBIE CWJIBI PaBHbl HYJI0 W JUIOJIb HaXxOOUTCS B
HEYCTOWYMBOM COCTOSIHUM CTaTHYECKOro paBHOBecus. Eciu b<4,4-10 %M, mwumoms —
«OBICTPBI», OH IBMXKETCS B 0€3BO3AYILIHOM IPOCTPAHCTBE CO CKOPOCThIO, OIM3KOH K ¢, MpH
STOM BIIEPEIH HMACT YIEKTPOH, a aHTHAIEKTPOH — IO «CIeAy» dnektpona. Ecimu b>4,4-107° Ve
JUIOJb — «MEJIEHHBIN». CKOPOCTh JBMKEHUS «MENJIEHHOT0» TUIOJS HAa HECKOJIBKO MOPSIKOB
MeHbIlle, 4YeM c. B 3ToM numoisie Bhepenud HAET aHTUAJIEKTPOH, a DJIEKTPOH — IO «CIIELy»
aHTHUJIEKTpOHA. B KBaHTOBOM Teopuu «MeUleHHbIe» (OTOHBI M3BECTHBI Kak «KymepoBckue
CHAPEHHBIMU 3JIEKTPOHAMH C Pa3HBIMU CIIUHAMU.

AHanu3, NpoBeCHHbII METOaMU TE€OPUU HETMHEWHBIX KojeOaHMi, MoKa3al, 4YTO CKOPOCTh
JBUXKEHUS «OBICTPOro» (hOTOHA 3aBUCUT OT BEJIUYMHBI CONPOTUBIEHUS dPUpPA €ro JBUKEHUIO,
T.€. 3aBUCHUT OT IUIOTHOCTH 3¢upa Ha MyTH (HOTOHA. DTO MPOUCXOJUT CIEAYIOUIIM 00pa3oM.

°

JIBIKeHNE «OBICTPOro» 3IEKTPOH-aHTUAIECKTPOHHOTO AUIIONS POUCXOIUT, IPH OTCYTCTBUU
BHEIIHUX BO3JEUCTBUMN, BJIOJIb NPSIMOM, MPOXOJsAIIei yepe3 oba aneMeHTa aumnosns. Bo Bpems
JBUKEHMS TUTIOJIS BIIEPEN UAET IEKTPOH, a IO €r0 «CIEAY» - AaHTHUDIIEKTPOH.

Ecnu cxopocTh NBMKEHMSI JUMOJS MEHbIIE YCTaHOBMBILEHCS, TO COINpPOTUBIEHHE 3upa
JBIDKEHUIO 3JIEKTpOHA OOoJjbllle, YeM CONPOTUBJICHHE 3(GUpa JBUKECHUIO  aHTUAJIEKTPOHA.
bnarogapsi TOMy, aHTUAJEKTPOH, MOJ ACHCTBUEM «IBIKYILEH CHJIBD» JUIOJNS, TBUKETCS CO
CKOPOCTBIO, TIPEBBIMIAIONICH CKOPOCTh 3MeKkTpoHa. Ilpu sTom, 6aza mumons b - paccrosiHue
MEXIYy OJJIEKTPOHOM M  aHTHAJEKTPOHOM, COKpaIlaeTcs, a pe3ylbTHpyollas cuja
B3aMMOJEHCTBUS MEKIY HIEMEHTAMU JIUIIONS, T.€. «IBUKYILAs CHUJIa» IUIIOJS YBEIUUMBAETCS.

VYBenuueHrne CKOpOCTU JBHKEHUS JUMOJS MPUBOIUT K POCTY COMpoTHBIEeHUS >dupa. [Tpu
3TOM CONPOTHUBIIEHUE IBUKCHHMIO AHTHUAJIEKTPOHA, C HEKOTOPOIO MOMEHTAa, HauYMHAeT PACTU
ObICTpee, YeM COIMPOTHUBIEHUE JBHKEHHUIO 3JIeKTpoHa. [Ipu HEKOTOpoH BelWYMHE CKOPOCTH,
COIIPOTHUBIIEHUS 3(pUpa IBMKEHUIO AJIEKTPOHA U AHTUAJIEKTPOHA CPAaBHUBAIOTCA. JTa BETUYMHA
CKOPOCTH JIBUKEHUS AUTIOJNS U SBJISETCS YCTAaHOBUBIIEHCS.

0

«bbIcTpBIe» (DOTOHBI NPUHUMAIOT y4YacTUE B SIBIEHUM BO30YXIEHUS MHUKPOOOBEKTOB.
«Mennennbie» (OTOHBI YYaCTBYIOT B CO3/IaHUHM DIIEKTPUYECKHX TOKOB, 00ECHEeUMBAIOT
NOJ/Iep>)KaHUE MAarHUTHBIX CBOMCTB IOCTOSIHHBIX MAarHUTOB, (DOPMUPYIOT SHEPreTHKY LIapOBOM
MOJIHUU.



Becbma HenpuBBIUHBIMU CBOMCTBaMH, CPeJd MHUKPOOOBEKTOB, MMEIOLIMX CIIOCOOHOCTH K
CaMOpa3roHy, o01aJat0T IEKTPOH-AHTUIIO3UTPOHHBIE U MO3UTPOH-AHTHIJIECKTPOHHBIE JUIIOIH.
Onu 0051a1a10T YIBOCHHBIMH 3JIEKTPUYECKUMHU CyMMapHBIMU 3apsiiaMu. M3-3a 3TOro, CKOpOCTH
JBWKCHMSI DOTHX IUIOJICH HAMHOIO BbIlIe CKOPOCTH c. [leno B TOM, 4YTO B DIIEKTPOH-
AQHTUIJICKTPOHHOM M B IIO3UTPOH-AHTUIIO3UTPOHHOM JIHIIOJSAX BEIWYMHA PE3YJIbTUPYIOLIEH
JJIEKTPOMAarHUTHOM CUJIbl PaBHA pA3HOCMU MArHUTHOM M DIIEKTPUYECKOW CWI. B 3iexkTpoH-
AQHTUIIO3UTPOHHOM U B ITO3UTPOH-AHTUAIICKTPOHHOM JIUIIOJE BEJIMYHUHA PE3YJIBTUPYIOLIEH CUIIbI
paBHa cyMMe MarHMUTHOM M JIEKTPUYECKOM CHII. A TaK KaK BEJIMYUHA «IBMKYILEH CHIIBD) 3THX
JUIOJNEH  BBINIE BEIWYMHBI  <«JIBWDKYIIEH CHIIBD»  0€33apsgoBbIX  TUMOJNEH, TO, WpHU
YCTAHOBUBIIEHCSA CKOPOCTU ABMKEHMSI «3apsAOBBIX» JUIIONEH, BEIMYMHA COIIPOTHBIICHUS 3(hupa
BBIIIIE, YEM B «O€33apsiI0OBBIX)» JAUIOISAX, U COOTBETCTBEHHO BBIIIE CKOPOCTh UX JBMKCHUSI.

«3apsAA0BbIe» JUIOINA MOTYT ObITh TOJIBKO «OblcTpbIMU». Koraa s, cobupasch nonpo6oBaTh
CBOU CHJIBI B TEOPHH MHUKPOMHpPA, cOOMpan pa3ivyHble CBEICHHS, OTHOCSIIUECS K SBICHHUSIM
MHUKPOMHUpA, TO OJHAXJbl BCTPETHJI COOOIIEHHWE O HAONIOJECHHUSIX KaKUX-TO HE3HAKOMbIX
MHUKPOOOBEKTOB C YABOCHHBIMH AIEKTpUUECKUMHU 3apsiiaMu. K rioybokoMy coskaneHuro, TOraa s
emé He MOT OLEHUTh 3HAaYE€HUE 3TOM HHPOPMALUU U HE 3aTIOMHIII €€ HCTOYHHUK.

I'paBuTanmonHble BO3/1eiicTBUA

B o0mewm crnydae, cuia BHEUIHEr0 BO3ACWCTBUA Ha AMIOIb COCTOUT M3 MPOJOJIBHOW U
MOINEPEYHON KOMMIOHEHT. [Ipo1oapHast KOMIIOHEHTa HAXOAUTCS HA MPSIMOM, IPOXOIAILIEH Yepes
00a ryieMeHTa JIUIIoJIS, IOTepeYHas — OPTOroHaIbHA STOH MPSAMOIA.

IIpooonvubie cpasumayuonnble 6030eiicmeus

Ecnu 351eKTpoH-aHTUAIEKTPOHHBIN AUIONIb HE UCIBITHIBAET BHEIIHUX BO3/EHCTBHM, TO CHIa
COIIPOTHUBIICHUS d(pHUpa YCTAHOBUBIIEMYCS ABMIKEHUIO DJIEKTPOHA 41 paBHA CHJIE CONPOTHUBIICHHS
3pupa YCTAaHOBHUBILIEMYCS JBIDKEHHIO AaHTURJIEKTPOHA 72 W KaXJas W3 HUX paBHa
ANIEKTPOMArHuTHOM cuie Fen, .

Korna s1ekTpoH-aHTHAIEKTPOHHBIA JMIIONb ABMXKETCS B CTOPOHY HMCTOYHHKA BHEIHETO
IPaBUTALMOHHOIO BO3JEHCTBUS (Ha pUC.2 — BIPaBO), TO Ha 3JIEKTPOH JIEHCTBYET CyMMa CHII,
paBHas Femt+Fg—1, Tie Fq — mpogonbHas KOMIIOHEHTa CUIIbI TPAaBUTALIMOHHOTO BO3AEHCTBUS, 71
— CHJIa COTIPOTUBIICHHUS d(PHpa IBMKECHHUIO SIIEKTPOHA, a Ha aHTHAJIEKTPOH JICHCTBYET CyMMa CHII,
paBHas Fem—Fg—72 (Ha puc.2, rpaBUTallMOHHAS KOMIIOHEHTA — YEPHBIH LIBET).
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Puc.2

DTO NPUBOJMT, K OTCTABAHUIO aHTUIJICKTPOHA OT DJIEKTPOHA, K YBEIWYCHUIO pacCTOSHUS D
MEXIYy OJIEKTPOHOM W  aQHTHIJCKTPOHOM, K YMEHBIICHHUIO BEIMYMHBI  «IBHKYIICH
ANIEKTPOMArHUTHOW CWJIBI» JIMIIONS W K YMEHBUICHUIO CKOPOCTH IBWKeHHs aunons. Cua
CONPOTUBJICHUST 3(Upa IBWIKCHUIO JIICKTPOHA 77 TMPHU OSTOM CTAHOBUTCS OOJIBIIEC CHIIBI
CONPOTHUBIICHUS d(Hpa JABWKCHUIO aHTHAIEKTPOHA #j2. VI3MEHEHHs BENMYUH COMPOTHBIICHHS
adupa IBIKCHUIO DIICKTPOHA #1 M AHTUDIICKTPOHA 72, B 3aBUCHMOCTH OT BEJIMYHMHBI 0a3bl
TMIoNst b M ckopocTH ero MBWKEHHS V MPOWLTIOCTPUPOBAHBI PUCYHKOM 3 (71 — CIUIONIHAS
JIMHUSL, #]2 - HITPUXOBAsL).



Puc.3

BrlpaBHUBaHUE CKOPOCTEH JBYIKEHHUS DJICKTPOHA W AHTUAJIEKTPOHA MPOWCXOAUT IIPH
CpPaBHMBAaHUM CHJI, JIEHCTBYIOUIMX HA 3JEKTPOH M aHTUAIIEKTPOH: FemtFg—#1=Fem—Fg—72. O1O
IPOUCXOAUT, €CIU 11—H2=2Fg, T.€. IpH yMEHbIIEHUU CKOPOCTHU JIBMKEHUS JUITOA.

0

Korma »y1eKTpOH-aHTUAJICKTPOHHBINH JIUIONb yAAISIETCS OT HMCTOYHHMKA TPAaBHTAMOHHOTO
BO3JICHCTBHUS, TO HANpaBJICHUEC T'PABUTAIMOHHON CHJIBI HM3MEHSCTCS Ha IPOTHBOIIOJIIOKHOE
(puc.4).
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Puc.4

BripaBHMBaHME CKOPOCTEH [BMKEHHUS OJJIEKTpOHA M AHTUAIEKTPOHA, B 3TOM Clydae,
IPOUCXOAUT, ecnu #2—11=2F, T.€. IpU yBEITMUEHUH CKOPOCTH JIBUKEHHS JTUIIOJIS.
0
Bcé ckazaHHOe MOXHO MOBTOPHUTH Ui JIFOOOrO APYroro «OslcTporo» aumois. Takum
o0pa3oM, TIpaBUTAllMOHHOE BO3JIEHICTBHE BBI3BIBACT YMEHBLIEHHE CKOPOCTH JIBUKECHHS
«OBICTPOrO» JIHUIOJNIA, MPU €ro NPUOIMHKEHWH K HCTOYHUKY TIpaBUTAllMM, U YBEIUYUBACT
CKOPOCTB JIBWJKEHUS AMIIOINS IIPU €70 YAAJIEHUU OT UICTOYHHMKA IPaBUTALIMH.

Honepelmble cpasumauyuoOHHble 6030elicmeus

[ToriepeyHass KOMIIOHEHTa TpaBHTAIMOHHOTO Bo3jaekcTBus f omuHakoBa jas  0OoMx
AJIEMEHTOB (POTOHHOTO JUTIONS (PHC.S).

Puc.5

OnHako, U3-3a «OTPULIATEIBHOCTU» MACChl aHTURJIEKTPOHA, HA JUIOJb JCHCTBYET HE cuja
CMEIICHHS TTOTIEPEK HANpaBIICHUS JBIKCHHS, a MOMEHT Cuil BeawuuHbl M=bf, crpemsmuiics
MOBEPHYTH JUMOJIb, TI0O YaCOBOW CTPETIKE, OTHOCUTEIBHO €ro IeHTpa Macc. biarogapst MOMEHTY
M, npouCXOAUT MEUICHHOE BpAILEHUE IUIOJS BOKPYI €ro LIEHTpa Macc. A Tak Kak BEKTOpP
CKOPOCTH JTATIOJNS PACIIONIOKEH H
a JIMHHH, POXOASIIEH depe3 00a dJIeMeHTa JUIONs, TO BMECTE C JUIOJIEM BpaIlaeTcs U BEKTOP
€ro ckopoctu. B pe3ynbrare 3Toro, mpoucXouT UCKPUBIICHUE TPACKTOPHUH JIBHXKCHHUSI TUTIOJS.

VYrnoBas ckopocTh @(t) BpallieHus JUIOJIS U BEKTOPA €ro JIMHEHHON CKOPOCTH OTpeIessieTCs
YpaBHEHUEM:

d/dt(lw)=M ,
rae | — MOMeHT uHepIuu IUIoss, paBHbIH 0,5 bzme, cuia f=GMGmeszsiny, G — rpaBUTaIMOHHAS
nocTosiHHasi, Mg — Macca UCTOYHHMKA TPaBUTAIIMOHHOTO BO3ACHCTBUSA, M. — Macca



AIIEKTPOHOIIOI0OHOTO MUKPOOOBEKTa, R — paccTosiHME OT UCTOYHUKA TPABUTALIUU JIO AMIIOJS, Y
— YroJl MEXy OCBIO AUIMOJS U BEKTOpoM R.

Ha 6a3e 3TuX COOTHOIIICHHIT MOYKHO MIOCTPOUTH YPaBHEHUs NBIKEHUS qumois. OaHaKo, s
HOJTyYCHHSI OTNIMCAHHS TPACKTOPHUHU JBMIKCHHUS JHUITONS, He00X0auMo 3HaTh pyHkmuio b(t). A Tak
kak Qyakius D(f) Hew3BecTHa, TO MPOBEICHHOE PACCMOTPEHHE HE JAaeT BO3MOXKHOCTH IS
BBIUMCJICHHS] TOYHON BEJIMYUHBI HCKPUBJICHUS TPACKTOPUU JBHXKEHUS AUIIOINS, HO, C TIPEIEIbHOMN
SICHOCTBIO BCKPBIBACT IPHUUYNHHO-CJICICTBEHHBIN MEXaHU3M UCKAXKCHHSI 3TOW TPACKTOPHUH.

0

U1 BcE xe, NpUOIMKEHHYIO OLICHKY BEJIMYUHBI yIiia N3ruda TpaeKTopuu (OTOHA MOTYUUTh
BIIOJTHE BO3MOXXHO. 30iapaHep emé B 1801r Obur OaM30K K €€ MONyYeHHI0, HO €My 3TO He
yZIaJI0Ch M3-32 TOTO, YTO OH HMYETO HE 3HAJl O CTPYKType (HOTOHA.

Bbruncnum nmpuOIMKeHHYIO OLEHKY BEIUYMHBI yria o HpU MPOXOXKIEHUU «OBICTPOTO»
AJIEKTPOH-aHTUAIICKTPOHHOTO AMITONS Yyepe3 chepudecKyro rpanuiy Hamero CoiHIa.

BBeneM koopauHaTHYIO cucteMy xy, rae x=ct, c=3-10 M-cfl, 0Ch X KacaeTcs chepruyecKkomn
rpanuibl Comaia B Touke O(0,0) — Hayanme KOOpaAUHAT, a OCh y MPOXOAMT depe3 neHTp CoHIa 1
yepes Touky O (puc.6).
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Puc.6

VckpuBneHre TPaeKTOpUU MAMIIONS MPOUCXOJIUT, TNMPAKTHUUECKH, TOJIBKO B OKPECTHOCTH
ColHIa, ¥ YroN HCKPUBICHMs dpesBbluaiiHo Man. Tak kak pagmyc ConHba rs=696-10°w,
HauOonbiiee paccrosiHue oT ConHua 10 3eMid paBHO 1,521-10"m, u JKCIIEPUMEHTAIIBHO
W3MEpEeHHas HauOoJbInas BEJIMYMHA yIia OTKJIOHEHMs Jydya CBETa paBHA 2,24”21075paz[, TO
HauOoJIbIIas BEIMYMHA JIMHEHHOr0 OTKIOHEHHs (OTOHA, MpU MpoxokaeHuu uMm oT CoiHua 1o
3emnu, cocrasisget Bcero 0,001rs.

[TosToMy OyzneM cunTath, 4TO paccTosHue oT HeHTpa ConHIla 10 (GOTOHHOTO TUMOJIST PAaBHO
R=(rs’+c%t?)%°. Tak Kak yron WMCKPHBICHHS TPAEKTOPHH IHIIONS UPE3BEIYANHO MA, MOXKHO
CUHTATh, YTO, B BBIPAKECHWH [UIs CHIBI f, yroa y ompexensiercs BhIpaxeHueM: siny=rs-R ', u
f=GMsm,R ",

[Tox metictBueM cuitbl f, 2JIEKTPOH cMelIaeTcs, BIOIb OCH ), COTJIIACHO YpaBHEHHIO: Mg)"=f,
HIIA, 9TO TO e caMoe, ypaBHeHuw: y"'=C(a*+t?) ", rne C=GMsrsc >, a=rs¢ *. CornacHo stomy
YPAaBHEHUIO U HAYaJIbHBIM YCIIOBUSM, y’ZCa_zt(a2+t2)_0’5, 51 y:Ca_z(a2+t2)0’5.

YV kpusoii y=Ca *(a*+t?)°° ectb acummrora: y=Ca *+Ca *t. Jlns otoit acummroTsl, dyldx=
V'IX'=Ca*c¢'=GMsrs'c%. B pesynbrare MOICTAHOBKH YHCIICHHBIX 3HAYCHHUIA, TIOMyYaeTCs, YTO
dyldx=tgp=0,00213-10°, rae ¢ — yrom Mexmy acHMITOTOl M OCBIO X. B cmiy MaiocTu
nonyuennoit Bemmannsl, ¢=0,00213-10 *pagnan=0,4393".

VYron ¢ xapaktepusyeT M3ru0 TpaekTopuu (POTOHA, WM3-3a BpalleHUs (POTOHHOTO TUTIOJS,
BBI3BAHHOTO T'PaBUTAIIMOHHBIM BozaeiicTBueM ColHLI@ Ha D3JIEKTPOH. [ 'paBUTalMOHHOE
BO3JICHCTBUE HA AHTHAIJICKTPOH TMPHUBOAUT K YABOCHHIO YIJOBOW ckopoctd «(t) BpamieHus
¢doronnoro aumnoiisi. B pesynbrate, npu ynanenuu potonHoro aumnois ot ConHIA, TPOUCXOAUT
M3TU0 TpaeKTOpUU IBIKEHUs PoToHa Ha BennuunHy 2¢=0,8786".

[Tpu npubmmwxenun ¢oronHoro aunoss Kk ConHIly, Tak K€ MPOUCXOAUT UCKPHUBIIEHUE €T
TPAGKTOPUM U3-3a TpaBUTAIMOHHOTO Bo3neicTBUS ConHua, Ha yron BenuuuHbl 0,8786".
CymMmapHast BeITMYMHa yria u3ruda TpaekTopuu (POTOHHOTO aunois o=1,7572".



MaraurHble Bo3aelicTBUSA

Kak pearupyoT ¢poToHBI Ha BHEIIHEE MAarHUTHOE MoJie?

CymiecTByIOT fBa BUAa POTOHHBIX aumoiel (0003HaunM ux depe3 4 u B), B 3aBUCUMOCTH OT
HAIPaBJICHUH BEKTOPOB MArHUTHBIX MOMEHTOB HX OJJEMEHTOB (Ha puc.7, — - BEKTOp
MarHUTHOTO MOMEHTA).

Puc.7

Tak KaK BEKTOPHI MarHUTHBIX MOMEHTOB B 000MX ()OTOHAX MPOTHUBOMOIOKHBI, TO JIJIsT 000X
9TUX (DOTOHOB HAMpaBJICHHS] MATHUTHBIX CUJI OJJMHAKOBHI (puUC.8).
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Puc.8

HCCMOTpfl Ha TO, 4YTO HaIpPaBJICHUSA MArHuTHBIX CUJI B q)OTOHaX BHUIa An B OJHMHAKOBBbI,
peakuuu 3THX (HOTOHOB HA BHEIIHUE MarHUTHBIE TTOJIS1 — Pa3HBIE.

Ecan MMpoaoJibHAasA COCTaBJIAIOIIAd BHCIHIHCTO MArHuMTHOIO IIOJIA HallpaBJICHA BJICBO, B
CTOPOHY, NMPOTHBOIOJIOKHYIO HAIPaBICHHUIO JBW)KCHHS JUIONSA, TO MPOAOJIEHBIE KOMIIOHEHTHI
CHJI BHCIIHHUX MAarHUTHBIX BOS[[GfICTBI/IfI HMCIOT HaIlpaBJICHUA, NPCACTABJICHHBIC Ha pI/IC9
(¢uoserosblii 1BeT), CUIIBI HIEKTPUYECKOTO B3aUMOJICHCTBUS MEXYy STUMHU JUIOJISIMHU 3/1€Ch HE
N300paKEeHBbI.

Puc.9

B cnyuyae 4 BHelHee MarHUTHOE I0JIE YBEIWYUBACT «IBIKYILYIO cuiiy» aunois. [loatomy
CKOPOCTB V JIBHJKEHUS 2JIEKTPOHA U aHTHIJIEKTPOHA YBEJIMUMBAETCS HA HEKOTOPYIO BEJIIMUUHY &.
BceneactBue 3Toro, yBenMUMBaKOTCA U CHIIBI CONIPOTUBIICHUS 3(pUpa IBUKEHUIO AJIEKTPOHA 71 U
AQHTHUIJIEKTPOHA 72 TaK, 4TO #j CTAHOBUTCS Oombiie, yeM #1 (puc.6). Ilo sToil mpuuune,
AQHTUDJICKTPOH OTCTAET OT JJICKTPOHA U PACCTOSIHUE D MEXIy SJIEKTPOHOM M aHTHIJICKTPOHOM
YBEJIMUUBAETCS IO TE€X IOP, MOKA BEJIWYUHBI /1 U /]2 HE CPABHAIOTCA M BEJIMYMHA & HE CTAHET
paBHA HYJIIO, T.€. IT0KA BEJINYMHA CKOPOCTH JIUIIOJSI BHOBb HE CTAHET paBHa V.

B cnydyae B BHemIHee MAarHUTHOE II0JI€ YMEHBIIAET BEIUYMHY CKOPOCTH JUIIONS Ha
HEKOTOPYIO BEJIMYMHY &. B KOHEYHOM cueTe, 3TO OKaHYMBACTCA COXPAHCHHEM BEIUYMHBI
CKOPOCTH JIUTIONS PU YMEHBIIEHHH 0a3bl U0 b.

Ecnu BHemIHee MarHMTHOE IOJIE HANpPaBJIEHO BIIPaBO, IO XOAY JIBHIKEHHS ITUIIONS, TO B
ciyyae 4 3TO NPUBOAUT K YMEHBIICHUIO 0a3bl AUIOINA, a B ciaydyae B — K yBETUUEHUIO 0a3bl
JIUTIONS, IPY COXPAHEHNUHN BEJTMYMHBI CKOPOCTH JABUKEHUS JUIIOJIA.

Taxkum 00pazom, BHEIIHEE MArHUTHOE I0JI€ MU3MEHSET TOJBbKO BENMYMHY Oa3bl JWIONS, HE
MEHSIsI BEJIMYNHY €r0 CKOPOCTH.

0

ITonepeunass cocTaBisArONmIas BHEIIHErO0 MAarHUTHOTO IMOJS IMOpokaaeT cuibl JlopeHna,
CO3JAI0IMEe MOMEHT CHJI M|, BBI3BIBAIOLIUN IIOBOPOT IHUIIOJNSA BOKPYI €ro LEHTpa Macc, U
VCKPUBJISIONIMN TPACKTOPUIO ABUXKECHUS JUIIOJIA.

DJIeKTpUYeCKHUE BO3AeCTBUSA



[IpomonpHas cocTaBiAOLIAs BHEIIHETO JIEKTPUYECKOIO IO, KaK U B Clly4ae MarHUTHOI'O
BO3JCHCTBUSA, BEIMYMHY CKOPOCTH JABM)KCHUS DJIEKTPOH-aHTHRJIEKTPOHHOTO [JUIIONSA HE
u3MeHsier. M3MeHseTcss TONBKO BeIMYMHA O0a3bl JHIONA, B 3aBUCHMOCTH OT <«3HaKa»
JJIEKTPUYECKOTO IOJII U OT HAINPAaBICHHS IBUKCHMS IUIONSA, 110 OTHOLICHHIO K HMCTOYHUKY
3TOrO MOJIA.

Bo3zneiicTBue 1NONEpEedHON COCTaBISIONICH BHEIIHErO AJIEKTPUYECKOrO IOl NPUBOJUT K
IPOCTOMY CMEIIEHUIO TPAaeKTOPUHM JBIDKEHHS OSTOTO JUNOJNS 0€3 HM3MEHEHUS BEIMYMHBI
CKOPOCTH €r0 JIBMJKEHUS, OCTaBJss «CMEUICHHYIO» TPAaeKTOPHUIO JHUIIONA IapaJlIeIbHON
UCXOJTHOM TPACKTOPHH.



