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B pabote 06cyxaaeTcss AMHAMUYecKasi MOJIENb PAKETHOTO
JIBIKUTEIS JIEKTPOMAarHUTHOTO THIIA, COCTOSILETO U3
WCTOYHHUKA JIEKTPOMATHUTHBIX KOJeOaHuit
PaAMOYacTOTHOTO MAana3oHa ¥ KOHUYECKOr0 Pe30HaTopa, B
KOTOPOM BO30YKIAIOTCS DIIEKTPOMAarHUTHBIE KOJIeOaHMS.
HccnenoBanbl mporiecchl BO30Y K ISHHS
9JIEKTPOMATHUTHBIX KOJIE€OaHHI B TIOJIOCTH C MPOBOISIIIAMHU
CTEHKaMHU, a Tak)ke BOJIH B noJie SIura-Mwumica. Co3gana
YHUCJICHHAs MHOTOMEpHas HeCTal[MOHAPHAS MOJIETb,
OTIMCHIBAIOIIAS MPOLIECCHl YCTAHOBJICHUS
2JIEKTPOMATHUTHBIX KOJIEOaHUI B pE30HATOPE C YIETOM
KOHEYHOH MPOBOJUMOCTH CTEHOK. OTIEIHHO pacCMOTpPEH
CIIy4ail CTOSIYUX BOJH B PE30HATOPE C MPOBOJAIIMMHU
creHkamu. [lokazaHo, 4TO MO/IBI KOJIEOAHUN B TIPOBOASIIEM
pe30HaTOpe OTIMYAIOTCS OT TAKOBBIX B UICATLHOM
pe3oHaTope, Kak B yCTAHOBUBIIUXCS, TaK U B
HEyCTaHOBUBIIMXCS Npoueccax. [IpenoxeH MmexaHusm
00pa30BaHMs CUIIBI TSATH C YIETOM H3MEHEHHS METPUKHU
MIPOCTPAHCTBA-BPEMEHH, BKJIa/1a TOKOB JIEMEHTapPHBIX
yacTuil, oiist SIHra-Musiica ¥ 3JIeKTpOMarHuTHOTO TTOJIA.
IToka3ano, uto BiausHue noie SAnra-Mujiica B3bIBaeT
W3MEHEHHUE TUAJIEKTPUUYECKON MTPOHUIIAEMOCTH, YTO BEJIET
K UI3MEHEHHUIO EMKOCTH pe3oHaropa. Takum oOpa3oM, B
CHCTEME BO3HUKAET apaMeTPUUYECKUI pe30HaHC, YTO
MPUBOIUT K YCHIJICHHIO 1o SIHra-Mujuica u K
BO3HHKHOBEHHIO CHJIBI TATH. Pa3sBuTas quHaMudeckas
MO/JIeJIb, KOTOpasi MO3BOJISIET OCYLIECTBUTh ONTUMU3AIINIO
CHJIBI TSTU TI0 3HAYUTEIFHOMY YHCITY ITapaMeTpOB.
YcraHOBIIEHO, UTO CUJia TATH BO3pacTaeT B nose SHra-
Muuinca BOJTM3M OCHOBHOM PE30HAHCHOM YacTOTHI.
[IpennoxeHa MO/IeTb, OMTUCHIBAKOINAS BO30YXKICHUE 1
U3J1y4YeHUE HEJIMHEWHBIX BOJH nond fSHra-Muica.
IToka3aHo, 4TO HETMHENHBIE BOJHEI O SHra-Muiica
6onee 3 (HEeKTUBHO YHOCAT UMITYJIBC U3 CHCTEMBI TIO
CPaBHEHHMIO C JIEKTPOMATHUTHBIMU BOJHAMH, YEM
00BSACHSIETCS 3HAUUTEIHPHOE Ha HECKOJIBKO MOPSIKOB
YBEJIMUYEHUE CHUIIBI TSTU B ABUTATENAX DJIEKTPOMATHUTHOTO
THUTIA TI0 CPaBHEHHIO ¢ OTOHHBIMH BUTATEISIMHI
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The article discusses the dynamic model of theagbck
motor electromagnetic type, consisting of a sowoifce
electromagnetic waves of radio frequency band and a
conical cavity in which electromagnetic waves are
excited. The processes of excitation of
electromagnetic oscillations in a cavity with
conducting walls, as well as the waves of the Yang-
Mills field are investigated. The multi-dimensional
transient numerical model describing the procesfes
electromagnetic oscillations in a cavity with
conducting wall created. Separately, the case of
standing waves in the cavity with conducting walls
considered. It is shown that the oscillations miode
the conducting resonator different from that in an
ideal resonator, both in steady and unsteady
processes. The mechanism of formation of traction
for the changes in the space-time metric, the
contribution of particle currents, the Yang-Millsch
electromagnetic field proposed. It is shown that th
Yang-Mills field calls the change of the dielectric
constant, which leads to a change in the capa@tanc
of the resonator. Thus, the parametric resonance
occurs in the system, which leads to a strengtlgenin
of the Yang-Mills amplitude, and to the emergente o
traction. We have developed a dynamic model, which
enables optimal traction on a significant number of
parameters. It was found that the thrust increases
the Yang-Mills field near the main resonance
frequency. A model describing the excitation and
emission of nonlinear waves of the Yang-Mills field
was proposed. It is shown that nonlinear wavesef t
Yang-Mills field more effectively carry the
momentum from the system in comparison with
electromagnetic waves, and it explains the sigaific
increase by several orders of thrust in the engifes
the electromagnetic type, compared with the photon
rocket
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I ntroduction

For the exploration of the solar system and Galaxyiew generation of
engine must be created that would develop a canstaction force over a long
period of time calculated in years, without sigrafit loss of the spacecraft mass
[1-5]. One of the devices with the needed pararseteight be electromagnetic
drive described in [6-16].

In [17-18] considered a dynamic model of the etmotgnetic drive in
which the thrust force arises as a consequencearfges in time of the Poynting
vector that is known to lead to the emergence @&hraham force [19-20]. It was
established that the average value of the thrustefoas the Abraham force
component gone be nonzero for any system compriaimgoscillatory circuit
(resonator) and a nonlinear resistance dependaenhgoerature. The mechanism of
formation of traction taking into account changitg space-time metric and the
contribution of the Yang-Mills and electromagndtadds in the energy-momentum
tensor was proposed. It is shown that electromagdave system agrees with the
laws of conservation of momentum and energy in viéwhe gravity field, in full
compliance with the general relativity.

The physical problem of thrust force upon excitataf oscillations in the
cavity with conducting walls was considered in [18he contribution of the
vacuum polarization and elementary particle cusr@mthe displacement current in
Maxwell's theory in connection with the Yang-Mitlseory has been estimated.

In this paper we investigate the effect of the Y-ailis on the traction force
occurring in a conical cavity due to the excitatiohelectromagnetic waves of
radio frequency. The estimation of the contributadrthe Yang-Mills field waves
and the thermal vibrations in the thrust developgdhe electromagnetic drive is
given. It is shown that nonlinear waves of the Y-fitis field more effectively
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carry the momentum from the system in comparisah wiectromagnetic waves,
and it explains the significant increase by severders of magnitude of thrust in

the electromagnetic drive, compared with the photaket.

A dynamical model of the electromagnetic field in a cavity with
conducting walls

Electromagnetic drive such as [6-9] consists obarce of radio frequency
electromagnetic waves and a conical cavity - Figexcitation of electromagnetic
waves in the cavity is getting through the sidefasie or the end surface of the
smaller diameter. In our paper [17] the mode fmddillations have been studied in
a conical cavity when excited by an end surfacéherassumption that the solution
is independent of the polar angle. In [18], theitaxion source in the form of loops
arranged parallel to the end walls of the cavity sygmmetrically with respect to its
axis considered.

For the simulation of electromagnetic oscillationthe cavity the Maxwell's
theory was applied. As is known, in the case ofalagymmetry can be
distinguished vibration mode with the transversteic field - the TE mode and
the transverse magnetic field - TM modes. In theecaf the TE modes can be
assumed that the solution of Maxwell's equationsairavity in a cylindrical
coordinate system is reduced to the wave equatorafvector potential. For a
description of the electromagnetic field in theigaand in the walls it is necessary
to take into account in the dynamics equation$efdlectromagnetic field electric
currents induced in the wall cavity. In the simplease, suppose that the Ohm's

law is true so thaj=cE =-0A,, and thus we find

A, -cita=L=-9 A, Om=o0
£

£ 1)

0
E=-A,B=0xA

http://ej.kubagro.ru/2016/02/pdf/107.pdf



Hayunsrii xxypran Kyol'AY, Ne116(02), 2016012 4

In the cylindrical coordinate syster(.¢.2and for A=0A; ¢.r.2)0)
equations (1) reduced to the form

iaZAd):aZAﬁ-'_aZAd) +E6A¢ _ﬁ_ o aAﬁ_ L

c® at> 9z> or® r ar r? g’ ot g,c?

0 o} 0
E¢:—ﬁ BI’ :—ﬁ’BZ:ﬁ-}-i
ot 0z o

(2)

The input current oscillating with the frequencytioé magnetron
T, = jof()sin@t)expl-(r —r.)* /1¢ = (z-2.)° I1{] 3)

Here, the functiot f (t) and parametel o @', Z. describe the shape of the
modulating signal, the current density, the freqyethe thickness and localization
of the antenna ring respectively. The boundary ttmmd for the vector potential
put zero everywhere on the outer surface of thetycavhis choice of boundary
conditions due to the fact that high-frequency tetenagnetic waves are attenuated
in the conductive wall with the parameters of thecical conductivity of copper
at a depth of 1-2 microns, and it is the skin@f{20].

In Fig. 1 shows the field distribution in the cavivith dimensions (in
meters) 2r,=0.158752r,=02794Az=02286 at signal frequency without
modulatior« /27 =18804GHz |n this case, according to [16] there is a naiite
traction, superior in 6390 the value of tractiom peit of power established for the
photon rocket &¢F/wW =1/c=0.00333564nN/kw. Excitation of oscillations is
performed on the side wall, the parameters of tmerma (in meters)
arefo = 000%r, = 011z = 0466, Note that the antenna dipole radiation allocdted
the lower-left figure in red and blue.

With the frequency and cavity dimensions pointedvabthere is the mode
TEO11 dominated. Note that in an ideal cavity & tlrequency the mode TEO012 is
excited [16-17].

http://ej.kubagro.ru/2016/02/pdf/107.pdf



Hayunsrii xxypran Kyol'AY, Ne116(02), 2016012 5

Along with non-stationary model (1) - (3) we coreid model with standing
waves in a conductive cavity when excited by momnoctatic electromagnetic
oscillations source
Tp = Joexplat)expl=(r =) /1 = (2= 2,)* /1{]

Assuming that the vector potential changes peraigicover time in
proportion texpfat) | we find from (1) the system of equations

WA +Cc’0%A =—l=i—aA, OA=0A=A,+iA,

s (4)
E=-icA,B=0OxA

N&52 Brady,White,March, Lawrence, and Davies

Figure 1: Spatial and temporal distribution A, component of the vector

potential and the radial component of the magrietid in a conical cavity [16].
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In the case of TE modes the complex vector pakmsi described by

equation
0* A¢ 0°A, [10A, A 'UA¢ _ Jo®XpE(r = 1) 11y —(z=2,)* /5]
2 2 k A¢ 2
0z>  or ror r* gt £,C (5)
A g A LA

E, =i B, +
. 0z’ 5, or

The boundary conditions for the vector potential pero everywhere on the

r

outer surface of the cavity. Fig. 2 shows the tfigtron of the real and imaginary
parts of the vector potential with the cavity paedens
2r, =0.158752r,=02794Az=02286 in the resonator at a signal frequency
@121 =1.8804GHz- top and a«/2n = 2168GHz - the bottom. We see that in the first
case in the cavity with conducting walls excited0OIE mode, and in the second
case - TEO12. Note that in an ideal cavity in bzaBes the mode TEO012 is excited
[16-17].

Define the Poynting vector according to

S=ExH (6)
The electromagnetic field momentum in the cavitiuwee is

chiZJde=Ci2jEdev (7)

Abraham force applied to the cavity volume is defiras (8)

dP _
F=r™a j (8S/ot)dV (8)

Abraham force (8) applied to the volume of the medifilling the cavity,
can be represented in two ways - in the non-resiivform (taking into account
the reaction of ether) [19] and in the relativisoem [19-20], therefore

_ (&4 0S _ (&4, 0S
FAE—I?EdV, FAR—ITEdV (9)
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Hereé 4 - the relative permittivity and the magnetic peatodity of the
medium respectively. Using the solution of the peab(4) - (5) we find that the
Poynting vector oscillates in the cavity with doaildffequency, so whatever the
expression (9) we did take, the average over manipgs of oscillation value of
the Abraham force is zero. This theoretical conoluss the main argument for a
critical assessment of the possibility of movemewithout the momentum
radiation, in which, it seems obvious violated Nemws third law [22-23].
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Figure 2: The spatial distribution of the real amaginary parts of the vector
potential in the conical cavity NASA [16]. In theper figures show the TEO11
mode at a frequency of 1.8804 GHz, the lower figur€E012 mode at a frequency
of 2.168 GHz.

http://ej.kubagro.ru/2016/02/pdf/107.pdf



Hayunsrii xxypran Kyol'AY, Ne116(02), 2016012 8

On the other hand, numerous experimental data remtaby different
research groups [21], strongly suggest the presehaeconstant thrust that occurs
in the conical cavity in the excitation of osciltats of the electromagnetic field of
radio frequency.

Note that if in the expressions (9) we will considiee parameteré. 4
depending on certain fields - electromagnetic, igadenal, Yang-Mills, Higgs, and
so on, the result of averaging the expressionstlgeforce acting on the system
[17-18]. In the Maxwell's original theory the systemoves relying on ether. In
Einstein's theory of relativity, the system intésawith the space-time [17-18], in
Yang-Mills theory the system reacts with hadrond gluons [24-31].

The traction force, according to numerous expertaledata [21], dependent
on the quality factor Q - see Fig. 3. It shouldrnm¢ed that the thrust per unit of
power, which is developing an electromagnetic draecording to [16, 21],
considerably exceeds the same indicator for thetophaocket defined as
F /W =1/c = 0.00333564mN / kKW .

If the cavity wall is made of a material havingteoeg dependence electric
conductivity on the temperature, such as coppeametlare nonlinear oscillation
caused by temperature fluctuations observed insgfgtem, in addition to the linear
electromagnetic waves. Indeed, the wall temperasudependent on the magnitude
of the losses of electromagnetic energy in thetgawhich in according to Joule

law is proportional to
j2/0'=0'(T)E2.
Excess heat is removed from the walls by conductod radiation of

different kinds. The heat equation in this casethadorm

pc,T, = A0T +o(T)E? =g T* (10)

http://ej.kubagro.ru/2016/02/pdf/107.pdf
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Here #.¢,.4.0% - the density of the wall material, specific heiiermal

conductivity, and the parameter in the Stefan-Bod#tan law, respectively.
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Figure 3. The dependence of the traction forceypetr of power from the
quality factor Q according to [21] (top) and théccdated value of the dependence
of the normalized traction force from the Q paraenén the model (12) (bottom)
together with the data [21].

Note that in the case of the Yang-Mills theory dwiilibrium radiation also
follows Stefan-Boltzmann law [24]. However, conseten of the effect of the
Yang-Mills field on the processes in the cavitynist limited to the account of
possible losses. The main contribution of the Y&hlis field is in the excitation of

particle currents, which lead to a change in tHaevaf the displacement current in
the Maxwell equations [18].
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A dynamic model of the electromagnetic drive
The system of dynamic equations describing thegqz®®s in the cavity, is
[17-18]

di 1 dR 1]
L—+R1+=—((T-T) || +=|Idt=U,cos
R[ — ¢ o)j C{ - COS{t)

dt
(11)
dT _ /B R 1dR 5 O —2
Lo Ba-n+—|1+=Eq-1)I12-Z=7
dt mc(O ) mc( RdT(T O)j

p p p

Here C.L.Rm - capacitance, inductance, resistance and masshef t
resonator Yo @ - amplitude and frequency of the excitation sigiB:T, - the heat

transfer parameter and temperature of the thermastardingly. Leia =1/+LC -

the main frequency of the resonator, we definalthreensionless parameters

1 T
T = wt, = Idr, u=T/T, k=w/
wt, q CUowol ) 3
2
a:Lﬁ’ a:J—SBTO4’ b= 4B , Q:L’ﬂ:%
RdT w0c, wyme, RCw, me T,

In this notation the system (11) takes the form

q"+Q; L+ a(u-1))q +q=coskr)

U =b-u) + FQ{L+ a(u D)o - au’ (12)
Let us express the Abraham force through the pasmef the model (12).

To do this, we divide the Abraham force into twatpa

1

cm—lzj(OS/at)dV=C—12jEtdeV +?jEthdv (13)

In Maxwell's theory two parts of force (13) appliedether. We assume in
the theory of relativity, that the system has othelds - gravitational field, the
Yang-Mills field, the Higgs field, which break tlymmetry of the system, which
leads to the appearance of traction.

http://ej.kubagro.ru/2016/02/pdf/107.pdf
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According to [17-18], only the first integral onetlight side of (13) gives a
contribution to the force of traction. This is basa the displacement current in
Maxwell's theory depends on the dielectric poldieg i.e., from microscopic
processes, whereas Faraday's law of induction isrrdaed by macroscopic
parameters - the relative velocity and geometihefbody.

Consequently, in the excitation of vacuum fluctoiad it is necessary to take
into account the dependence of the displacemenermufrom the elementary
particles current [18].

Note, as a vector potential is proportional to¢heentA~ 4 then magnetic
field in the cavity associated with current, ané #lectric field - with the time
derivative of the current. Hence, we find

1 1 gm a‘ U |
Fz:C_z_[(EtxH)de:_Fqu ! I:O:K COZO (14)

Here | - the characteristic size of the caviX; a numerical coefficient of

order unity. The average value of the force israfias
— H 1r 1 m
= =Folim,_,~[dq"dr (15)
0

We also define the average on a time interval

F ¢ 1., m
(Fz>=-7°£qq dr (16)

The results of calculation of the average thrusaioled from the numerical
solving of the equation system (12) shown in Figin3double logarithmic scale it

looks like calculated curve is in a qualitativeegmnent with experimental data.
Dynamics of the Yang-Millsfield

Let consider the dynamics of the Yang-Mills field macroscopic devices

such as an electromagnetic drive [18]. We assurakitha conical cavity, along

http://ej.kubagro.ru/2016/02/pdf/107.pdf
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with the electromagnetic field there is the Yandi/fiield excited, which takes the
part of the momentum emitted by the system.
In the case of th&UJ(3) symmetry the Yang-Mills equations are reduaed t
the form [25-28]
0,Fp + 0w f*PAFD =0

F;E/ :ayA/B _av'%? + gYM fBCD'%Cl:A/D

Here B.C,D =123,...8 - the color indices (the number of color fieldgight);

(17)

9w - the coupling constar f*® - structure constants of the gauge gréug3).

The problem can be simplified by considering sonerage parameters [28].
1
By averaging the Lagrangian of the systelw =,FuF™, we find the

Lagrangian of the new model and system of dynaou@gons [28]

g -0 ) + A @) -4l =0 18)
Cxy O™+ [(cfcf) +A,(x"X™) -on],v’“ =0
Herea=123m=45,..8 - the color indices, with repeated indices is asim
summation 4.4,.4. X, - the model parameters.
Consider a two-component system, suggesting thigt tero fields in the
system (18) with indicea=Lm=4 contribute to the dynamics of the Yang-Mills
field in the cavity. In this case, the standing eswf the Yang-Mills field excited

in the cavity - Fig. 4-5.

http://ej.kubagro.ru/2016/02/pdf/107.pdf
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Figure 4. The dynamics of an electromagnetic figiteracting with the
Yang-Mills field in NASA conical cavity [16] with xcitation electromagnetic
waves at a frequency of 1.8804 GHz on a side sarddifferent points in time

at=8n+ 01)/3 (8n+ 01)/2,8n+0.1- from left to right, respectively.

Assuming that the Yang-Mills field interacts withet electromagnetic field
through the conduction current and displacementeatyr we write the system of
two equations in the form

http://ej.kubagro.ru/2016/02/pdf/107.pdf
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1 0? :
S0+ [ A0 - o= ()
‘ (19)

1 92 .
= atf-Dz)ﬁ(cf +Ax° -)(02))(=(kx-1)

The conduction current is given by equatij=cE=-0A,, and vectors
k,.k characterize the environment in which the intecmctbccurs. It can be

assumed that the permittivity of vacuum varieshie presence of the Yang-Mills
field. Indeed, the Yang-Mills field interacts withe whole set of hadrons [27-29].
Consequently, currents of charged particles camXo#ted in the volume of the
cavity and in the walls [18]. We model the depemdeaf the permittivity of the

Yang-Mills field in the form

£ =& [L+ ke (@ + X2 (20)

Here k,, - coupling parameter of the Yang-Mills field to thkectromagnetic
field. Note that the parametk,, can be either positive or negative. Such a change
in the electric constant, leading to a change énsipeed of light, can be viewed as a
change in the metric of system. Indeed, for theatfbssociated with the change in
the metric we have the following expression focti@n force [17]

(1_2 gOO)a—SdV
C°Qqy Ot

5:50/\/9007,[1:/10/ Joo , FAR:I (21)

Here 900 is a component of the metric tensor. Note thatvtaeg-Mills field
contributes to the variation of the metric alonghathe electromagnetic field [30-
31]. Therefore, it can be assumed that the tradbare is determined according to
the second expression (9), in which the parametetise medium depends on the

parameters of the Yang-Mills field in accordancéhw0), thus we have

— (gl//'{V _1)§ — kYM (¢{Z+Xt2)§
F g _j—cz p av _j—cz e av (22)
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Note that in the expression (22) we take into antdtle full contribution of
the Poynting vector changes in the volume of thatesy, without selecting the
displacement current, as we have done in the demvaf the expression (14). This

means that the thrust model [6, 12, 14], based anwéll's theory can also be

described by the expression (22).

a5 ¢ ‘J:
& |
0.30 B

0.000.020040080080.100120.14

0.20 L‘“—"'"‘_'_i
0.00 0.02 004 0.06 0.08.0.10 012 0.14

0.30 b= =
0.00 002 0.04 0.08 0.08 0.10 D12 0.14

Figure 5: The dynamics of an electromagnetic figiteracting with the
Yang-Mills field in NASA conical cavity [16] with xcitation electromagnetic
waves at a frequency of 1.8804 GHz on a side sarddifferent points in time
at=@n+ 01)/3 8n+ 01)/2,8n+01- from left to right, respectively. System

parameters correspond to the resonance conditions.
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The system of equations (1) and (19) was used teirtbhe dynamics of the
electromagnetic field interacting in a cavity witbnducting walls and with the
Yang-Mills field - Fig. 4-5. In the first equatiofi)we assume that the speed of
light is related to the electric constac® =1/&u,, which is expressed in the form

(20). In the case of conical cavity we use the #gud2) and (3). As a result, we
find the distribution of the field on the side esonance - Fig. 4, and at resonance -
Fig. 5. Note that in the case of resonance paramefethe electromagnetic field
and the Yang-Mills field increased by three ordeFsg. 5. In this case there is a
characteristic ripple, indicating the transitionctzaotic behavior in the Yang-Mills
theory [32-33].

We form a dynamic model describing the processdbancavity based on
the Yang-Mills theory. As the base model using $lgstem of equations (11), in
which we assume that the conductivity of the sysaeah its capacity is dependent
on the Yang-Mills field, thus we have

'—%+R(T,¢,)()I +C(1£)i|dt:uocos¢a)

dr _ B ¢ 1) RO.8N . _Is 1

dt mc, me, £c, (23)
%Wzﬂxz + MG @)K,

d’x

oo PP +Ax° = x5) +k, |

As can be seen from the first equation (23) aggerichange in capacitance
leads to a parametric resonance in the system gecmain frequenda/,/LC(g) is
not a constant in this case. On the other handyrding to (19), we have the

excitation of the Yang-Mills field through interaart with the conduction current.
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In equations (19) and (23) there are constantsilzéd in the Yang-Mills
theory [25-26, 28, 321, =011, =1 ¢ =1.6171579x, =1.49273856
The thrust is expressed through the parametetseahbdel (23) (see [34])

_1 2 _p (@ +X7) (d9"+q")
N 2)IEXH), /9tdV =F, !
. CZI ((42 + X)o( ) <(02+X2> (1+a(u—1)) (24)

1,U,ad
C2

Fo = Ky

Here we used the dependence of the interactiomnedea on the temperature
[18, 34]. Fig. 6 presents options to optimize i@Atin the presence of the Yang-
Mills field. Note that in the Yang-Mills field, time is a delay in the establishment
of traction due to the development of non-linearcpss — see Fig. 6.
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Figure 6: The temperature, normalized force, theecd and parameters of
the Yang-Mills field in the cavity with quality féar Q=10 calculated from the
model (23) - (24) with parameters (25). The uppstt bbower drawings obtained

with interaction parametek,, =+10° respectively.

Model (23) - (24) was used to calculate the depecel®f the thrust of the
cavity quality factor Q - Fig. (7), with the follomg parameters
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A =0LA, =1¢g =16171579yx, =1.49273856k,, = 110‘3;k‘¢, =k, =10"w’/c?; (25)
a =12;3=10031a=1.0221b =10%¢(0) = x(0) = 001w/c;@(0) = x(0) = O.
Comparing the data in Fig. 3 and 7, we find thathi@ double logarithmic

scale the curves of traction depending on the Qitgtieely similar in two models

- (12) and (23). Furthermore, it was found thattlm®e investigated range of

parameters traction value slightly depends on idpe k,,, =+107°- left and right in

Fig. 7, respectively.

Figure 7: Dependence of normalized thrust of thaityufactor Q according
to [21] (points) and the normalized force depenaenthe parameter Q (solid lines)
calculated in the model (23) - (24). The curveshmnleft and right figures obtained

for k,, =+107° respectively.

Let consider the question of the implementatiotheflaw of conservation of
momentum in the system when there is force sucfi2sor (24). Note that the
principle of motion of photon rockets and gravitagl waves rockets in the metric
of the photon rockets [35-37] can be used in madeine thrust force generated by
the wave radiation of any nature - gravitation&ceomagnetic or waves in the
Yang-Mills field. The basic concept of the rocketthe theories [17, 35-37] and
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others, based on the principle of relativity, iattthe mass of the system is reduced
by the wave radiation of any nature.
Note that the model (18) describes, as well, dagicwith mass of

m, =~150(MeV /c* called glueballs [24, 38]. This type of wavedtie Yang-Mills

theory solves the problem of conservation of mom@ntn the electromagnetic
drive.
Indeed, in the emission of photons or weak graweital waves thrust per

unit of power in the case of photonic rocket is w@bF/w =1/c. Using the

Uodd =W/cprovided that

C2

expression (24), we find out that force sca&e=«,,

ko /c=1. Therefore, we have,/w =1/c=0.00333564nN / kW that coincides with

this value for the photon rocket.

The data shown in Fig. 3 and 7 demonstrate theéitarelectromagnetic drive
[6-16] thrust increases by several orders of mageitcompared to photon rockets.
In the Yang-Mills theory, this increase can be aexgd by the fact that nonlinear
waves carry momentum from the system more effdgtivian photons.

In the present study we examined the mechanisma®fagion waves in the
Yang-Mills field, leading to the appearance of tiat effect at resonance of
electromagnetic waves in a conical cavity. Theusidn of the Yang-Mills field in
the model has a double scientific interest. Onotte hand, this model allows us to
explain the processes in electromagnetic drivedB-On the other hand, these
devices themselves may be used to register the anagh effects caused by the
Yang-Mills field.

References
1. Choueiri E. Y. New dawn of electric rocket// SciotAmerican 300, 58—65, 2009.

http://ej.kubagro.ru/2016/02/pdf/107.pdf



Hayunsrii xxypran Kyol'AY, Ne116(02), 2016012 20

2. Hoskins A. W. 30 Years of Electric Propulsion Fligkxperience at Aerojet
Rocketdyne/ Paper IEPC-2013-439, 33rd InternatioBdéctric Propulsion Conference,
Washington DC, October 2013.

3. Fisher Richard. Defying gravity: UK team claims eregbased on microwaves could
revolutionise spacecraft propulsion// The Engiréendon) 293 (7663), 5 November 2004.

4. Tom Shelley. No-propellant drive prepares for space beyond// Eureka Magazine.
14 May 2007.

5. Hambling David. Propellentless Space PropulsioneReh Continues// Aviation
Week & Space Technology, 5 November, 2012

6. Shawyer Roger. A Theory of Microwave Propulsion 8pacecraft// New Scientist.
September 2006

7. Shawyer Roger. Second generation EmDrive propulspplied to SSTO launcher and
interstellar probe// Acta Astronautica 116: 166-12015.

8. Shawyer Roger. Microwave Propulsion - Progresshen EmDrive Programme/ 59th
International Astronautical Congress (IAC 2008)asgjow, U.K.: International Astronautical
Federation, 29 September — 3 October 2008.

9. Yang Juan, Wang Yuquan, Li Pengfei, Wang Yang, Wéaogmin, Ma Yanjie. Net
thrust measurement of propellantless microwavestbra// Acta Physica Sinica (in Chinese),
Chinese Physical Society, 2012tp://wulixb.iphy.ac.cn

10. Yang Juan, Wang Yu-Quan, Ma Yan-Jie, Li Peng-Fang'Le, Wang Yang, He Guo-
Qiang. Prediction and experimental measuremenhefelectromagnetic thrust generated by a
microwave thruster system// Chinese Physics B {POBlishing) 22, 5 May 2013.

11. Shi Feng, Yang Juan, Tang Ming-Jie, Luo Li-Tao, Waviu-Quan. Resonance
experiment on a microwave resonator system// Adigsiea Sinica (in Chinese) (Chinese
Physical Society) 63 (15), September 2014.

12. ZHU Yu, YANG Juan, MA Nan. The Performance AnalysisMicrowave Thrust
Without Propellant Based On The Quantum Theorydfda of Astronautics (in Chinese) 29 (5):
1612-1615, September 2008.

13. White Harold, March Paul, Nehemiah Williams, O'NeWilliam. Eagleworks
Laboratories: Advanced Propulsion Physics ReseafldASA Technical Reports Server (NTRS)
(Technical report) (NASA). JSC-CN-25207, 5 Decen@t 1.

14. Brady David A., White Harold G., March Paul, LawcenJames T., Davies Franck J.
Anomalous Thrust Production from an RF Test Deweasured on a Low-Thrust Torsion
Pendulum/ 50th AIAA/ASME/SAE/ASEE Joint Propulsi@onference. American Institute of
Aeronautics and Astronautics, — NASA, 30 July 2014.

15. Fetta Guido P. Numerical and Experimental Resutis & Novel Propulsion
Technology Requiring no On-Board Propellant/50tAAMASME/SAE/ASEE Joint Propulsion
Conference. American Institute of Aeronautics amstr@nautics. 30 August 2014

16. Brady D.A., White H.G., March P., Lawrence J.T.,vigg F.J. Anomalous Thrust
production from an RF Test Device Measured on Ldwd$t Torsion Pendulum// AIAA 2014-
4029.

17. Tpyne A.Il. IIpuHIIUTT OTHOCUTENBHOCTH W TEOPHS ABMKHUTEIS JIEKTPOMArHUTHOTO
turna//  TlomuTeMaTHUYECKMi  CETEBOM  DJICKTPOHHBIM  Hay4dHbI  JkypHanm  KybGaHCKOro
rocyaapcTBeHHoro arpapuoro yauBepcurera (Hayunwiii xypuan KyO6['AY) [DaekTpoHHbIi
pecypc]. — Kpacnomap: Kyol'AY, 2015. —Nel0(114). C. 812 — 836. — IDA [article ID]:
1141510061. Pexum mocryma: http://ej.kubagro.ru/2015/10/pdf/61.pdf

http://ej.kubagro.ru/2016/02/pdf/107.pdf



Hayunsrii xxypran Kyol'AY, Ne116(02), 2016012 21

18. Tpyner A.Il. Teopuss IBUXKHTENS JJICKTPOMArHUTHOTO THIIA C YYETOM TOKa
3JIEMEHTAPHBIX YacTUIl U mojsipusaiuu Bakyyma / A.Il. Tpynes // TlonureMaTn4eckuii ceTeBOi
3JIEKTPOHHBIN Hay4yHbI KypHain KyOaHCKOro rocyaapCTBEHHOTO arpapHOTO YHHMBEPCHTETa
(Hayunsriit sxypuan KyOI'AY) [Dnextponnsiii pecypc]. — Kpacuomap: Kyol'AY, 2016. —
Ne01(115). C. 1247 — 1269. — IDA [article ID]: 1151601080. Pexum moctymna:
http://ej.kubagro.ru/2016/01/pdf/80.pdf .

19. A6param-bekkep. Teopust anextpudectsa. — M., OHTU, 1936.

20. JI.J. Jlanmay, E.M. JIudmur. DnekTpoauHaMuKa CIjlomHbIX cpen. — M., Hayka, 1982.

21. Experimental Results/ emdrive.wiki/Main_Page

22. Greg Egan. Resonant Modes of a Conical Cavity/
http://lwww.gregegan.net/SCIENCE/Cavity/Cavity.html

23. Higgins A.J. Reconciling a Reactionless Propulsi@ve with the First Low of
Thermodynamics// arXiv:1506.00494v1, 7 May 2015.

24. Dzhunushaliev V.D. Phase transition for gluon field qualitative analysis //
[MonuTemaTnyeckuii CeTeBOM AIIEKTPOHHBIM HAay4dHBIH XKypHan KyOGaHCKOro rocymaapcTBEHHOTO
arpapHoro ynuBepcurera (Hayunbrii sxxypuan Kyol'AY) [Dnexrponnsiii pecypc]. — KpacHonap:
Kyol'AY, 2013. —Ne06(090). C. 1051 — 1061. — IDA [article ID]: 0901306071. Pexxum
nocryna: http://ej.kubagro.ru/2013/06/pdf/71.pdf

25. Tpynes A.Il. Ycumurens mnons Sura-Mwmmncal/ Ilonuremarnueckuii  ceTeBo
DJIEKTPOHHBIA Hay4yHBIA >KkypHan KyO0aHCKOro TOCYJapCTBEHHOTO arpapHOr0 YHHBEPCUTETA
(Hayunsrit xypuan KyOI'AY) [Onekrtponnsiii pecypc]. — Kpacnomap: Kyol'AY, 2015. —
NeO7(111). C. 1202 — 1228. — IDA [article ID]: 1111507077. Pexum moctyna:
http://ej.kubagro.ru/2015/07/pdf/77.pdf

26. Tpyne A.Il. Kougencarop mnoast Sura-Mwmwica// Tlonuremarndeckuil ceTeBOM
9JICKTPOHHBIN Hay4yHbId KypHain KyOaHCKOro rocyaapCTBEHHOTO arpapHOTO YHHMBEPCHTETa
(Hayunsrit sxypuan KyOI'AY) [Dnextponnsiii pecypc]. — Kpacuomap: Kyol'AY, 2015. —
Ne08(112). C. 2014 — 2034. — IDA [article ID]: 1121508145. Pexum moctymna:
http://ej.kubagro.ru/2015/08/pdf/145.pdf

27. Hesutt b.C. lunamMuyeckas Teopus rpymn u nojei. —Mocksa, Hayka, 1987.

28. Dzhunushaliev V. Scalar model of the glueball// ket J. Suppl. 19, 185, 2004.

29. Tpyues A.Il. Jlunamuka IPEOHOB U CTPYKTypa KBapkoB u JientoHoB / A.Il. Tpyues //
[Tonuremarnueckuii ceTeBOM 3MEKTPOHHBIA Hay4YHBIH KypHan KyOaHCKOTO rocyaapCcTBEHHOTO
arpaproro yuuepcurera (Hayunbiit sxxypuan Kyol'AY) [Dnexrponnsiii pecypc]. — Kpacxonap:
Ky6I'AY, 2013. —-Ne04(088).C. 895 — 926. — IDA [article ID]: 0881304064 Pexxum noctyma:
http://ej.kubagro.ru/2013/04/pdf/64.pdf

30. Kpusonocos JI.H., JIykesiHoB B.A. CBs3b ypaBHeHui SIHra-Mwica ¢ ypaBHEHUAMHU
Ounmreitna 1 Makcsemna// Journal of Siberian Federal University, Matheiggat& Physics
2009, 2(4), 432-448.

31. KpuonocoB JI.H., JlykesHoB B.A. Pemienue ypaBHeHuit SHra-Mwuica mis
HCHTPAIbHO-CAMMETPHUYECKOM ~ METPUKHM  MPH  HAJIMYUKM  DJICKTPOMArHUTHOTO  moJis./
[IpoctpancTBO, Bpemst 1 hyHIaMeHTaIbHBIC B3auMoaecTBus, Boi.3, 2013.

32. Matinyan S. Chaos in the Yang-Mills theory and cokigy: quantum aspects//
arXiv:hep-th/0612102v1, 11 Dec 2006.

33. Tpynes A.Il. MoaenupoBaHue HEJIMHEHHBIX IIBETOBBIX KojieOaHWil B Teopuu SIHra-
Mumica / Al Tpyues // TlomuremMaTHYeCKHii CETEBOW 3JICKTPOHHBIA HAYYHBIH JKypHAI
Kybanckoro rocymapctBeHHOro arpapHoro yauBepcuteta (Hayunbiit sxkypuan KyO6[AY)

http://ej.kubagro.ru/2016/02/pdf/107.pdf



Hayunsrii xxypran Kyol'AY, Ne116(02), 2016012 22

[DnexTponnsiii pecypc]. — Kpacuomap: KyoI'AY, 2015. —Ne06(110).C. 1654 — 1673. — IDA
[article ID]: 1101506108. Pexum nocryma: http://ej.kubagro.ru/2015/06/pdf/108.pdf

34. TpyueB A.Il. JluHamuueckass MOJCIb IBMKUTEIS JJICKTPOMAarHWUTHOro tuma /
Tpynes A.Il. // TlomuTeMaTHUYeCKHii CETEBOW 3JCKTPOHHBIA Hay4HbIH KypHan KyGaHckoro
rocyaapcTBeHHoro arpapuoro yauBepcurera (Hayunwiii xypuan KyO6['AY) [DaekTpoHHBI
pecypce]. — Kpacunomap: Kyol'AY, 2016. -Ne02(116). — IDA [article ID]: 1161602105. Rexum
noctyna: http://ej.kubagro.ru/2016/02/pdf/105.pdf

35. Bonnor W. B. The photon rockets// Class. QuantuievGri1:2007, 1994.

36. Bonnor W. B. Another photon rocket// Class. Quantarav. 13 (1996), 277.

37. Bonnor W.B. and Piper M.S. The gravitational waweket//Class.Quant.Grav. 14
(1997) 2895-2904.

38. Ochs W. The Status of Glueballs//J. Phys. G. 42063.

References

1. Choueiri E. Y. New dawn of electric rocket// &ific American 300, 58-65, 2009.

2. Hoskins A. W. 30 Years of Electric Propulsionight Experience at Aerojet
Rocketdyne/ Paper IEPC-2013-439, 33rd Internatio&déctric Propulsion Conference,
Washington DC, October 2013.

3. Fisher Richard. Defying gravity: UK team claimsgine based on microwaves could
revolutionise spacecraft propulsion// The Enginéendon) 293 (7663), 5 November 2004.

4. Tom Shelley. No-propellant drive prepares faacgpand beyond// Eureka Magazine.
14 May 2007.

5. Hambling David. Propellentless Space PropulsResearch Continues// Aviation
Week & Space Technology, 5 November, 2012

6. Shawyer Roger. A Theory of Microwave Propulsfon Spacecraft// New Scientist.
September 2006

7. Shawyer Roger. Second generation EmDrive prapubpplied to SSTO launcher and
interstellar probe// Acta Astronautica 116: 166-512015.

8. Shawyer Roger. Microwave Propulsion - Progresthe EmDrive Programme/ 59th
International Astronautical Congress (IAC 2008)a$gjow, U.K.: International Astronautical
Federation, 29 September — 3 October 2008.

9. Yang Juan, Wang Yuquan, Li Pengfei, Wang YangntVYunmin, Ma Yanjie. Net
thrust measurement of propellantless microwavesthra// Acta Physica Sinica (in Chinese),
Chinese Physical Society, 2012, http://wulixb.igtycn

10. Yang Juan, Wang Yu-Quan, Ma Yan-Jie, Li Penig-¥eng Le, Wang Yang, He Guo-
Qiang. Prediction and experimental measuremenhefelectromagnetic thrust generated by a
microwave thruster system// Chinese Physics B {POBlishing) 22, 5 May 2013.

11. Shi Feng, Yang Juan, Tang Ming-Jie, Luo Li-T&@ang Yu-Quan. Resonance
experiment on a microwave resonator system// Adigsiea Sinica (in Chinese) (Chinese
Physical Society) 63 (15), September 2014.

12. ZHU Yu, YANG Juan, MA Nan. The Performance Arséd of Microwave Thrust
Without Propellant Based On The Quantum Theorydfda of Astronautics (in Chinese) 29 (5):
1612-1615, September 2008.

13. White Harold, March Paul, Nehemiah Williams,N@ll William. Eagleworks
Laboratories: Advanced Propulsion Physics ReseafldASA Technical Reports Server (NTRS)
(Technical report) (NASA). JSC-CN-25207, 5 Decen@t 1.

http://ej.kubagro.ru/2016/02/pdf/107.pdf



Hayunsrii xxypran Kyol'AY, Ne116(02), 2016012 23

14. Brady David A., White Harold G., March Paulwrance James T., Davies Franck J.
Anomalous Thrust Production from an RF Test Deweasured on a Low-Thrust Torsion
Pendulum/ 50th AIAA/ASME/SAE/ASEE Joint Propulsi@onference. American Institute of
Aeronautics and Astronautics, — NASA, 30 July 2014.

15. Fetta Guido P. Numerical and Experimental Restibr a Novel Propulsion
Technology Requiring no On-Board Propellant/50tAAMASME/SAE/ASEE Joint Propulsion
Conference. American Institute of Aeronautics astk@nautics. 30 August 2014

16. Brady D.A., White H.G., March P., Lawrence ,J.Davies F.J. Anomalous Thrust
production from an RF Test Device Measured on Ldwd$t Torsion Pendulum// AIAA 2014-
4029.

17. Trunev A.P. Princip otnositel'nosti i teorijavizhitelja jelektromagnitnogo tipa//
Politematicheskij setevoj jelektronnyj nauchny] mmal Kubanskogo gosudarstvennogo
agrarnogo universiteta (Nauchnyj zhurnal KubGAUgl¢ktronnyj resurs]. — Krasnodar:
KubGAU, 2015. -\e10(114). S. 812 — 836. — IDA [article ID]: 11415810 — Rezhim dostupa:
http://ej.kubagro.ru/2015/10/pdf/61.pdf

18. Trunev A.P. Teorija dvizhitelja jelektromagmago tipa s uchetom toka jelementarnyh
chastic i poljarizacii vakuuma / A.P. Trunev // Bahaticheskij setevoj jelektronnyj nauchnyj
zhurnal Kubanskogo gosudarstvennogo agrarnogo msite (Nauchnyj zhurnal KubGAU)
[Jelektronnyj resurs]. — Krasnodar: KubGAU, 2016e01(115). S. 1247 — 1269. — IDA [article
ID]: 1151601080. — Rezhim dostupa: http://ej.kuloagr2016/01/pdf/80.pdf .

19. Abragam-Bekker. Teorija jelektrichestva. — MNTI, 1936.

20. L.D. Landau, E.M. Lifshic. Jelektrodinamikaaghnyh sred. — M., Nauka, 1982.

21. Experimental Results/ emdrive.wiki/Main_Page

22. Greg Egan. Resonant Modes of a Conical Cavity/
http://lwww.gregegan.net/SCIENCE/Cavity/Cavity.html

23. Higgins A.J. Reconciling a Reactionless PrapalDrive with the First Low of
Thermodynamics// arXiv:1506.00494v1, 7 May 2015.

24. Dzhunushaliev V.D. Phase transition for gludaldf a qualitative analysis //
Politematicheskij setevoj jelektronnyj nauchny] mhal Kubanskogo gosudarstvennogo
agrarnogo universiteta (Nauchnyj zhurnal KubGAUgl¢&ktronny) resurs]. — Krasnodar:
KubGAU, 2013. —Ne06(090). S. 1051 — 1061. — IDA [article ID]: 090B801. — Rezhim
dostupa: http://ej.kubagro.ru/2013/06/pdf/71.pdf

25. Trunev A.P. Usilitel' polja Janga-Millsa// Relinaticheskij setevoj jelektronnyj
nauchnyj zhurnal Kubanskogo gosudarstvennogo amgarruniversiteta (Nauchnyj zhurnal
KubGAU) [Jelektronnyj resurs]. — Krasnodar: KubGAR015. —Ne07(111). S. 1202 — 1228. —
IDA [article ID]: 1111507077. — Rezhim dostupaptej.kubagro.ru/2015/07/pdf/77.pdf

26. Trunev A.P. Kondensator polja Janga-Millsa/litBmaticheskij setevoj jelektronnyj
nauchnyj zhurnal Kubanskogo gosudarstvennogo amgarruniversiteta (Nauchnyj zhurnal
KubGAU) [Jelektronnyj resurs]. — Krasnodar: KubGA2R015. —Ne08(112). S. 2014 — 2034. —
IDA [article ID]: 1121508145. — Rezhim dostupa:phttej.kubagro.ru/2015/08/pdf/145.pdf

27. Devitt B.S. Dinamicheskaja teorija grupp i poteMoskva, Nauka, 1987.

28. Dzhunushaliev V. Scalar model of the glueb&lddronic J. Suppl. 19, 185, 2004.

29. Trunev A.P. Dinamika preonov i struktura kvarko leptonov / A.P. Trunev //
Politematicheskij setevoj jelektronnyj nauchny] mmal Kubanskogo gosudarstvennogo
agrarnogo universiteta (Nauchnyj zhurnal KubGAUgl¢&ktronny) resurs]. — Krasnodar:
KubGAU, 2013. -\e04(088). S. 895 — 926. — IDA [article ID]: 08813®40 — Rezhim dostupa:
http://ej.kubagro.ru/2013/04/pdf/64.pdf

http://ej.kubagro.ru/2016/02/pdf/107.pdf



Hayunsrii xxypran Kyol'AY, Ne116(02), 2016012 24

30. Krivonosov L.N., Lukjanov V.A. Svjaz' uravnenianga-Millsa s uravnenijami
Jejnshtejna i Maksvella// Journal of Siberian Fabémiversity, Mathematics & Physics 2009,
2(4), 432-448.

31. Krivonosov L.N., Luk'janov V.A. Reshenie uramijeJanga-Millsa dlja central'no-
simmetricheskoj metriki pri nalichii jelektromagndgo polja./ Prostranstvo, vremja i
fundamental'nye vzaimodejstvija, Vyp.3, 2013.

32. Matinyan S. Chaos in the Yang-Mills theory acmsmology: quantum aspects//
arXiv:hep-th/0612102v1, 11 Dec 2006.

33. Trunev A.P. Modelirovanie nelinejnyh cvetovybldbanij v teorii Janga-Millsa / A.P.
Trunev // Politematicheskij setevoj jelektronnyuchnyj zhurnal Kubanskogo gosudarstvennogo
agrarnogo universiteta (Nauchnyj zhurnal KubGAUgl¢ktronnyj resurs]. — Krasnodar:
KubGAU, 2015. —Ne06(110). S. 1654 — 1673. — IDA [article ID]: 11083@8. — Rezhim
dostupa: http://ej.kubagro.ru/2015/06/pdf/108.pdf

34. Trunev A.P. Dinamicheskaja model' dvizhitggéektromagnitnogo tipa / Trunev
A.P. /I Politematicheskij setevoj jelektronnyj naogj zhurnal Kubanskogo gosudarstvennogo
agrarnogo universiteta (Nauchnyj zhurnal KubGAUgl¢ktronnyj resurs]. — Krasnodar:
KubGAU, 2016. — Ne02(116). - IDA [Jarticle ID]: 1161602105. — Rezhimostupa:
http://ej.kubagro.ru/2016/02/pdf/105.pdf

35. Bonnor W. B. The photon rockets// Class. Quan@rav., 11:2007, 1994.

36. Bonnor W. B. Another photon rocket// Class. Quen Grav. 13 (1996), 277.

37. Bonnor W.B. and Piper M.S. The gravitationalvevaocket//Class.Quant.Grav. 14
(1997) 2895-2904.

38. Ochs W. The Status of Glueballs//J. Phys. G64Q013.

http://ej.kubagro.ru/2016/02/pdf/107.pdf



