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Ether Dynamics and Unification of Gravitational
and Electromagnetic Forces

Ling Jun Wang

Abstract- Recently we have presented a theory of unification of
gravitational and electromagnetic fields based on the
generalization of Newton’s law to include a dynamic term
similar to the Loreniz force of elecirodynamics[1]. The
unification is convincing. The generalization based on similarity
of Newton’s law and Coulomb's law, however, is speculative
although reasonable and compelling. In this article, we have
presented a derivation of the dynamic term of gravitation
based on our newly proposed ether dynamics, which removes
the speculative nature of dynamic term and perfects the
unification theory. It turns out that the gravitational interaction
is transmitted through the space medium ether. An object in
ether is in direct contact with the ether, causing it to move like
a highly viscous and incompressible fluid. The movement of
ether propagates thorough space like a continuous medium,
exerting a force on any object in ether.

Not only neutral objects can disturb the fluid ether,
the charged objects can also disturb the ether as well.
Applying the fluid dynamics of ether on charged particles, we
have derived the empirical Biot-Savart law and Lorentz force of
electrodynamics. The significance of theoretic derivation of
these empirical and fundamental laws is similar to the
derivation of the empirical Kepler's laws by Newton’s theory of
gravitation. It turns out that a moving charged particle would
disturb the fluid ether. The disturbance spreads into the space
as a continuous medium, causing local vorticity. The magnetic
field is linearly proportional to the local vorticity of ether,
exerting a force on another moving particle in space. The
vorticity of ether is responsible for the dynamic gravitation and
Lorentz force of electrodynamics.

The Ether Dynamics consummates our theory of
unification of gravitational and electromagnetic forces.
Keywords: unification of gravitational and
electromagnetic forces, ether dynamics, gravitation, biot-
savart law, lorentz force.

[ INTRODUCTION

ecently, we have developed a unification theory of
QQravitational and electromagnetic fields based on

generalization of Newton’s Law of gravitation to
include a dynamic term similar to the Lorentz force of
electromagnetism:[1,2]

rT:T'év'x(vxf) (1)

F,=-G

wherev and v’ are the velocities of the masses m and
m’, r the distance between the two masses, f the unit
vector from mass m to mass m’, G the gravitational

Author: University of Tennessee at Chattanooga, 615 McCallie Av.,
Chattanooga, TN 37403. e-mail: Lingjun-wang@utc.edu

constant and ¢ the speed of light. Without a dynamic
term, there is no way one can explain the propagation of
gravitational interaction, and the spooky action-at-
distance is inevitable. The fact that Eq(1) alone is
sufficient to yield a complete theory of field equations
and the gravitational wave equation lends us confidence
in such generalization. However, a generalization based
on mathematical similarity between Newton’s law of
gravitation and Coulomb’s law of electrostatics is
speculative without theoretical foundation of physics. In
this article, we will provide a theoretical derivation of the
dynamic term, Eq(1), based on the fluid dynamics of
ether. It turns out that the space medium ether is a
highly viscous incompressible fluid. An object, be it
neutral or charged, will disturb the fluid ether in contact
with it, causing fluid-dynamic movement. The dynamic
movement of ether then propagates into the space,
exerting a force on objects is space near and far. We will
produce the mathematic details of such fluid-dynamic
movements, and derive the empirical Biot-Savart law
and Lorentz force that govern both gravitational and
electromagnetic interactions.

Before starting the mathematics, we must first
justify the concept of ether. Physicists believed that the
electromagnetic waves were propagating through a
medium ether before Einstein proposed his theory of
relativity in 1905.1t was unimaginable that any interaction
could propagate without a medium. Einstein believed
that the propagation of a electromagnetic wave was
realized through field instead of ether. Physics
community was then lead to believed that the field is
matter. However, Einstein never disproved, scientifically
or philosophically, the existence of a universal medium
ether. His believing of field as matter was merely a
subjective opinion. It is now a common knowledge that
the space is filled with interstellar and intergalactic
materials. The cosmic microwave background is the
experimental evidence of the existence of the interstellar
and intergalactic materials. The author would like to
distant himself from the concept of omnipresent dark
matter or dark energy. Our point is simply that space is
filled with an interstellar and intergalactic material that is
historically called ether.

We do challenge the concept that the field is
matter. What is field? The gravitational field is the force
felt by unit mass, which is acceleration. To say that field
is matter is to say that acceleration is matter, which is
absurd. There are many other fields, such as velocity

© 2020 Global Journals
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field or temperature field. If field is matter, then the
velocity and the temperature would also be matter.
Moreover, if field is matter, are the gravitational field and
the electromagnetic field the same matter or different
matters”?

A mistake the early physicists made is to
assume that ether was an absolutely static medium at
rest, without regarding the possibility of ether being a
fluid capable of local movement. The concept of an
absolutely static ether run into a conflict with the null
result of the famous Michelson-Morley’s ether drift
experiment. Wang [3] has pointed out that if the local
ether is rotating with the solar system, the null result of
both the first order ether drift experiment of Wang and
the second order ether drift experiment of Michelson-
Morley are naturally explained.

In this article, we will assume ether to be a
highly viscous incompressible fluid, and derive the
dynamic gravitation, the Biot-Savart Law and the Lorentz
force based on fluid dynamics of ether.

[I. Viscous INCOMPRESSIBLE FLUID MOVING
AROUND A SOLID SPHERE

The equation of motion of a fluid is described
by the Navier-Stokes equation [4]. For an
incompressible fluid, the continuity equation is:

V-v=0 2

where v is the velocity. The Navier-Stokes equation for
incompressible fluid reduces to [4]

3)

where pis the mass density, u the viscosity coefficient, p
the pressure, and X the external body force per unit
mass. For fluids of high viscosity or flowing at very slow
speeds (Reynolds number << 1) the inertia-force terms
on the left-hand side of Eq(3) can be neglected in
comparison with the friction-force terms. The body force
X external to the ether is non-existent. EQ(3) then
reduces to [4]

Vp=uViv (4)

Taking divergence of both sides of Eq(4), we have

Vip=uV (Viv)=pV?(V-v)=0 (5

EQ(2) is applied in the last step in yielding
Eq(5). Eq(5) indicates that the pressure p satisfies the
Laplace equation, hence, for a very slow motion the
pressure is a harmonic function.

Equations (2), (4) and (5) can be applied to the
problem of a steady uniform flow around a sphere at
rest. This problem was first solved by Stokes and is
often referred to as Stokes’ Law [4,5]. Referring to Fig.1,

© 2020 Global Journals

the origin is chosen at the center of the sphere, the z
axis in the direction opposite to a uniform flow velocity U
far away from the sphere. At the spherical surface r=R,
the velocity of the fluid must be zero due to high
viscosity:

Vv, =V,

=v,=0 (r=R) (6)

V,=V., Vv, =v, =0, p=p, (r—> ) (7)

where R is the radius of the sphere. V and p, are the
velocity and the pressure far away from the sphere.

V4

v Y
V V

w

Figure 1: A fluid moving with a uniform velocity V
opposite the z-axis against a solid sphere

The solution to Eq(5) is the first order spherical
harmonics (Legendre polynomial):
Az

_Acosd Az

p:
0 r2 0 r.3

)

Substituting Eq (8) into Eq (4), we obtain

VZV —63_2)(
X /J r5
A3zy
Vi, =—== )
ur
A(3Z7 1
Vsz:—(—s——gj
ulr’ r

The solution to Eq (9) is [4-6]:



2 2
VZ:_V[zg[g_lj+
4 r r

The pressure is

p=p,+ > VR (1)
2 r
[t can be readily verified that the velocity
components in Eq(10) satisfy Eq(9) and the boundary
condition Egs(6) and (7). Translating Eq(10) into the
spherical coordinate system, the velocity components

are:
3
vV, =-V cos@[l—§5+l&j

2r 271

3R 1R
V,=Vsinf|1-———-— — 12
¢ [ 4 4r3j 12)

I1I. A SoLID SPHERE MOVING IN VIsSCOUS
UNCOMPRESSIBLE FLUID
Eqg(12) gives the velocity of a fluid moving

against a solid sphere at rest with the velocity V in the
direction of negative z-axis. If a velocity of

v, =0/k =V cos OF —Vsin @ is added to Eq(12), as

shown in Fig.(2), it gives the velocities of a fluid ether at
rest disturbed by a solid sphere moving with of a

velocity of v =VK inthe positive z-direction:

3
vV, :Vcosﬁ[EE—l R }

2r 2r°
3
v,=Vsing| SR IR g
4r 4r
v =0

4

The radius R in Eq (14) should be understood
as the effective radius to be determined later. It may or
may not be equal to the actual radius of the sphere. We
do not know if a “solid” would remain “solid” with

respect to the fluid ether. A solid to the air might well be
“porous” with respect to ether. As a matter of fact, the
solutionsEq(10) and (13) are obtained for the field
satisfying condition Eq(6). The radius R is the radius of a
sphere on the surface of which the velocity is zero. This
sphere may or may not have the same radius of the
particle.

The stream function w can be calculated

according to reference[4]:

1 oy
V=
r“sin@ o6

L oy
rsin@ or

Integrating the second equation of Eq(14) yields

) 3
Wz—jvgrsinﬁdr=VSIn 9[ R

3R—TJ+fW) (15)

Taking partial differentiation of Eq(15) with
respect to 6, we obtain

= 3Rr —— |+
00 2 do

a_l//_Vsiné?cosﬁ[ R3j df
r

" r’sin@ 2 r

3
vV, =V cosd B—KS +— 1 dr
2r 2r r sinf| dé@
Comparing Eq(16) to the first equation of
df
— =0,
dé

. 3
v = 1 [Vsm@cos@@Rr_Eiji}

(16)

Eq(13), we have f is a constant. We

conveniently choose f = 0, and obtain:

3R R3j

v, =Vcos6’(——— (17)

2r  2r’

Figure 2 shows a plot of the stream lines of the
ether disturbed by a sphere moving with velocity v.
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Figure 2: The stream lines of ether disturbed by a solid sphere moving with velocity v

such condition, the last term in Eq(13) is negligibly small and can be dropped. We then have

vV, =§EVCOSH
2r
VQ:—EBVsinH
4r
v,=0

IV.  VORTICITY AND DYNAMIC FIELD

The vorticity Q can be easily calculated [4]:

Q=Vxv

1 a(vwsine)_avg p 11 av,_ﬁ(%) @i[d%)_%};

“rsne| a0 op | rlsngop ar rl o 00
3RV . . 3R .
QZEr—anQ(D:Er—Zer

The vorticity Q causes the local fluid to rotate. Using Eq(20),
The angular velocity is related to the vorticity. Referring
to Fig. 3,suppose a fluid is rotating with angular velocity QO 3RV

Global Journal of Science Frontier Research (A) Volume XX Issue XIII Version I

.~ 3R .
smHgo:Zvar

, the linear velocity V at the radius r is O=—=——3+
2 4r
V=Ilw (21)
B The vorticity Q is
[fv-di

. . \2nr
Q=|va|=llm[ﬁ—2=hm—:2a) (22)

r—0 r -0 g1

© 2020 Global Journals

Now let us consider the situations when R I . Such would be the case either the radius R is very small for
the electrical charges, or the distance r is very great for the astronomical movements of heavenly bodies. Under

(19)

(23)



Figure 3: Relationship between vorticity and angular
velocity

V. THE FORCE OF ETHER ON A MOVING
Bopy

Referring to Fig.4, if a mass m’ is moving with
velocity V' in a rotating fluid with angular velocity o, its
velocity would change due to rotation. The component
of v’ parallel to ® will not change. The component of v’
perpendicular to ® will change. Suppose the angle
between o and V' is 6, the change in velocity (the
acceleration a) caused by the rotation is

a= %(a&v'sin@) =amv'sing (24

where « is the dragging coefficient dependent on the
friction between the ether and the moving object with
which the ether is dragging the object:

O<a<1 (25)

Figure 4: Acceleration of a moving object due to local
rotation of fluid

In vector form

av' ,
a:—zame

dt

The force exerted on the mass m’ is

3cRmM'
4r?

F=ma=m'aoxv'=—- v'x(vxF) (27

This is exactly the dynamic gravitational force

given by Wang [1,2]:
cr?
Comparing Egs(27) and (28) gives

4Gm

a-R (29)

The product of the two constants & and R are
determined by G and m. However, we could not naively
assume that the effective radius R is radius of mass m
only. Qualitatively, we can see that both & and R could
be dependent on the mass as well as the nature of the
interaction.

The dynamic field (or, rotational field) h given by
Wang [2] is:

(30)

Comparing to Eq(23) and (29), we have

h=-ceo=-L0

31
> (31)

Eq(31) says that the dynamic field h is
essentially the measure of the local vorticity of the ether.

VI. THE ORIGIN OF LORENTZ FORCE AND
BioT-SAVART Law

If a charged particle is moving in ether, it will
disturb the ether in the same way that a mass does,
because any charged particle has a mass and volume.
The only difference is that the effective radius is going to
be different, and the local angular velocity Q. is given

by:

Q =§Renvsin9¢3=g%vxf:20)

oo 2 @2)

em

where R, is the electromagnetic effective radius of the
charged particle. The change in velocity (the
acceleration a,,) of a moving charge g’ caused by the
local rotation of ether is

© 2020 Global Journals
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d . .
am=a(am0v'sn0)=ammmv'sm0 (33)
The force exerted on the charge q’ is
F,,=M'a,, =Ma,0,,x V' = _wv'x(vx F)
r
(34)

Comparing Eq(34) to the Lorentz force of
electrodynamics:

Fem:q'Vszwv'x(fo)

c’r? @9
4 1
Otm-Ran=—3t:12q% (36)

Comparing Egs (29) and (36), we notice two
differences: 1) There is a negative sign in Eq(36), which
reflects the fact that the same mass attract while the
same charge repel. 2) In Eq(36) there is a factor of
specific charge (g’/m’), simply because Newton’s
second law describes the linear relation between the
force and the mass, not the force and the charge. But
the essence of Eq(36) basically says that the product of
the dragging coefficient and the effective radius
(@en Ry,) is determined by the source g and the nature

of electromagnetic interaction represented by the
Coulomb constant k, and the specific charge (g’/m’).
The Biot-Savart law of electrodynamics is

kg

Vxi
c’r?

B=

37)
Comparing Eq(37) with Eq(32), using Eq(36), we have

mm'
2

mrrznlizv'x(fo) =-G

F,=-G
2 c r

[(B-F)B—(B"B)F]=M-m'p’

a,, m'
B=—2"— (38)
2 g Q.
Eq(38) states that the magnetic field is a

measure of the local ether vorticity, just like the dynamic
gravitational field is as expressed in Eq(31).

VII.  DyYNAMIC GRAVITATION

Egs.(1) and (28) obtained above is the dynamic
gravitational force that should be added to the static
gravitational force in Newton’s law, giving a complete
description of gravitation:

F:—G@[f+i2v'x(v><f)} (39)
r C

where v and Vv’ are the velocities of the masses m and
m’, respectively. The constant ¢ is the speed of
gravitational wave. It must be noted that the theoretical
development does not depend on the particular value of
the speed of gravitational wave. Later on we will show
that Eq(39) alone is sufficient to yield a complete theory
of gravitational wave propagation, which further justifies
and strengthens our confidence in the dynamic theory of

gravitation.
The first term of the gravitational force is static:

mm' .

F=-G 2 r (40)
We can define a static field:
F m .
g=—"2=-Gr 41)
m r

The second term can be written as

(42)

where B and B’ are the ratios of velocities over the speed ¢ of gravitational wave in vacuum, The tensor M is a
second rank anti symmetric tensor constructed by the usual rule of dyadic of two vectors:

V,X=V,Y  V,X—V,Z

Gm, . v Gm
M :?(rv—vr):? VY —V, X 0 V,y-V,Z (43)
V,Z=V,X  V,Z-V,y 0
Since the angular momentum
0 ., L
G

L=rxp=nrxv (44) Mz? -L, 0 L, (45)

We have Ly L0
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Define a vector h:



h:%L:G—fov——gxﬁ (46)
cr Ccr
We have
0 h, -h
M=|-h, 0 h (47)
h, -h 0

Since L is proportional to r, Egs (46) and (47)
manifest inverse square law of h and M. We will call h
the rotational field, and M the dynamic field tensor.

The physical meaning of the vector h can be
appreciated if we recall the magnetic field B in Biot-
Savart law:

(48)

There are two differences between the magnetic
field B and the gravitational rotational field h:1) There is
a difference of a factor of ¢ due to the definition of M in
Eq (43); 2) There is a difference of a negative sign due
to the fact that the gravitational force between two
masses is attractive while the electric force between two
charges of the same sign is repulsive. The advantage of
our definition of h is that M and h have the same
dimension as that of the static field g.

It must be noted that the sign in the definition of
h and B is arbitrary. Either sign can be adopted in the
definition without affecting the force that acts on the
mass m’ or the charge q’. The essential framework of
electromagnetic and the gravitational theory would
remain intact. The direction of the force is physical and
uniquely determined no matter what sign is adopted in
the definition of h and B. The arbitrariness simply
manifests that h and B are merely intermediate
quantities that provide convenience in mathematical
presentation. Historically, the magnetic field B was
defined according to the conventional right-hand rule. It
was used by engineers and scientists for centuries. We
will stick with this convention.

The gravitational force can be expressed as

m'lg +p <h |

The total gravitational field f is defined as the
total gravitational force per unit mass

f=g+M-B'=g+p'xh

F=m'[g+M B ']= (49)

(50)

VIII. FieLD EQUATIONS AND WANG's Law

It is amazing that with the dynamic term
included in the force law of gravitation we can develop a
whole dynamic theory without any additional hypothesis.

Let us derive the field equations from the complete force
law.

a) Gauss’ Law and Wang’s Law
Consider the closed surface integral of the
static field g over a spherical surface s with radius r:

Eﬁ[ gdo= —[ﬁ[—rd

This is the Gauss’ law of the static field. If we
allow the radius of the spherical surface approaching
zero, we obtain the differential form of Gauss’ Law:

—[ﬁ[ GMdQ = —47zGm  (51)

V.g= —47er (52)

dm
where - 53
P qv (53)

is the local mass density. V is the volume.
The similar closed surface integral of the
dynamic field tensor M is

[ﬂM -dc=[ﬂ[ M- fdo

From Eq (43) we have

(54)

. VXY +V,XZ -V, Y —V,Z°
2 2
z VXY +V,yZ—V X" —V,Z" (dQ

Gm
ffMed =0
s C 2 2

vxxz+vyyz—vzy -V, X

(59)

where Q is the solid angle. Note that the velocity of the
mass is constant with respect to the integration. The
integration (55) involves integrals like

m{ )r(_de :[ﬂ[ (sin®6cos’ p)dode =%” (56)

[‘ﬂ?’—de ~[[ (sin* 0sin® ) dodg =4?”

1] rz—de =[] (cos®6sin6)dode =4?”

and
ﬂrﬁzdgzﬂgdgzﬂﬁdgzo

Substituting these integrals into Eq(55) we have

VX
|ﬂ M-de 87er v, :_87szV:_87er (60)
v 3c 3c
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where p = mv is the linear momentum of the mass m.
Eq(60) is the dynamic counterpart of the static Gauss'’
Law of (51). The Gauss’ Law is well known, but the
dynamic counterpart was not known to the physics
community before the publication of reference 1 in 2018.
Eqg (60) is called Wang’s Law[1]. It says that the closed
integration of the dynamic field tensor M is a constant
proportional to the linear momentum of the moving
mass. Wang's Law is therefore a statement that the total
linear momentum transmitted through the gravitational

field is conserved. The constant —47zGMm in Gauss’
Law will be called the total statics flux. The constant

-87G

MV will be called the total dynamic flux. We can

then speak of conservation of the total static and
dynamic fluxes of the gravitational field.

Wang’'s Law revels that the total linear
momentum transmitted into the space through ether is
conserved. It is a hint that the Gauss’ Law must also be
a manifestation of conservation of a physical quantity.
As a matter of fact, the Gauss’s law can be written,
according to Eq(51), as

[ﬂ g-do=-47Gm 61)

Eq(61) simply says that the total mass is conserved.

The conservation of the total static and dynamic
fluxes reveals how the gravitational interaction is
transmitted. Thus, a mass m at rest in space causes
stress to the ether. The total stress flux is equal to
—47zGm. If the mass is moving with velocity v, it will
cause additional dynamic stress to the ether. The total

8r
dynamic stress flux is _QG”N' The stress of the

ether will then propagate into the space, with the total
static and dynamic fluxes conserved and distributed
over the whole solid angle. The static and the dynamic
fields are simply the stress fluxes per unit area and
therefore inversely proportional to the distance squared.
It naturally explains the inverse square law of the
electromagnetic and the gravitational forces because
the total area of a spherical surface is inversely
proportional to the radius (distance). Up to now, the
inverse square law is an empirical law deducted from
experimental observations. We know that the
gravitational force gets weaker as the distance
increases. We then assume the force to be proportional

to I® and determine the parameter s such that the

VX(V;rj:—%(V'V)+V(V'(%D—(V'V)%+(%'

The velocity v of the source is a constant with
respect to the differential operation:
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theory produces Kepler's third law. It turns out that s
must be equal to 2 to do just right. Since Kepler's laws
are all empirical laws, we then could not say that the
inverse square law is absolutely accurate. The discovery
of Wang’s Law together with Gauss’ law show that the
inverse square law is as accurate as the surface area of
a sphere is proportional to the square of its radius.

The differential form of Wang’s law, Eq(60), is

V.M:_%j (62)
3c
where
P
I=p Vv (63)

is the momentum density, i.e., the momentum per unit
volume. p is the total momentum of the mass contained
in the volume V. j is also the current density (current per
unit area).

Since V-M =-V xh, we have

87G.

Vxh=—— 64
X 3CJ (64)

It is straightforward to check that the divergence
of h is zero:

V~h:—V(G—Tfoj:O
cr

(69)

Substituting Egs (52), (64) and (65) into Eq(50),
we have

V-f=V.g+V-(p'xh)=V-g+h-(Vxp)—p'-(Vxh)
(66)

Since B' is a constant, VxB'=0. Using
Eqgs(52) and (64), we have
V-f= V-g—[}'-(Vx h):—47zG(p +%[5'- j] (67)

b) Divergence of M and Curl of h in vacuum
From Egs(43) and (47) we have

V-M :—Vxh:@Vx(VXJ)
C r

(68)

But



V-v=0and(L3-VjV:0 (69)
r
) r

Also, ifr # 0, V-(—3J=O,
r

Therefore,

V-M=-vxh="Myyx (Vérjz—@(v V)L (70)
C r C r

Now let us examine the static field defined in Eq(41)

—Gm (x=x)+j(y- Y1)+k(z‘21)3/2 (71)
(=) +(y=w)" +(z-2)’)

RN LIBERIGEY
ot OX da oy\r’) dt
Comparing Eq(70) and (72), we arrive at

V-M :—Vxh:—l@
c ot

Eq(73) gives the divergence of M when the
point of interest is not at the origin, namely, r # 0.

At the origin where the source of gravitation m is
located, r = 0, the divergence of M is given by Eqs(62)
and (63). Combining Eq(62) and Eq(73), we have a
general formula for the divergence of M (or curl of h):

(73)

1og 87G.
V.-M=Vxh==9,°75; (74)
cot 3c
where j is the current density as defined in Eq(63).
The total gravitational field f is related to the

static field g by Eqs(41), (46) and (50):

g:iﬂ:—szf (41)
m r
h:%L:G—TFXV:—ng (46)
cr Ccr

f=g+M-B'=g+B'xh=g+p'<x(pxg) (50)

We have the relation of time derivatives

of 8g

75
oo P (BX ) 79)

The difference between (71) and (41) is that we
now place the mass m at a more general point (x,,y.,Z,)
instead of the origin, and allow the mass m to move.
Namely, its coordinates are functions of time t. To an
observer at the point (x,y,z), the field g is a time-varying
function g(x,y,z, ), where the time dependence is caused
by the change in the coordinates (x,,y,,z;) of the mass
m. We can calculate this time derivative:

o
oz \r

T3 S
ot ox \r?)dt oy, \r?) dt

Buti(%j = —i(%j and so on, we have
ox \ r ox\r

alp)a]-eme(7)

For most heavenly bodies and the objects on
the earth, both B' and B are negligibly small, the
second term of Eq(75) can be dropped. Namely,

(72)

ﬂ = 8—9 (76)
ot ot
We therefore have from Eq(76):
Vxh _1q+—8ﬂG' (77)
cot 3c

Eq(77) is to be compared to Ampere’s law in
electrodynamics:

oE

VXB:—ZE'F OJ (78)

Since w,&,=— and & —i

Ho&o o2 0 4k,
We have My = 4ﬂ2k1 (79)

C

Substituting (79) into (78), we obtain
VxB:iZE+4ﬂL<1] (80)
c” ot C

Comparing (77) and (80), we see two

differences: 1) The difference of a factor of ¢ is due to
our definition h of Eq(46) so that h, M and g all have the
same dimension, while the magnetic field B and the
electric field E differ in dimension by a speed. 2) The
more significant difference between (77) and (80) is the
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difference in the coefficient of the current density j in the
second term of the right hand of the two equations. The
difference can be traced to the derivation of Ampere’s
law. We know that the magnetic field of an infinitely long
straight current is given by

B::uOI

81
2rr &)

where [ is the current and r is the distance from the point
of interest to the straight current. Now consider the
integration of B along a circular contour on a plane
perpendicular to and centered at the current, we have

[1B-di = 4

Eq(82) is known as the Ampere’s law. A little
more math can prove that (82) is generally true even for
non-circular contours as long as the current is infinitely
long.

(82)

If the current is not infinitely thin but distributed
over certain finite area, the right hand side of Eq(82) has
to be replaced by an integral of the current density over
the area:

D]Bdlo:yoﬂj-d

Divide Eq(83) by the surface area enclosed by
the contour, and let the size of the contour approach
zero, we obtain the curl of B:

(83)

ﬂku

VxB=pyj= (84)
which explains the coefficient of the second term on the
right hand side of Eq(80). From our derivation above we
see apparently that this coefficient of (4x) is the result of
assuming the current to be infinitely long, while the result
of Eq(77) is obtained without such assumption. In
applications where the assumption of “infinitely-long
current” does not apply, say, for a plasma or
electromagnetic wave propagating in a dielectric
medium, the correct coefficient of (8n/3) should be used
instead of (4=). This difference is not noticed in many
textbooks. In discussing the electromagnetic waves, the
charge and current are usually assumed to be zero in
free space, and the difference does not show. If in the

—Gmﬁﬁ%v

But dr xdl =d , where dr is the area element
according to the right-hand rule (Fig 5). We have

fif -di = [ﬁh (dl dtj {ﬂ }:——(90)
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x(er“)-dI:m%(v'xh)

boundary conditions where the infinite-current
assumption does apply, say, the surface current on the
inner surface of a wave guide, the coefficient of (4n)
should be used.

c) Induced motive potential

The field f is equal to the force per unit mass,
i.e., f = F/m’. The testing mass cannot distinguish the
dynamic force from the static force. If a mass m’ is
moved by the gravitational force F from point a to point
b, the work done by the force field is

IF ds= GmmJ‘ { +Civ><(v><f)]d5(85)

The field will move the particle from a point with
higher potential energy to a point with lower potential
energy. We have:

F

f:—':—sz[f+i2v'x(v><f)} (86)
r c

m
The potential difference between points a and b

is the negative work done by the gravitational force per
unit mass:

S
@v (v xf) dl}
(87)

The first term of integration is the electrostatic
potential difference, which is conservative. The second
term is the dynamic potential difference, which is non-
conservative. Consider the contour integration

if - ——Gm{

The first term of the integration on the right side
yields zero because

[ﬁ— dl = ”w( jdc 0

The second term of the integration can be
easily calculated for a dynamic field h (Eq 46):

[]jh (dl x—j
where s is the area enclosed by the contour, and

O = ”— dr

@ is called the dynamic flux.

x(vxf)- dl} (88)

(89)

:—mh (dixv')



Equation (90) is known as Faraday’s law in
electrodynamics, which says that the contour integration
of the field is equal to the negative rate of change of the
dynamic flux. We have presented a proof that Faraday’s
law can be derived from the Lorentz force. Faraday’'s

law, discovered by Faraday in 1880, is actually generally
valid regardless if the change of the flux is caused by
the change of contour, or the change of the dynamic
field.

Figure 5: Faraday’s law

According to the Stoker’s theorem,

Jif - =[fj(vxf)-dr ©2)
Comparing Eq(90) and (92), we have
Vxf= —l@ (93)
c ot

Eqg (93) is the differential form of Faraday’s law.
The partial differentiation instead of total differentiation is
used in Eq(93) because the value of h is fixed at the
point of interest during the limiting process of letting the
size of the contour approaching zero.

IX.  WAVE EQUATION

We now have a set of equations that allows us
to understand the propagation of gravitational wave.
First, we have the divergence of h (Eq 65):

V-h=0 (65)

The divergence of the field f is given by Eq(67):

2
V-t =-47G| p+—B" j 67
(p =P 0 (67)
The curl of h is given by Eq (77):
vxh=1d 8G, (77)
cot 3c

The curl of f is given by Eqg (93):

V xf =—l@
c ot

The above equations constitute the fundamental
equations of the gravitational field. In a free space where
p = 0and| = 0, these equations take more simple and
symmetric form:

(93)

V-f=0 (94)
V-h=0 (95)
Vxh:lg (96)
c ot
fo:—l@ (97)
c ot

Egs (94)-(97) form a complete set of equations
that describes the propagation of the gravitational wave
in vacuum. To obtain the wave equation, we take the
curl of Eq (97):

1oh 10
Vx(Vxf)=-Vx| =— |=—==—(V xh 98
*(VxF) X(catj cat( <h) - (8)
Using Eq(96), we have
106 1 o%f
Vx(Vxf)=—=—(Vxh)=-=— 99
X( X ) Cat( X ) C2 atZ ( )
But
Vx(Vxf)=V(V-f)- V¥ =-V* (100)
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We have used EQq(94) in the last step. We have

. 10
Vf_?ﬁ
Or,
e 1 0%
Vf—?yzo (101)

This is the wave equation for the field f. The solution is

f=f,sin(wt—k-r) (102)
where
w=2rf :2—7[ (103)
T

is the angular frquuency. fand T are the frequency and
the period. kK = kK is the wave number:

2
k=" 104
P (104)
And
A=cT (105)

is the wavelength. ¢ is the speed of the gravitational
wave.

X.  UNIFICATION OF GRAVITATIONAL AND
ELECTROMAGNETIC FORCES

The discussions above show that the
gravitational force and the electromagnetic force can be
described by exactly the same set of equations. The
only difference here is that the mass m in the
gravitational theory is replaced by the electric charge g
in the electromagnetic theory. The different constants G
and k are merely the indicators of strength of the
interacting forces. As a matter of fact, we can combine
the gravitational and electromagnetic forces into a
unified equation:

F=(kaq'- Gmm')riz|:f+C—J;V'X(VX f)} (106)

Eq(106) states explicitly that the gravitational
and electromagnetic waves travel at the same speed.

It is amazing that the force equation alone is
sufficient to derive all the relevant laws governing the
electromagnetic and gravitational interactions. It is a
testimony of the consistency of our theory and
justification of inclusion of a dynamic term in the law of
gravitation.

© 2020 Global Journals

XI.  DISCUSSIONS

a) The speed of gravitational wave

The unification ~ of  gravitational and
electromagnetic forces is so simple, and the identity of
all the equations that govern the propagation of the
interactions are so compelling that we believe the two
interactions are propagating through the same universal
medium ether, by causing static and dynamic stresses.
We thus have good reason to predict that the speed of
gravitational wave is the same as the speed of
electromagnetic wave, or the speed of light. However,
this is to be verified experimentally in the future. If the
speed of gravitational wave turns out to be different from
speed of light, the structure of our unification theory
would remain intact and valid in the sense that both
gravitational and electromagnetic interactions can be
described by the same set of force law, field equations
and wave equations, with different speeds of wave.

b) The theoretical derivation of gravitational wave
equation

We have rigorously derived the gravitational
wave equation first time ever from our unification theory.
It is generally believed that Einstein’s theory of general
relativity predicted the gravitational wave. Such is not
true. The gravitational wave equation is not derived from
Einstein’s general relativity but manufactured with linear
approximation of Einstein’s field equation and a few ad
hoc hypotheses. It is proper and fitting here to give a
brief account of how general relativity manufactured a
gravitational wave equation. Einstein’s field equation is

_¥Clw Ag (107)
5 ot B5
Or, alternatively [7],
87G(T,, - T*g, /2
55 = (T a— )—Agﬂa (108)

A number of ad hoc hypotheses are then inserted:
1. The first hypothesis: The space is supposed to be
vacuum so the stress-energy tensor T,5 =0,
2. The second hypothesis: The cosmological constant
iszero: A =0,
With these two hypotheses, the field equation
reduces to

Gy =Ry =0 (109)

3. The third hypothesis: The field is week and the
metric tensor §,, can be approximated as nearly
Minkowski:

Ops :nﬁ5+hﬂ5 (110)



Under linear approximation, Eq(109) reduces to

1 av
Rﬂ6 = E g (hws,ﬁa - h&ﬁ,va + ha/;’,v§ - hav,ﬂo‘) =0 (111
Therefore,
hv&,ﬂa - hﬁﬂ,va + haﬂ,v5 - hav,,b’z? =0 (112)

4. The fourth hypothesis: It is assumed that each term
in Eq(112) is separately zero:

s =0 (113)
h? =0 (114)
hi, = h;‘ﬁ’ =0 (115)
h,=0 (116)

In general the symmetric tensor haﬁ, has 10

independent components. Only two of Eqs(113)-(116)
are independent. These are interpreted as the two
polarizations of the gravitational wave. Eq(113) is the
familiar form of wave equation:

0°h.. 0*h,. 0o°h,. &°h
= Ly—L2_—2 -0 (@117
OX oy 0z c%ot

Now let us examine the hypotheses needed to
yield the wave equation Eq(117). The first hypothesis
(vacuum hypothesis) assumes that the universe is a
vacuum with zero mass density. The second hypothesis
assumes the cosmological term to be zero. These two
hypotheses are in direct conflict with the current
mainstream cosmology which claims that the
cosmological constant is mainly responsible for the dark
energy, and the universe is filled with dark energy and
dark matter that count 97% of the total mass of the
universe. How can one set 97% to zero? The third
hypothesis is certainly invalid near the black holes
because that is where the metric tensor diverges to
infinity, not anything close to Minkowski metric. The
fourth hypothesis cannot be justified in any way
mathematically. There is no base for assuming each
individual terms of an equation to be zero simply
because the theory does not work otherwise.

Apparently, the gravitational wave equation is
not “derived” from Einstein’s field equation. It is
manufactured with a number of invalid hypotheses. The
true derivation of gravitational wave equation is given
first time ever by our unification theory published in
2018.

c) The experimental verification
The experimental detection of the dynamic term
is extremely difficult at the current level of technology.

The relative strength of the dynamic term over the static
term is at least a factor of (w’'/c?) smaller at the most
advantageous orientation of the velocities. The velocities
must be measured with respect to the medium ether.
We do not really know the velocities of the planets and
the sun with respect to the ether. The orbital velocity of
the earth is about 30 km/s. The velocity of the sun
relative to the center of mass of the sun-earth system is
about 10 km/s. If we assume that the center of mass of
the solar system is at rest with ether, it would mean that
the dynamic term of the gravitational force is about a
factor of 3x10™ smaller than the static term. The
velocities of the objects on the earth are much smaller
than the orbital velocity of the earth. The dynamic term
of gravitation should be many orders of magnitude
smaller than the above figure. Little wonder the dynamic
term of gravitation escaped detection by astronomers,
scientists and engineers. It is our hope that in the future
the technology would be advanced to allow the
detection of the dynamic term.

We do realize the importance of experimental
support to the acceptance of a new theory. Historically,
Urbain Le Verrier predicted in 1840 the position of the
then-undiscovered planet Neptune and its position
based on Newton's theory of gravitation after analyzing
perturbations in the orbit of Uranus. Subsequent
observations of Neptune in the late 19th century led
astronomers to speculate that Uranus's orbit was being
disturbed by another planet besides Neptune (Pluto).
These predictions are celebrated as proof of Newton’s
theory of gravitation. But the significance of such
predictios is overemphasized. Newton’'s law of
gravitation was published in 1687 in his “Principia”.
Urbain Le Verrier’s prediction came almost 200 years
later. Newton’s theory of gravitation was accepted long
before the predictions on Neptune and Pluto. The main
reason for the acceptance was the success of Newton’s
theory in explaining Kepler's three empirical laws and in
explaining the phenomena on Earth. It would be nice if
some time down the road predictions based on our
ether dynamics is supported by experiments. However,
the value of our theory is evident even before such
triumphant predictions are available. The credit of our
theory of unification and ether dynamics rests on the
detailed derivation of the dynamic term of gravitation,
which is theoretically as significant as the discovery of
Newton’s static term of gravitation, and completes the
theory of gravitation with a rigorous wave equation and
removes the spooky action-at-distance. The theoretical
derivation of the empirical Biot-Savart law and Lorentz
force based on ether dynamics is as significant as
Newton’s derivation of Kepler's empirical laws of
planetary movements.

A significant achievement of our theory is the
newly discovered Wang’s Law which says that the total
momentum transmitted into space is conserved, a
discovery not known before to physics community.

© 2020 Global Journals

Global Journal of Science Frontier Research (A) Volume XX Issue XIII Version I E Year 2020


https://en.wikipedia.org/wiki/Urbain_Le_Verrier�
https://en.wikipedia.org/wiki/Uranus�
https://en.wikipedia.org/wiki/Urbain_Le_Verrier�
https://en.wikipedia.org/wiki/Metric_tensor�
https://en.wikipedia.org/wiki/Vector_field�
https://en.wikipedia.org/wiki/Arthur_Stanley_Eddington�

Frontier Research

Global Journal of Science

Another achievement of our theory is the
revelation of the essence of the inverse-square law that
governs both the electrodynamic and the gravitational
interactions. We have demonstrated that the inverse
square law is the result of the conservation of the total
static and dynamic fluxes as expressed in Gauss’' Law
and Wang’s Law. The inverse square law is as accurate
as the surface area of a sphere is proportional to the
square of the radius.

d) The unification of gravitational and electromagnetic
interactions
The century long dream of the physics
community to unify the gravitational and electromagnetic
forceis finally realizedwith our unification theory and
ether dynamics in a rigorously classical way.

Ever since Maxwell unified the theory of
electricity and magnetism, the unification of the
gravitational and electromagnetic fields had become the
dream of the physics community. Early attempts were
made by Hermann Weyl, Arthur Eddington, Theodor
Kaluza and Albert Einstein.

Hermann Wey!'s theory of infinitesimal geometry
[8] was based on general relativity. He believed that in
addition to a metric field there could be additional
degrees of freedom along a path between two points in
a manifold. He introduced a gauge field as basic
method for comparison of local size measures along
such a path. It generalized Riemannian geometry in that
there was a vector field Q in addition to the metric g. The
vector field and the metric together generated both the
electromagnetic and gravitational fields. His theory was
mathematically complicated, resulting in high-order field
equations.  Weyl's theory was found physically
unreasonable after extensive communication with
Einstein and others.

Kaluza's approach of unification was to embed
space-time into a five-dimensional cylindrical world,
consisting of four space dimensions and one time
dimension [9,10]. The extra dimension allowed the
electromagnetic field vector to be incorporated into the
geometry. After discussion with Einstein it was
discovered that Kaluza’s theory did not allow a non-
singular, static, spherically symmetric solution, a critical
test of the validity of the theory.

Being the most influential early promoter of
Einstein's general theory of relativity, Sir Arthur
Eddington[11] proposed an extension of the
gravitational theory based on the affine connection as
the fundamental structure of the gravitational field,
instead of the metric tensor as the fundamental structure
according to general relativity. Eddington believed that
the stress—energy tensor in Einstein’s field equations
was provisional, and that in a unified theory the source
term would automatically come up from the field
equations. Eddington’s theory were sketchy and difficult
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to understand. Very few physicists followed up on his
work.

In the spirit of his theory of relativity, Einstein
considered the electromagnetic field energy being
equivalent to mass according to his mass-energy
relationship E=mc?, and contributes to the stress tensor
and to the curvature of space-time [12]. Namely, certain
configurations of curved space-time should incorporate
effects of an electromagnetic field. Einstein then treated
both the metric tensor and the affine connection as
fundamental fields. His unified-field equations were
derived from a variational principle expressed in terms of
the Riemann curvature tensor for the presumed space-
time manifold. However, Riemannian geometry is unable
to describe the properties of the electromagnetic field as
a purely geometric phenomenon. The abstract nature
and the lack of mathematical tools for analyzing
nonlinear equations made it hard to connect such a
theory with the physical reality. Einstein became isolated
from physics community since then, and his attempts to
unify gravity with electromagnetic field was not
successful.

The unification theories of Einstein and his
contemporaries are considered “classical unification
theories”. These theories were built around Einstein’s
general relativity with different ways of modification, all
met with failure. After the 1930s, few scientists worked
on classical unification, partially due to the failure of
Einstein and others’ theories, partially due to the
emergence of quantum field theory. The unification of
electromagnetic interaction with the weak nuclear
interaction under the framework of the Standard Model
[13-17] seems to be very encouraging, and many are
hoping that the further development of quantum field
theory might eventually lead to the unification to include
the strong nuclear interaction and the gravitational
interaction in a final Theory-of-Everything (TOE). The
picture is not as rosy as the public is led to believe. It is
fair to say that the chances for unifying these forces
under the framework of Standard Model are extremely
slim.

The unification of the strong interaction within
the framework of the standard model seems to be the
next logical step after the unification of electrodynamic
and week forces. The effort in this direction, however,
has not been very successful. Sheldon Glashow and
Howard George proposed in 1974 a model to include
the strong interaction into the electro-week theory,
known as the Goerge-Glashow model [18]. It was the
first Grand Unified Theory (GUT). The major problem
with GUT is that the energy needed to check these
theories is way beyond what the current technology
could reach, in the order of 10'® GeV. It means that the
accelerator needs to be bigger than the solar system. It
is absolutely impossible. A theory that is not
experimentally verifiable and falsifiable cannot be
considered as a scientific theory.
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Another problem with the GUT is that some of
its predictions contradict the experimental findings. For
instance, many GUT theories predict that the proton
would decay, but the experiments show that the lifetime
of the proton is at least 10%®° years. This is 24 orders of
magnitude longer than the lifetime of the universe
predicted by the Big Bang cosmology. It is a heavy blow
on the effort to unify the strong nuclear force.

The unification of gravitational force with other
fundamental forces is even harder than the unification of
the strong nuclear force. An unsurmountable obstacle is
that the gravitational field is not renormalizable, which
means that a unification theory including the
gravitational force in the framework of the standard
model is a divergent theory. Any divergent theory does
not make any sense. It is now generally realized that
general relativity is not compatible with quantum field
theory.

From the point of view of energy scale, Theory
of Everything requires an energy scale of the Plank
energy of 10" GeV. That is 1000 times higher than the
energy scale of the Grand Unification Theory. It is far
beyond the reach of modern accelerators.

The unification of gravitational force with other
forces is a failure along the approaches of either general
relativity or quantum field theory. However, for over a
hundred vyears, the physics community has been
educated to believe that any possible future theory of
unifying gravity with other forces would have to be built
upon general relativity or the standard model of
quantum field theory. Whether or not confirming general
relativity and quantum field theory has been used to
judge and reject a manuscript for publication. Our
unification theory shows that the unification of
gravitational and electromagnetic forces could be done
within classical framework without resorting to general
relativity and quantum field theory. The simplicity,
rigorousness and completeness of our unification theory
are so compelling that it leaves no doubt on the
correctness of the classical approach. It will certainly
shake the confidence of physics community in the
paradigm and doctrine of theoretical physics of the 20"
century. The fundamental problems with General
Relativity and the Standard Model of particle physics are
analyzed by Wang in two review articles [21, 22].

e) Existence of ether

As we commented earlier on that Einstein never
disproved the existence of ether. He just disliked it and
believed that field is matter. We have shown that the
concept of field as matter is illogical and invalid. The fact
that our ether dynamics gives a theoretical derivation of
the dynamic term of gravitation and the empirical Biot-
Savart law and Lorentz force is a verdict that ether does
exist, and it is a highly viscous incompressible fluid
capable of local movements. Nowadays, the concept of
a universal space medium is a common knowledge of

physics community, but the knowledge of such space
medium as a highly viscous incompressible fluid,
however, is a new discovery.

Our ether dynamics and unification of
gravitational and electromagnetic forces would certainly
open up a new landscape of physics research into many
fundamental questions:

1) Are mass and charge internally related? Can the
unification theory lead us to a deeper and more
general understanding of the charge-mass
relationship? If so, such relationship would reveal a
whole new microscopic world. Mathematically, this
question can be formulated as: Is it possible to
reduce the two terms in the first bracket of Eq(106)
into a single term only?

2) Why are the two interactions dramatically different in
strength? The question can be asked differently: Are
the gravitational constant G and the Coulomb
constant k; internally related? We know that the
Coulomb constant k, is related to another constant
k, in the Biot-Savart law. It turns out that the k; is
equal to (c%*k,). This relationship manifests that the
electrostatic field and the magnetic field are actually
the two aspects of a single electromagnetic field,
and these two constants determine the speed of
electromagnetic wave. If we find the interrelationship
between the gravitational constant G and the
Coulomb constant k,, we could have much deeper
understanding of the unification of the two well-
known macroscopic forces.

3) Our theory predicts per Eq(106) that the speed of
gravitational wave is the same as the speed of light.
How to verify this experimentally?

Our theory of unification of gravitational and
electromagnetic forces would have enormous impact on
physical science in many ways. It will change our way of
thinking, foster new assessment and evaluation of the
approach that physics has been following in the last
century, and raise questions on the entire edifice of the
prevailing doctrine of theoretical physics.

XII.  CONCLUSIONS

We have derived the dynamic term of the
gravitational force based on fluid dynamics of ether. It
provides a solid theoretical foundation for our unification
theory of gravitational and electromagnetic forces based
on generalization of Newton's law of gravitation to
include a dynamic term similar in form to the Lorentz
force of electromagnetic interaction. Such generalization
is very logical and reasonable [1,2], but nonetheless
speculative in nature. The ether dynamics presented in
the present article has removed the speculative nature,
completed the law of gravitation started by Newoton and
consummated our unification theory.

Our ether dynamics has proved the existence of
ether by giving a rigorous derivation of Biot-Savart law
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and Lorentz force and the dynamic term of gravitation.
These laws aretaken as empirical lawsuntil this date.
Many aspects of these laws, such as the inverse square
dependence on the distance, the sinusoidal
dependence on the angle between the velocity and the
displacement vector, the direction of the magnetic field
and the Lorentz force determined by the right hand rule,
are none less mysterious than Kepler's three laws. Our
rigorous derivation of Biot-Savart law and Lorentz force
based on ether dynamics is a convincing proofof the
existence of ether. There is simply no other way to
explain Biot-Savart law and Lorentz force without
accepting a highly viscous incompressible fluid ether
serving as the medium to propagate these interactions.
Our ether dynamics certainly deepens  our
understanding of the gravitational and electromagnetic
interactions and justifies their unification.
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Generation and Recombination Processes in
Disordered Semiconductor Structures with
Deep Centers

Sergey V. Bulyarskiy

Abstract- The article represents the physical processes and
mechanisms that accompany the work of the real p-n-junction
in disordered semiconductor structures with deep centers. A
model for the transfer of electrons and holes in disordered
semiconductors has been developed and expressions for the
recombination rate have been obtained, which take into
account the exchange of charge carriers between neighboring
localized regions. The probability of electronic transitions is
calculated. It takes into account the electron-phonon
interaction and explains the rapid build-up of reverse currents
as the applied voltage increases. The new model of
recombination in space charge region of p-n-junction has
been developed. This model made it possible to develop a
new method for processing current-voltage characteristics and
determining the parameters of recombination centers in
semiconductor devices including electron-phonon interaction
parameters. The nature of the reverse and forward currents of
p-n-junctions is studied as the basis for the operation of these
devices. The mechanisms of formation of the reverse current
of the p-n-junction were discussed and it was concluded that
the current is determined by the generation with the
participation of deep centers and electron-phonon interaction.
Keywords. p-n-junction; current-voltage characteristic,
generation; recombination, electron transition probability;
electron-phonon interaction.

[ INTRODUCTION

odels of generation and recombination in
M homogeneous semiconductor structures were

created in fundamental works for
microelectronics [1, 2]. The results of these works
perfectly describe the current-voltage characteristics
(CVC) of ideal structures with a depletion region and
defects in this region, photoelectric processes involving
defects, and other important phenomena in
semiconductors.  These works have numerous
applications and an extensive bibliography of citations,
for example [3]. Nevertheless, these works require
refinement and development when disordering, strong
electric fields, and electron-phonon interaction take
place. Nanoscale disorder in diamond-like
semiconductors can be caused by different factors.
Artificial nanoscale disorder is obtained by forming an
array of quantum wells, for example, in crystals based

Author: Institute of Nanotechnology of Microelectronics of the Russian
Academy of Sciences (INME RAS), Leninskiy prospect, 32A, Moscow,
119991, Russia. e-mail: bulyar2954@mail.ru

on -V solid solutions and other complex
semiconductors, including those based on oxides. This
process can be initiated, for example, by irradiation or
ion implantation of a semiconductor and silicon too.
Natural nanoscale disorder can also be due to different
factors: compensation, structural damage, glass
formation, high defect concentration[4].Silicon contains
a wide variety of defects, including vacancy -impurity
complexes. Oxygen is an important impurity located at
interstitial sites in the silicon lattice. Vacancies are easily
trapped by oxygen atoms, leading to a formation of
vacancy-oxygen (VO)complexes. Upon annealing, VO
complex can combine with vacancy or interstitial oxygen
to form more complicated complexes, such as V20,
V02, VO3, and so on [4]. Defects in semiconductor
devices are studied by various methods, most of which
use capacitance  measurement.  Current-voltage
characteristics of p-n junctions with defects contain all
information about defects and deep centers that they
create. However, the analysis of these characteristics is
poorly developed. This article partially fills this research
gap.

Disorders in semiconductors accompanied by
spatial localization of electronic states. As a result, to
recombine, charge carriers must overcome a potential
barrier; barriers over come through tunnelling is referred
to as the tunneling recombination. Transport models
with allowance for disordering were proposed in [5,
6].Generation and recombination are accompanied by
electronic transitions between localized states. A good
description of the experimental results cannot be made

without taking into account the electron-phonon
interaction, which increases the probability of the
mentioned transitions. The probabilities of such

transitions have been investigated by many authors [7-
12], however, results that are easy to compare with
experiment were obtained in [13] and they successfully
explained various experimental results [13 - 17].

This work is a review in which the author strives
to show what fundamental processes underlie the
transport phenomena in disordered semiconductor
nano- and microelectronics structures with structural
defects that create deep centers. Much attention is paid
to the current-voltage characteristics of p-n-junctions
based on such semiconductors and practical methods
for determining the parameters of defects in them.
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[I.  GENERALIZED RECOMBINATION THEORY

A schematic diagram of recombination processes in nanoscale-disordered materials is shown in Fig. 1.
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Fig. 1: Diagram of the recombination processes and electron transitions in our model

In accordance with this diagram, there are two
regions in a semiconductor, separated by a potential
barrier. Due to the nano scale disorder, localized states
with different concentrations are formed in them, which
can play the role of recombination centers. The barrier is
tunnel-transparent between this regions. Recombination
centers are present in each region, which are energy-
distributed according to some (generally unknown) law.
Recombination of charge carriers in each region may
occur independently. There is also an additional
mechanism of generation of non-equilibrium charge
carriers, for example, injection.

Let us consider in more detail the model
properties. We analyze a quasi-equilibrium stationary
problem. Accordingly, both free and bound charge
carriers have steady concentrations at each point of
space. For various reasons (primarily, due to the
spatially no uniform distribution of electric potential),
these concentrations are different in each bound region.
However, since quasi-equilibrium is established in the

© 2020 Global Journals

system (tunneling, injection, and generation occur
simultaneously), free charge carriers of each type are
formed a unified subsystem. The electron and hole
concentrations are generally different. A change in these
concentrations is the sum of changes in the
concentrations in all regions. Energy distribution of traps
is determined by the physical features of nano scale
disorder. They can be different in neighboring bound
regions.

To calculate the total recombination rate, we will
write the electron and hole recombination rates taking in
to account the following:

1. The total recombination rate is determined by the
recombination rates in all bound regions;

2. Localized states in each region are distributed over
energies and characterized by both density and
kinetic coefficients, which also have some energy
distribution;



3. The occupation of localized states by charge
carriers is generally described by not the Fermi-
Diracfunction, because the system is not in
complete equilibrium but in a steady state;

=I{_ ¢, (E)n,N ()L f,(E)]-

E

S»I%

Where: ¢, (E) & ¢ (E)is the coefficient of electron
&hole capture by localized states in the range between
Eand E + dE in regions j and k: N;,(p;,) is the density
of the electron concentration at the bottom of the
conduction band (at the corresponding percolation
level) or the hole concentration (at the top of the valence
band or at the corresponding percolation level);

Ny 4 (BE) = N, exp[- (E, —E) /KT ]is a parameter
characterizing the rate of electron emission;
P (BE)=N, exp|-(E-E,)/KT]is a parameter

characterizing the rate of hole emission; E_ is the energy
of the bottom of the conduction band (the
corresponding percolation level); E, is the energy of the

[t (B) + 1, (E) N (B) £, (E)

an(E)nka(E)[l_ fk(E)]
Cy (BE)ny; (E)N;(E) £, (E) + ¢, (E)ny (E)N, (E) f, (E)

therefore, this occupation function must be sought
during the solution of the problem. The change in
electron (n) and hole (p) concentrations in time t can

be written as:
+
dE, 2. 1)

I{ 5 (E)P;N, (E) f,(E) —C (E) PN, (E) f, (E) + } y
£ |Cy (E)py; (E)N; (E)[l £,(E)|+ ¢ (E) py (E)N, (E)[L- f, (E)] :

top of the valence band (the corresponding percolation

level); N, (E) are the energy density distributions of the

localized states in the j,, and ky, regions; f;, (E)is the
probability of electron occupancy of the localized states.

Eq. (21) and (2.2) include only thermal
processes; however, it is not difficult to take into account
optical processes, both between states inside the
mobility gap and outside it.

1) The filing functions of the electronic states of
defects differ from the Fermi-Dirac function and
include the injection processes. We can show this if
we equate Eq. (2.1) and EQ.(2.2), how it should be
done in equilibrium. For the region J we have for
example:

{[%(E) P, (E) + ¢, (E)N,IN, (E) + [c (E) pu (E) N, (E) —}
f (E)

It, (E) +t, (E)N, (E)

23

Where: tnj,k(E) = an,k(E)lnj,k + nlj,lk(E)J; tpj,k(E) = ij,k(E)[pj,k + plj,lk(E)J'

2) The probability of filling the traps is determined not
only by vertical thermal and optical transitions, but
also by horizontal ones between neighboring
localized states. It is this fact that leads to a
generalization of the theory of generation and
recombination processes. We take into account the
probability of transitions between localized states
and thus include ballistic transfer, hopping
conduction, and tunneling in the theory. This is

important for disordered semiconductors, when
charge carriers are localized in a certain region, they
cannot move freely along the semiconductor, the
transition to an adjacent state occurs with a certain
probability, which must be calculated separately.
The conclusion of this statement was made in [5,6].
Here we give the result for the rate of change in the
filling of localized states:

a.
7“:[ ¢, (E)0,N,(E)+c, (E)p,, (EIN, (E)-[t, (E) +t,,(E) N, (E) f, (E)dE -

[ Wr(E.EIN,(E) f,(E)N, (E[1- f, (E)HEDE' +

+[ [ We (EEIN, (B)L- £, (B)IN, (E)) f, (") dECE"
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Where: W, x(E) and Wy, (E) are the probabilities of
transition  between neighboring regions. These
probabilities include not only purely electronic

transitions, but can take into account the interaction of
charge carriers with the crystal lattice, which is
expressed in the formation of polarons and is called the
electron-phonon interaction. These expressions will be
given below in the text.

The final expression for the recombination rate
taking into account the transition between localized
states [5,6] is:

R=R +R +Ry, (2.5)

Where: The rate of recombination in the region J:

R =] ToT

E pnj

The rate of recombination in the region K:

¢, (E)c, (E)(n2 = p,n, T, + WE)N, + AUN, N, (E) i
+W(E)N, T, + WE)N, T, + AUN T

jpn o pni

Re=]

E

ToncT,

pnj

Cu (E)Cy (BT — P STy, + WEIN N, (B)
+W(E)N, T, + WE)N,T

+ AUN, T

i pnj pnk

The rate of transition from the localized state of the region J to the region K and back:

- W(E){N;N, (E)D;, + NN, (E)D, j+ AU {NijDjk}dE

=
. ToncT

E pnj

The designations used are:
Djk = tnj (E)Cpk(E) plk(E) _tpj (E)an(E)nk !
ij = tnk(E)ij (E) Py (B) _tpk(E)an (E)nj .

This expression seems cumbersome and
incomprehensible, but it can be easily converted into
simple and understandable formulas:

a) Shockley recombination rate through deep traps
We assume that the recombination occurs in

one region J, the transition probabilites W, z(E) and
Wg (E) are equal to zero. Recombination is done
through discrete levels (N, =N, (E)0(E-E;;)). We
will take these remarks into account and obtain from
Eq.(2.5) the well-known formula:

2
CiiCp (pjnj —Nn )th

R=
Crj (”11 +, )+ Cj (plj + pi)

(2.6)

b) Tunneling and tunneling recombination transport of
charge carriers [5,6].

In most disordered semiconductors, electrons
and holes are localized and spatially separated.
Recombination can take place only if one of the stages
of the process is tunneling and one of the charge
carriers makes a jump into a new localized state. The
charge carriers come to quasi-equilibrium after that.
Hence the name of the model - tunneling recombination.
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Fig. 2: Current-voltage characteristics of nanoscale disordered structures: (symbols) experiment and (lines)
calculation from formula (2.7). (a) LEDs with a set of In GaN quantum wells, (b) GaAs LEDs with a high concentration
of EL2 traps, (c) p-n junctions in Be-implanted GaP, (d) In/CdMnTeSchottky barriers, (e) Cu/TIGaSe, Schottky
barriers, and (f) In/glassy As2S3 contacts.

The above-described exchange model also
follows from formula (2.5). We will assume that in one
region the traps exchange only with the electronic
percolation level, and in the other, with the hole

g

E

percolation level. Assuming thatc, =0andC, = 0,
from Eq. (2.5) we obtain:

WE)N, N, (E)c, (E)ny; (E)c, (E) Py (E) - W(EIN, N, (E)c, (E)N,Cu (E) B, + AUN,N  (E ey Py
to (BNt (E) +W(E)N, (E)t,, (E) + WE)N t, (E) + AUN t,

i

dE 2.7)

Formula (2.7) can be used to describe various
disordered semiconductors, as well as for ballistic
transfer of charge carriers in carbon nano tubes.

Examples of application of Eq. (2.7) are in work [5], the
results of which are shown in Fig. 2.
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Formula (2.5) is general and can be used for
almost all cases of carrier transfer between localized
electronic states. This article is discussing the use of
formula (2.5) for the analysis of generation and
recombination processes in p-n-junctions with deep
centers.

[1I.  THE PROBABILITY OF ELECTRONIC
TRANSITIONS BETWEEN LOCALIZED STATES
TAKING INTO ACCOUNT THE ELECTRON-
PHONON [NTERACTION
The transition of a charged particle (electron or
hole) between localized states causes a change in the
electric field, which leads to the appearance of a polar

on state and a change in lattice vibrations. This is the
essence of the electron-phonon interaction, which

U
U

changes the probability of an electronic transition.
Accurate calculations should take into account changes
in the potential energy of the electron-crystal lattice
system, the displacement of the atoms of the crystal
lattice, which in turn leads to a change in the density of
phonon states, etc. They are complex and cannot be
used in practice. There is a simple one-coordinate
model, which is similar to Einstein's model for thermal
conductivity, it can be accurately calculated and fairly
accurately describes the result of electron-phonon
interaction. Ridley's book allows you to get acquainted
with it in detail and understand the basic principles of
the one-coordinate model [11].This model is well
represented by the configuration-coordinate diagram,
which reveals the features of the electronic transition
with electron-phonon interaction (Fig.3).

We will talk about an electron that passes
between localized states, but all our reasoning is valid
for a hole. The construction of such a diagram is based
on a simplified approximation of the one-coordinate
model, according to which the ground and excited
states of the centers are described by adiabatic
potentials, the energy of which is proportional to the
square of a certain generalized coordinate Q. When the
system passes from the ground state to the excited one,

© 2020 Global Journals

Q(]

Fig. 3: Configuration-coordinate diagram

the polaron effect takes place, as a result of which the
adiabatic potential of the excited state is shifted relative
to the main potential by the amount Q(polaron shift)
and they intersect at point P (Fig 3.)

u, - heQ-QJ ¢

=g LT R e



Where: Q is generalized coordinate; Q, =v2S, Siw
is a value equal to half of the heat release that
accompanies the electron-phonon interaction; E,is the

energy of a purely electronic transition, S is the Huang
and Rees factor, fiw is the energy of the characteristic
phonon in the one-coordinate model; U, is the adiabatic
potential of the ground state of a center, U, is the
adiabatic potential of the excited state of a center, hv, is
the energy of the absorption maximum during the
transition from the ground state to the excited state, hv;
is the energy of the maximum radiation during the
transition from the excited state to the ground state, E;is
the energy of thermal activation.

_(Ey+Sho) hv®™ =E,+ S,

E = : (32)
4Sho hv"=E, - Siw,

This model is used to describe the possibility of
multi phonon non-radiative transitions of charge carriers
and avoids the difficulties of explaining the simultaneous
interaction of many particles. With a non-radiative
transition from the ground state (point A in Fig. 3) to an
excited one (point C, Fig. 3), the system absorbs one
phonon after another, while increasing the amplitude of
the generalized coordinate. The transition itself occurs at
the saddle point (point P, Fig. 3), when the energy of the
ground state takes on the value E,, and then the system
relaxes to point C, also emitting phonons one after
another to reduce the energy.

The probability W of transition between
unperturbed states 1 and 2 is determined by the square

of the absolute value of the matrix element H of the
perturbation operator causing the transition:

W:%”KJJH”@‘Z (3.3)

The exact calculation of this probability was
made in [12, 13], its result is that for the probability of a
quantum-mechanical transition, taking into account the
electron-phonon interaction, in general form, it can be
written as:

W:ZTWOMJ(EM —g)fi’j(g)dg . (3.4

i —oo

Where: W, j(Eﬁ’j —g)is the probability of a purely
electronic transition from /- the sublevel of the multiplet
of the initial state of the center to j- the sublevel of the
final state of the multiplet, fi,j (8) is the expression for

the shape function of the optical transition from - the
sublevel of the multiplet of the initial state of the center

to i - the sublevel of the final state j of the multiplet, Z
i
is summation over all sublevels of the multiplets 1 and 2.
Eq.(3.4) is common for transitions between
different localized states. It can be used for multiphonon
thermal, tunneling, and optical transitions. Probability of

a purely electronic transition WOiJ.(En’j—e)is

presented in numerous monographs, including [11].The
shape function that reflects the electron-phonon
interaction can be calculated from experiments on
radiation or energy absorption during transitions with the
participation of deep centers[12, 13]. This is often
difficult. Therefore, this function can be approximated by
the Gauss normal distribution:

fi,j(g)=0\/1ﬂexp{_ (5;:20)2] & =\2F1aKT (3.5)

The parameters of the function forms can be
found by analyzing the current-voltage characteristics.
This important and interesting method will be discussed
below.

RECOMBINATION IN THE DEPLETION
REGION OF THE P-N JUNCTION AT
FORWARD BIAS VOLTAGE.
RECOMBINATION SPECTROSCOPY

[V.

The recombination in the space charge region
(SCR) determines the current-voltage characteristics
(CVQC) of almost all semiconductor devices with a low
injection level, which occurs at low forward bias voltages
at the p-n-junction. This section begins near zero
voltage and lasts up to a voltage of the order of the
diffusion potential, which, as is well known,
characterizes a potential barrier in the contact area at
zero displacement. The main results of this chapter were
partially obtained earlier [18-22]. In an ideal diode, it is
assumed that there are no generation-recombination
processes in the space charge region (SCR) and the
current through the p-n-junction is determined by carrier
injection through the barrier. The equation of the
Current-Voltage characteristic (CVC) has the form:

el

Where: g is revers saturation current density; U is a

voltage on the p-n-junction; k is the Boltzmann constant;
q is electron charge; m is the ideality factor.

Ideality factor (m) has the meaning 1 in the
Shockley's diffusion theory [1] and 2 in the model
generation and recombination in p-n-junctions [2]. The
revers saturation current density is associated with the
parameter lifetime (7 ) in last model and it is a display in

(4.1)
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the form: jq= Jg,/7 . Classical reverse current does

not depend on voltage. The dependence of the current
on the voltage takes place in the so-called short-base
diodes, when the base thickness is of the order of the
diffusion length.

Scientific articles do not consider the problem
that the ideality factor and the lifetime can depended on
the voltage applied to the p-n-junction. Such an
understanding of these values is not true, since the
voltage value changes the flow of injected charge
carriers. Ideality factor and the lifetime should change
with a change in bias voltage too, because they depend
on the injection. Numerous training courses and lectures
do not pay enough attention to this problem.

The CVC during recombination in the SCR was
obtained in [25] and can be represented as:

_ 9AwU)n

qu
[ —— -1 .
2t (exp( 2kT J j 4.8

KT

n=n, e -2, i) p, e - a0t

where w(U) is the width of the SCR of the p-n junction; n
is a concentration of intrinsic charge carriers; A is the
area of the p-n junction,t is the lifetime of non-
equilibrium charge carriers. The differential slope in this
case is 2. Such an expression for recombination in the
SCR was obtained under the simplifying assumption
that the capture coefficients at the recombination center
are equal for electrons and holes.

The recombination rate from Shockley's theory
Eq.(2.6) allows one to obtain a more accurate
expression for the current-voltage characteristic, from
which it follows that the differential slope and the lifetime
depend on the number of charge carriers injected into
the SCR, and, consequently, on the forward bias
voltage. The concentration of free carriers in the SCR
can be obtained by multiplying the concentration of free
carriers in the corresponding region by the Boltzmann
factor, taking into account the influence of the electric
field of the p-n-junction. These concentrations are
calculated by the formulas in a one-dimensional model:

4.3
KT “.9)

Where: ¢(X)is potential of semiconductor structure at point x. Eq.(4.3) must be substituted into Eq. (2.6), then we
obtain an important formula for CVC, the derivation and application of which is described in detail in [18 - 22]:

| =gA j R(x)dXz%V , (4.4)
C.C,NPN,| exp Ul
KT
Ry = T (4.5)
2n,/c.C, eXp(ZkT) +C,n +C,P
c,c,n°N, (e™'* ~-1
1, (U)=0AnU) — = | ) Al (4.6

Where:V, is the diffusion potential of the p-n junction.

m—i(d'”'fj 1_i(dlrj ’
KT du KT \ dU
The current-voltage characteristic, the rate of
recombination in the space-charge region, and the
differential slope depend on the parameters of the

recombination centers with deep levels in the band gap
of the semiconductor and the voltage at the p-n-junction

(4.7)
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2n,/c.c,

VT scn+c,p, eV, -U)

[15]. Therefore, the parameters of deep levels can be
calculated from the CVC. We will do this using the
example of deep centers in silicon p-i-n structures [16].
The calculation results of B for the diodes that were
studied are shown in Fig. 6.
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Fig. 4: Differential slope of the forward CVC of the diodes at room temperature

a) before irradiation; b) after irradiation [16].

The experimental results of Fig. 4 show that the
values of the differential slope are in the range 1 <f<2.
The value of B exceeds 1 after irradiation more
significantly. According to the results of [20, 21], the
presence of maxima in the dependence of the
differential slope on the forward bias voltage indicates
the existence of recombination centers. The differential
slope shows two maximum(see Fig. 4), the first of which
is blurred, which may be due to the influence of several
recombination centers. These facts indicate that the
direct CVC is determined by recombination in the SCR.

o L)

e(Vd _U):

The  experimental CVC  underwent a
transformation, which made it possible to better reveal
their features. The dependence of a certain quantity on
the forward bias voltage was calculated, which was
called the reduced recombination rate (R (U) np). This
value is the inverse of the lifetime and has features that
are associated with the parameters of recombination
centers. The reduced recombination rate is defined as

[22]:
eU
\ 1
C.C,N { p(Zij+}

pr

eU

WU [exp(zwj 1} M

The dependence of the reduced recombination
rate on the bias voltage is shown in Fig. 5. This curve
consists of two sections. Eq. (4.8) is described by the
following dependency, then

2n./c.c exp( U

KT j<nlc +p1

» \3/4
E —
R, =cp(:§} N, exp(—gm_E"‘Jexp(eUMkT)- (4.9)

Eq. (4.8) the

dependency, then: 2n,

is described by
eU
C, exp T >nc, + pC,

following

R, =Ry =,/c.c,N,/2. (4.10)

&)
2n,/c,C, exp +nC, + pC,

We will define the value of U, as the voltage at
which the condition (R, =RI*/2) is satisfied, then

C.C, exp) e,
P 2kT

the energy of the recombination center lies above the
middle of the forbidden band, i.e., C,P; << C,N, and we

find:
J. (4.11)

¢y +C, Py =20 J We will assume that

Em:ﬂ_,_é‘ where;: 5_kl| 1cN,
2 2 |4c N
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Fig. 5: Modeling the reduced recombination rate for a

recombination center with an activation energy of 0.4 eV
and three ratios of capture coefficients

C,/Cp:1-1;2-10;3-0.1.

Fig. 5 is showing the results of the simulation of
the reduced recombination rate for various ratios of the
values of the capture coefficients. We took into account
that the correction is equal to 0.01 eV for the ratio of the
ratio of the effective masses of silicon and can be
neglected. The ratio of the capture rate constant
coefficients can introduce a certain systematic error. For
calculations Fig. 6 this value is 0.06 e€V. The reduced
recombination rate must be measured at several
temperatures to avoid this error. The results are shown
in Fig. 6. to simulate the reduced recombination rate at
different temperatures. The temperature dependence
(R,,= f(1/T)) at a fixed bias voltage (U;) is shown in

Fig. 7 [15].

2000 1
R,y s
1000
800
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200
o Gy (KT)", v
107 T | 100 —
@ B W R e [ 320036 40 4 48 52 56
Fig. 6. Modeling  the reduced | Fig. 7. Temperature dependence of the
recombination rate of a deep center with | of reduced recombination rate
activation energy of 0.4 eV at different | atU = 0.1V [15].
temperatures [15]7, K:
1-350; 2- 295; 3 - 220.

The activation energy of this straight line is
equal to(E, =0.5E; - E,,—€eU,)and allows you to

calculate the activation energy of the recombination
center.

E, =O.5Eg -E,—eU; (4.12)

The activation energy, which was obtained as a
result of the calculation, is equal to the energy of 0.4 eV,
at which the simulation was performed.

Thus, the study of temperature dependences
allows us to accurately estimate the activation energy,
and then the ratio of the capture rate constants using
Eg. (4.12).Calculate the ratio of the capture rate
constant coefficients by the formula, if you know the
voltage at which the reduced recombination rate is
halved (U,), and the level of thermal activation energy:

© 2020 Global Journals

* \3/2
_n:{:'EJ expl(eU, + 2E, —E, J/kT]. @19

If the ratio of the capture rate constant
coefficients (c,/c,) is known (from other experiments or
calculations), then it is possible to calculate the lifetimes
in the heavily doped n-type material for the p-type:

Clen oL [en ()
Tpo_(CpNt) _2 Cp(Rprax) '

o=(en) S ()

(4.14) allows us to conclude that the
dependences of  the reduced

(4.14)

Eq.
temperature



recombination rate are determined by the lifetime of
charge carriers. We can construct a diagram that shows
the relationship between the lifetime with the
temperature of the experiment and the level of injection
if we use Eq.(4.12) and EqQ.(4.14) and the results of the
experiment at different and sufficiently close to each
other temperatures. This was done in article [23]. We
can represent expressions Eq.(4.8) - (4.11) as a function
of the lifetimes of electrons and holes when captured by
the recombination center Ex.(4.14):

@ ni exp(quj + 1
N, 2KT

R, = -
pr -1_-1 ’
2N 4|7 0T
no”po exp( U j+cnn1
N, 2KT
2

Ro~rirh/2; R 1 Mlex (qU 1} . (4.15)
e onoTeo "o, Pl

Eqg. (4.15) are the basis for calculating the
parameters of the recombination center. The calculation
algorithm is as follows: by Eq. (4.11) we determine the
activation energy of the recombination center; we select
a certain point with coordinates on the dependence of
the reduced recombination rate, then solving the system
of Eq. (4.15) together, we obtain the following relations
for the characteristic lifetimes:

2

1 N U
Too = o exp( - j:
n R 2kT
a_MmR U ) ¢ nR e,
R - Y] G i) (4.19)
™ p( 2ij c, 4Rin’ Pk

The calculation results are shown in Fig. 7 [23]
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Fig. 8: Temperature dependence of the lifetime through
levels with activation energy, eV: 0.45 (1); 0.39 (2).[23].

In order to select areas (in space of the forward
bias voltage - the temperature) in which the
recombination fluxes pass through these or those
centers, we will proceed as follows:

— Plot the temperature dependences of the forward
current at various forward bias voltages in the
coordinates of Arenius;

— Select straight sections on them and calculate the
activation energies;

— Calculate the activation energies of deep centers by
Eq.(4.12).

Thus, by finding the activation energy at
different bias voltages and temperatures, one can
roughly single out the regions where recombination
through one or another center predominates. Such a
diagram is plotted in Fig. 9.[23].

360
4 %070.55
) 4
":3 280 -
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——— Ny
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Forward bias voltage, V

Figure 9: Regions in space of temperatures and forward
bias voltages in which recombination through one
center or another prevails. The energies of the
recombination centers are shown in the figure in eV [23].

Recombination through levels with an activation
energy of 0.55 eV prevails in two regions at low
temperatures and low biases and at high temperatures
and high biases. In the remaining region, recombination
dominates through levels with activation energies of
0.39 and 0.45 eV. This behavior of recombination flows
is not random. For the 0.55 eV level, in the indicated
regions, the lifetime decreases rapidly and it intercepts
recombination fluxes. According to Fig. 9. The lifetime
for recombination through the levels of 0.39 and 0.45 eV
in the region of small displacements increases rapidly.
This is due to the fact that in this voltage region the
injection level is still small, and the processes of
emission from these centers prevail over the processes

of capture.

Several recombination centers can exist
simultaneously in a semiconductor and the
recombination processes with their participation

proceed in parallel and independently from each other
[16-23]. Recombination currents are added to the total
current additively. At the same time, the real
dependence is the sum of these processes. The

© 2020 Global Journals

Global Journal of Science Frontier Research (A) Volume XX Issue XIII Version I m Year 2020



Global Journal of Science Frontier Research (A) Volume XX Issue XIII Version I E Year 2020

recombination process proceeds with the participation
of three recombination levels belonging to independent
recombination centers. This dependence can be
expressed by the formula:

eU
CoCoc Ny N {exp(ZkT) + 1}
I:2pr (U ) = Z

eU
“ 2I']i hY ancpk exp(ZKT) + an nlk + Cpk plk

The algorithm for dividing an experimental curve
into components is based on analytical approximations
Eqg. (4.15) as well as on the following provisions:

1. The Current-Voltage characteristic of a directly
biased p-n-junction is measured at voltages less
than the diffusion potential (V,). Note that the
measurement points should be quite a lot. The
reduced recombination rate (R,,) is calculated for
each voltage using Eqg. (4.8). The width of the space
charge region (w (U)) and the diffusion potential (V)
are calculated from capacitive measurements.

2. We build a dependency In(Rpr(U ))graph and
graphically decompose this dependency into its
components.. Each component of the reduced

recombination rate has a saturation, the value of
which is determined by Eq. (4.8). In the initial area

Ry (U)there is a change according to the law
exp(eU /2KT )Eq.(4.83).
3. We find Ujfor each curve that characterizes

recombination through a single level. Then we
estimate the activation energy of the corresponding

(4.17)

. 1 /c,
Tpo=(CpNt)l=§ C—(
p

p

el RN S VI R e X

deep center by the Eq. (4.11), neglecting the value
O . The systematic error, which is associated with

neglect O, is determined by the ratio of the capture
rate constant coefficients (¢, / ¢,) and, as a rule,
has amounts about 0.05 eV at T = 300 K.

Thus, the formulas and calculation algorithm for
simple recombination processes can be applied after
the separation of complex processes into components.

Thus, one can approximately find the
parameters of deep centers from current-voltage and
voltage-farad measurements at each fixed temperature.
These measurements can be made even on a
semiconductor wafer and carry out the screening of
diodes on the basis of the presence of deep centers
even before dividing the wafer into separate
semiconductor devices.

V. DETERMINATION OF THE PARAMETERS OF
THE ELECTRON-PHONON INTERACTION BY
ANALYZING THE TEMPERATURE
DEPENDENCES OF DIRECT CURRENTS.

The analysis of current-voltage characteristics
does not allow calculating the concentration of
recombination centers, but this can be done by the
thermostimulated capacitance (TSC) or DLTS methods.
The lifetime of electrons and holes during capture at the
recombination center is related to the concentration of
deep centers and the coefficients of capture of electrons
and holes at the center using the relations:

R

n

The current-voltage characteristics were measured in the range of 290-343 K [15].

7 -1
: Rpl" S
. 1
1E+7 o
1E+6
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I
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Fig.
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10: Temperature dependence of the superficial recombination rate, 7, K: 1 —343; 2 -333; 3-323; 4 -313; 5 —

303; 6 —294; 7 — 290 [15]
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The temperature dependences of the reduced
recombination rate are shown in Fig. 10. The strong
temperature dependence of the saturation region of a
given value takes place. The separation of the reduced
recombination rate into components was done for each

constant coefficients of holes and electrons for them
were calculated. The results of the calculations are
shown in Fig. 11 at the normal scale, and in fig. 12 -
semi-logarithmic. In addition, analytical approximations
are defined for all capture rate constant coefficients in

temperature independently and the capture rate the form:
Ebi
C =Cy eXp| —
i (4] p kT
c, =8.6ex (— %} cy = 0.022exp(—%)
E =0.538 E, =0.458 6.1)

c, =1.9*10° exp(— @J
KT

c, =10° exp(— E)

Where: Ebi is energy of nonradiative transition from excited to ground states.
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Fig. 11: Temperature dependences of the capture
rate constant coefficients of deep centers with
activation energies [15]:

2,4-0.53eV;1,3-0.45¢eV.

1,2-C, 34-C,

Fig. 12: Temperature dependences of the capture
rate constant coefficients of deep centers with
activation energies [15]:

2,4-0.58eV; 1.3-0.45¢V.
12-C, 34-C,:

The results of measuring the capture rate
constant coefficients by various methods are consistent
with each other. The capture rate constant coefficients,
which were calculated from the TSC and DLTS
experiments, are less than the results of calculations
from the current-voltage characteristics. This fact is due
to the strong temperature dependence of these
coefficients and the fact that they were measured at
different temperatures. The temperature at which these
coefficients were calculated from TSC experiments is the
lowest, so their value is the smallest. The agreement of
the results is there shows the correctness of the used
models, experiments and calculations.

To determine the parameters of the electron-
phonon interaction, we use the characteristic energies of
non-radiative transitions[15]. This energy corresponds to
the energy in the configuration diagram. It is associated
with the parameters of the electron-phonon interaction
as follows:

E. = (EO_Sha))2

) 6.2
8 4 shw €2

Where: S is Huang and Rhys factor, which is
equal to the number of phonons involved in the electron-
vibrational transition; Sfi@ is heat release in the theory
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of electron-phonon interaction. This value is equal to the
energy that is transmitted to the lattice during the non-
radiative capture of an electron or hole to a deep center.

We will take the energy that must be expended
for the non-radiative ejection of an electron from a deep
center as the second quantity to be calculated. These
energies were determined experimentally from current-
voltage characteristics and are 0.45 and 0.55 V. In the
configuration diagram, they correspond to the energy
Eq . In our notation, this value, and it is associated with
the parameters of the electron-phonon interaction as
follows:

(Ey + Sho)?
Etj =EO+EB :W.

We get the desired parameters when we decide
together Eq.(6.2) and Eq.(6.3):

(6.3)

o0~ - )

e (& - VENE +VE) 69
o=+/2KT shw . (6.5)

Thus, the strength of the electron-phonon
interaction is mainly determined by heat generation and
leads to an increase in the emission rate in an electric
field.

The results of calculations and experiments
performed on two recombination centers are
summarized in Table. 1

Table 1: Parameters of deep centers taking into account the electron-phonon interaction

Ne En[n Ep[Y Eﬂa ’ E,DU; EB EB B
eV eV eV eV n’ P
eV eV
1 0.45 2.8 0.29 0.83 0.16 0.57
2 0.53 6.2 0.23 0.89 0.30 0.85
Sha), Nf’ CNO’ CpO: o,
cm?® cmds™! cms™ eV
eV
1 0.073 3*10" 0.022 1000 0.061
2 0.082 4*10" 8.6 1.9%108 0.065

Table1 represents a complete set of parameters
for two deep centers that allow one to calculate all the
thermal, optical, and field dependences of deep
centers.

VI.  ANALYSIS OF CURRENT-VOLTAGE
CHARACTERISTICS BY THE EXAMPLE OF THE
SILICON PHOTODETECTORS BEFORE AND
AFTER |RRADIATION

Forward and reverse CVC before and after
irradiation of the silicon photo detectors are shown in
Figure 13 [16]. In the initial section of the CVC with
forward bias, an increase in current was observed after
irradiation. Since the current in this region is due to
recombination in the SCR, we can conclude that the
concentration of recombination centers increases.
Reverse current also increased. The current through the
diode at the reverse bias is due to generation in the SCR
and is proportional to the concentration of
recombination centers. The generation current after
irradiation increased 10 times. It can be assumed that
the concentration of recombination centers increased 10
times after irradiation.

© 2020 Global Journals



a)

b)

Figure 13: Forward (a) and reverse (b) current-voltage characteristics at room temperature before (1) and after (2)
irradiation [16]

Reverse CVC plotted in  coordinates
In(l) = f(F”2 )(Where F is the electric field strength in

the SCR of the diode) are linear (see Fig. 14). These
facts indicate that the current through the diode at the
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reverse bias is caused by generation and the Pool-
Frenkel effect takes place, which lowers the height of the
generation barrier in proportion to the root of the electric
field strength [15].
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| ! | ! | '
1200 1400
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Figure 14: CVC plotted in Poole-Frenkel coordinates before irradiation (1,2,3) and after irradiation (4,5,6) measured

at temperatures [16],°C: 1,4-0; 2510 20; 3.6-4.0

The temperature dependences of the reverse
current plotted in the Arrhenius coordinates for various
reverse bias voltages on the diode (see Fig. 15) allow us
to determine the generation energies of charge carriers
at various electric field strengths in the SCR of the p-n
junction. We must pay attention to the fact that the
energies that are calculated from the Arrhenius
dependences correspond to 0 K. These energies, which
were calculated from the slope of the experimental
CVC(see Fig. 15), depend on the electric field (see Fig.
16), which is also a manifestation of the Poole-Frenkel
effect.
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Fig. 15: Temperature dependences of the reverse
current before irradiation (1-3), and after (4-5)
atvoltages, V: 1.4 -10; 2.5 -20; 3.6-30.

Fig. 16: Change in the activation energy of the
generation process depending on the electric field: 1
- before irradiation; 2 — after irradiation.

The experimental data presented show that the
generation and recombination processes involving
recombination centers determine the magnitude of the
forward and reverse currents of the diodes. We will
determine the parameters of these centers from the
CVC.

At reverse voltage, the SCR of the p-n junction
is depleted in free charge carriers; the equilibrium
between recombination and generation is shifted toward
generation. The reverse current is determined by the
expression:

| e = GA[ Rdx (7.1)
0

Where: R is the generation rate. In the case of
generation with the participation of the recombination
center (RC), which has one deep level in the band gap
of these miconductor, its rate can be found from the
system of kinetic equations:

d t
R, = =~&n(N, ) +en

d
Rp :d_f:_cppnt-i_etp(Nt_nt)l

Where: n, is the concentration of electrons on RC. When
calculating the generation rate, it is taken into account
that in thee quilibrium position, we get:

A LICCE TN
0 e, (x) + etp(x)

Where: e; =7.C,N, eXp(— (Ec - E[)/kBT)’

(7.2)

: (7.3)
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t
e =y,c,N,exp(= (E, —E,)/ kgT): 7, 7pare
the degeneration factors of the deep center level for
electrons and holes. These factors vary from 0.5 to 2.

It should be noted that the rate of thermal
emission depends on the temperature exponentially,
therefore, if the RC level differs from the middle of the
band gap by (3 —5)kT, then, as a rule, the rate of
emission of electrons or holes is much higher than the
rate of another transition. We make the following
approximations: the recombination level is located
closer to the conduction band; RCs are evenly spaced
across the SCR; thermal emission rates are independent
of the electric field. It turns out a simple expression for
the reverse current of the diode:

| e = GAW(U)N €, (7.4)

Eqg. (7.4) includes the emission rate of holes,
not electrons, since the magnitude of the current at
reverse bias is determined by the slowest process,
namely, the emission rate with higher activation energy.
Therefore, in the case of thermal generation through the
RC, the energy experimentally obtained is more than
half the band gap. Accordingly, the energy of the
recombination center at zeroelectric field strength

(E,(0)) is related to the activation energy of the
generation process ( Egen) by the expression:

E,(0) = E,(0) - E,,(0).

Eqg. (7.4) shows that the generation current at
reverse bias is directly proportional to the concentration
of recombination centers and has voltage dependence,
however weak. Therefore, it grows after irradiation. Eq.

(7.5)



(7.5), as a first approximation, correctly describes the
temperature dependence of the current (see Fig. 14),
however, this formula gives a dependence of the current
on the reverse bias voltage by square or cubic root,
which is due to a change in the width of the depletion
region, and it does not follow that the activation energy
of hole emission depends on the voltage. The
experimentally measured current (see Fig. 14) varies
exponentially from the reverse bias voltage, which is due
to a change in the probability of emission depending on
the electric field strength in the SCR of the p-n junction.
Lowering the height of the potential barrier due to the
Pool-Frenkel effect[15] has the form:

oy = A, | N, exp(%ﬁjdx -

0

t . .
Where: €ppis the hole emission rate without

taking into account the influence of the electric field.

Eqg. (6.7) takes into account the effect of both
temperature and electric field strength. The energy of
the generation process taking into account the Poole-
Frenkel effect is:

Egen(F) = Egen(o) - :BF\/E,

Where: E, (0) is the energy of the generation process

in the absence of an electric
field.

(7.8)

3/2
q
\ TTEE,

The factor in front of the root of the electric field,
which is called the Frenkel constant

(ﬁF:qS’Z/,/ﬂggo ), does not depend on the

technological parameters of the device, but is
determined only by constants. Its value is in practical
units0.00023 eV-cm"2V/"2. With the help of formula (7.6),
the expression for the CVC of the p-n junction at reverse
bias is calculated:

AE, = JF = g.AF.

(7.6)

(7.7)

qu‘povjv N, (X) exp[ﬂF— ”F(X)de,

0 KT

This dependence in coordinates
Egen(F) = f(Fl’Z)Iooks like a straight line. The
approximation of the experimental results in Fig. 16 has
the same form, which makes it possible to determine the
energy of the generation process in the absence of an
electric field (Egen (0)) and the experimental value of
the Frenkel constant (ﬂFex). These parameters are
shown in Table 2. The electron-phonon interaction leads
to the fact that the defect must be characterized by
several parameters, and not by one activation energy.

Table 2: Parameters of generation centers, which determine the reverse current before and after irradiation

Exp(ze;:QJelg’::(Ijand Prec Ege” ©), (), S ) = AE,
parameters eVem'2N12 eV eV eV eV eV
Beforeirradiation 21.510* 0.85 0.32 0.003 0.063 0.46
Afterirradiation 7.410* 0.67 0.50 0.045 0.254 017

Note: The energy E,(O)was calculated using
formula (19). For silicon E;(0) ~1.17 €V The values

of the parameters Sh@ and E,were calculated from
the joint solution of equations(6.3) and (7.9). The values
Prex: Egen(0) . AE were found from the experiment.

In our case, the experimental values S, are
several times higher than the theoretical ones, which is
associated with the electron-phonon interaction. In the
work by S.F. Timashey, it is shown [24] that:

Brex = Pr (1"' EO_—Sth

7.9
2Shw 7.9

Eg. (7.8) and (7.9) allow calculating the
parameters of the electron-phonon interaction Siw and

E,. These parameters are given in Table 2. The value of
the experimental Frenkel constant and the thermal
activation energy of the generation process in the
absence of an electric field Etf(0) are calculated from the
experimental data shown in Fig. 16. The results of
calculations are presented in Table 2. These
parameters, as well as the energy of thermal activation
E{(0), after irradiation take on different values (Table
2).The data given in Table 2 allow us to construct the
configuration-coordinate diagrams of the centers, which
determine the magnitude of the reverse currents of the
p-n junction before and after irradiation. They are shown
in Fig. 17.
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Figure 17: Configuration-coordinate diagrams of recombination centers:
a) before irradiation; b) after irradiation [16]

These diagrams differ in the energies of purely
electronic transitions and in the polar on shift, which also
indicates a change in the nature of the recombination
center after irradiation. The activation energies AE for the
capture of charge carriers by the recombination center
in the classical one-coordinate model and at high
temperatures are related to the thermal activation
energy E,(0) and the purely electronic transition energy
E,AE=E(0)-E, At lower temperatures, the energy E
decreases because capture occurs by a tunneling
method, rather than activation through a barrier with a
maximum at point P. In our case, AE agrees with the
difference between the thermal activation energy of the
RC and the energy of a purely electronic transition.

The polar on shift (Q0) and the activation
energies of capture to there combination center differ
before and after irradiation. The polar on shift before
irradiation is smaller, the capture energy is higher than
after irradiation, which indicates that the electron-
phonon interaction is less pronounced before irradiation.
The electron-phonon interaction, as a rule, manifests
itself more strongly in molecular objects; therefore, it can
be assumed that the nature of the recombination
centers found in this work is associated with molecular
complexes of a silicon vacancy with an impurity and is
consistent with the conclusions of Section 2, according
to which, after irradiation, the V20 center appears. It is
known that at high irradiation doses in silicon diodes,
there are processes associated with the meta stability of
such centers and with the Jahn-Teller effect, which are
inherent in them [25,26], which is also a manifestation of
the electron-phonon interaction.

The experimental results of measuring the
reverse currents agree with the analysis of the
recombination currents, which show that irradiation
results in the formation of centers of two silicon
vacancies with oxygen, which also determine the

© 2020 Global Journals

magnitude of the reverse currents of diodes. In this
case, the generation of charge carriers is influenced by
the electron-phonon interaction. We have developed a
technique for determining the parameters of this
interaction from the reverse CVC.

VII. CALCULATION OF THE MAGNITUDE OF THE
REVERSE CURRENTS OF P-N-JUNCTIONS
TAKING INTO ACCOUNT THE INFLUENCE

OF ELECTRON-PHONON INTERACTION ON
THE GENERATION OF ELECTRONS AND
HOLES IN STRONG ELECTRIC FIELDS

a) Poole-Frenkel effect

The electric field leads to a decrease in the
height of the potential barrier for the generation of an
electron or a hole from a deep center to one of the
allowed bands. This phenomenon is called the Poole-
Frenkel effect and leads to an increase in reverse
current as the voltage across the diode rises. The
change in the current is is described by the formula
(7.7), the lowering of the potential barrier is shows (7.8).
The Frenkel constant taking into account the electron-
phonon interaction can be calculated by the formula
(7.9). The calculation results using these formulas are
shown in Figure 18 a. The data in Table 1 were used for
the calculation.
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Fig. 18: Reverse current-voltage characteristics of the diodes. Point are experiment. F is the electric field
strength in the space charge region of the device
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The calculation result describes the change in
the reverse current in the region of low and medium
electric field strengths. At high field strengths, the
current increases faster than predicted by dependence
(7.7), even taking into account the electron-phonon
interaction. We can conclude that the mechanism for the
generation of electrons and holes is more complex and
that not only the Poole-Frenkel effect but also other
phenomena are involved in its formation.

b) Refinement of the Poole-Frenkel theory

Tima she v came to the conclusion that
localized states appear in a strong electric field near the
allowed bands [24]. Thermal generation is
complemented by the tunneling of electrons and holes
to these states, and then the charge carriers pass into
the allowed conduction and valence bands. Tunneling
increases the likelihood of thermal generation. Franz
and Keldysh predicted this earlier for optical transitions
[11]. Timashev obtained the following expressions for
the rate of thermal emission taking into account the
strong electric field and electron-phonon interaction,
which were experimentally confirmed in [7]

e =€ ,(0)exp(y F"*+AF?) (1)

o (Epo—Sho)KTT; . 1 (Eo—shw)kT} i
Where. 7_ﬁ{1+ o } A= 24[1+ o m KTy
The first term in the exponent describes the
Poole-Frenkel's effect, and the second additional
increase in the rate of thermal emission in a strong
electric field. Current-voltage characteristic should be

linear in the coordinates In(l )= f(F?), which is

observed experimentally (Fig. 18b).This result confirms
the influence of the electron-phonon interaction, which
accelerates the processes of emission in an electric field
(Eq.(8.1)).Eq. (8.1) there is a good description of the
change in the reverse current in a strong electric field,
but this approximation is worse at low field strengths.

c) Quantum-mechanical calculation of the probability of
an electronic-vibration transition from localized states
of deep centers

The calculation of the probability of electronic
transitions with the participation of deep centers must
be performed taking into account the interaction of an
electron or hole with lattice vibrations. Transitions
between energy states are called electronic-vibration in
this case.

There are two difficulties that are associated
with the calculation of such transitions. The first is
related to the calculation of the wave functions of the
electrons localized at the center. This is a difficult task. It
is solved by applying model representations for the
wave functions of the deep center. The second difficulty
is associated with a lack of information about the nature
of the electron-phonon interaction, which has a
significant impact on the speed of electronic transitions.

These problems were overcome in works[12,
13]. The expression for the probability of a quantum-
mechanical transition, taking into account the electron-
phonon interaction, can be written in the form in
accordance with this Eq. (3.4)

Eqg. (3.4) is written for a situation where the
energy spectrum consists of two groups of close levels
(L;Zj)separated by a large energy gap. Let the electron

transition be between singlet states, then:

W, (FT)= [ (Ep—e) foo(e)de (82)

Eqg. (8.2) is a generalized expression for the
probability of an electronic transition, which allows us to
calculate the dependences of the probabilities of
electronic-vibration transitions on the electric field
strength and temperature and not use the single-
coordinate model. Such an approach makes it possible
to avoid simplifying the complex interaction of electrons
with a lattice. This expression can be used for multiphon
on thermal, tunnel, and optical transitions. Eqg. (8.2) can
be used when the formula of a purely electronic
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transition is the formula that expresses this mechanism.
In the first approximation, we consider that a purely
electronic transition is a tunnel one, and the Gauss
function is the form-function of the electronic-vibration
transition. The probability of a tunnel junction for
tunneling through a potential triangular barrier has the
form [13]:

eF exp(4(E‘” —5)3’2\/EJ

i €)= -
2,/2m (E,,—2) 3nef
(8.3)
Where: Em‘p there is the energy of a purely
electronic transition from the deep level to the

conduction band or the valence band; F is the electric
field strength; fnvp(g) is a form-function of an electronic-
vibration transition. The form-function is:

Em \e—Enp)
GJ_

The transition probability Eqg. (8.9) is equal to the
thermal emission rate in Eq. (8.3), then the expression
for the reverse current of the diode is:

|l .o =€SWNW, (F,T)

np( )

(8.4)

(8.5

The magnitude of the reverse current of the
diode was calculated from Eg. (8.5), taking into account
Eqg. (8.2) - Eq. (8.4), as well as the data presented in
Table. 1. Moreover, we take into account the parameters
of transition of holes from the valence band to the level
of a recombination center with an energy of 0.53 eV,
since this center is located near the middle of the silicon
band gap. The calculation results are compared with the

b

o (nV)+ [ K(Dv, S)f e ()dls =

a

experiment in Fig. 18c. The results of the calculation and
experiment are in agreement between themselves,
which proves the calculations are correct.

The parameters of the electron-phonon
interaction can be calculated from experiments on
luminescence and light absorption [12, 13]. The EL2
trap plays an important role in gallium arsenide devices.
In this regard, relying on the results of [27-29], we will
estimate the parameters of the electron-phonon
interaction of this trap.

For the calculations, the spectra of the
photoionization and absorption cross sections, which
are given in [16, 19], and the following algorithm for
obtaining the parameters of the electron-phonon
interaction were used. The photoionization cross
sections for electrons of the recombination center are
described by the expression:

q,(hv)=G, T\/ hv—gf, (e)ds.

hv-A

(8.6)

To find the form-function of optical absorption
fabs hv) itis necessary to solve equation (8.6), which
is the Fredholm integral equation of the first kind. This

equation is solved with respect to quant energy hv
using the integral Riemann-Liouville transformation
[12.13]:

Jhv—¢

Where: DY?is the fractional derivative of degree 1/2. The
sought-for form-function was calculated using the
Tikhonov's Oth order regularization method, according to
which the problem was reduced to solving a system of
linear equations:

f (hv) Gdhv{jqn é)df} 4 2 przig (hv) . 8.7)

w(hv), a<hv<b

d d
where: k(hv,s)= [K(t, hw K (t,s)dt, w(hv) = [K(t,hv W, (t)dt . K(xy)= {«/X—y,npux> y

0, npu X<y

a,cand b, d here are the lower and upper energy boundaries of the range of measured photoionization rate

spectra. The calculation results are shown in table 4.

Table 4: Parameters of the electron-phonon interaction of the EL2 trap

S ha,8 ho, 28 E, 2B
EL25E, 0.020 0.019 0.73
E,>EL2 7 0.021 0.018 0.74
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These parameters were used to calculate the reverse current of Ga As-based

results are shown in Figure 19.
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Figure 19: Experimental backward | - V characteristics of p - n junctions based on GaAs (points) and calculation
using formula (8.5) (solid lines) at temperatures, K:1 - 88; 2 - 170; 3 - 230; 4 - 295; 5 -303; 6 - 313; 7 - 323; 8 - 333.

The calculation results are in good agreement
with the experiment. This proves the adequacy of the
theory that is developed in this article, and shows that to
calculate the form function, you can use various
experiments, and then calculate the magnitude of the
reverse currents of semiconductor devices.

VIII. CONCLUSION

We have developed new approaches to
generation-recombination processes in semiconductor
materials and devices. Two important factors were taken
into account when developing a new recombination
model: localization and electron-phonon interaction. The
model of exchange between localized states combines
generation-recombination processes and charge carrier
transport.  Therefore, it can be applied to
semiconductors  with nanostructured ordering and
combines the Shockley recombination model with the
Mott hopping conductivity model and tunneling. It
implies the model of tunnel recombination, which is
used in a sufficiently large number of semiconductor
structures. We demonstrate the success of this model
on the any examples. Thus, we have obtained formula)
for the exchange rate between neighboring localized
areas. This formula allows you to study the complex
transfer mechanisms. It combines such important

mechanisms as the Shockley recombination model and
the Mott hopping conductivity.

We have developed a model of electron-
vibrational transitions of electrons and holes from deep
levels to allowed zones, and an expression is obtained
for the probability of such a transition from first
principles. The results is shown the leading role of the
electron-phonon interaction in the ionization of deep
centers.

The theory of recombination in the space
charge region of semiconductor devices was further
developed in this work. The method for determining the
parameters of the recombination centers is developed. It
is called recombination spectroscopy. This method
allows you to determine the activation energy and
lifetimes at a constant temperature, including at room
temperature. It is simple from the point of view of
measurements. It uses standard equipment and allows
automation of the determination of the parameters of
deep centers. Moreover, it allows measurement directly
on a semiconductor wafer, before sorting out
semiconductor structures and cutting the wafer into
individual crystals.

The calculations and experiments that were
performed in this article show the drawbacks of simple
classical formulas for describing recombination and
generation processes in semiconductor p-n-junctions.
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The ideality factor is not constant and depends on the
recombination fluxes of electrons and holes, which
change as a result of injection. Algorithms for converting
current-voltage characteristics are taking place. These
algorithms allow one to estimate the parameters of the
recombination centers when the temperature of the
experiment does not change. Processing current-
voltage characteristics together with measurements of
the capacitance of p-n-junctions allow us to calculate a
large set of parameters of the recombination centers,
including the parameters of the electron-phonon
interaction. The electron-phonon interaction leads to the
fact that the reverse current of p-n-junctions increases
with increasing voltage faster, which is predicted by the
Poole-Frenkel's theory. This is proved by the
calculations and experiments that are carried out in this
article. General considerations of a physical nature
suggest that the electron-phonon interaction should be
stronger when the recombination centers are molecules
of the type of complexes of a vacancy with an impurity.
Such centers may be weakly associated with the main
lattice, and in this case the vibrations of the main lattice
less suppress the molecular vibrations inside such
centers.
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A New Descriptive Paradigm in the Physics of
Hadrons, and their Interactions

G. Guido

Abstract- Here, we report a summary of some works already published. We highlight the existence of a new paradigm in
physics of hadrons, based on the idea that quarks, and hadrons are geometric structures of coupled quantum oscillators.
The geometric form is “Aurea” (golden), and, so, the representative model is called Aurum Geometric Model (AGM). To
realize these structures, the quantum oscillators must be to structure at sub-oscillators, and half-quanta (IQO). To a
structure-particle, we associate a structure equation, and, by, an appropriate mathematic procedure, we find the values of
hadronic masses, like quarks, mesons, and nucleons.

Keywords. golden number, IQuO, hadron, quark, proton, neutron, meson.

I.  THE GEOMETRIC HYPOTHESIS

The start point of a new path in physics is an apparent coincidence [1]: the numerical ratio between
the Compton’s wavelength (Zp1) , and (%,) is:

;—P — (1,301)10)"” ~ (¢*/2)(10)” (1)

pl

Where () is the golden number (¢ ~ 1,618). The scale factor (10)!° can be due to the expansion of
the universe, which maintains invariant the relation between physical quantities. Recall the golden
segments (Fig. 1):

P XB - xa .~
A C B
Fig. 1: “Aureus” segments
A property of the is:
(s
Sy
2 )
X =¢k,

These relations are in a pentagon, between the side, and apothem. As is well known, the protons are
composed of three quarks: three centers of elastic diffusion positioned in a triangular form in diffusion
experiments with "bullet" electrons. These centers can indicate three vertices in a pentagon, Fig. 2:
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proton

Fig. 2: The internal geometric structure of the proton

We could conjecture a proton having a geometric structure, where the component quarks are
coincident with three constituent triangles (u,d,u). Specifically [2][3], quarks having a well-defined
“Aurea Geometric Structure.” We will refer to this as the Aurum Geometric Model of quarks
(AGM), where these particles cannot be punctual objects in Space-Time (see the Quantum
Relativistic Theory of fields), but “golden” geometric forms of a not separable set of coupled quantum
oscillators. The new paradigm consists, so, of affirm that all massive particles are geometric structures
of coupled quantum oscillators (geometric hypothesis). Thanks to AGM, it is possible to explain
fundamental issues: the origin of the mass of hadrons, and quarks, the hadron spin, isospin, decay,
and other aspect fundamentals. To the geometric form of a particle, we associate a structure equation,
by which we can calculate the masses of quarks, mesons, , and nucleons [4]. So, the proton is a golden
particle, , and the three quarks (u,u,d) are golden triangles, where [1] the diagonals (AD) or (BD) are
proportional to Compton wavelength assigned to the proton (X, = #/myC), thus [A, = KpAu]. The (Ky)
is the Compton wavelength of “free” quark, while (Kp) is a coefficient of “elastic adaptation” when
(u,d) quarks reciprocally bind for origin the proton. Just k, can be in relation with binding gluons of
the (u,d) quarks; we point out [V(r)ocpKp], where V(r) is gluonic potential in QCD theory [5][6];
so in this theory, the elastic tension k replaces the potential V(r). The ratio between the masses (both
bare, and bounded) of the two quarks is: [(Au /Ad) = (ma/my) =¢ ~ 1,618] with (mg > my)

We can depict the geometric form of a quark [1] by three spheres (Vertex) being placed at the vertices
of a golden triangle and connected by springs (Joining). We notice that this structure can be realizable
only through “particular” quantum oscillators, point out by the acronym (IQuO) [7][8]. We
emphasize the necessity that the vertex — oscillators, and junction oscillators must have a structure
with two "hooks" at the far end. This last aspect induces us to talk about a “sub-structure” into the
quantum oscillator, highlighted only in a quantum oscillator coupled to other oscillators (you see
forward). Because the three quantum oscillators constitute a unique physical object, i.e. a unique
quark, they cannot be detected separately, as shown in Fig. 3:
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Fig. 3: Quark sub-structure

We have mathematically confirmed the golden hypothesis of two quark (u,d) in two articles [9][10]:
we have coupled three quantum oscillators (vertices) placed at energy level (n = 2) with quantum
oscillators of junction (sides) at energy level (n = 2) of sides , and base junction (n = 1). In ref. [11],
we have also shown the golden geometric structure of quark (s,c,b,t) , and demonstrated that the
number of quarks structures is six.

I1. THE GEOMETRIC STRUCTURE OF THE PION

Recalling the light mesons composed of quark-antiquark pairs, in pion [1], the structure equation is:
[(r") = (u®d), (7)) = (U®d)]. The elements (u,d) are matrices built by the representative operator of
IQuO [1][2]. The sign (@) point out the dynamics coupling between quarks; it could involve both

gluon coupling, and electromagnetic: [® = @;+ @em]. Then, the representation is, see Fig. 4:

Fig. 4: The geometric form of pion

So, a quadrangular structure (ABDC) expresses a pion propagating along the X-axis. The bonds
(gluons) between two firee quarks (U <>d) increases the elastic tension between the IQuO components
of quarks [(Ku , Kd )tree " (Ku , Kd ) bounded]: S0, increasing the “free” frequencies [(wu, ®d) =P (Ou , ®d)]

or masses [(my , m¢ ) =P (my , mg)]. The n-structure is a similar system to two coupled oscillators (U
<d), which oscillates with frequency (wx), period (tz), and (Az,mx). Each quark (u,d) contributes to
total mass (my) with its mass value (my , mq), maintaining the golden ratio [(mq / my) = ¢]. We can
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admit that in the (k;) are contained the mass defects (recall that Kk replaces the potential V(r)), so that
we have [m; = my, + mq]. To the frequency mr we associate K; elastic coefficient, which is related to
the gluon potential V(r) of the QCD [5], and thus, in turn, is related to coupling (D).

1.  THE QUARKS MASSES (u,d)

Then, combining the two massive relations in pion, we have [1]:

m(u,)+m(d,)=m; 3)
m(d,)/m(u,) =¢

with solutions

m(u_)= (5331 )MeV
{m(u” ) = (86,26 )MeV (4)

Where m(r*) ~ (139,57) MeV.

The two quarks (U, dr) with their gluons are called dressed quarks. We have also calculated the free
masses of quarks from mass defect between charged pion, and that neutral n°. A system of two
equations can give the bare masses of quarks (u,d) if we admit their masses in golden relation:

m(d,)/m(u, ) = ¢ m(d, )= (5.67)MeV

{(1/2)[m(uf Jemid, - am: {m(uf )=(3.51)Mev 5)

IV. THE HADRON SPIN

The possibility of more relative orientations between two quarks implies a reciprocal rotation of two
quarks (u, and d) around the X-axis (as orbital motions) [1][2][3]. Thus, these configurations, or
orientations, can induce us to think about spin [4]. If the quarks are fermions, then the oscillation
propagating along sides is described by a spinor, with an intrinsic spin (sq). Besides, we associate an

orbital spin (s) to rotations of (u,d)-quarks around the X-axis. Note the rotations of quarks around X-
axis involve the gluons; therefore, there is a gluonic orbital motion (s,). This model is so consistent

with experimental observations [12][13], where the spin is: [sh = §q + 81 + §g]

V. THE ®-OPERATION OF HADRONIC MASS CALCULATION

Thanks to the structure equation, it is possible to calculate, by a mathematical procedure, the masses
of the light mesons composed of quarks (u, d), and two nucleons. We used a similar procedure to
one of QCD but without using its potentials: to incorporate the binding energy of the quarks,
consisting of binding gluons, into the global mass of the quarks [1][2][4]:

[mglobal hadron = Mgquarks t mbinding]
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This way, the bonded quarks inside the hadron would have enough mass to reach the mass value of
the hadron. The pion mass can be placed as a base mass to determine the mass of the most massive
mesons. We proved (see the calculations in [2][3]) that all light mesons, following the pion, are
elaborated structures of pion compositions , and {d,d}-lattice of d-quarks, see the structure equations.
However, for obtaining the mesons masses, and nucleons, we need to introduce a new operation of
mass calculation (®-operation). This operation considers both interactions, and interpenetration
between quarks; this last is an aspect purely quantum-undulatory, see the superposition of particles-
waves. The latter may exist if we admit that two different structures (states) of coupled quantum
oscillators (or quarks) can overlap without exchanging energy. In the global mass of a hadron must
be in account all the possible configurations of quark components, both the ones with interpenetration,
and the ones with interactions. The & operation is a combination of two operations (®,®): the (D)
represents dynamics interaction, while the (®) is the operation of interpenetration.

The interpenetration must be considered as a mere “representation” of a quantum state associated
with different configurations; see Fig. 2, and 4: recall spin connected with possibilities of spatial
orientations. Thus, between the interpenetration and spin there is a reciprocal correlation in a quantum
way. The interpenetration leads us to review the concept of mass of a composite particle. We need to
consider all possible configurations of its structure components inside the calculation of its mass. The
®-operation of interpenetration follows, in algebraic calculations, the properties of the multiplication.
Instead, ®@-operation follows, in algebraic calculations, the properties of the sum. For the calculation
of meson masses, and mass defects, we have used two functions [(Fm), (Fam)]. The (Fm) is an

application on the components of the structure equation, which gives us the mass values (m;) of the
component particles.

To obtain the mass defects (Am > 0, Am < 0), we have used [3] a Function (Fam), represented by a
matrix Ajj, applied to structure equation [3][4], of the mass defects (Am;), see table 1:

Table 1: Table of the coupling with the interaction of quarks

Am(X) | qu q2 v | On

q _ Am (qi @) %e Am (qi @) ®

q2 Am (@2, q1)° _ Am (@2 qn) e
B G

(n Am (qn, ql) ® | Am (qn, q2) ©} -

Where q; are the particles (in mesons are pions) which compose the particle X. Besides, it is

)" = Am(qi®q)

Here, we report the values of mesons masses obtained by calculations, see table 2:

Am(g;,
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Table 2: Mass values of mesons

. Theory Mass f;psesr.

Meson | Level Structure Equation (MeV) MeV)

° 1 [T"®n] @ [(uPW)® (dDd)] (134,97) (134,97)

n° ) (1)®(n°), = (@) @ (1 @®n) (547,95) (547,86)

n’ 3 [ @M} = () B(r) (1) (957,44) (957,78)
(775,49)

p 3 [(d,d):]®{[2rn ®n’%) ®2r®r’)]} (774.91) (775,26)
(776,44)

p 3 [(d,d)-]®{[2n ®r’) @Q2r®rt)]} (777.52) (775,26)

o 4 [(d,d)] ®{[2n" ®21°) ® (27 @ 21°)]}. (782,33) (782,65)

¢° 4 | °={[(dd®2r°®@n)]® 1)} (1019,87) | (1019,41)

By this model, it is possible to calculate the masses of all other mesons more massive. Not only, but
we can also calculate the mass values of the nucleons [4].

VI. THE CALCULATION OF PROTON MASS

In a preprint [4], we have calculated, by theoretical physics aspects, and suitable mathematical
procedure, the masses of the nucleons, while in a next study of light baryons without strangeness (A°,

A", A"). In light mesons, we highlighted a mass spectrum built employing lattices of base pions {r},
and quarks {d,d}[3]. In proton, the coupling of quarks with interpenetration is expressed [4] by &®-
operator: (q1 ® g ® q3). The product [u®d®u] implies the combination of all possible configurations
between quarks (u, d, u). The structure equation of the proton is:

[ @deu,]={u)edeu,), e[d)ew,ou)l, ®lu)ew ®d), j, (©)

By this equation, and using the Fyn-function, the partial proton mass is: m(p) = (964,45) MeV. The
mass defect, by the matrix Aj; is, see table 3:

Table 3: Table of the coupling with the interaction of quarks in the proton

Am*(p) | wi di w

wo | DR | Am d)% | Am @ w)’e

di | Am (diun’ | AMGNGDEE | Am (d ) |
B

W Am (e un)’e | Am (und)e | ERIENDE
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We obtain the total mass defect of (25,48) MeV. In ref. [3][4] to each element in the red color of the
Ajj matrix, relative to all mesons, we gave the values of (1,15) MeV. In the proton, we assume the
same value. Then, the total mass of the proton is:

Mg (p)=m(p)-Am (p)=[(964,45)—(25.48)]MeV =(938,97)MeV (7)
Value very next to that experimental.

VII.  NEw QUANTUM ASPECTS

Giving a numerical value of mass defect to the terms (qwe® qi)y would imply the interpenetration
with the interaction of a quark with itself [3][4]. A quark in rotation around an axis is equivalent to a
quark with different configurations of itself to the time flow. Recall the QM admit a not space locality:
the superposition of states in the experiments with two fissures. A superposition of states in time is
possible only in proper space spin, and not in space translations. The new quantum aspects of the
proper rotation, and of not time locality of quarks leads us to conjecture that the elements in red color
(in diagonal) of the mass defect matrix can represent the kinetic energy of rotation of quarks around
to the side AB; see fig. 2. Therefore, we can have Am (qwe® qi)e # 0. To this orbital kinetic energy,
we associate in calculations a mass defect negative Amgin < 0.

VIII. THE CALCULATION OF NEUTRON MASS

In works [2][3] for calculating the mass values of mesons, we needed to admit the presence of a
background lattice of pairs {d,d}, which comes included in the structure equation of mesons. The
same it also occurs in the light neutral nucleon, in a submission [4], where a couple (d,d), belonging
to background lattice, is being in “loan” for being incorporated in the structure: then, it needs to add,
into calculations of mass a quarks’ pair (d,d). Therefore, the structure equation could be:

(n)=3x,({(d ®d), ®[d,@u®d,],}) ®)

With configuration, fig. 5:

neutral
B F barion

Fig. 5. The neutron configuration
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The matrix Aj; is, see table 4:

Table 4: Table of the coupling with the interaction of quarks in a neutron

Am*(n) di u dz ds
a |G | @ | @) | @)™
o | rd)® | N | )
¢ | @d)” |@u® | (d2 ds)”'

& @d)®™ | e (@ d)*
d | @ | o™ (ddy) |

With mass defect of (19,58) MeV; then, it is:

Mg (n)=m(n)—Am (n)={(959,23)—(19,58)iMeV =[(939,65)[MeV /c* 9)
Next to that experimental m(n) = (939,57) MeV

[X.  THE INTRINSIC QUANTUM OsCILLATORS (IQUO)

In sec. one, we have said that, see fig. 3, the oscillators realizing these structures need be “particular”
quantum oscillators: the vertex — oscillators , and junction oscillators must have a structure with
"hooks"[1][3]: this induces us to talk about a “sub-structure” into quantum oscillator [ 7][8]. Indication
of a “composite structure” in quantum oscillator derives from its wave function, see fig. 6. The
probability peaks of detecting the energy quanta in the oscillation can describe some sub-units of
oscillation or “sub-oscillators”.

L)
Polna 1o

1os

4h

54-3-2-1 01 2 34 5dax -5-4-3-2-1 0 1 2 3 4 5@
@ ()

Pa(x)k Pe(x)
104 n=2 05

-5-4-3-2-1 0 1 2 3 4 Ssax -5-4-3-2-1 0 1 2 3 4 54ax
(c) (d)

Fig. 6. The probability function of a quantum oscillator

The presence of more components in an oscillator causes the splitting of its quanta of energy into
two, and more sub-oscillators: this introduces the idea of half-quanta (“semi-quanta”) or individually
half-quantum (“semi-quantum’). A quantum oscillator with a sub-structure constituted by sub-
oscillators, and “semi-quanta” is an oscillator of type “IQuO” [7][8][10]. The operators (a,a*),
projected in the space of semi-quanta operators, give us the mathematic representation of an IQuO:

[\I”(t)]z é:(t) _ ﬁ:(t)=(3+)el [exp(lr'a)t)]-y (6+)in[exp(i(l"a)t—7r/2))]
3, 0) 18,0 =@)ulewiron]+ G)lep-iraet-z/2)] (10)

with W(t)=[a" (t) +a(t)]]=[(a "u () +a"u(t) + (aq (t)+2,,(t)]
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Where the parameter (r’= + 1) is connected to the direction of phase rotation, and subscripts [el =
elastic component; in = inertial component]. Besides, the operators [(e),(0)] are the components of
[a,a*] , and, thus, operators of full semi-quantum (e), with energy [( '2) h®)] , and empty semi-
quantum (o0),with energy [(¥4)hw)]. This representation relieves the presence of an internal degree of
freedom into IQuO, which allows of highlight the direction of phase rotation of an oscillator: this
direction expresses the electric charge sign. By IQuO oscillators, we can know the meaning of
fundamental physical properties [1], such as the mass of the particles, the sign of electric charge
[7][8], the Y hypercharge , and the isospin in the quark [9][10][11]. Looking at fig. 6, we can associate
to quarks an IQuO at level (n =3), and 3-sub-oscillators. In these IQuO, it is possible to find another
internal degree of freedom: the color charge [10]. So, in the IQuO model, the sub-oscillators can
define the “gluons” [10], and color charge. Here, in the phase plane, we report the representations of
the oscillations of the elastic components , and inertial (el, in) associated with the gluon (RB), see fig.
7:

Fig. 7: The RB-gluon
X.  CONCLUSIONS

Thanks to this paradigm, innovative solutions to experimental problems about particles can be
exposed. The IQuO idea (and the AGM) allows us of:
e calculate the masses of quarks, and hadrons using the structure equations by of calculation
operations.
e know the origin of the electric charge, and color
e know the gluon structure
¢ find the structures of leptons, and bosons W, Z

e show decay, and interactions of particles
So, the IQuO idea (, and the AGM) constitutes a new paradigm in physics that allows us of describes
with depth the physical phenomenon of particles, and to open new descriptive scenarios of
interactions between particles of the Standard Model.
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Optical Activity in Weakly Coupled Nonorods

M. A. Kuntman ¢ & E. Kuntman®

Absiract- We introduce a matrix method and we derive a formula for phase retardation effects in plasmonic systems. We
analyze the circular dichroic response (CD) of two orthogonal Au nanorods in detail and we show that, although,
theoretically, circular dichroism for forward scattering is directly proportional to the dipole-dipole interaction between the
particles, CD response of the system can be much greater in weak coupling due to the trade off between two different
types of phases.

[.  INTRODUCTION

Achiral and chiral configurations of coupled plasmonic nanorods manifest circular polariza-
tion effects due to the phase difference between the light scattered from different parts of
the system. In the Born-Kuhn coupled oscillator model and in its plasmonic versions [1-4]
optical activity emerges as a result of the coupling (dipole-dipole interaction) between the
particles.

For simple nanosystems, it is usually sufficient to investigate the system’s behavior under
a single polarization excitation. However, for coupled nanoparticles in three-dimensional
space, it is often necessary to study different excitation polarizations and matrix methods
comprising all possible modes become important [5-7]. In this note, we examine the optical
response of coupled metallic nanorods at the far field by means of the scattering matrix
(Jones matrix) of the system. In particular, we study the case of two coupled orthogonal
metallic nanorods and derive a formula for the far field circular dichroic response (CD) of
the system that depends on two different phase factors besides the electromagnetic coupling
coefficient. We observe that the phase due to the chiral geometry is doubled and we show
that the CD response of the system can be much greater for weakly coupled particles.

[I.  THE SCATTERING MATRIX

Nanorods are the basic elements of a class of more complex systems. Their optical response
can be modeled as oriented dipoles with polarization characteristics similar to that of linear
polarizers in a certain interval of photon energy. We assume that the polarizability of each rod
is fully anisotropic, i.e., it can polarize only along a particular direction. Hence, scattering
properties of a nanorod can be represented by a linear polarizer Jones matrix:

2 .
3 :&< cos” 0 cosfsind > (1)

cosfsind sin® 6

where « is the Lorentzian polarizability associated with the particle and 6 is the orientation
angle in the z-y plane.
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Figure 1: Coupled dipoles (nanorods). CD response is maximum for weak coupling.

We study a chiral configuration of coupled oriented dipoles (nanorods) depicted in Fig.1.
Particles are excited by a plane wave that propagates along the z-axis. We calculate the
components of the far field electric vector by taking into account the mutual interactions as
described in the Appendix.

F(eseaE, + e1ea*SE))

E, =
1 — e?a?4?

(2)

oo esF(e1e2e0?0E, + caE,) 3)
v 1 — e?a?4?

where € is the permittivity of the medium, £y, and Ey, are electric field components at
2 =0, F is the far field factor, e; = >™F/A ¢y = e2™4/A § is the coupling coefficient defined
as 0 = —XYk*B/R? (B is given in the Appendix). There is an extra e; in E, because the
vertical rod is behind the horizontal rod at a distance Z.

From the far field components we extract the Jones matrix of the system:

] eaF <62 elaé) (1)

= 2
1 —e?a?§? \e1e5a0 ey

This is an asymmetric Jones matrix with a non-zero v parameter which is associated with
the circular anisotropy of the system [9]:

_ i(Jio — Jo1)

- (5)

where J;; are the elements of the Jones matrix. According to Eq.(4):

_eaF(1—e3)ejad
T 2(1 - e?a26?)
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We also calculate the circular dichroic (CD) response of the system directly from Eq.(4).
AI(R, Z, )\) - 2Z<_J]_]_<]ik2 + J]_QJikl - J21J§2 + J22J§1) (7)

where Ircp, I cp are the scattering intensities corresponding to right- and left-handed cir-
cular polarization, and AI(R,Z,\) = Igrcp — Ircp is the differential scattering intensity
which quantifies the circular dichroic response. By using the property J;; = Joo, Eq.(7)
simplifies to

AI(R, Z,\) = —AIm(J}, (12 — Ja1)) (8)
In terms of the elements of the Jones matrix given in Eq.(4)
2nZ .
AI(R,Z,\) = 8gg*sin (WT) Re(aéeﬂ”R/’\) 9)

where g = eaF'/(1 — e2a?§?).
I11.  WEAK COUPLING

In plasmonic models optical activity emerges due to the coupling. As shown in the previous
section, the optical activity is directly proportional to the coupling coefficient. When the
nanorods are well separated from each other v and Al vanishes, and one may expect that
chiroptical effects would increase with decreasing distance. However, according to Eq.(9),
for Z = 0, the Jones matrix of the system reduces to a symmetric matrix, hence, there is no
chiroptical effect for scattering in the z-direction '. In short, when Z = 0; v =0, AI =0
and, in general, Al may not be maximum for too closely packed nanorods. It is worth
noting that, there are two phase factors in Eq.(9). es = €274/ is the phase due to the 3D
chiral geometry and e; = e??™%/* is the phase that involved in the dipole-dipole interaction.
Only the imaginary part of ey appears in the equation. Maximum of the CD response is
determined by the trade off between these two phase factors.

We continue our work with the simulations of the far field scattering intensities Ircp and
I;cp corresponding to RC'P and LC'P excitation polarization states. We observe that it is
possible to maximize Al by playing with the spatial parameters associated with e; and es.
Especially, for nanorods with length L >200 nm, R can be made very large compared to the
size of the rods (weak coupling). As an example, for nanorods with length 400 nm and radius
50 nm, by setting X =Y = 430 nm and Z = 240 nm (R = 654 nm) A/ is 1/3 of the total
intensity at Apg (plasmon resonance wavelength), i.e., (Ircp — Ircp)/(Ircp + ILcp) = 1/3.
BEM simulations for this configuration is given in Fig.2. Dashed line is for Al. In the
MATLAB implementation of the BEM method [11] we use optical constants of Au by Johnson
and Christy [12] (Supplemental Material).

For Z =0, AI # 0 in other scattering directions [4]
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Figure 2: Scattering intensities Ircp, Ircp and Al for nanorods of length 400 nm and radius
50 nm with X =Y =430 nm, Z = 240 nm.

IV. CONCLUSION

In the case of coupled nanoparticles in three-dimensional space, it is often necessary to study
different excitation polarizations in different scattering directions and matrix methods using
all possible modes of excitation become important. In this work, we examine the optical
response of coupled metallic nanorods at the far field by means of the Jones matrix of the
system. We study the case of two coupled orthogonal metallic nanorods in detail and derive
a formula for the far field circular dichroic response of the system that depends on two
different phase factors besides the electromagnetic coupling coefficient. We observe that the
phase due to the chiral geometry is doubled and the CD response of the system can be much
greater for weakly coupled particles.

V.  APPENDIX

When a nanorod is excited by a plane wave the induced electric dipole moment vector, P,
is proportional to the incident electric field, Ey(r):

P = cJE(r), (10)

where ¢ is the permittivity of the medium at the dipole (nanorod) position and J is the 2 x 2
Jones matrix of the nanorod.

When we put two nanorods close to each other we have to consider mutual interaction
contributions. Each one of the dipoles experiences the field of the other dipole which should
be taken into account to find the actual dipole fields [8]:

P, = J1[eEo(ry) + k2G(r; — 12) - Py, (11a)
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Py = Jy[eEo(rs) + k2G(ry — 11) - Py, (11b)

where k is the wavenumber, J;, J5 are the Jones matrices of individual nanorods and G is
the free-space electric dyadic Green’s function with the following effect on a dipole vector:

= 1 1 1 31 3 . N
G~P_m{<1+ﬁ—k2R2)P+(—1—ﬁ+k2R2>(u~P)u], (12)

where R is the distance and 1 is the unit vector between the center of masses of particles.
The notation can be simplified if we let,

A:L<1+L_ L ) (13a)

ATR kR K2R?
1 3 3
B_m<—1—ﬁ+k2m>, (13b)
thus,
G-P=AP+ B(a-P)a. (14)

We study the circular polarization effects for the geometry given in Fig.3 where r (Jr| = R)
is the relative position vector between the dipoles. The plane wave excites Py first and excites
P, after a delay. According to Fig.3 e; = ™%/ is the phase difference between the dipoles
along the distance R and ey = €74/ is the phase difference in the z-direction. Jones matrix
of the first dipole is fixed along the y axis:

si-a( g V) (15)

The second dipole is tilted at an angle of 6:

J2:a2(z ’;) (16)
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Figure 3: Two oriented dipoles (nanorods)

where o; and s are the Lorentzian polarizabilities of the dipoles and a = cos?6, b =
cos@sinf, ¢ = sin?f. Let C; = cos¢y, 51 = singy, Cy = cos o, So = sin ¢, then the unit
vector along r can be written as

U(ry —r1) = (€105, Sy, C1.5) (17)

We calculate Py and P, with the Green function contributions:

- on 2 elAPQx + (Clcgpgx -+ Slpgy)CngelB
Pr=eh (E0y> TR ( €1 APy, + (C1Co Py, + 81 Pay)S161B (18)

. eaEog 2 C'102516119131;/
P, =el, (e ) uLEE (elAply + S?e,BP,, (19)

Eoe, Eo, are the components of the planewave excitation at z = 0. We solve the components
of the dipoles at the far field for scattering in the z-direction and we find the scattering
matrix (Jones matrix) of the interacting system:

= N €o(X1 0 1 [18%) b e €119 Q%Al (1+€§)A2

where N = 1 — e2a105(208105 + ¢67 + ad3), F is the far field factor, 6, = k*(A + S?B),
dy = k*(C1CyS1B), Ay = bdy + ady and Ay = cd; + bdy are the coupling coefficients that
result from the dipole-dipole interaction. Here we write the Jones matrix of the system as
a linear combination of three Jones matrices, first two of them corresponding to symmetric
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linear polarizer Jones matrices of individual (non-interacting) dipoles and the third one is
an asymmetric Jones matrix due to the coupling coefficient and phase (ey). All elements
of the interaction Jones matrix are scaled by coupling coefficients which are functions of
the distance between the dipoles so that for distant particles this coupling term consistently
vanishes.

As a special case we study a simpler geometry given in Fig.1 where we let a = 1,b =
0,c =0, a4 = az = a, with Ay = 05 = § and Ay = 0. Eq. (20) reduces to the following
Jones matrix:

B 10 0 0 0 «d B e e1a0
J = 9{62 (0 0) T e (O 1) tea <e%a5 0 )} =9 (elegad €9 ) (21)

_ealk
11— e3a25?

where

g (22)

Extremum points of the denominator of the overall factor g determines the intensity peaks
corresponding to the hybridized modes which occur at the energies that make Re(e;ad) = +1
[5]. Separation between the higher and lower energy modes decreases and eventually they

overlap for large R, but two modes can still be monitored by means of the parameter e;ad
which can be found from the Jones matrix.
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Research on Conducted EMI Noise Diagnosis
Method based on Infomax-WT Algorithm

Baitong Song ® Wu Zhang °, Zhou Chen °, Hao Ma ® & Yakang Pei *

Absiract- In this paper, a diagnostic method of conducted EMI
noise based on the Infomax-WT algorithm is proposed. Using
collected conductive EMI noise samples, several independent
noise signals are separated by Infomax. Each noise signal is
subjected to wavelet transform to obtain the time-frequency
diagram of each noise signal. The noise source is determined
according to the frequency characteristic obtained by the time-
frequency chart. Finally.

Keywords:  electromagnetic ~ compatibility, — infomax
algorithm, wavelet transform, conducted interference,
noise diagnosis.

[ INTRODUCTION

t present, the research on conducted
Aeleotromagnetic interference  of  electronic

equipment mostly focuses on the analysis of the
propagation path of conducted electromagnetic
interference and the design of EMI filters and other
suppression measures. In contrast the research on the
diagnosis of interference sources inside electronic
equipment is less. In [1], a method of conducted noise
diagnosis based on blind source separation was
proposed. Literature [2-3] applies the Infomax algorithm
to the denoising of EEG signals and proposes an online
Infomax algorithm based on the traditional Infomax
algorithm, which can effectively eliminate the noise in
EEG signals. Literature [4-5] proposed a wavelet
transform local feature extraction method to extract the
feature of rolling bearing faults, which can effectively
diagnose the cause of bearing faults. In this paper,
combined with the wavelet transform time-frequency
analysis theory, the Infomax-WT algorithm is proposed.
The Infomax-WT algorithm is applied to the diagnosis of
conducted electromagnetic interference noise, and its
feasibility is verified by simulation experiments.

[1. DiaGNOSIS METHOD OF CONDUCTED
EMI NOISE BASED ON INFOMAX-W'T
ALGORITHM

a) Wavelet transform

Compared with the Fourier transform, the
wavelet transform is a local transform of space (time)
and frequency, to effectively extract information from the
signal [6].

Authore o p @ ¥ Nanjing Normal University, Nanjing, Jiangsu China.
e-mail: 2499938114@qqg.com

Supposing w(t) e L*(R), L?(R) represents the square-
integrable real number space. That is, the signal space
with limited energy, and its Fourier transform is V(@)
When the following allowable conditions are met:

v (0) :ij//(t)dt =0 (1
2
C, =IR%CO<OO @)
w

Wherew (t) is the mother wavelet or the basic wavelet.
After the mother function ¥(t) is stretched and
translated, a wavelet sequence is obtained.

For the continuous case, the wavelet sequence
is expressed as:

Ve ® =—=y(D)abeRaz0 @

\/ﬂ a

Where: a is the expansion factor, b is the translation
factor, and w.,(t) is the wavelet basis function of the
parameters a and b.

Assuming that the window width of the wavelet
mother function w(t) is At, and the window center is 10,
the corresponding window center and window width of

the continuous wavelet basis function ¥an(t) can be
obtained as:

t,, =, + AL, , = aAt (4)

Supposing ¥ (W) is the Fourier transform of w(t), the
frequency-domain window width is Aw, and the center of
the window is w0, and then:

Wap(W) = \/@e’ "o (aw) (5)

So this time, the frequency-domain window
center and window width are respectively expressed as:

W, , =§WO,AW&b =1Aw

) a 6)

It can be seen that the time domain and
frequency domain window center, and window width of
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the continuous wavelet are all functions of the parameter
a.

AL, -Aw,, = At-Aw 7)

That is, the window area of the continuous
wavelet basis function is fixed.

For any function f(t), the continuous wavelet
transform on L2(R) can be expressed as:

W, (@b)=< fy,, >l [ fOw Ok ©
Convert it inversely to:

1 1 t—-b
fO=¢ [ [ @by Ddadd o

— =2
Where C, :J‘RMdW<OO is the admissibility condition
of v |W1

Moreover, in the process of the wavelet
transform, the energy should be kept in proportion,
namely:

2] W @b a=c, [ foofax o

According to the definition of the continuous
wavelet transform, wavelet transform is an integral
transform and has multi-resolution characteristics. It is
realized by the expansion factor a and the translation
factor b. According to the changes of parameters a and
b, the local characteristics of the signal can be obtained.
If 1(t) is a two-dimensional function, then its continuous
wavelet transform is expressed as:

W, (a,b,,b,) =

x—hb,  X-=b,
a a

1 o pion
=[]t ydxdy (1)
a —00 o —00

Where bx and by are translations in two dimensions, and
the continuous wavelet inverse transform is expressed
as:

f(xy)=

1 pedape e x-b, y-b

C_J.O ?j_w | W (ab,b, )y b, (12)
[4

The characteristic functions of the time-

frequency diagram are as follows:
Mo (6.7)= []|S (o) e dtder -
A(6,7) A (-0:7)

(13)
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A(0,7)= _[s* (t —%1) s(t +2ijej“dt (14)

T

Equation (14) is the ambiguity function of the
signal, and the above method can also be used to
define the ambiguity function of the window[8]
Simultaneous equations (13) and (14):

Es = [[ Ps (t, @) dtdw= M, (0,0)

= A(0,0)A,(0,0) = [[s(t)[ dtx [[n(t)[ dt (15

Therefore, if the energy of the window is set to
1, then the energy of the time-frequency diagram is the
energy of the signal, so the energy of the noise signal
can be judged by the time-frequency diagram obtained
by the wavelet transform time-frequency analysis of the
conducted EMI noise signal [9].

b) Simulation Research of conducted EMI noise
diagnosis method based on Infornax-WT algorithm
Matlab is used to simulate the basic
performance of Infomax-WT algorithm. Three sinusoidal
signals are created to form a mixed-signal x(t), which is
used to simulate conducted EMI noise signal, namely:

X(t) = Sin(27 #100t) + Sin(27 « 200t) +

sin(2z ¢ 400t) (16)

As shown in Fig. 1, the mixed signal is
separated into three noise components by the in fomax
algorithm, and the waveform of each noise component
is shown in Fig. 2. It can be seen that the three noise
components are the three noise source signals
constructed. Wavelet transform is applied to the three
noise components to obtain the time-frequency diagram
of each noise component. As shown in Fig. 3, the
frequency of each noise component is 100Hz, 200Hz,
and 400Hz respectively, corresponding to the three
source signals.

Mixed signal
3 ixed sign:

il
r‘\l
2l
=gy

-2

3l I I I I

0 0.1 0.2 0.3 0.4

0.6 0.7 0.8 0.9 1

(9

Fig. 1: Time-domain wave of the conducted noise signal
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Fig. 2: Waveform of noise components
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Fig. 3: Time-frequency diagram of noise components

The results show that the frequency
characteristics of each separated noise signal are

extracted after separating the mixed conducted EMI
noise based on In fomax-WT method, which makes the
diagnosis result more accurate.

c) \Verification experiment of conducted EMI noise
diagnosis method based on Infomax-WT algorithm

The principle diagram of the conducted EMI
noise diagnosis method verification experiment is shown
in Fig. 4. The resistance values of R1, R2, R3, and R4
are all 50Q, the capacitance values of C1 and C2 are
both 0.1uF. The LISN RF output port is composed of
capacitors C1, C2 and R1 and R2. R3, R4 and signal
generators V1 and V2 constitute an analog noise
source.

Single-phase anal og noise

S owee  §
LISN RF: —!' FirelineL I
output i |i Vi
Lo R © e |
I R iy Ra :
I — T
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R NG Ly
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Fig. 4: The principle diagram of the conducted EMI
noise diagnosis method verification experiment

V1generates a sine wave, and V2 generates a square
wave with an amplitude of 4V and frequency of 200kHz
and 400kHz, respectively. The noise voltage on the live
wire L is the mixed conduction noise of V7 and V2,
extracted by resistance R1. The waveform of mixed
conducted noise measured by the oscilloscope is
shown in Fig. 5.

10 20
t(us)

Fig. 5: The waveform of mixed conducted noise

The extracted mixed conducted noise is
separated into two noise components by the infomax
algorithm, as shown in Fig. 6 (a) and Fig. 6 (b).
Compared with the analog conducted noise signal
waveform shown in Fig. 5, it can be seen that the
waveform characteristics of the two are the same. The
frequency characteristics of the separated signal are
extracted by wavelet transform, and the time-frequency
diagram is obtained. As shown in Fig. 7, the frequency
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of the separated signal is 200kHz and 400kHz,
respectively, which is consistent with the noise signal
frequency simulated by the signal generator. Therefore,
it can be determined that the conducted EMI noise
sources are V1 and V2.
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Fig. 6: Conducted EMI noise separated by Infomax-WT
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The experimental results show that the
conducted EMI noise diagnosis method based on the
Infomax-WT algorithm can accurately diagnose and
identify the conducted noise sources with different
waveforms and frequencies, which verifies the feasibility
and effectiveness of this method.

[II.  APPLICATION OF INFOMAX-W'T
ALGORITHM IN CONDUCTED EMI NOISE
DIAGNOSIS AND SUPPRESSION

a) Problem Description

The test results of the conducted EMI noise of a
type of anorectal therapy instrument are shown in Fig. 8.
According to the medical equipment industry-standard
YY 0505-2012 class B standard, the noise exceeds the
standard seriously at 1.9 MHz frequency point.
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Fig. 8: Conducted EMI noise before rectification

b) Cause analysis and suppression measures

There is a power conversion chip with a high
frequency of 2MHZ on the main circuit board. It is
preliminarily predicted that the power conversion chip is
the main reason for the excessive conducted noise.
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Fig. 9: Diagnosis of conducted noise based on Infomax-
WT algorithm

To accurately diagnose the noise source with
excessive conducted EMI noise, the Infomax-WT
algorithm is used to analyze the conducted EMI of the
equipment. The time-domain noise is collected by the
conducted EMI noise diagnosis system, and the
waveform is shown in Fig. 9 (a). The signal
characteristics of the separated signals are separated
and extracted by the Informax-WT algorithm, as shown in
Fig. 9 (b), 9 (c), and 9 (d), respectively. It can be known
that the main noise component is 2MHz and its
frequency doubles. Therefore, it can be determined that
the 2MHz power conversion chip is the main reason for
the excessive conducted noise of the equipment under
test.

According to the above noise diagnosis results,
the suppression measures are as follows:

1) A T-type EMI filter is connected in series at the
entrance of the power line.

2) Clamp the magnetic ring on the signal line.

3) Improve the wiring, increase the distance between
the AC power line and the DC power line, isolate the
power line and the signal line, and separate the
cables on the primary and secondary sides of the
transformer.

c) Suppression result analysis

After the suppression measures are taken, the
conducted EMI noise test is shown in Fig. 10. It is found
that the noise of the equipment has been suppressed
and has a safety margin, which meets the test standard.
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Fig. 10: Conducted EMI noise after rectification

IV. CONCLUSION

The conducted EMI noise diagnosis method
based on the Infomax-WT algorithm effectively
compensates for the defect that the infomax algorithm
can only separate time-domain mixed conducted EMI
noise signals and cannot reflect the frequency
characteristics of noise signals. The simulation and
experiment in Chapter 2 prove the effectiveness of this
method in conducted EMI noise diagnosis.

This method is applied to the rectification of
conducted EMI noise of anorectal therapy instrument.
The Infomax-WT algorithm is used to diagnose and
locate the noise source. The feasibility and engineering
practicability of the method is verified.
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Electric Generators of Mende

F. F. Mende

Abstract- In the article the survey of the existing constructions
of high-voltage electrostatic generators is carried out. Are
described the new types of the generators of Mende, the using
laws of electrostatic induction and the tests of the
experimental are carried out the models of such generators.
Keywords:  electrical  induction,  electromagnetic
induction, dropper of calvin, generator of van de graaf,
electro-form generator of wimshurst, dropper of mende,
electrostatic generator of mende, parametric generator
of mende, electro-form  generator of mende,
collectorless generator of mende.

[.  INTRODUCTION

hree are today known basic of the type of the
electrostatic generators, utilized for obtaining the

high voltages. The work of these generators is
based on the use of laws of electrostatic induction.
These are the dropper of Calvin [1], generator of Van de
Graaf[2] and the electro-form generator of Wimshurst
[3].
The simplest electrostatic generator is dropper
of Calvin, its diagram is represented in Fig. 1.

H>0O

Fig. 1. Schematic of Calvin's dropper

Originally entire installation has neutral charge.
It is unknown in view of the symmetry of installation and
absence of charge, on which of the jars positive or
negative charge will be accumulated. A small potential
difference always is present because of different
external actions between the left and right side of the
installation, therefore the installation requires no starting
charging of jars for the starting of system. By the force
electrostatic induction ferrules direct in the reservoir
with the water in that place, under which they are
located, opposite charges. As a result a quantity of

Author: e-mail: fedormende@gmail.com

charges on the opposite edges of reservoir becomes
different. After falling, drop they fall into the jar, which
corresponds to its charge, thus increasing its charge,
which creates still larger electric field near the rings,
strengthening the separation of static charge and a
potential difference between the banks it grows.

The electrical oscillator circuit of Van de Graaf is
represented in Fig. 2.
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Ris. 2: Electrical oscillator circuit of Van de Graaf

Van de Graaf generator consists of the dielectric
(silk or rubber) tape 4, of that revolving on the rollers 3
and 6, moreover upper roller dielectric, and lower
metallic and is connected s by the earth. One it goes
from the parts of the tape during the rotation of rollers
in the metallic sphere 1. Two electrodes 2 and 5 in the
form brushes are located at small distance from the
tape on top and from below, moreover electrode 2 is
connected with the internal surface of the sphere 1.
Through the brush 5 air is ionized from the source of the
high voltage 7. Resultant positive ions under the
action Coulomb force they move to that grounded to
roller they settle on the tape. The moving tape transfers
charge inside the sphere, where it is removed by the
brush, under the action Coulomb force charges are
pushed out to the surface of sphere and field inside the
sphere is created only by booster charge on the tape.
Thus, on the external surface of sphere is accumulated
electric charge. The possibility of obtaining the high
voltage in this generator is limited by the corona
discharge, appearing with the ionization air around the
sphere.

Electro-form generator, developed by German
scientist Wimshurst, is depicted in Fig. 3 and its name
bears.
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Fig. 3: Electro-form generator of Wimshurst

In the generator there are two revolving in the
opposite direction disks, made from a good insulator.
To the disks the conducting plates, which form
capacitors, are stuck with the plates of opposite disk. In
the process of rotating the disks the capacitance of
these capacitors changes, since. the area of the overlap
of the conducting plates changes. In the process of
rotating the disks along the conducting plates the
brushes, which connect the oppositely placed plates on
both disks, slide. On both sides disks are two pairs of
point electrodes, located on the appropriate holders.
These electrodes during the rotation of disks do not
concern the conducting plates, but charges on these
electrodes appear with the electrical breakdown
between the contacts and the conducting plates. On the
electrodes indicated are collected the charges of the
opposite signs, with the aid of which are charged high-
voltage capacitors (Leyden jars). The holders of ball-
shaped discharger are located on the Leyden jars.

[I.  ELecTRIC GENERATORS OF MENDE

a) Dropper of Mende

If we on the electrolyte put the electric field (Fig.
3), thus it is polarized, in this case on the left side the
baths will be collected anions, and in its right part
cations will be collected. Charged anions produced
through the openings in the lower part of the bath and
cations fall into the separate baths, forming two battery
terminals, which manufactures current, if we between
these poles include load.
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Fig. 3: Schematic dropper of Mende

A general view of the Mende dropper is shown
in Fig. 4. Next to the dropper is an electroform
generator, from which voltage is applied to the
electrodes of the dropper.
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ELECTRIC GENERATORS OF MENDE

Fig. 4: General view of the Mende dropper

b) The electrostatic generator of Mende

Generators for separation and accumulation
examined above of charges are used the laws of
electrostatic induction, and magnetic fields in these
processes of participation do not assume. Hall's law is
at the same time known, who gives the possibility to
separate the moving charges [1].

In the simplest examination the Hall effect is
represented in Fig. 5. Through that conducting plate in
the normal direction passes magnetic field with the

induction Band it flows through the same plate the
electric current  with the density j under the
action voltage E . It will slant magnetic field charge
carriers different signs to one of the faces of plate.
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Fig. 5: Diagram of Hall effect

Thus, Lorentz  force it will lead to the
accumulation of negative charge near one face of plate,
and positive- near the opposite face. The accumulation
of charge will continue to those times, thus far arisen

the electric field the charges E1 it does not compensate
for Lorentz force:

eE =evBorE =VB,

where € - electric charge.

Usually Hall effect is used for measuring the
magnetic field, but it can be used also for the separation
of charges in the fluxion, for example to water. In the
water there are always ions the dissolved in it salts. And
it is possible to divide them with the aid of the Hall
effect. If water will move normal to the direction
magnetic field, then the ions of different signs will be
accumulated on the different sides of flow. Dividing
further flow to two parts, it is possible to obtain two
separate flows, in which will be concentrated the ions of
different signs. The circuit of separation of charges the
method indicated is in Fig. 6.

© 2020 Global Journals

Fig. 6: Circuit of separation of charges with the magnetic
separation

Gathering these flows into the different
capacities, as is done in Calvin's dropper, it is possible
to create the electrostatic generator (Fig. 7).
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ELECTRIC GENERATORS OF MENDE

Fig. 7: Schematic of electrostatic generator with the
magnetic separation of the charges

On the experimental installation with the use of
two annular samarium magnets, between which
magnetic induction composed 0,5T, was obtained a
potential difference 50 kV.

The common form of electrostatic generator
with the magnetic separation of charges is represented
in Fig. 8.

Fig. 8: The common form of electrostatic generator with
the magnetic separation of the charges

¢) Parametric generators of Mende

If there is a capacitor, whose capacity C, and
this capacitor it is charged to a potential difference U,
that the energy, accumulated in it, is determined by the
relationship

1

c=§CU 2 2.1)
But charge Q, accumulated in the capacity, is equal
Q.,=CU (2.2)

From relationship (2.1) it is evident that if the
charge, accumulated in the capacity, remains constant,
then voltage on it can be changed by changing the
capacity. In this case is fulfilled the relationship
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Q. , =CU=CU,=const,

whereof and - instantaneous values, and and - initial
values of these parameters.

The voltage on the capacity and the energy,
accumulated in it, will be in this case determined by the
relationships:

Uzc‘éJ‘):KUO, (2.3)
1 (COU0)2
W, =5 C (2.4)
Coefficient
_CO
K_E (2.5)
can be named by the multiplication factor

(transformation) of the constant voltage.
The schematic of voltage transformer, realizing
the principle examined, is represented in Fig. 9

Fig. 9: Schematic of the transformer constant voltage

In this diagram to the variable capacitor by
means of the diode the dc power supply is
connected U,

The incremental voltage, which can ensure this
transformer, is determined from the relationship

Auc{cf’—ljuo

C (2.6)

As follows from the relationships (2.3) and (2.4)
with the decrease of capacitance of capacitor on it
increases not only voltage, but also the energy,
accumulated in the Ger.

It should be noted that this transformer can
work only in the regime of an increase in the voltage,
since with the attempt to obtain the decrease of voltage
across capacitor this cannot be made for that reason,
that the diode the straight connection of the voltage
source to the capacitor ensures and therefore voltage
across capacitor decrease cannot.

An increase in the energy, accumulated in the
capacitor, with a change in its capacity is determined
from the relationship

© 2020 Global Journals

1 11
A :(COUO)Z(C—CO)

With a mechanical change in the capacitance of
capacitor, the increase in the energy indicated ensures
the spring mechanical energy source, Properties of the
transformer of constant voltage is possible to use for
creating the high-voltage source of the direct current,
whose diagram is given in Fig. 10.

2.7)

N
|2

-

Uo

=

Fig. 10: Diagram of the high-voltage source of direct
current

In this diagram is present still one diode and

load resistance R.
In the initial state the capacitance of capacitor is

equal C,, and voltage on it equally U, . At this time
through the load resistance the current flows

In this case the energy, obtained by capacitor
from the voltage source, comprises

1

Wo=5C.03

As soon as capacitance of capacitor will begin

to decrease, the secondary voltage, assigned by the

relationship will appear on it (2.5). This secondary

voltage through the right diode enters the load

resistance R. The additional energy, isolated in this

case during the load resistance, is determined by the
relationship (2.7).

The operating principle of the generator

examined is such to the operating principle of the valve

water pump, whose schematic is represented in Fig. 11.

(2.8



-

Fig. 11: Schematic of the valve water pump

With the displacement of piston downward left
release valve is opened, and water is sucked in into the
cavity of pump. With the displacement of piston upward
the water through the right release valve is ejected
outside.

The role of valves in the schematic of the
described generator diodes play, while the role of
cylinder with the being moved piston performs variable
capacitor.

Hence it follows that the basic problem of the
creation of the proposed generator is the development
of the capacitor, whose capacity changes with
mechanical method. In this case the capacitor must
have the great significances of initial and final capacity
and with the large relation of these values. This question
can be solved by the way of using the technology of the
creation of the ceramic capacitors, when titanate of
barium, which has very large dielectric constant, is used
as the dielectric between the capacitor plates. The
construction of the generator, in which is used the
principle indicated, it is shown in Fig. 12.

Fig. 12: The mechanical oscillator circuit, in which the
inserts from titanate of barium are located on the internal
surface of stator

In the given construction there is a figured rotor,
and inserts from titanate of barium are located on the
internal surface of cylindrical stator.

Let us calculate the practical construction of
generator with the following parameters: the voltage of

the voltage source U, =200 V, the diameter of the
rotor D=05 m, Cclearance between the inserts of
titanate of barium and the stator d =10um, the
thickness of the inserts 25 mm, the depth of turnings
on the rotor 25 mm, the speed of rotation of the rotor

n = 500 % (this rotational speed it is characteristic for

the gas turbines), the length of the generator L =1m.

The power, manufactured by generator will comprise

_menkKDLU{

P 2d

2.9

During the record of this formula are taken into
account the fact that in one revolution of rotor it occurs
two cycles of a change in the capacity between the rotor
and the stator.

The substitution of the assigned parameters
into the formula (2.9) gives the power 34 kW.

The output voltage, which manufactures
generator, calculated according to the formula (3.3) it
will comprise 1 MV. This voltage will be developed
between the stator-rotor unit when the capacity between
them is minimum. In order in this case to avoid electrical
breakdown, the internal cavity of generator must be filled
with air or another gas under the high pressure.

None of the existing generators can ensure
such high voltage without the use of the step-up
transformers and rectifiers. Large simplicity of
construction is the very great advantage of this
generator.

The type of generator in the section is shown in Fig. 13.
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Fig. 13: Type of generator in the section

The insulating bush is located between the axis
of rotor and the housing of stator. In this bushing the
bearing is located. By lower its edge bushing slides
along the axis of shaft, ensuring the vacuum seal
between the internal cavity of generator and the
atmosphere. The insert from titanate of barium is located
on the internal part of the stator. The electrical contact

between the axis of rotor and the external circuits
brushes ensure.

d) Electro-form generator of Mende
The schematic of the work of elektro-form
generator Mende is depicted in Fig. 14.

Position 1 Position 2 Position 3
T
Plate B -5e | — Plate B -5 | —> zate B - 10e
Plate A +5e Plate A +10e
Plate C -0e | —> | Plate C +5¢ | — | Plate C - Oe

L

Fig. 14.: Carry circuit and accumulation of charge in the generator

There are three plates of parallel-plate capacitor
A, B and C, from which the plate B and C they can
move in the direction, indicated with pointers, while
average plate A it remains fixed.

In the position 1 the plate B by means of the
contact sliding on it is connected with the earth. Plate C
also by means of the sliding contact, which moves
together with it, is connected with the plate A. On the
plates there are designations, which indicate the
instantaneous value of charges on them in the arbitrary
units with the indication of the sign of charge. Initial
magnitude of the charge can be other and depends on
the the initial conditions.

Let us assume that in the initial position plate A
bears on itself the charge +5e, and plates B and C
begin to synchronously move to the right. In this case

© 2020 Global Journals

the plate v loses contact with the earth, and on it
remains the charge — 5e.

In the position 2 the plate B preserves charge to
-be, and plate C acquires contact with the earth and on
it is induced the charge +5e. After that, plates B and C
continue to move in the direction indicated by the

arrows.
In the position 3 of the platesCand A they are

connected with the aid of the sliding contact, which
moves together with the plate C, and plate B is
connected to the earth. In this case the charge +5e
from the plate C overflows into the plate A and its
charge it becomes equal +10e, and the charge of
plate C becomes equal to zero. In this case the plate A,
which received the booster charge +5e, induces in the
plate into the charge -10e, i.e. in comparison with the
position 1 the charges of plates A and B also in double.



It is evident that position 3 in the arrangement of
plates and their connection differs in no way from the
position 1, with the only difference that the magnitude of
the charge of plates A also B in comparison with this
position it was doubled, and the charge of the plate C it
remained equal to zero. With the same following cycle
the charges on the plates A and B also in again will be
doubled and they will become respectively equal +20e
and -20 e the doubling of charges with each subsequent

cycle will continue. With this process of plate they will
accumulate all increasing charge, which will lead to an
increase in their potentials.

The automation of transfer and accumulation of
charge thus can be realized, if capacitor plates are
placed to the disks. The functional diagram of the
automated transfer of charge is represented in Fig. 15.

DiskA

Fig. 15: The functional diagram of the automated transfer of the charge
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Structurally the generator is executed in the
form three disks, on which are stuck the current-
conducting plates of capacitors. Two external disks B
and C it is tightly planted on the axis, which ensures
their synchronous rotation. Stator is the fixed central disk
A, which is also established on the axis, but the
diameter of its opening is more than its diameter, which
ensures its easy-push fit. The fixation of the position of
stator is achieved with the aid of the corner, which from
one side is attached to the disk, and with another - to
the platform, on which is established the generator. In
the experimental mock-up of the generator with the

[1I. CONCLUSION

In the article the survey of the existing
constructions of high-voltage electrostatic generators is
carried out. Are described the new types of the
generators of Mende, the using laws of electrostatic
induction and the tests of the experimental are carried
out the models of such generators.
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diameters of lateral disks and central disk of 250mm
and 300 mm examined respectively, is obtained a
potential difference 20 kV.
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.
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It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLICY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e Writings

e Diagrams

e Graphs

e lllustrations

e |lectures
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e  Computer programs
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e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e lLarge images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tirs FOR WRITING A GOOD QUALITY SCIENCE FRONTIER RESEARCH PAPER

Techniques for writing a good quality Science Frontier Research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of science frontier then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind dafter intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e  Align the primary line of each section.

e  Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

(ol olNe]

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

O Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

O Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

O Resources and methods are not a set of information.
O Skip all descriptive information and surroundings—save it for the argument.
O Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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