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 The commercial rights of the author of paper are kept for the
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Annotation
In this work describe the experiments, which shows the
principal possibility to develop cheap computerized optical
separator for determining the sex of one-day chickens. This can
help to improve the income of poultry industry.
1. Introduction
An important part of the modern poultry industry is the separation of
one-day chicks regarding to their sex/ 1 /. For breeding quantity cocks
must not exceed 10 % of the flock, for the production of meat broilers
female chickens are not used at all. Currently in use around the World
"Japanese method, in which specially trained people perform sorting on
the basis of labor-intensive visual inspection of the genital organs.
To simplify this process, based on the use of genetic factor "K" / 2 /
specially were bred species, which in the first days after hatching , sprouts
flight feathers on the wings of males and females have different in
design and size / 3 /. Look Fig.1 and Fig.2 /4/. However, sorting on
this topic is also carried out manually.
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Fig. 1. Feathers of female chick

Fig. 2. Feathers of male chick
Were proposed mechanized methods, based on the spectral analysis of
the cry of a chicken / 5 /, on the difference of glow germ flight feathers
of the wing in their illumination by UV / 6 / or visual light /7/, which
includes inducing the chick to lose its equilibrium and voluntarily spread
its wings.
For this chick is placed on a surface, with the possibility of a sharp fall
under its own weight, in which he reflex reveals the wings. At this
moment he is photographed with a digital camera, and data will is
transmitted to the computer. After processing it determines the sex of
the chicken and computer gives a signal to the executive mechanism to
direct it into the corresponding container.
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And if the first proposal is unlikely to find a practical application, the
second and third seems more serious. Our own tests confirmed the
possibility of the principal efficiency of this methods, however, has
identified the following shortcomings:




expensive UV cameras and lighting equipment that must be
extremely stable and durable in an industrial environment;
upper position of B/W camera can't provide pictures, good
quality for separation by image processing;
the difficulty of obtaining high-quality images, as chickens open
wings different and not always ( 5 -10%).

2. Prerequisites solutions
To resolve these issues, we suggested to check the following decisions,
which lets you see and measure the difference in the plumage of male
and females:
1. To take pictures of chicks with open wings by simple cheap
digital camera with white backlight.
2. To push plate with chick down more speedy than the acceleration
of free fall ( g ).
3. To place the chicken on a metal surface to with high voltage, due
electrization the initial feathers stand up and becomes
perpendicular to the body, that will give the option to see the
difference in their plumage.
It is logical to propose, that in order to secure the symptoms of reflex
opening of the wings legs should lose support faster than they can move
down.
As we observed in our fast filming, reaction of chicken libs irritation
occurs very quickly, approximately 30-40 msec. If we assume that, the
claws can pubescent 10 mm and this movement is uniformly accelerated,
can be calculated that, acceleration of plate must be equal 12-15 m/sec2.
It is only a little more than free-fall acceleration and easily imitated by
sharp lowering his human hands.
These allowed to suggest the following algorithm for chick's sexing,
where it is divided into 2 stages - learning and sorting:
1 stage
1. From the total mass of sexed chickens randomly selected 20 male and
20 chickens, visually separated by sex.
2. Chicken are placed on a moving plate and are photographed during the
fall.
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3. Received images will passed to the computer and begin their
examination by using image processing software as Inspector
Matrox /8/ or any other.
4. Determine the value of 'Threshold", with which all of the images have
the maximum blob.
5. For each blob calculate the center of gravity and the angle to the
Principal Axis.
6. Is rotate the image to get the vertical position of the Principal Axis.
7. From the center of gravity calculate position of Secondary Axis and
define by the coordinates of its intersection with the line blob.
8. To choose higher from 2 distances from the center of gravity to this
points.
9. Divide this distance of 6, coordinates of the shorter part take as
horizontal borders of Region of interest (ROI) for further analysis.
10. Coordinates of vertical borders of ROI will be
arranged
symmetrically regarding to Secondary Axis at the distance of 1/2 the
length from the center of gravity to the extreme horizontal point
ROI.
11. In ROI from image is subtract
constant value, selected
experimentally, with follow target - internal line of the blob must to
cross the edge of a body of chicken, where begin to grow feathers.
12. With the function "Analysis-Blob-Segmentation" select " Threshold"
with option that the line of blob took place approximately in the area
of the middle of the flight feathers of the wing; (for a more simple
way to select this parameter is possible to look on the profile line
from an external contour image of the wing to the beginning of the
wing.
13. For each image to calculate the values of built-in functions
"Compactness" and "Roughness", where
 Compactness = Perimeter / Convex perimeter;
 ( Convex perimeter is an approximation of the perimeter of the
convex hull of a blob);
 Roughness = Perimeter^2/12.566 x Area
14. By using Microsoft Excel, will build the graph of the relationship
between these functions and manually draw 2 polygons, limiting the
areas of males and females, and to place this data in memory of
computer.
2 stage
After will begin automatic sorting - for each chicken by described image
processing techniques will be calculated values of "Compactness" and
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"Roughness" and to decide, inside which polygon it will be sent. Small
part of flock may be sent in uncertain area for repeatedly separation. If
some chicks not will be separated twice, they must be inspected and
sorted manually.
It is obvious, that this idea can simply adapted on to the lines that are
wide used for counting and packaging hatching chicks in industrial
incubators.
It will be necessary only to perform upgrading on their exit part - to add
nodes lighting, electrooptic unit, computer, moving plates with
corresponding springs, activator, air ejectors for blowing chickens and
appropriate bins.
3. Materials and methods
For testing were used 200 one-day chickens breed Ross ( 100 males and
100 females), produced in the kibbutz Kvutzat Yavne, Israel, in summer
of 2011.
Image processing were used B/W CCD camera Jeveline, frame grabber
"Matrox-Corona ", software "Matrox inspector 1.71" and PC " Pentium4 under Windows 7.
Plate was made from milk-white plastic PVC.
For back lighting was used led white light source "Lampbay" with the
following parameters:
The light source...... ............ 24pcs Epistar
Luminous flux(LM)............. 2500Lm(as well Halogen 200W)
CCT(K)............................... W(3000K)/NW(4500K)/CW(6000K)
CRI(RA).............................. more 75Ra
Chickens were placed on plate manually and was pushed down from a
height of 20 cm on the shock absorbers ( Fig.3).

Fig.3 Chick on plate. Light radiates from the bottom
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To check the possibility to observe the difference in plumage of males
and females after their electrification, the chicken was placed on an
isolated metal surface on which it was served high voltage ( 25 kV) from
own made Cockcroft-Walton generator.
To determine the moment of maximum disclosure of wings we propose
to use two possibilities - to take a picture after a certain time after
beginning of plate falling (specified during initial adjusting of separator),
or by using electronic circuit, that defines the moment, when the first
derivative of the value of the light reflected signal from chicken becomes
zero. The sensor can be made from simple photodiode and a collecting
lens, Fig.4.
To ensure sharp fall of plate it is possible to use mechanical activator (for
example, a cylinder with a flexible wheel at the end of the pusher), which
will provide the initial acceleration, a little more than g. In the result of
this feet of chicks will be without support and they reflexively will open
their wings.

Fig.4 Principe of electronic circuit for shutting the chick with maximum
open wings
4. Results
1. All tested chickens would open their wings.
2. It was observed significant effect of standing up of initial feathers due
to electrization, but this was not stable enough regarding to
difference in humidity of surface of chicks.
3. Following to described algorithm were carried out the appropriate
tests, shown in Fig. 5 – Fig.11. Here in the displayed photos during
learning stage was selected follow parameters:
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Initial Threshold -210;
Constant value for subtract – 100;
Threshold for calculation "Compactness" and "Roughness" - 60.
Our tests also showed the possibility of blowing chick from a plate with
compressed air (1.6 ATM) without any damage.

Fig. 5. Falling female chick

Fig. 6. Falling male chick
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Fig.7 Internal blob of image of falling chick ( "Threshold" = 200 )

Fig. 8. Designation of ROI
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Fig.9 Determination of value of threshold of external contour (in this
sample: 96)
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Fig.10 Analyzed area ( ROI ) of the chick
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Fig.11. Virtual polygons of sorting parameters (Relation between
"Compactness" and "Roughness" for 1 stage – learning)
Tabl.1 Results of separation ( 200 chickens)
Gender
Q-ty,%
Accuracy, %
Male
48.5
100
Female
50.5
99
Unknown
1
5. Conclusions
Our tests have shown possibility to conduct industrial sexing of one-day
chickens, falling with acceleration more than g, by cheap B/W cameras
with backlight and digital image processing.
It is obvious, that this idea can simply adapted on to the lines that are
wide used for counting and packaging hatching chicks in industrial
incubators.
It will be necessary only simple modernization - to perform upgrading on
their end - to add nodes lighting, electro optic unit, computer, moving
plates with corresponding springs, activator, air ejectors for blowing
chickens and appropriate bins.
For author clear, also, that described information it is only beginning of
real penetration in poultry industry and needed a lot of effords.
Therefore and he will be happy to find strategic partner.
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Annotation
One of the important requirements of the market to peanuts
in shell is the lack of incompletely filled with fruit. Traditional
mechanical sorting methods cannot solve the problem completely.
In this work experimentally proved the possibility of the complete
removal of immature fruits ("singles") by using image processing
of x-ray and infrared.
1. Introduction
Peanuts in shell is a popular product in Europe. Market volume is about
60 thousand tons annually, and 10 % of supplied from Israel [1]. One
problem with this product is the presence of empty seats in the fruit,
which leads to their burning when frying. Traditional mechanical
separators cannot solve the problem, which makes it necessary to search
for new possibilities [2]. In the search for solutions, we have tested the
abilities of the computer image processing methods of images obtained
in x-rays, visible and infra-red spectrums.
2. Materials and methods
Experiments were performed on shelled fruits of peanuts, produced by
company NIR-agricultural works Ltd. (Israel). Sampling volume was
1000 peanuts, selected during day of work. Images in visible light
received by a digital B/W camera "Jeveline" when lighting by white LED
emitters CRI-97 under light intensity 50 W/cm2. X-ray images were
obtained on computerized silk cocoons sorting system SM-SC-01 when
the voltage on the tube 18 KV and current 35 mA [3]. Images in the
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infrared range were obtained on the camera FLIR SC 660 [4]. Heating is
carried out in the microwave with power 1 KW during 5 -10 sec. For
cooling was used air conditioner "LG Inventor V" and steel mesh( cells
4x4 mm).
3. Results
On received pictures it can be seen that the x-ray method allows to
obtain a clear image (Fig.1) .

Fig.1. X-ray image of peanuts

Fig.2. Peanut fruit image under white light
Besides that, it can be seen that the form of empty part of the fruit have
different shape than complete. However, visual sorting showed that
different in shape happens in 60-70% only and strongly depends on the
position when shooting, Fig.2.
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The image in the infra-red range showed that in the case of heating
microwave empty and full of the fruit have different temperatures and
therefore differ from each other (Fig.3. ).

Fig.3 IR image after heating. (left –complete fruit; right –empty, two
other – with pure developing)
All part of the original fruit have equal temperatures and does not give
anyone the image, Fig.4.

Fig.4. IR image of initial fruit ( control)
Based on these results, it was assumed that possible get the temperature
difference by other way - fast ventilation by cold air through fruits of
peanut . To test this hypothesis the original fruits were placed on the
screen and with a temperature of 28 C, was send air with temperature 20
C. for 1-3 seconds. As seen on the photo (Fig. 5), the empty and full part
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in clarity, because the more massive and dense seed cooled significantly
slower than shell.

Fig.5 IR image after air cooling. ( left –complete fruit; right –empty, two
other – with pure developing)
Obviously, one hundred defective fruit can be removed using wellknown techniques of image processing and industrial automation. It
should be noted that analysis of the image of calls that their temperature
is about the same, making it possible to use not only expensive infrared
cameras , but also cheaper sensors and build industrial sorter on the basis
of microcontrollers.
4. Conclusions
The first is shown full selection of immature fruit peanuts in shells with
their shooting by X-rays imaging or in infrared spectrum after all
possible temperature treatment (as short-term cooling , microwave
heating or etc.), which bring properties to get different temperature of
parts of peanut fruit.
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The simplest formulas of natural
selection
Annotation
The dependences are found for haploid population:
 time to fixation of a allele as a function of population size and
allele's relative fitness;
 allele frequency as a function of time;
 natural selection's speed as a function of time;
 natural selection's speed as a function of allele frequency.
We can affirm that the beneficial allele's frequency increases
regularly. Therefore, time of change of beneficial allele's frequency is a
function of some variables. We can write this function for a haploid
population.
Let the allele X replaces the allele x in a haploid population. Let the
population size is A . Then the ratio of the number of alleles X to the

1
at the moment t1 , when allele X is one only.
A
A
A
The ratio of the number of alleles X to the number of alleles x is
1
at the moment t 2 , when allele x is one only. We need to find time to
fixation of allele X T  t 2  t1 .
Let number of alleles x is a , and number of alleles X is b at a
moment t . Let number of alleles x is c , and number of alleles X Is d at
the moment t  1 . Then the progeny of one individual with the allele x
c
d
is
at unit time. The progeny of one individual with the allele X is
a
b
number of alleles x is

at unit time.
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The ratio

c d
is the relative fitness of allele x. Manifestly

a b

c d
  1 . We must say that this relative fitness is used in population
a b

genetics usually. But we will use the relative fitness of allele X. The
relative fitness of allele X is w 

d c
d c
 . Manifestly   1 and
b a
b a

1

d c c d
    .
b a a b
d c
d b
So, w   , hence w   .
b a
c a
b
is the ratio of the number of alleles X to the number of alleles x
a
at a moment t .
d
is the ratio of the number of alleles X to the number of alleles x
c
at the moment t  1 .
Hence w shows how much the ratio of the number of alleles X to

the number of alleles x increases at unit time. Hence the ratio of the

wn
number of alleles X to the number of alleles x is
at the moment
A
t1  n , and the ratio of the number of alleles X to the number of alleles
wT
wT
x is
at the moment t 2  t1  T . Hence A 
, and
A
A
2 ln A
.
T
ln w
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The ratio of the number of alleles X to the number of alleles x Is
t

w
at a moment t . Let the frequency of allele X is p at the moment t .
A
wt
wt
p
Hence
, and p 
.

A  wt
A 1 p
Let the frequency of allele X Is m at a moment t1 , and let the
frequency of allele X is n at a moment t 2 ( m  n) . Hence

23
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n(1  m)
w
w
m(1  n)

m
 n , and t  t 2  t1 
,
. We see
t
t
A w
ln w
A w
that time for which frequency of allele X changes from m to n , isn't
t1

ln

t2

2

1

function of population size.
Manifestly p is natural selection's speed v :

v  p 

p

wt ln w w2t ln w
.

A  wt A  wt 2

wt
2
, hence v  p ln w  p ln w .
t
A w

We see that natural selection's speed has a maximum when the
frequency is equal to

1
, and natural selection's speed tends to zero when
2

the frequency tends to zero or one. And it is known.
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Computer for operations with functions
Annotation
A computer for operations with (mathematical) functions
(unlike the usual computer) operated with function at the
hardware level (i.e. without programming these operations). The
article briefly describes the functions of one and many arguments
coding theory - the codes structure, algorithms of coding and
decoding, arithmetical operations. Processor for operations with
functions considered - data representation, operating blocks,
hardware realization of coding, decoding and arithmetic
operations algorithms.

Contents
1. History
2. Positional codes of one-variable functions
2.1. The main idea
2.2. R-nary triangular code
2.2.1. Single-digit addition
2.2.2. One-digit subtraction
2.2.3. One-digit division by the parameter R
2.2.4. Addition and subtraction
2.2.5. Multiplication
2.2.6. Derivation
2.2.7. Coding and decoding
2.2.8. Truncation
2.3. Scale factor
3. Positional code for functions of many variables
4. References

1. History
A computing machine for operations with functions was presented
and developed by Mikhail Kartsev in 1967 [1]. Among the operations of
this computing machine were the functions addition, subtraction and
multiplication, functions comparison, the same operations between a
function and a number, finding the function maximum,
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computing indefinite integral, computing definite integral of derivative of
two functions, derivative of two functions, shift of a function along the
X-axis etc. By its architecture this computing machine was (using the
modern terminology) a vector processor or array processor, a central
processing unit (CPU) that implements an instruction set containing
instructions that operate on one-dimensional arrays of data called vectors.
In it there has been used the fact that many of these operations may be
interpreted as the known operation on vectors: addition and subtraction
of functions - as addition and subtraction of vectors, computing a
definite integral of two functions derivative— as computing the vector
product of two vectors, function shift along the X-axis – as vector
rotation about axes, etc. [1] In 1966 Khmelnik had proposed a functions
coding method [2], i.e. the functions representation by a "uniform" (for a
function as a whole) positional code. And so the mentioned operations
with functions are performed as unique computer operations with such
codes on a "single" arithmetic unit [3].

2. Positional codes of one-variable functions [2, 3]
2.1. The main idea
The positional code of an integer number A is a numeral notation
of digits in a certain positional number system of the form
.
Such code may be called "linear". Unlike it a positional code of onevariable x function F(x) has the form:

and so it is flat and "triangular", as the digits in it comprise a triangle. The
value of the positional number A above is that of the sum
,
where  is the radix of the said number system. The positional code of a
one-variable function correspond to a 'double' code of the form
,
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where R is an integer positive number, quantity of values that taken  ,
and y is a certain function of argument x.
Addition of positional codes of numbers is associated with the carry
transfer to a higher digit according to the scheme
.
Addition of positional codes of one-variable functions is also
associated with the carry transfer to higher digits according to the
scheme:

.
Here the same transfer is carried simultaneously to two higher digits.

2.2. R-nary triangular code
A triangular code is called R-nary (and is denoted as TK R ), if the

numbers  mk take their values from the set

,
where R  r1  r2  1, r1  0, r2  0. For example, a triangular code is a
ternary code TK 3 , if  mk  {1,0,1} , and quaternary TK 4 , if
 mk  {2,1,0,1} . For R-nary triangular codes the following equalities
are valid:
0  a   a  

0   0 
 a
.

 Ra 0  0 a  , 0 0    Ra  a  , 



 
 
 
 0 a   Ra 0 

where

is an arbitrary number. There exists TK R of an arbitrary integer

real number. In particular, TK R     . Also there exists TK R of any

  (0 0 1) .

k
function of the form y . For instance, TK R y



2

2.2.1. Single-digit addition
in R-nary triangular codes consists in the following:
in the given (m,k)-digit there is determined the sum S mk of the
digits that are being added  mk ,  mk and two carries

pm , k 1 , pm 1, k 1 , transferred into this digit from the left, i.e.
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S m , k   m , k   m , k  pm , k 1  pm 1, k 1 ,




this sum is presented in the form S mk   mk  Rpmk , where
 mk  DR ,

 mk is written in the (m,k)-digit of summary code, and the carry

pmk from the given digit is carried into (m,k+1)-digit and
(m+1,k+1)-digit.
This procedure is described (as also for one-digit addition of the
numbers) by a table of one-digit addition, where all the values of the
terms  mk  DR and  mk  DR must be present and all the values of
carries appearing at decomposition of the sum S mk   mk  Rpmk .

Such a table may be synthesized for R>2. Below we have written the
table of one-digit addition for R=3:
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2.2.1. One-digit subtraction
in R-nary triangular codes differs from the one-digit addition
only by the fact that in the given (m,k)-digit the value S m , k , is
determined by the formula

S m , k   m , k   m , k  pm , k 1  pm 1, k 1 ,

2.2.3.One-digit division by the parameter R
in R-nary triangular codes is based on using the correlation:

,
from this it follows that the division of each digit causes carries into two
lowest digits. Hence, the digits result in this operation is a sum of the
quotient from the division of this digit by R and two carries from two
highest digits. Thus, when divided by parameter R
 in the given (m,k)-digit the following sum is determined

S m , k   m , k R  pm 1, k R  pm 1, k 1 ,



this sum is presented as

S m , k   m , k  pm , k R , where

 mk  DR ,


 mk is written into (m,k)-digit of the resulting code, and carry pm , k

from the given digit is transferred into the (m-1,k-1)-digit and (m1,k)-digit.
This procedure is described by the table of one-digit division by
parameter R, where all the values of terms and all values of carries,

appearing at the decomposition of the sum S m , k   m , k  pm , k R ,
must be present. Such table may be synthesized for R>2. Below the
table will be given for the one-digit division by the parameter R for
R=3:

29

Computer Engineering

2.2.4. Addition and subtraction
of R-nary triangular codes consists (as in positional codes of
numbers) in subsequently performed one-digit operations. Mind that the
one-digit operations in all digits of each column are performed
simultaneously.
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2.2.5. Multiplication

of R-nary triangular codes. Multiplication of a code TK R by (m,k) -

digit of another code TK R consists in (m,k)-shift of the code TK R , i.e.

its shift k columns left and m rows up. Multiplication of codes TK R and

TK R consists in subsequent (m,k)-shifts of the code TK R and addition
of the shifted code TK R with the part-product (as in the positional
codes of numbers).
2.2.6. Derivation
of R-nary triangular codes. The derivative of function F(x), defined
above, is
.
So the derivation of triangular codes of a function F(x) consists in
determining the triangular code of the partial derivative F ( x) y and its
multiplication by the known triangular code of the derivative F ( x) y
y x . The determination of the triangular code of the partial derivative
F ( x) y is based on the correlation

.
The derivation method consists of organizing carries from (m,k)-digit
into (m+1, k)-digit and into (m-1, k)-digit, and their summing in the
given digit is performed in the same way as in one-digit addition.
2.2.7. Coding and decoding
of R-nary triangular codes. A function represented by series of the
form
,
with integer coefficients Ak , may be represented by R-nary triangular
k

codes, for these coefficients and functions y have R-nary triangular
codes (which was mentioned in the beginning of the section). On the
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other hand, R-nary triangular code may be represented by the said series,
as any term  mk R y (1  y ) in the positional expansion of the
function (corresponding to this code) may be represented by a similar
series.
k

k

m

2.2.8. Truncation
of R-nary triangular codes. This is the name of an operation of
reducing the number of "non"-zero columns. The necessity of truncation
appears at the emergence of carries beyond the digit net. The truncation
consists in division by parameter R. All coefficients of the series
represented by the code are reduced R times, and the fractional parts of
these coefficients are discarded. The first term of the series is also
discarded. Such reduction is acceptable if it is known that the series of
functions converge. Truncation consists in subsequently performed onedigit operations of division by parameter R. The one-digit operations in
all the digits of a row are performed simultaneously, and the carries from
lower row are discarded.

2.3. Scale factor
R-nary triangular code is accompanied by a scale factor M, similar to
exponent for floating-point number. Factor M permits to display all
coefficients of the coded series as integer numbers. Factor M is
multiplied by R at the code truncation. For addition factors M are
aligned, to do so one of added codes must be truncated. For
multiplication the factors M are also multiplied.

3. Positional code for functions of many
variables [4]
Positional code for function of two variables is depicted on Figure 1.
It corresponds to a "triple" sum of the form:
,
where R is an integer positive number, number of values of the figure
 m1, m2, k , and y(x), z(v) - certain functions of arguments x, v
correspondingly. On Figure 1 the nodes correspond to digits
 m , m , k , and in the circles the values of indexes m1, m2, k of the
1
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corresponding digit are shown. The positional code of the function of
two variables is called "pyramidal". Positional code is called R-nary (and
is denoted as PK R ), if the numbers  m , m , k assume the values from
1 2
the set DR . At the addition of the codes PK R the carry extends to four
digits and hence R  7 .

Fig. 1.
A positional code for the function from several variables
corresponds to a sum of the form
,
where R is an integer positive number, number of values of the digit
 m1,..., ma , k , and yi ( xi ) certain functions of arguments xi . A
positional code of a function of several variables is called
"hyperpyramidal". Of Figure 2 is depicted for example a positional
hyperpyramidal code of a function of three variables. On it the nodes
correspond to the digits

 m1, m 2, m3, k , and the circles contain the values

of indexes m1, m2, m3, k of the corresponding digit. A positional
hyperpyramidal code is called R-nary (and is denoted as GPK R ), if the
numbers  m ,..., m , k
1
a

assume the values from the set DR . At the
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codes addition GPK R the carry extends on a-dimensional cube,





a
a 1
1 .
containing 2 digits, and hence R  2

Fig. 2.
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Series: GEOLOGY
Alexander N. Vilshansky

«Boiling Earth»
About possible cause of earthquakes
Annotation
This article further develops the idea of earthquake causes as a
result of formation of two types of substances with different
density velocity in the Earth’s depth. The conclusions given in the
previous article are refined. More detailed picture of earthquake
genesis is provided.
In the previous article [1] the hypothesis called “Boiling Earth” was
offered. Please refer to the first article for basic concepts. Only the
specifics of the process that leads to the earthquakes are discussed here.
Fig.1 shows the schematic Earth structure. Fig.2 is the simplified image.

Fig. 1
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Fig. 2
We may think of the Earth as a gigantic spheric bowl filled mostly with
the asthenospheric substance. This bowl is heated from inside by high
temperature “oven”-the core. The bowl is covered with the spherical
“lid”, the lithosphere.
Inevitably, in such a system, structures of at least two types should
originate on the border of the core and asthenosphere (We’ll briefly call
them 'bubbles' for future reference).

Fig. 3
Gaseous bubbles that originate in the proximity to the earth surface are
shown here as whitecircles (type 1). Such bubbles gradually grow in size.
At a certain point the buoyant (Archimedes’) force becomes greater than
gravity. The bubble detaches from the nucleus and starts its movement
towards the Earth surface. (Fig 3)
However, it is also possible that inside the nucleus there are processes
that result in release of considerable amount of nucleus substance. We
shall call them 'drops' for brevity, because these are not gaseous bubbles,
but rather masses of quite solid substance of which the nucleus consists.
Such 'drop' does not necessary have a spherical shape.
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Both types of formations move from nucleus towards lithosphere.
However the causes for the movement are different. Gaseous bubble
rises by the buoyant force, as less dense body. The object of the second
type, the 'drop' , although having very high temperature, does not float
to the surface, but is rather cast by the centrifugal force from the center
of the Earth to its periphery.
The speed of these formations may not be constant. It can reach 10-20
km/hr in the asthenosphere. Thus, the entire distance from the nucleus
to the crust can be covered by bubbles and drops in 20-30 hours or up to
several days, depending on its original state.
In the final point of its movement, the bubble creates a pressure on the
bottom layers of the lithosphere. This pressure depends upon the size of
the bubble. The size of the bubble can reach dozens of kilometers or
more. The smaller bubbles cause smaller tensions. These tensions may
accumulate or dissipate. Big bubbles may cause the cracking of the crust
and earthquakes. The bubble kind of tries to 'break' the crust from the
inside. Near the edges of the tectonic plates this can happen easier. This
is the reason why earthquakes’ epicenters are located near these borders.
It was observed that big earthquakes happen more often in the times of
'sun tides'. In these cases, the earthquake epicenter is located at the
minimum or at the maximum distance from the Sun. The bubble pushes
the lithosphere surface up; at the same time this surface tends to move
away from the earth center. The Moon gravity also contributes to these
processes. However, the influence of the Sun and the Moon are the
secondary factors. The main action is created by the bubble itself. This is
probably why no direct connection between the position of the Earth,
the Sun, the Moon and the peak earthquake probability was established.
The bubbles also create additional pressure on the magmatic layers that
may cause the lava eruptions. The volcano awakening and eruption may
be a result of 'bubbles' or 'drops'. The earthquake in this case is not a
result and not a cause, it is a concurrent event.
The specifics of bubble movements.
The rise of bubbles to the surface has its specifics. Had the Earth not
spin, the bubble (white circle on fig.4) would move along the Earth
radius from the detachment point near the nucleus towards the surface
directly (dashed line arrow on Fig. 4). But due to the Earth sniping, an
observer on the equator (point 'A') has a linear circular speed about 500
m/s. The
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When the bubble moves towards the lithosphere, it passes the
asthenosphere layers which move with the same angular speeds but with
different linear speeds. (blue arrows on fig. 4)

Fig. 4
While moving in tangent direction the bubble gets an acceleration
entering every next upper layer of the asthenosphere. As a result, the
bubble moves over a curve (Fig. 5).
The shape of this curve depends on the size and density (mass) of the
bubble. Less dense and massive bubbles accelerate more. More dense and
massive bubbles accelerate less. But in any case, the object that rises
towards the lithosphere falls behind the movement of asthenosphere
layers. The denser is the bubble, the more the lag is. This is shown on the
Fig.5 as white circles “1” (gaseous bubbles) and red circles “2” (the
‘drops’).
In any case, for the observer on the Earth's surface, the bubbles should
move from East to West.
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Fig 5.
The movement of gaseous bubbles was discussed in detail in the previous
article [1]. As for the formations such as 'drops' type, we can assume that
they make rather 'striking' effect than 'heaving' action. This can explain
the occurrence of the foreshocks when the earthquakes are caused by
bubbles, and the absence of foreshocks (sudden shock) as the effect of
dense formations ('drops’). The second and the third sudden shocks may
be a result of several 'drops', bursting into the asthenosphere out from
the core. During their movement through the asthenosphere, 'the drops'
perhaps do not change their shape and do not fall into parts.
The core surface is not isothermic. The core temperature is different in
different places. The activity of bubble formation may be related to
differences of temperatures in different points of the core. Also, the core
shape is not exactly spheric. This was recently shown with the help of
satellite surveying. This explains inconsistency in the location of seismic
zones on the Earth surface (Fig. 6).
It should be also noted that because of the different density of 'bubbles'
and 'drops', the gravimeter will show the decrease of gravity for ‘bubbles’
and an increase in gravity for ‘drops’.
The so-called ”long period oscillations” (fig.7) may be the result of
processes described here.
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Fig. 6

Fig 7. Namibia (09 Nov. 2012)
(The data was obtained by Dr. Razgon)
The fact that the bubbles and drops develop only in the certain areas of
the core gives an additional opportunity to predict the earthquakes. To
do so, the monitoring stations with the equipment for bubble detection
should be placed along the typical bubble paths. This equipment should
include gravimeters that are capable to indicate the passing of bubbles
and drops to the depth of 100-150 km. This is entirely possible with
today's technology. Based on how fast the formations approach the
Earth surface and their direction, the probable future earthquake place
can be predicted. In this case the local stations described in the article [1]
would monitor the changing situation better.
The last nail into the coffin of the theory of tectonic plates cracking as
the main cause of the earthquakes is driven by newly appearing crack of
the African tectonic plate in the middle of Africa. This event is not
accompanied by seismic activity, although the crack is growing literally
“in front of our eyes”.
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All the above doesn't mean that the movement of the tectonic plates
does not affect the earthquakes origination.
The plates’ movement also can be a cause, but it is hardly predicable. At
the other hand the bubble can be detected well in advance.
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Horst Eckardt, Laurence G. Felker

Einstein, Cartan and Evans –
Start of a New Age in Physics?
Annotation
Although physicists have struggled in vain for over a halfcentury to encompass all natural forces within a unified theory,
chemical physicist Myron W. Evans has now succeeded. Based on
the fundamental insights of Albert Einstein and Elie Cartan,
Evans’ theory takes the geometry of space-time itself as the origin
of all forces of Nature. As Einstein attributed gravitation to the
curvature of space-time, the new theory attributes
electromagnetism to the torsion or twisting of space-time. The
possibility of reciprocal interactions between gravitation and
electromagnetism -- which possibility is denied in current
mainstream physics -- leads to predictions of new physical effects
which could be used to produce power and energy from spacetime.

Contents
Introduction.
1 The four natural forces
2. Unification
3 Basis for Evans’ theory
4 Unification with strong and weak forces
5 Implications for quantum physics
6 Implications for technology
7 Implications for cosmology
8 Summary
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Introduction
For centuries, physicists and philosophers sought a unified
description of all phenomena of Nature. We know today that the world
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at the sub-microscopic quantum scale behaves very differently than our
familiar macroscopic experience. In particular, theories of gravitation
have been irreconcilable with quantum theory. Therefore, one expects
that, if gravitation could be unified with quantum theory, wholly new
insights would result. It now appears that this unification has been
achieved, but not in the manner expected by previous generations of
scientists. This unification predicts fundamental new effects – for
example, the production of energy (or power) without need for input of
other primary energy. This prediction, among others, is creating great
interest in professional and scientific circles. We now review the origins
of this unification. Albert Einstein in 1915 published a theory of the
gravitational interaction; he called this the theory of General Relativity,
and today it provides the basis for our understanding and exploration of
the cosmos at large. In 1905, Einstein had already produced the theory of
Special Relativity, which rests upon the well-known postulate of
“constancy of the speed of light“ in vacuum. During the last thirty years
of his life, Einstein looked for a still more comprehensive unified theory
which could cover all known natural forces. He spent the years from
approximately 1925 to 1955 in this search, but did not reach his desired
goal. Since the discovery of quantum mechanics in the 1920’s, the
majority of physicists busied themselves with this, and not with General
Relativity. The fact that quantum mechanics is consistent only with
Special Relativity, but not with General Relativity, was overlooked or
ignored. In addition, while quantum mechanics is successful in describing
the electron sheath of atoms; it is not a suitable theory for the high massdensities which occur within atomic nuclei.
Other notable progress toward unified theory in the 20th century
consisted of a unification of electromagnetism with the weak nuclear
force, via an extension of the formalism of quantum-mechanics.
Gravitation has remained, until today, outside the Standard Model of
particle physics.
Elie Cartan is less well-known than Einstein. He was a French
mathematician who exchanged ideas with Einstein concerning many
details of General Relativity. Cartan’s original insight was that
electromagnetism could be derived, via differential geometry, from the
geometry of space-time – more or less in parallel with Einstein’s insight
that gravitation could be derived from space-time geometry.
A successful unification, however, was not achieved by Cartan
and/or Einstein. The unification was finally achieved in the year 2003 by
Myron Evans who, trained as a chemical physicist, brought fresh insight
to the problem. Evans held several academic professorships in England
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and the USA, before he was forced to withdraw because of his
unorthodox views, and he now works as a “private researcher“ in his
homeland of Wales. From there, he conducts the “Alpha Institute for
Advanced Study“ (AIAS), which presents his ideas to the public as a
world-wide team or working-group. A popular-scientific presentation is
in [3]. Recently concentrating its work on energy production from the
vacuum -- a topic which established science avoids – the AIAS website
generates large interest, as shown by the steady increase in web-page
statistics on the AIAS site [4]. Many well-known universities and research
establishments world-wide have visited these pages.

1. The four natural forces
To understand the importance of unification, one must start with
knowledge of the quantities being unified. It is widely accepted in physics
that all interactions in Nature are manifestations of four fundamental
forces. We characterize these briefly as follows:
1. The seemingly separate force-fields generated by electrostatic
charge and magnetism were united in the 19th century, largely by
Maxwell, into what is now called electromagnetism, or the
electromagnetic field.
2. The weak nuclear force is responsible for radioactive decay.
According to the Standard Model of elementary particle physics,
the weak interaction is mediated by the W- and Z-bosons, which
are “virtual particles“. Neutrinos also are known to be involved in
the weak interaction. It has been shown that the weak force is
essentially the same as electromagnetism at very high energies.
Thus, these two forces are said to be “already united“.
3. The strong nuclear force holds protons and neutrons together. It is
carried by gluons and quarks in combination, although direct
experimental proof of their existence was not achieved until
recently.
4. Gravitation is the fourth fundamental force, but it does not fit with
the theoretical picture of the other three, since it is regarded
(after Einstein's General Relativity theory) as the curvature of
space-time, which does not correspond to a classical force term.
On the other hand, General Relativity today has been well-tested
experimentally, so that nobody doubts its validity.

2. Unification
If a unified description and formalism could be given for these four
very different forces, many new theoretical insights and practical
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applications would result. In addition, mutually-reciprocal interactions -which today’s mainstream physics does not recognize -- could then be
predicted and used. As we will see later, such interactions open new
possibilities for power generation. In view of the urgent global energy
crisis, this might be the most important
application of such a unification.
The first three fundamental forces concern quantum physics (the
world “in the small“), while the fourth force (gravitation) applies on all
scales, including cosmic orders of magnitude. Therefore, the underlying
fundamental problem is to unify General Relativity with quantum
mechanics. Conventional science has explored essentially three different
pathways which might achieve this result:
1. Bringing general relativity into quantum physics. The
insurmountable difficulty here is that time in quantum physics is
treated as a unique continuous parameter, which is
incommensurate with the quantized coordinates of distance (or
spatial displacement).
2. Quantization of General Relativity. But the mathematical formalism
for this approach is thus far inconclusive, and unable to make
reference to experimental tests.
3. Invention of a totally new theory, from which the others follow.
The various “string theories” are examples, but they require unphysical high-dimensional spaces (N>10), and have not
produced testable predictions.
The solution comes, surprisingly, in an unexpected way. By
extending the Einstein theory along the lines first suggested by Cartan,
Evans shows that all four fundamental forces are derivable from one
extended theory. This represents the long-sought Unified Field Theory.
Evans’ approach does not exactly follow any of the three abovementioned pathways, although it is closest to the third one in the list.

3. Basis for Evans’ theory
To understand the basis of Evans’ theory, we must review the
starting-point of Einstein’s relativity theory. Einstein postulated that the
presence of a massive body or an energy distribution in space (which are
really interchangeable, according to the famous formula E=mc2) changes
the geometry of space. Viewed from right-angles within a Euclidean
coordinate system, it “creates” a curvature of space (or, more accurately,
space-time). One can write this directly as a formula:
E=mc2,
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In which R designates the (tensor of) curvature, T the (tensor of)
energy-momentum density, and k is a proportionality constant. The left
side of this formula is geometry, the right side is physics. Einstein thus
used the geometry of curvilinear coordinates, which goes back to the
mathematician Riemann. This formula implies that space-time (i.e. the
three space coordinates, and time as the fourth coordinate) is a 4dimensional continuum (or manifold) whose curvature we perceive as a
force (namely gravitation).
Notably, Einstein’s formula did not exploit all possible
characteristics of Riemann’s geometry. It turns out that R describes only
the intrinsic curvature of the manifold; in other words, it is limited to
describing vectors whose point-to-point variation lies entirely within the
manifold (see Fig. 1A).

Fig. 1: Curvature and Torsion
In contrast to this, Cartan employed considerations of extrinsic
curvature. This means that vectors are also allowed to vary within (and
normal to) the plane tangent to the manifold at any point (see Fig. 1B).
Cartan showed that the extrinsic curvature of space-time could be taken
to represent electromagnetism as described by the Maxwell equations.
Unfortunately, Einstein’s use of the mathematical concept of tensors
made the relation to Cartan’s concept of geometry unclear. Cartan used
the so-called “tetrad” to represent the manifold’s extrinsic curvature. In
the 3-dimensional case, this reduces to a Cartesian-coordinate “triad”,
which moves along with a point in space. More exactly said, the tetrad
specifies a tangent space at each point of the Riemann manifold. In this
way, one maintains at each point a Euclidean tangent space (a so-called
fiducial space), which greatly simplifies the description and visualization
of physical processes (Fig. 2).
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Fig.2: Tangent plane at a curved surface
Despite the value of Einstein’s and Cartan’s insights, a united
theory could not yet be formulated, because experimental indications of
how to extend Maxwell’s theory in a manner consistent with General
Relativity were still missing. The crucial connection was found by Evans
around 1990 in the spin field or В(3) field.
The decisive empirical effect -- the Inverse Faraday Effect (IFE),
i.e. the magnetization of matter by a beam of circular-polarized
electromagnetic radiation, first observed experimentally in 1964 -- could
not be explained by Maxwell-Heaviside electrodynamics, except by
introducing an ad-hoc material property tensor.
However, Evans in 1992 was able to derive the IFE directly from
first principles (generallycovariant unified field theory, which includes
general relativity), and thereby inferred the existence of a previously
unknown magnetic field component -- the В(3) field. В(3) is,
informally, a general-relativistic correction to classical electrodynamics,
somewhat analogous to the general-relativistic correction to Newtonian
gravitation needed to explain the perihelion-advance of Mercury.
The index numbers – (1), (2) and (3) -- here refer to the so-called
circular basis; and the polarization directions В(1) and В(2) refer to the
directions of transverse polarization of the field. Thus a polarization
index must be inserted into the Maxwell equations. This polarization
index corresponds to the tetrad vectors qa in Fig. 2. Finally, this leads
Evans to postulate that the geometrical representation of the
electromagnetic vector-potential A should be a follows:
Aa = A(0) q(a)
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where A is the 4x4-matrix of the complete electromagnetic potential, and
A(0) is a proportionality factor. The electric and magnetic fields

F(a) of the total electromagnetic field) then
emerge directly from Cartan’s expression for the torsion T(a):
F(a) =A(0) T(a)

(combined into the tensor

In this formalism, electrodynamics is completely attributed to the
geometrical torsion of space-time. The complete picture, unifying
electromagnetism with gravitation, requires both Riemann curvature and
Cartan torsion. The intrinsic curvature determines gravitation, and the
extrinsic curvature (i.e., torsion) determines the electromagnetic field.
This is described in detail by suitable field equations in form of RiemannCartan geometry. This theory is now called Einstein-Cartan-Evans (ECE)
theory, after the names of its principal authors.

4. Unification with strong and weak forces
Still to be described is how the remaining two fundamental forces
are represented in the ECE theory.
If one analyzes the equations of the theory, it is noticeable that it is
formulated for the tangent space of the Riemann manifold. The number
of basis vectors of this space can be selected freely, it needs not be fourdimensional. Thereby the possibility is offered of selecting such bases
which are suitable for the description of quantized action (e.g. electron
spin). Furthermore Evans derived from Cartan geometry a wave
equation, which is in principle a nonlinear eigenvalue equation. Under
certain approximation assumptions this equation becomes linear and
predicts discrete stable states. Those are the “quanta” of energymomentum in quantum mechanics. All quantum-mechanical theories, in
particular Dirac’s electron theory, and the strong and weak interactions,
can be deduced in this way as special cases of the ECE theory.
If we compare this result with the three conventional paths to
unification referred to above, it is noticeable that none of these was
actually used. The new theory predicts quantum effects without assuming
them (as a postulate) from the beginning. The first two forces
(electromagnetism and weak force) are combined, the third and fourth
turn out to be derivable from other considerations. In short, there are no
truly “fundamental forces” because they all emerge from geometry!
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5. Implications for quantum physics
The main implication is that quantum theory in its current form is
not a fundamental description of Nature. In particular, the Heisenberg
interpretation and the Correspondence principle are incorrect. The ECE
version of quantum physics rests upon a classical, fully deterministic
basis; quantum indeterminacy plays no role. Nevertheless the equations
of quantum mechanics (for instance the Schroedinger equation) are
correct and describe classical statistical processes. It would be a mark
against ECE theory if it did not predict this result, because the equations
of quantum mechanics are experimentally verified a thousandfold.
Evans also argues that the Heisenberg Uncertainty relation arose
only by a misunderstanding, and is not justifiable. All physical masspoints of a field theory are actually densities -- i.e. quanta of matterenergy spread over a volume of space. Thereby the Planck quantum of
action is to be divided by the volume, for instance, of the measuring
instrument in which two complementary variables (e.g. position and
momentum) are measured. The result can become arbitrarily small, i.e.
the uncertainty can be reduced to powers of ten smaller than previously
believed. An elementary particle, therefore, is neither exclusively a wave,
nor exclusively a particle, but possesses characteristics of both at the
same time.
This sounds fantastic as a theory of physics, but exactly that was
measured already some years ago [5]. The experimental refutation of the
uncertainty relation was accomplished by mainstream physics.

Fig.3: The Aharonov Bohm effect
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As a further example of an effect which was previously difficult to
explain, we consider the Aharonov Bohm effect (Fig. 3). Two electron
beams are diffracted by a double gap, at the screen, a typical interference
pattern is produced. In the diffraction zone is a closed toroidal coil. The
magnetic field is circularly closed and thus remains within the coil. If one
now switches on and off the magnetic field, in each case two different
interference patterns result. The closed magnetic field thus has an effect
on the electron beams, although these are not in direct contact with the
coil. This appears to be a quantum-mechanical “action at a distance“,
which has given rise to many confusions and unsound speculations.
This problem is treated in ECE theory as follows. The magnetic
field of the coil creates a space-time “vortex” (due to its torsion) which
extends into the space outside of the coil itself. The pulling effect of this
vortex (i.e. the effect of vector-potential A) is then able to influence the
electron beams. Thus, the apparent “action at a distance” is reduced
formally to local, causal deterministic effect.
Evans points out that torsion is always accompanied by curvature.
Since curvature is manifested as gravitational mass, it follows that the
spin of all elementary particles must contribute a component to their
gravitational mass. From the neutrino one knows this already
experimentally, even if the standard model fails here. Also photons must
possess a gravitational mass, which is extremely small, however, and is
situated below current detection limits.

6. Implications for technology
Typically, new theories lead to practical applications only after
many years. In the case of nuclear fusion, the hope of producing useful
power for society’s use remains unfulfilled even after 50 years. In
contrast, the ECE theory suggests direct applications in diverse fields -in particular, the urgent question of energy production.
The possibility of a new energy source arises from the reciprocal
interaction between gravitation and electromagnetism. According to
current standard theory (Maxwell equations) this interaction is not
possible.
However, the ECE theory predicts that a gravitational field is
always connected with an electrical field, and vice-versa [6]; this might be
called “electrogravitics”. The effect has been known empirically for
decades, of course, but until now has lacked a quantitative description.
That is now possible with assistance of the ECE theory. This application
should interest the aircraft and space industries greatly.
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In the area of electrical generators, the unipolar generator awaited
an adequate explanation since its invention by Faraday in 1831. This is
now completely explainable [7]. Similarly as with the Aharonov Bohm
effect, the torsion of space-time must be considered. In this case it is
created due to the mechanical rotation.
The most interesting technical application involves the extraction of
energy directly from space-time. One must understand this as a
resonance effect. First the equations of ECE theory show that matter can
“transduce” energy from the surrounding space-time (one sometimes
speaks also of “vacuum”). To accomplish this in practice requires that
one fabricate a suitable configuration of space-time, e.g. a skillful
mechanical or electromagnetic arrangement. The configuration must be
so arranged that a resonant excitation of the material takes place. One
knows from forced mechanical oscillations that, with suitable excitation
frequency, large amounts of power can be transferred to or from the
oscillating system.
Probably many “overunity” inventions on the alternative power
scene function this way. In these cases, the inventors found the
resonance mechanism by accident. Therefore, some experiments are not
repeatable, because the fundamental mechanism and critical system
parameters, which led to the desired result, are not actually known.
The ECE theory makes it possible to calculate these parameters
exactly. The AIAS group is presently studying the excitation mechanism,
via numerical solution of the ECE equations. Experimentally the focus is
on resonance excitation in electrical circuits. If one can obtain power in
this way, mechanically moving parts (as in generators) are not required;
and due to the smallness of the source, each electrical appliance could, in
principle, be fitted with its own power supply. The basic components
would be cascadeable up to power station size.
A final application is in medical technology. Nuclear magneticresonance (NMR) tomography requires very high magnetic fields, which
forces a correspondingly complex design and construction. Instead one
could use the Inverse Faraday Effect (described above) to generate the
required magnetic fields in the patient. This requires only electromagnetic
radiation in the radio-frequency range. Large solenoid coils are then not
required, and the NMR apparatus could be built substantially smaller and
cheaper.
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7. Implications for cosmology
The ECE theory also has implications for astrophysics and
cosmology. Expansion of the universe is conventionally said to be
governed by Hubble’s Law, which predicts that galaxies move away from
us all the faster, the further they are distant from us. This is based on the
red shift of starlight from the receding galaxies.
However, astronomers have recently found red-shift fluctuations
which cannot be reconciled with Hubble’s Law, although this is not
publicly discussed. The ECE theory can explain these deviations easily.
One can translate the ECE equations into a dielectric model. The
reciprocal effect between radiation and gravitation is described therein by
introducing a complex-valued dielectric constant. This leads to
predictions of refraction of light and absorption. In areas of the universe
with high mass-density, the dielectric constant is larger than in areas of
low mass -density. The absorption of energy within these areas leads to
an increased red shift. Such a model goes far beyond the Hubble model.
In Evans’ theory, the cosmic background radiation accounts for
absorbed radiation energy, and is not seen as evidence for the Big Bang,
which does not occur in this model. Instead there are expanding and
contracting zones of the universe adjacent to each other.

8. Summary
The ECE theory describes a unification of the four fundamental
forces, and their reciprocal interactions, in a simple unorthodox way. All
physics becomes reduced to geometry. The quantum theory is placed on
a causal deterministic basis, while statistical description of processes on
the atomic level is preserved.
The important points of the ECE theory are the following:
1. Space-time is completely specified by curvature and torsion. All
physics can be derived, via differential geometry, from these
underlying primordial qualities of space-time.
2. Curvature is the basis of gravitation, and torsion is the basis of
electromagnetism.
Also, torsion implies curvature, and vice-versa.
3. The ECE theory is mathematically based on differential geometry.
It relies exclusively on causal connections and no stochastic
processes.
4. The ECE theory rests on three postulates: the curvature postulate
of Einstein and the two torsion postulates of Evans within the
electromagnetic sector.
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5. The insights of Einstein are even more penetrating than they were
believed to be at first. Specifically, Einstein’s views that “all
physics is geometry” and that “quantum mechanics is
incomplete” are correct.
6. The Copenhagen interpretation of quantum mechanics is incorrect;
the abstract space of quantum theory is the tangent space of the
general relativity.
7. The coupling of electrodynamics with gravitation leads to a large
number of new
applications.
8. In cosmology, there is neither a Hubble Law, nor a Big Bang. These
ideas are difficult for established university scientists to digest
without fundamentally re-orienting themselves. The Evans
theory will receive strong impetus for further development if it
actually succeeds opening new energy sources. Then these ideas
will become generally accepted either with or without the
support of universities and research institutes.
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Introduction
In the well-known work «About equilibrium of heterogeneous
substances» [1] J. Gibbs first distributed methods of thermodynamics to
open systems. The generalized equation of 1-st and 2-nd laws of
thermodynamics of open systems (received in the further name of a
Gibbs ratio), looked like:
dU = TdS - pdV + Σk μk dNk ,
(1)
where U - internal energy of system; T, p - absolute temperature and
pressure; μk ≡ (∂U/∂Nk) - potential of k-th component (further named
as chemical potential), found in conditions of a constancy of entropy of
system S, its volume V and number of mole of other independent
components Nm.
Being based on this equation, Gibbs has found conditions of
equilibrium distribution of k-th substances in heterogeneous system
which is not be located in external force fields. These conditions consist
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in equality of their chemical potential k in all parts of such system at
presence in it of thermal and mechanical equilibrium.
However, as shows experience, the thermal, mechanical and
material equilibrium comes generally not simultaneously. Thus for
maintenance of material equilibrium (i.e. discontinuance of processes of
redistribution of k-th substances) the presence of thermal and mechanical
equilibrium sometimes is not obligatory. This case is considered in the
theory of irreversible processes (ТIP) [2,3], which studies processes of
carry of substance under action of gradients or differences of
temperature, pressure, electrical potentials etc.
According to this theory, the flow of k-th substance Jk depends
on all thermodynamic forces Xj, acting in system and expressed (in their
energy representation) through negative gradients or differences of
temperatures, pressure and chemical potentials of all components of
system [2,3]:
Jk = Σ j Lkj Xj (j =1,2,…K, К+1, …n),
(2)
where Lkj - empirical coefficients of transfer.
Thus in ТIP the so-called stationary condition are considered,
which are characterized by disappearance of flows of substance Jk at
preservation of flows of heat, charge etc. Stationary conditions differ
from a condition of material equilibrium by presence in stationary
conditions alongside with thermodynamic parameters of coefficients of
transfer Lkj.
Agrees to the phenomenological laws (2), the flows of k-th
substances do not stop with the disappearance of falls or gradients of
chemical potential of all components of system, i.e. with satisfaction of
material equilibrium conditions on Gibbs. On the contrary, while there
are flows of k-th substances, can be observed so-called heat-mass transfer
(i.e. the transfer of internal energy by these substances), that corresponds
to image about absence of thermal equilibrium. All this testifies to
necessity of more precise definition of these conditions. You see is quite
clear, that the laws (2) would obtain more simple "diagonal" form (with
unique driving force Xk), if this force really corresponded to conditions
of material equilibrium (Jk = 0 at Xk = 0).

1. Conditions of independence of processes of heat
exchange, volumetric deformation and mass transfer
The necessity of reduction of the differential equations of
researched processes in conformity with their conditions of unambiguity
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is well-known. With reference to a considered task it means, that if we
want to allocate conditions of material equilibrium as independent from
thermal and mechanical equilibrium, the energy of system U should be
submitted through the variables really remaining independent in
conditions of the considered problem.
Writing down a ratio (1), Gibbs assumed, that members TdS and
pdV still (as well as in the closed systems) characterize heat exchange and
work of expansion. It corresponded to existing in that time concepts of
entropy S and volume V as physical magnitude, which constancy is a
necessary and sufficient attribute of absence of processes of reversible
heat exchange and work of expansion. Really, in [1] we find: «... if the
system will consist of parts between which, as it is supposed, there is no
thermal connection should be counted impossible any reduction of
entropy in any of these parts as such changes cannot occur without carry
of heat». However such statement is fair only for the closed systems. In
open systems entropy S with necessity changes at change of common
number of moles of system N. Therefore at definition of heat and work
in open systems there was a necessity to exclude from complete change
of entropy dS and volume dV that their part, which is caused which is
caused by mass exchange and diffusion. Despite of available
disagreements in a presence of this part [2,3], the majority of researchers
has come to understanding of heat in open systems as that part of energy
exchange which is not connected to transfer of substance through
borders of system. Therefore we can not any more write instead of (1):
dU = δQ - W + Σk μk dNk .
(3)
In open systems entropy S and volume V changes with necessity
at change of common number of moles of system N (by mass transfer),
and also at change of its composition (by diffusion). That circumstance
breaks a condition of its constancy, underlying in above mentioned
definition of chemical potential k. This remark concerns and to other
definitions of chemical potential as derivative from enthalpy H, free
energy F or Gibbs, potentials G. It is one more reason compelling to
reconsider the material equilibrium conditions.
To mark out conditions of material equilibrium, it is necessary
before all to determine the mass transfer as process which is not
dependent on heat exchange and volumetric deformation, and last - as
not dependent from mass transfer. For this purpose it be required
knowledge of coordinates of processes of reversible heat exchange and
works of expansion in open systems, i.e. parameters, with necessity
varied at course of the mentioned processes, and remaining constant in
their absence. To a regret, such coordinates till now are not found, as
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generates uncertainty of definition of heat and work in open systems
[2,3]. It is obvious, that full entropy S and volume V of system are not
such coordinates as they change and at mass transfer (N = var). Are not
them both specific entropy and volume of a mix s = Σk sk rk, v = Σk vkrk,
as they change at diffusion (change of molar portions rk of k-th
components at N = const). Cannot be coordinates of heat exchange and
work in open systems and partial molar values of entropy and volume of
k-th components sk and vk, as they also change with change of
composition of system.
For overcoming the specified difficulties we shall take into
account change of entropy and volume of system in process of mixing,
having presented them as:
S = Σk Nk sko + ∆Smix ; V = Σk Nk vko + ∆Vmix,
(4)
where sko(р,Т) и vko(р,Т) - molar entropy and volume of the pure k-th
substances, of which the mix is made (considered as function of
temperature Т and pressure р); ∆Smix, ∆Vmix - change of entropy and
volume in process of isobaric - isothermal mixing.
According to (2), full change of entropy and volume of a mix can
be presented as the sum of reversible dеS = Σk d(Nk sk), dеV = Σk d(Nk
vk) and irreversible (diS = dSmix, diV = dVmix ) parts. In that case for
definition of elementary heat ΣQ and elementary work of expansion W
in open systems it is necessary to deduct from full change of entropy dS
and volume dV not only their that part ΣkskodNk and Σk vkodNk, which is
caused by transfer of k-th components through borders of system, but
also spontaneous changes dSmix, dVmix in process of mixing:

Q = TdS – TdSmix - Σk TskodNk = TdеS - Σk TskodNk ;
W = pdV - pdVmix - Σk pvkodNk = pdеV - Σk pvkodNk .

(5)
(6)

As in reversible processes dеS - Σk sk dNk = Σk Nk dsk and dеV - Σk
vk dNk = Σk Nk dvk, the given definition of heat and work is equivalent to
expression of heat and work in the closed system consisting of same k-th
noninteracting substances (or substances separated from each other with
mobile heat-condacting partition):
Q = Σk NkT dsko;
W = Σk Nk p dvko .
(7)
Thus, in open multicomponent systems as coordinates of heat
exchange and work of expansion it can be accepted the molar entropy sko
and molar volumes vko of any of components of the reversible prepared
mixture. The finding of these coordinates obviate difficulties in definition
of heat and work for open systems [2,3], allowing to present full
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differential of internal energy U as function of really independent
variables sko, vko and Nk:
dU = Σk NkTd sko - Σk Nkpdvko + Σk ζk dNk,
(8)
where ζk - diffusion potential of k-th component, found in conditions of
a constancy of sko, vko and Nm.
The expression (8) represents the alternative form of ratio (1), in
which right part really correspond to elementary quantities of heat
exchange Q, works of expansion W and energy mass transfer Um:
dU = δQ - δW + Σk ζk dNk.
(9)

2. Communication of the diffusion and chemical
potentials
Let's subtract from first two composed expressions (1) members
Σk skdNk, Σk vkdNk and simultaneously we add them to it last composed
to not break balance of energy. Taking into account, that the ratio (1)
concerns to reversible processes (dS = deS, dV = deV), and comparing
expression received after such rearrangement composed, with (8), we
shall find:
Um = Σk ζk dNk = Σk (μk + Tsko - pvko)dNk ,
( 10 )
From here follows, that
ζk = μk + Tsko - pvko.
( 11 )
If to take advantage of known representation of chemical
potential μk through partial molar quantities (partial molar energy uk,
partial molar entropy sk and partial molar volume vk of k-th component
μk = uk – Tsk + pvk [2,3] the ratio (9) can give a kind:
ζk = uk + T(sko - sk) - p(vko- vk) .
( 12 )
The difference sk* ≡ (sko - sk) between entropy sko, which one mole
of k-th substances has import in system, and the valid increment of
mixes entropy sk in isobaric-isothermal process of its input and the
subsequent mixture, has been considered for the first time by E. Eastman
(1926) and C. Wagner (1929) [2,3]. They have named sk as ”entropy of
transfer”, and corresponding to it heat
qk* ≡ Tsk* = T(sko - sk)
( 13 )
as «heat of transfer» of k-th component (In the literature there are also
other definitions of the given value. So, Haase [3] names value sk as
”entropy of transfer”. We adhere to most customary definitions [2],
understanding (after Eastman) under entropy of transfer the value sk =
qk/T). In the theory of irreversible processes the values sk is entered as
one coefficients of transfer Lkj and treated as energy, transported by mole
of k-th substances in absence of a gradient of temperature. Now after its
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representation through parameters of a state it appears as the
thermodynamic function having sense of heat of mixture.
By analogy size
( 14 )
wk* = p(vko - vk)
it would be possible to name as “work of transfer”. Difference (vko - vk)
characterizes the volumetric effects connected to input of k-th substance
and caused by interaction of components during mixture. In specific
case of phase transitions qk and wk get sense of heat and work of these
transitions.
For not interacting substances (qk, wk= 0; uk = uko) potential ζk is
equal to internal energy uko, transported by mole of k-th substance
through borders of system. It is easy to be convinced of it, reasoning "
from opposite ". Really, for pure of k-th substance as a closed system is
fairly the expression duko = δqk - δwk = Tdsko - pdvko. Multiplying all
members of this equality on Nk and taking into account, what δQ =
ΣkNkqk ; W = Σk Nkwk, after Legandr’s transformation Nkduko= dU ukodNk and summation on all components, for a mix of not interacting
substances we have:
dU = δQ - δW + Σk ukodNk.
( 15 )
It is easy to see, that the equation (3) does not pass in (15) in
absence of interaction of components, as that should be expected. It is
one more argument showing of necessity of replacement of chemical
potential on diffusive.
That circumstance, that heat and work of transfer excluded from
δQ and W, have come in other part of the equation of balance of energy
(1) Um, quite naturally, as the balance of energy thus should not be
broken. Nevertheless such regrouping of the members predetermines in
the further transition of conditions of stationarity in conditions of
equilibrium. It is connected that diffusion potential, remaining function
of a condition, takes into account thermal and volumetric effects, which
in ТIP concern to functions of process.

3. Conditions of material equilibrium of
heterogeneous systems
Let's find out now conditions of equilibrium distribution of k-th
component following from ratio (8) and (9). Applying Gibbs’s method,
we shall break system into a number of homogeneous subsystems, for
each of which is fair the ratio (8). Designating parameters concerning to
these subsystems according to one, two, etc. strokes, we have:
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dU = Σk Nk'Tdsko - Σk Nkpdvko + Σk ζk dNk +
+ Σk Nk"Tdsko - Σk Nkpdvko + Σk ζk dNk+ ... = 0. ( 16 )
This expression should satisfy to the equations of the imposed
connections, which reflect a constancy Nk in system as a whole at an
exchange by k-th substance between its parts and invariance of
parameters sko, sko , vko and vko by thus:
dNk + dNk + ... = 0 (k = 1,2,..., К).
( 17 )
dsko= dsko= dvko= dvko = 0;
( 18 )
Comparing expressions (16-18), we come to a conclusion, that for
diffusion equilibrium in conditions sko, vko = const (p, T = const) it is
necessary and enough:
ζk = ζk = ζ k d .
( 19 )
Thus, the known statement that by a condition of equilibrium
distribution of the any real component is a constancy of its potential in all
parts of system, remains in valid – it is changes only the form of
representation of this potential. However now becomes completely clear,
that potential of a component changes depending on conditions of
unambiguity of researched process. Let's assume, that the subsystems
have a rigid environment and separated from each other by partition,
permeable for solvent. Then the input of this substance is accompanied
by infringement of mechanical equilibrium. It is connected with so-called
"work of input" pvk dNk and work of transfer p(vko - vk), creating in
common pressure differential ∆p = p" - p' between parts of system. For
such a case equations of the imposed connections accept a kind:
dNk + dNk + ... = 0 ;
( 20 )
dV = dV = ... = 0;
( 21 )
dsko= dsko= … = 0;
( 22 )
In these conditions, characteristic for osmosis, independent
variables are sko, V and Nm. Resulting the ratio (1) in conformity with
conditions of unambiguity (20-22) and believing in (1) dV = 0, after a
regrouping its composed (subtraction and addition of the member Σk Tsk
dNk we have:
dU = Σk NkTdsko + Σk ςk dNk .
( 23 )
where
ςk = hk + T(sko - sk),
( 24 )
hk - partial molar enthalpy of k-th component.
This potential is named in [6] osmotic. In a case of osmotic
equilibrium:
ς k = ς k
( 25 )
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In an even more special case, when the components do not
interacting (sko = sk, hk = hko), the condition (25) accepts a kind:
hk  = h k  .
( 26 )
The infringement of this condition entails, for example, process of
a filtration. On this basis it is possible to call enthalpy as filtration
potential. Thus, a variety of conditions of unambiguity entails a variety of
potential of a component.

4. Discussion of results
The specified form of potential of a component differ from
chemical potential by independence of processes of heat exchange and
expansion, simultaneously proceeding in system. It makes conditions of
material equilibrium independent from conditions of thermal and
mechanical equilibrium.
Further, due to replacement of chemical potential by diffusion it is
possible to find that unique (resulting) driving force
Хk = - ∆ζk = -Σk (∂ζk /cm) Δcm - qk*ΔT + wkΔp, (m =2,3,…K) ( 27 )
which disappearance lead to discontinuance of process of transfer of k-th
substance [5]. Thus the diffusion laws obtain more simple ("diagonal")
form
Jk = Dk Хk ,
( 28 )
in which the flow of k-th substance Jk is defined by a negative gradient
(or difference) of diffusion potential only k-th component Хk as function
of temperature T, pressure p and concentration cm of all independent
components of system. In comparison with expression (2) it reduces in
K2 of time number of experimental coefficients of diffusion. Selfconsistency of such description of diffusion processes is shown in [5,6].
Thirdly, the thermodynamic forces (28), found on the basis of the
specified conditions of material equilibrium, take into account thermal
and volumetric effects of mixture and consequently alongside with
processes of diffusion and osmos describe the "collateral" phenomena,
accompanying them [5,6]. Thus the specified effects receive a new
explanation as a consequence of superposition of the components (∂ζk
/∂cm)∆cm , qk*∆T and wkp of a resulting force (28).
In - fourth, the more precise definition of material equilibrium
conditions has allowed to offer a new method of research of irreversible
processes, which due to preservation of the diagonal form of the
generalized laws (28) does not require application of the Onsager’s
reciprocal relations and consequently is not limited to frameworks of the
linear phenomenological laws [7]. The generality of this method is shown
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in [8] by reception of all thermomechanical, thermochemical, thermoelectrical and so on effects, considered usually in the theory of
irreversible processes. All this it confirms utility of the undertaken
specification of material equilibrium conditions.

Notation
U, S, V - internal energy, entropy and volume of the system; Nk,
N - number of moles of k-th substances and systems as a whole; Q, W,
Um - elementary amounts of heat, work and the energy transferred by
substance, J; Т, p - absolute temperature (К) and pressure, Pa; u, h - its
specific internal energy and enthalpy, J/kg; v - specific volume of the
system, m3/kg; s - its specific entropy, J/kg∙K; vk, sk - partial molar volume
(m3/mole) and partial molar entropy (J/mole∙K) of the k-th component; sko,
vko - molar volume and entropy of pure k-th substances; k - chemical
potential of a mole of the k-th component (J/mole); rk, ck - its molar and
mass fraction (mole/mole and kg/kg); ζk, ςk - diffusion and osmotic
potentials of a mole of the k-th component, J/mole; Xk - driving force of
the process of his transfer; q*, w* - heat and work of transfer of the k-th
substances, J/mole.
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Introduction
More than centenary had passed before it became clear that
“thermodynamics unaware of time” (to a Brian’s figurative locution) was
substantially thermostatics wherein only Fourier’s, Navier’s, Ohm’s,
Fick’s, Darcy’s, Newton’s, etc. equations prefigured the coming theory of
non-static (running with finite rate) processes, viz. thermokinetics.
However, the development in that direction demanded introducing in
thermodynamics the transfer concepts intrinsically extraneous for it. The
rise of engineering interest in phenomena at the interface between
various disciplines and perception of their close relation with the
phenomena of the energy dissipation led to creating, in the early 20th
century, the thermodynamic theory of real process rate. This field in
macroscopic physics of the 20th century was named the theory of
irreversible processes (L. Onsager, 1931; I. Prigogine, 1947, 1955; H.
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Cazimir, 1945; K. Denbigh, 1951; S. De Groot, 1952, 1962; J. Meixner,
1954, I. Gyarmati, 1960, 1970; R. Haase, 1962, etc.). It has enriched the
theoretical mind of the 20th century with a number of general physics
principles and notably contributed to cognition of the in-depth
interrelations between different-type phenomena. That contribution was
appreciated by two Nobel prizes awarded in the field (Onsager, 1968; I.
Prigogine, 1977).
However, the theory of irreversible processes (TIP) was constructed
by extrapolating classic thermodynamics beyond the strict framework of
applicability of its system equilibrium and process reversibility concepts.
This has led the TIP to its losing the rigor and completeness intrinsic for
the classic thermodynamic method. Problems arose primarily from the
necessity to introduce into thermodynamics the transfer concepts
inherently extraneous for it, from the incorrectness to apply the
equations of equilibrium thermodynamics to irreversible processes in
view of their inevitable change to inequalities, from the inapplicability of
the classic notions of entropy and absolute temperature to thermally
heterogeneous media, etc, which demanded to introduce a number of
complimentary hypotheses and to attract from outside balance equations
for mass, charge, momentum, energy and entropy with time involved as a
physical parameter. Even heavier obstructions arise with attempts to
generalize TIP to non-linear systems and states far away from equilibrium
where the Onsager-Casimir reciprocal relations appear to be violated (S.
Groot, 1956; R. Mason et al, 1972) and the law of entropy minimal
production becomes invalid (I. Prigogine, 1960; I. Gyarmati, 1974).
Attempts to overcome these difficulties without whatever correction on
the conceptual fundamentals and body of mathematics of classic
thermodynamics failed.
A remedy can be found in building of non-equilibrium
thermodynamics on its own more general notional and conceptual
foundation with maximal care for the classic thermodynamic heritage.

1. Extension of Variables Space
The fact that relaxation vector processes (temperature, pressure,
concentration, etc equalization) run in non-equilibrium systems requires
introducing specific parameters of spatial heterogeneity characterizing the
state of continuums as a whole. To do so, it is necessary, however, to
find a way how to change over from the density (fields) distribution
functions ρi = dΘi/dV of some extensive physical values Θi to the
parameters of the system as a whole, which thermodynamics operates
with. This change may be conducted in the same way as used in
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mechanics to change over from motion of separate points to system
center-of-mass motion. To better understand such a change, let us
consider an arbitrary continuum featuring non-uniform density
distribution ρi = ρi(r,t) of energy carriers1) over the system volume V.
Fig.1. illustrates the arbitrary density distribution ρi(r,t) as a function of
spatial coordinates (the radius vector of a field point r) and time t. As
may be seen from the figure, when the distribution Θi deviates from that
uniform (horizontal line), some amount of this value (asterisked) migrates
from one part of the system to other, which displaces the center of this
value from the initial Ri0 to a current position Ri. Position of the center
of a particular extensive value Θi defined by the radius vector Ri is given
by a known expression:
Ri = Θi-1 ∫ ρi(r,t) rdV , (i = 1,2,…,n)
(1.1)

Fig.1. To Generation of Distribution Moment
For the same system, but in a homogeneous state, the Θi center
position Ri0 may be derived if factoring ρi = ρi (t ) in equation (1.1)
outside the integral sign:
(1.2)
R i 0  i1  ρi (t )rdV  V 1  rdV .
V

V

Thus the state of a heterogeneous system features the emergence of
specific “distribution moments” Zi of the energy carriers Θi:
Zi = Θi(Ri – Ri0) =  ρi r, t   ρi t  rdV .
(1. 3)
V

The electrical displacement vector D = Θе∆Rе is one of such
moments with Θе as electrical charge and ∆Rе as displacement of its
center.
Expression (1.3) most evidently manifests that the parameters Zi of
spatial heterogeneity are additive values and summed up providing the
ρi (t ) value remains the same in various parts of a heterogeneous system.
This follows from the conservation of integral (1.3) at its partition into
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parts with a volume V’ < V. However, these parameters become zero at
“contraction” of the system to a material point, when ρi(r,t)  ρi (t ) .
This stands in absolute conformity with the degrees-of-freedom theorem
because the processes of density redistribution ρi(r,t) are absent in
material points. And once again this confirms the fact that an entity of
continuum elements considered as a system, non-equilibrium in whole,
possesses additional degrees of freedom.
For any part of a homogeneous isolated system the Ri0 value remains
unvaried since running of any processes is herein impossible. Therefore
the Ri0 may be accepted for such systems as a reference point r and set
equal zero (Ri0 = 0). In this case the vector Ri will define a displacement
of the Θi center from its position for the system being in internal
equilibrium state, and the moment of distribution of a particular value Θi
in it will become:
Z i = Θ iR i
(1.4)
Herein the moment Zi becomes an absolute extensive measure of the
system heterogeneity with respect to one of the system properties – like
such absolute parameters of classic thermodynamics as mass, volume,
entropy, etc.
As follows from expressions (1.2) and (1.3), the distribution moment
Zi emerges due to exclusively the displacement of the Θi center and has
nothing to do with the variation of this value itself. Thus the expression
for the exact differential of the function Zi = Zi(Θi,Ri) becomes:
dZi = (∂Zi/∂Θi)dΘi + (∂Zi/∂Ri)dRi ,
(1.5)
resulting in:
Θi = Zi and ρi = ZiV ,
(1.6)
where ZiV = ∂Zi/∂V – distribution moment in the system unit volume.
In case of discrete systems the integration over system volume will be
replaced by the summation with respect to elements dΘi of the Θi value:
Zi = ΘiRi = Σ i ri dΘi ,
(1.7)
where ri – radius vector of the element dΘi center. Therefore expressions
(1.4) through (1.6) remain valid for also the systems with discrete
distribution of charges, poles, elementary particles, etc. Only the
geometrical meaning of the ∆Ri vector changes; for symmetrical
distributions the vector is defined by the sum of the displacements ∆ri of
all elements dΘi. This may be instantiated by the centrifugal “shrinkage”
of the particles’ momentum flow in moving liquid when forming
turbulent or laminar fluid-velocity profiles in channels (“boundary layer”
formation and build-up).
Explicitly taking into account the spatial heterogeneity of systems
under investigation is decisive in further generalization of the
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thermodynamic investigation method to non-equilibrium systems. As a
matter of fact, this is the spatial heterogeneity (heterogeneity of
properties) of natural objects that causes various processes running in
them. This implies the exclusive role the distribution moments Zi play as
a measure for deviation of a system in whole from internal equilibrium of
the ith kind. Introducing such parameters allows precluding the major
drawback of non-equilibrium thermodynamics, viz. lack of extensive
variables relating to the gradients of temperature, pressure, etc. Classic
thermodynamics is known to have crystallized into an independent
discipline after R. Clausius succeeded in finding a coordinate (entropy)
related to temperature in the same way as pressure to volume and thus
determinately described the simplest thermo-mechanical systems. The
distribution moments Zi play the same part in non-equilibrium
thermodynamics coming into being. As will be shown later, these relate
to the main parameters introduced by non-equilibrium thermodynamics
– thermodynamic forces, in the same way as the generalized potentials to
the coordinates in equilibrium thermodynamics. These are the
distribution moments which make the description of heterogeneous
media a deterministic one thus enabling introducing in natural way the
concept of generalized velocity of some process (flow) as their time
derivatives. They visualize such parameters as the electrical displacement
vectors in electrodynamics and generalize them to phenomena of other
physical nature. In mechanics the Zi parameters have the dimension of
action (Θi – momentum of a body, Ri – its displacement from
equilibrium position), imparting physical meaning to this notion. These
are the parameters which allow giving the analytic expression to the
system working capacity having thus defined the notion of system energy.
Using such parameters provides a clear view of the degree of system
energy order, enables proposing a universal criterion of the nonequilibrium system evolution, etc. Paraphrasing a M. Planck’s statement
regarding entropy one may positively say that the distribution moments
are exactly the parameters entire non-equilibrium thermodynamics is
“standing and falling” with.

2. Introducing of redistribution and reorientation
processes
The moments of distribution (1.5) contain vectors of displacement
Ri, each of which can be expressed product of a basic (individual) vector
еi, characterising its direction, on module Ri = |Ri| this vector. Therefore
the complete variation of the displacement vector Ri may be expressed as
the sum of two summands:

67

Physics and Astronomy

dri = еidRi + Ridеi ,
(2.1)
where the augend еidRi = dri characterizes elongation of the vector Ri,
while the addend Ridеi – its turn.
Let us express now the dеi value characterizing the variation of the
distribution moment direction in terms of an angular displacement vector
φ normal to the plane of rotation formed by the vectors еi and dеi. Then
the dеi will be defined by the external product dφi×еi of vectors dφi and еi,
so the addend in (2.1) will be ΘiRidеi = dφi×Zi. Hence, expression of full
differential of the distribution moments looks like2):
dZi = (∂Zi/∂Θi)dΘi + (∂Zi/∂ri)dri + (∂Zi/∂φi)dφi.
(2.2)
According to the degrees-of-freedom theorem this means that any
state function describing a heterogeneous system in whole are generally
defined by also the full set of variables Θi, ri and φi. Since further
resolution of the vector Zi is impossible, expression (1.5) indicates there
are three categories of processes running in heterogeneous media, each
having its own group of independent variables. The first-category
processes running at Ri = const involve the uniform variation of the
physical value Θi in all parts of the system. Such processes resemble the
uniform rainfall onto an irregular (in the general case) surface. Here
comes, in particular, the pressure field altered in liquid column with
variation of free-surface pressure. These processes also cover phase
transitions in emulsions, homogeneous chemical reactions, nuclear
transformations and the similar scalar processes providing the
composition variations they induce are the same in all parts of the
system. We will call them hereinafter the uniform processes regardless of
what causes the increase or decrease in amount of whatever energy
carrier Θi (and the momentum associated) – either the external energy
exchange or internal relaxation phenomena. These processes comprise, as
a particular case, the reversible (equilibrium) processes of heat exchange,
mass exchange, cubic strain, etc, which, due to their quasi-static nature,
practically do not disturb the system spatial homogeneity.
Processes described by the addend in (1.5) run with the Θi
parameters being constant and consist in their redistribution among the
parts (zones) of a heterogeneous system. They involve decreasing, e.g.,
the entropy S΄, mass М΄, its momentum Р΄, its volume V΄, etc, in some
parts of the system and by increasing the same in other parts. Such
processes are associated with the Θi value center position variation Ri
within the system and resemble the migration of fluids from one part of a
vessel into another. Therefore we will call them the redistribution
processes. Such processes are always non-equilibrium even if they run
infinitely slowly (quasi-statically) since the system remains spatially
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heterogeneous in this case. State modifications of such a kind are caused
by, e.g., the useful external work of external forces, the non-equilibrium
energy exchange processes that induce non-uniform variation of the Θi
coordinates inside the system, and the vector relaxation processes
involving equalization of temperature, pressure, chemical and other
system potentials. All processes of such a kind feature a directional
(ordered) character, which distinguishes the useful work from the work
of uniform (quasi-static) introduction of substance, charge, etc, or the
expansion work. According to (1.2) the coordinates of the processes
pertaining to this category are understood as the displacement vectors ri.
These coordinates should be attributed to the external parameters of the
system since they characterize the position of the energy carrier Θi center in
whole relative to external bodies (the environment) just as the center of
mass rm of the system or its center of inertia rw.
There are also the processes of reorientation of magnetic domains,
electrical and magnetic dipoles, axes of rotation of bodies, etc., running in
a number of systems, e.g., in ferromagnetic materials. The micro-world
manifests them in, e.g., the unified spin-orientation arrangement’ the
macro-systems – in the spontaneous magnetization of ferromagnetic
materials, while the mega-world – in the close-to-equatorial plane
alignment of the galaxies’ spirals, asteroidal belts, orbits of the primary
planets and their satellites, etc. The systems with processes of such a kind
will hereafter be called, for short, oriented. These include also the bodies
with shape anisotropy. The reorientation processes are not reducible to
the transfer and redistribution processes either. This means that the
coordinate of such kind a process is a variation of the angle φi
characterizing the orientation of distribution moment Zi of the system as
a whole.
Thus, all processes running in heterogeneous systems may be broken
down into three groups: uniform, redistribution and reorientation processes,
which coordinates are, respectively, variables Θi, ri and φi. This
fundamentally distinguishes non-equilibrium thermodynamics from
classic thermodynamics and the theory of irreversible processes, where
the state of a system is defined by exclusively a set of thermostatic
variables Θi.
The undertaken expansion of the space of variables by introducing
the vectors of displacement Ri makes it possible to cover not only
quantitative, but as well qualitative variations of energy in various forms.
The fact that vector processes run in systems along with scalar processes means
that both the ordered We and unordered Wun works are generally done in
such systems. It becomes clear that the irreversibility of real processes
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associated with the energy dissipation (i.e. with losing the capacity for
ordered work) becomes apparent in the process scalarization, i.e. in losing
vector character of the process. Furthermore, a possibility appears to
further distinguish between the energy transfer processes (i.e. the energy
transfer between bodies in the same form) and the energy conversion
processes (i.e. the energy conversion from one form into another).
This is enough in principle to construct a unitary theory of real
processes enabling investigation of any systems (simplex and complex,
closed and open, homogeneous and heterogeneous, isolated and nonisolated, tending to and omitting equilibrium) not outstepping the strict
applicability of its primary concepts.

3. Imparting Identity Character to fundamental
equation of thermodynamics
Let us consider the consequences ensuing from the fact itself of
existing the system energy ℰ(Θi, Ri) as a function of the quite certain set
of arguments (state coordinates) As shown above, the energy of a
heterogeneous system as a function of its state is generally expressed as ℰ
= ℰ[Zi(Θi,ri,φi)], where i = 1, 2, …, n – number of energy components
equal to the maximal number of independent processes for some of their
categories (uniform processes, redistribution and reorientation
processes). This means that the exact differential of energy may be
expressed by the following relationship:
dℰ = Σi(∂ℰ/∂Θi)dΘi + Σi (∂ℰ/∂ri)dri + Σi (∂ℰ/∂φi)dφi.
(3.1)
Derivatives of some system parameters (ℰ) with respect to other ones
(Θi, ri, φi) are also system parameters. Therefore denoting them as:
Ψi ≡ (∂ℰ/∂Θi);
(3.2)
Fi ≡ – (∂ℰ/∂Si);
(3.3)
Мi ≡ – (∂ℰ/∂φi),
(3.4)
gives the fundamental identity of non-equilibrium thermodynamics in
the form:
dℰ ≡ ΣiΨi dΘi – Σi Fi·dri – Σi Мi·dφi.
(3.5)
For isolated systems the right-hand member of identity (3.5)
becomes zero. For systems not changing its spatial orientation the two
last terms in (2.1) and (2.6) may be combined (Θidri + Zidеi = ΘidRi),
then the fundamental identity of non-equilibrium thermodynamics
becomes:
dℰ ≡ ΣiΨi dΘi – Σi Fi·dRi.
(3.6)
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Identities (3.5) and (3.6) are nothing else but a result of the joint
definition of the related parameters Ψi and Θi, Fi and ri or Zi, Мi and φi.
To clarify the physical meaning of the parameters thus introduced, let us
first consider the particular case of internally equilibrium (spatially
homogeneous) and stationary thermo-mechanical systems. Such simplest
systems may be instantiated as the working media of heat engines in the
vaporous or gaseous state. They have two degrees of freedom – thermal
and mechanical, i.e. the capacity for the heat exchange Q and the uniform
expansion work Wex. Due to the absence of redistribution and
reorientation processes in homogeneous systems (dri, dφi = 0) the
parameters Ψi are the same for all points of such a system and equal to
their local values ψi, so that identity (3.5) goes over into a joint equation
of the first and second laws of thermodynamics for closed systems:
dU = Σi ψi dΘi = TdS – рdV .
(3.7)
Since the variation of the coordinates Θi in an equilibrium system is
caused by exclusively the external heat exchange (their internal sources
are absent), the terms of this relationship characterize, respectively, the
elementary heat exchange in the system đQ = TdS and the elementary
expansion work đWex = рdV. In this case the parameters Ψi acquire the
meaning of the absolute temperature T and absolute pressure p. In the
more general case of spatially heterogeneous systems the parameters Ψi
are, as will be shown hereinafter, the generalized local potentials ψi
averaged by mass in all elements of the system.
To clarify the meaning of the terms of the second sum in (3.5), we
must take into account that they correspond to the redistribution
processes running at constant parameters Θi and φi, i.e. with invariable
direction of the unit vector e. Then (∂ℰ/∂ri) = e·(∂ℰ/∂Ri) = Fi·e, i.e.
represents a projection of the resultant Fi on the direction of movement
of the object Θi the force is applied to. Thus the terms of the second sum
in (2.2.5) characterize the elementary useful work đWiе = Fi·dri that has
the same form as in mechanics. This work may be expressed in terms of
the so-called thermodynamic forces Хi defined as:
Хi ≡ – (∂ℰ/∂Zi).
(3.8)
–1
Since at Θi, φi = const, (∂ℰ/∂Zi) = Θi (∂ℰ/∂ri) = Fi/Θi, then the Хi
thermodynamic forces thus introduced are actually the specific forces in
their usual (Newtonian) meaning, i.e. the forces Fi per unit of the value
Θi they transfer. These are, in particular, the specific mass, bulk and
surface forces, for which the Θi value is construed as, respectively, mass
M, volume V and surface f of the body. This category also includes the
Lorenz force Fе related to the electric charge Θе transferred. In the
theory of irreversible processes such forces are termed the thermodynamic
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forces in their energy representation (Gyarmati, 1974). Using them enables
representation of work by two equivalent expressions:
đWiе = Fi·dRi = Хi·dZi.
(3.9)
The work described by expression (3.9) may be mechanical, thermal,
electrical, chemical, etc (depending on nature of the forces to overcome);
external or internal (depending on where the forces arise – either in the
system itself or outside); useful or dissipative (depending on what the
work involves – either purposeful conversion of energy or its
dissipation).
Lastly, the terms of the third sum in (3.5) correspond to the
reorientation processes running with constant Θi and Ri. In this case
Fi·dri = Fi·[dφi,ri], and the parameter Мi acquires the meaning of a torque
from the force Fi:
Мi = Fi×Ri
(3.10)
This “torsion” torque is advisable to be called the “orientation”
torque in the case it becomes zero when the direction of the force Fi
coincides with the direction of the displacement vector Ri.
The fundamental identity of non-equilibrium thermodynamics thus
obtained is valid regardless of what causes the variation of the parameters
Θi, ri and φi – either the external heat exchange or the internal (including
relaxation) processes. Therefore it is applicable to any processes (both
reversible and irreversible). At the same time it is most detailed of all the
relationships connecting the parameters of spatially heterogeneous
systems since it allows for any possible categories of processes running in such
systems.

4. Introducing time and rate into basic equation of
thermodynamics
Due to the fact that non-equilibrium thermodynamics rejects in its
grounds the process idealization expressed in such notions as “quasistatic” (infinitely slow), “equilibrium” and “reversible” a possibility
appears to introduce time as a logically consistent physical parameter into
the equations of non-equilibrium thermodynamics. For that it is enough
to rewrite identity (3.5) in the form containing total derivatives of the
state parameters earlier introduced with respect to time t:
dℰ/dt ≡ ΣiΨi dΘi/dt – ΣiFi·vi – Σi Мiωi .
(4.1)
Here vi ≡ dri/dt – translation velocity of the energy carrier Θi; ωi ≡
dφi/dt – angular velocity of its reorientation (or rotation). In the particular
case, when the parameter Θi means mass of a system, the values v and ω
characterize its linear and angular velocity as a whole.
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According to (4/1) derivatives on time from coordinates Zi define the
specific streams of displacement (transfer) of ith energy carrier Θi:
Ji ≡ dZi/dt = Θivi .
(4.2)
These flows at dφi = 0 may be expressed in terms of their densities
ji ≡ ρidri/dt through the evident relationship:
Ji ≡ Θidri /dt = ∫(dri /dt)dΘi = ∫ ji dV .
(4.3)
It is important, that the streams Ji and ji can be found without
drawing up of the bulky equations of balance of entropy [3]. It is easy to
see that the flows Ji differ in their dimensions from the more usual
notion of flow rate and in their meaning are closer to the “generalized
momentum” Рi = Θivi of the ith energy carrier Θi for a system in whole.
Such flows play an important role in many phenomena. These are, e.g.,
the vector flows of electric displacement in a system with the volume V
defined by the product of the system free charge Θе and the velocity of
its center displacement in the free charge redistribution processes. This is
the value, to which the following parameters are proportional: magnetic
field induction vector (Biot-Savart law), Thomson–Joule heats in
conductors and thermo-elements, electromagnetic force driving a
conductor with current (Ampere’s law), etc. We will hereinafter be
referring to them time and again when dealing with the transfer and
conversion of energy in any forms, which will confirm the necessity and
usefulness of generalizing the Maxwell’s displacement current concept to
phenomena of other nature.
5. Predicting general view for transfer laws
When studying non-static processes, together with the equations of
state it is necessary to know those relating velocity of some process with
its motive forces. These equations include the laws of transfer of heat,
charge, the kth substance, momentum, etc. (Fourier’s, Ohm’s, Fick’s,
Newton’s laws, etc.). They relate the generalized velocity of vector
processes of heat conduction, electric conduction, diffusion and viscous
friction. Arrenius’ law relating the velocity of some rth homogeneous
chemical reaction wr with its affinity Аr is an example of the scalar
process equation. Fundamental equations of non-equilibrium
thermodynamics (3.5) and (3.6) without such empirical laws are equally as
barren as the unified equation of the first and second laws of
thermodynamics in the absence of the equations of state of the systems
under investigation. The particular form of the transfer equations is
derived a posteriori (from experience). However, non-equilibrium
thermodynamics makes certain demands on the number and general
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form of such equations imposing some constraints on the character of
the interrelation between the state parameters these equations contain.
Let us represent the displacement vectors rj as a function of ni
coordinates Θi and nj motive forces Fj:
Ri = Ri (Θi, Fj) (i = 1,2,..., ni; j = 1,2,..., nj).
(5.1)
Taking total derivative of both parts of this expression with respect
to time and keeping in mind that in stationary processes (where Ψi, Fj
=const) these derivatives refer to the value ri only and characterize
velocity of the ith transfer process vi = dri/dt gives:
wi = wi (Θi, Fj) (i = 1,2,..., ni; j = 1,2,..., nj).
(5.2)
Respectively, the displacement flow Ji ≡ Θidri /dt may be defined as:
Ji = Ji (Θi, Fj) .
(5.3)
This relationship reflects the general form of the transfer laws
ensuing from the equations of state of the system under investigation.
The particular form of these equations is derived a posteriori. However,
the fact itself of existing equations for the flows Ji as a function of the
state parameters describing a non-equilibrium system is a good ground to
attribute these flows to the state functions of such systems3). Note that
this statement could by no means ensue from the existing theory of
irreversible processes since this theory, according to the local equilibrium
hypothesis, has never treated the thermodynamic forces Fj = |Fj| as
system state variables. Functional relationship (2.6.5) allows writing the
exact differential of the flow Ji = |Ji| as:
dJi = Σi (∂Ji/∂Θi)dΘi + Σj(∂Ji/∂Fj)dFj (j  i).
(5.4)
Now, to find the displacement flows, this expression should be
integrated between the limits from the equilibrium state (where all Ji = 0)
to the current state:
Ji = Σi ∫(∂Ji/∂Θi)dΘi + Σj∫ (∂Ji/∂Fj)dFj (j  i).
(5.5)
Note that the equilibrium state with Ji = 0 is attained for the so-called
“memory-possessing media” (viscoelastic and viscoplastic materials,
hysteresis phenomena, etc.) generally at some the so-called “threshold”
force value Fj0 other than zero. Therefore the integration with respect to
Fj will be started from exactly this value Fj0. Taking into account the fact
that the value of any parameter does not depend on the integration path,
let us, for convenience’s sake, integrate (5.5) first with respect to Θi at Fj
– Fj0 = 0 and then with respect to Fj at Θi = const. In this case the
integral of the first sum in this expression does not at all contribute to the
flow Ji since at equilibrium state (Fj – Fj0 = 0) none of the coordinate Θi
variations can cause the flow Ji. As for the terms of the second sum, they
may be represented more compactly by designating
Lij  (∂Ji/∂Fj) (j  i).
(5.6)
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Then expression (5.5) becomes:
Ji = Σi ∫ Lij dFj .
(5.7)
Let us consider the most general case, when the phenomenological
coefficients Lij explicitly depend on the forces Fj and thermostatic
variables Θj, i.e. Lij = Lij(Θj,Fj), and. the dependence of Ji on Fj is nonlinear. Then this relation may be represented in the pseudo-linear
(linearized) form. Factoring some values of the functions Lij = Lij (Θj,Fj)
averaged between the limits from Fj0 to Fj outside the integral sign the
above expression becomes:
Ji = Σi Lij (Fj – Fj0), (i, j = 1, 2, ..., nj)
(5.8)
This expression is the most general form of the equations describing
the transfer of heat, substance, charge, momentum, etc. In many of
phenomena the threshold value Fj0 of the force Fj may be neglected.
Then the transfer laws in the form of 5.8 can be rewritten in a simpler
form:
Ji = Σi Lij Fj .
(5.9)
As one can see, they actually integrate the thermal and the kinetic
factors. This is the reason why the coefficients Lij can be referred to
neither state parameters nor mere kinetic coefficients (R. Haase, 1967,
S.R. De Groot, R. Mazur, 1964, etc.). The values of these coefficients for
a particular system are determined experimentally or, as the simplest case,
based on statistical theories. Thus, non-equilibrium thermodynamics
suggests for an investigator a self-consistent form of representing the
results of experiments on finding the transfer equations.

6. Reciprocal Relation in Transfer Processes
One of the most important statements of the Onsager’s theory of
irreversible processes (TIP) was reciprocity relationships between
phenomenological coefficients Lij. To substantiate them, he had to apply
to the fluctuation theory, microscopic reversibility principle and
additional postulate on linearity of the fluctuation damping laws. These
three statements outstep the framework of thermodynamics. Therefore
in the phenomenological TIP reciprocity relationships are usually
adopted as an additional primary postulate sometimes named (after D.
Miller) the “forth law of thermodynamics”.
Let us show that the Onsager’s symmetry conditions Lij = Lji ensue
directly from the differential relationships of thermodynamics. It follows
from independence of the second derivative of the system energy U with
respect to the coordinates Zi = |Zi| and Zj =|Zj|:
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(∂Zi/∂Хj) = (∂Zj/∂Хi).
(6.1)
These equalities remain valid as well after deriving the total
derivatives of both parts with respect to the time t:
d(∂Zi/∂Хj)/dt = d(∂Zj/∂Хi)/dt .
(6.2)
In the stationary redistribution processes (at Θj, Хi = const) the time
differentiation involves only the coordinates Zi, Zj. Their time derivatives
in the absence of the transfer (recharging) and reorientation processes
(Θi, φi = const) define the flows Ji and Jj. Allowing for this and changing
in (6.2) the sequence of differentiation with respect to the time t and
forces Хj, Хi, gives:
(∂Ji /∂Хj) = (∂Jj/∂Хi).
(6.3)
These equations may be well referred to the differential reciprocity
relationships between flows and forces (V. Etkin, 1991, 1999). They state
the cross-impact balance among different-type flows and their motive
forces and therefore may be rather named the reciprocity relationships than
the symmetry conditions of phenomenological coefficients matrix Lij =
Lji. Risselberghe (1962) was the first who postulated the existence of
such-type relationships and proposed to name them the “generalized
reciprocity relationships”. This is justified since the above Onsager’s
symmetry conditions may be obtained as a corollary of these
relationships for a particular case of linear systems. In fact, applying (6.3)
to equations (5.6) one can obtain:
(∂Ji /∂Xj) = Lij = (∂Jj/∂Xi) = Lji
(6.4)
Thus the Onsager’s reciprocal relations (symmetry conditions) ensue
as a corollary of more general differential relationships of
thermodynamics and do not need involving whatever statistic-mechanical
considerations. Though attempts to substantiate these relationships were
made time and again (Gyarmati, 1958, 1960; Li, 1058, 1988; Pitzer, 1961;
Risselberghe, 1962), they failed till the lacking coordinates of
redistribution processes were introduced. Note, relationships (6.3) do not
impose any constraints on the process irreversibility degree and the
system remoteness from equilibrium. They do not depend either on
particular form of the state or transfer equations and, as it will be shown
hereafter, are equally applicable to reversible and irreversible processes.
It is worth particular mentioning that from the positions of
thermodynamics Onsager’s symmetry conditions Lij = Lji are valid as well
in the case, when only additional (off-diagonal) terms of equations (5.9)
are linear, i.e. only the “cross” coefficients Lij or Lji (i ≠ j) are constant.
This significantly extends the applicability of the differential reciprocity
relationships once the diagonal terms of the matrix comprising the
phenomenological coefficients Lii or Ljj may remain herein any functions

76

The Papers of independent Authors

Volume 28, 2014

of the thermodynamic forces Xi or Xj subscript-similar to them. This is
what Fourier’s, Fick’s, Ohm’s, Darcy’s and Newton’s laws are. As for the
additional (off-diagonal) terms, these describe less order infinitesimals
and in a number of cases may be considered as linear. Thus approaching
the problem from the positions of thermodynamics reveals excessiveness
of the demand the coefficients Lii or Ljj in equations (5.9) be constant,
which is substantial in all preceding theories of irreversible processes.
The demand of close proximity of the system to equilibrium Onsager has
laid down in his theory appears to be the same excessive. In fact, the
symmetry conditions Lij = Lji ensuing from the differential reciprocity
relationships are valid for arbitrary large values of the forces Xi or Xj in
the diagonal terms of the phenomenological laws. This is what explains
why the Onsager’s theory appears to be applicable far beyond the
restrictions imposed by the method itself of their substantiation.
Finally, according to (6.4) symmetry conditions Lij = Lji may give
place to the anti-symmetry conditions Lij = –Lji (named the Cazimir’s
relationships in the TIP) providing the terms in equation (5.9) have
opposite signs. This occurs, when in a transfer process the flow Ji or Jj is
directed against the forces Xj or Xi, i.e. “overcomes” them. Such are, in
particular, all energy conversion processes, where energy source works
against loads. This manifests itself in the occurrence of the so-called “noload conditions”, when with increase of the force Xj or Xi being
overcome the flow Ji or Jj becomes zero. A demonstrative example to the
case is loss of the secondary current in the welding transformer with arc
extinction. The above statement as well outsteps the TIP, where laws
(5.9) were postulated by Onsager with only the same sign for all terms.
According to the above, the reciprocity relationships ensue from the
first laws of thermodynamics and do not need assumptions on close
proximity of a system to equilibrium, constancy of all phenomenological
coefficients and linearity of the fluctuation damping laws, which are laid
in the foundation of their statistic-mechanical substantiation. This
enhances the heuristic value of these relationships and makes them a
reliable tool to analyze the interrelations between different-type processes
in the real world.
Thus, introduction of missing parameters of spatial heterogeneity of
investigated systems allows to develop a mathematical apparatus of
theory, in an equal measure suitable to research of processes with any
degree of dissipation.
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Notice
1) The energy carrier is construed as a material carrier of the ith energy
component, which quantitative measure is the physical value Θi.. So the
mass Mk of the kth substance is a carrier of the rest energy; the charge Θe
– a carrier of the electrostatic energy of the system; the component
momentum Mkvk – a carrier of its kinetic energy, etc.
2) The usually not used expression (∂Z/∂φ) for the derivative of one
vector value (Z) with respect to the other (φ) instead of the expession
∂Zβ/∂φα (α, β =1,2,3) assuming the summation by repetitive indices is
applied here to avoid the necessity for the reader to study the tensor
analysis that exceeds the limits of the mathematical curriculums for nontechnical universities. Such an expression proceeds from the form
invariance of exact differential for invariables of any tensor rank and
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generalizes the symbolics v = Gradv = (v)αβ = ∂vβ/∂rα applied to
functions of spatial coordinates r.
3) This statement is especially evident for isolated systems: all processes
running therein are defined by exclusively the properties of a system as
itself.
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GTR and Perpetuum Mobile Rehabilitation
“My small work will bring them (perpetual
motion seekers) advantage: they will not have
to flee from the kings and rulers without
fulfilling their promises”
Leonardo Da Vinci
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Annotation
First of all, the author solemnly declares that he recognizes the
energy conservation law (understanding, however, that it will not
help). Next we shall show that this law does not contradict the
possibility of building a perpetual motion machine that uses the
force of gravity. This, of course, reduces the kinetic energy of the
Earth, but the author ignores this problem (in the same way as it is
ignored by the designers of hydropower plants).
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1. Introduction
It is known that the work of gravity for a body displacement along a
closed pass is equal to zero.
In [1] one may read: After having reformed many efforts of building
a perpetual motion machine, Leonardo, after trying to comprehend, why
such motion machines of different systems do not work, claims the
inevitability of the existence of inherent effects disrupting the work of
such machines. His followers, based on his authority, use the principle of
the impossibility of perpetual motion as an already firmly established
law of nature. The Academy of Paris, basing on the views of these
followers, had not presented a rigorous proof of the impossibility of the
existence of a perpetual motion machine. Academy of Paris "meant well",
when saying: "such work (of the creators of perpetual motion) is too
wasteful, it has destroyed a lot of families. Often happens that a talented
mechanic, who could take his rightful place, had squandered in that way
his reputation, time and talent."
But the mechanics can not get calm down, because principle of the
impossibility of perpetual motion is not firmly established as the law of
nature. Repeated attempts to build a perpetual motion machine have
been taken for centuries [2] and are continued now. But they only allow,
as Leonardo wrote, to assert the inevitability of the existence of some
interfering factors. There is no proof of the existence of such reasons,
and the law of energy conservation has nothing to do with it.

2. Did not Flee…
There is a known history of Orferius’s successful test of perpetual
motion machine [3]. This work has been financed by Count Karl, who
also led the "selection committee" including famous scientists. Count
Karl was also considered one of the leading scientists of his time. Hard to
imagine that Orferius undertook to deceive such a man. It seems to me
less likely than a successful test. Orferius did not have to flee from the
Count due to not having fulfilled his promises.

3. Unbalanced Wheels
Among the projects of perpetual motion the so-called unbalanced
wheels are rather common. As described in [3] “the first design of
unbalanced wheels was described by Marquis Worchester. From the
description, it follows that it was a wheel with two rims - one within the
other. To the rims weights are attached by means of strings so that when

83

Physics and Astronomy

they are moved downward they are displaced towards the outer rim, and
at movement upwards - towards the internal. "The author was unable to
find a description of the wheel, but in [4] descriptions of several such
devices are provided.

B
A

D
C
Fig. 1.
We shall consider the most impressive of them. In [5] the
gravitational motor of Aldo Costa is described. Its design can be
summarized as follows - see Fig. 1. The loads attached to the spokes
revolve around a common axis. At the points A and C the loads move
along the spoke in the points B and D respectively. Thus, if you move
down (right) the loads rotate along the radius R1 and moving up (right)

loads rotate along the radius R2  R1 - this is similar to what was
proposed by the Marquis of Worcester - see above.
The wheel is mounted vertically, has a diameter of 18 m and
contains 236 complex mechanisms for switching the position of loads see Fig. 2. Machine parts are described in detail in the patent [9]). Several
videos of the device are given in [10].
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Note that here, as well as in the work of Marquis Worcester, there
is a "wheel with two rims - one within the other. ... The weights are
attached to the rim so, that during the downward movement they are
displaced towards the outer rim and at movement upwards - towards the
internal rim. "
Another device of this type Dmitriev suggested [11]. Detailed
description of the device and a few videos of his work presented in [12].

Fig. 2.

4. The Main Idea
Gravity is a conservative force, i.e. the work of the force of gravity
does not depend on the motion path and depends only on the initial and
final position of the point of this force application. In this statement
speed of this point is not considered. As a rule, the work of gravity force
does not depend on that speed. For example, the work of gravity force
can be spent to overcome the friction and the point speed change. At the
same time, the spent potential energy is equal to the work of friction
force (directed opposite to gravity force) and is increasing the kinetic
energy of the body, regardless of the trajectory and speed.
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We shall call the work of gravity force which does not depend on
the speed and trajectory, - the conservative work of gravity force.
Apparently, in mechanics we cannot find an example when the speed of
movement affects the work of gravity force, i.e. when gravity force work
is not conservative.
Formally, however such example can be found. Let us assume that
the "quasi-friction" force, directed along the gravitational force and is
dependent on the speed and, moreover, the force of this "quasi-friction"
is created by the motion under the influence of gravity (as well as
conventional friction force). Then the increase of the body kinetic energy
is the sum of conservative work and the work of "quasi-friction" force.
However, the latter is also accomplished by gravity force (by just adopted
assumption). Consequently, in this case, the work of gravity force is more
conservative, i.e. work of gravity force is not conservative.
Apparently, in the mechanical system such a case cannot be found.
However, such case is possible in an electromechanical system. Consider
the motion of charged bodies - heavy electric charges (HEC) in the
gravitational field. Such charges are under the influence of gravity force,
of electric attraction \ repulsion force and of the Lorentz force. Lorentz
force, are known not to do work, but to use the work of external forces in this case - the gravity force (electric forces may be neglected). Because
the Lorentz force depends on the speed, in this case the work of gravity
force depends on the speed (of HEC) at a given path.
Thus, in the electromechanical system the gravity forces are
not conservative. (Note that there is another case of fundamental
difference between the laws in mechanics and electromechanics:
mechanics observes Newton's third law, and in electromechanics it is not
observed due to that same Lorentz force).
From the basic equations of general relativity it follows that in a
weak gravitational field at low speeds, i.e. in the world, you can use the
Maxwell-like equations to describe gravitational interactions. This means
that there are gravitational waves, and the mass moving in the gravity and
magnetic field with a velocity is affected by gravitomagnetic Lorentz
force (analog of the Lorentz force). [7] describes the Maxwell-like
gravitational equations and experiments for their detection in terrestrial
conditions.
Thus, Lorentz forces may appear in a mechanical system (as well as
in electromechanical system), i.e. in the mechanical system the gravity
forces are not conservative, if the motion under gravity causes
appearance of gravimagnetic Lorentz forces.
It means that gravity forces can perform work.
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In [8] on the basis of this statement the functioning of Tolchin’s
“inertioid” is explained. Below the same basis is applied for explanation
of the functioning of Aldo Costa’s wheel: on the author’s assumption the
reason for continuous movement is in the fact that the moving loads
interact by gravimagnetic Lorentz forces.

5. The Definition of Gravimagnetic Lorentz
Force
In [7] it is shown that gravimagnetic Lorentz force, acting from
mass m1 on mass m2 , is determined by an expression of the form (here
and further the CGS system is used)

F12 

k g m1m2
r3

where
 coefficient k g 

 G  7  10 8
10

 c  310




G

v2  v1  r ,

,

c2
- gravitational constant,

(1)

(2)

- the speed of light in vacuum,

- gravimagnetic permeability of the medium,

 r - a vector directed from point m1 to point m2 ,
 v1 , v2 - speeds of masses m1 and m2 accordingly
It is important to note that the effects in the above experiments are
so significant that to explain them within the Maxwell-like gravitational
equations it is necessary to enter gravimagnetic coefficient of
permeability of the medium  (the same as the coefficient of permeability
of the medium  in electromagnetism). However, the value of coefficient
 in these experiments may be estimated only very roughly.

6. The Mathematical Model of Aldo Costa’s
Wheel
Consider Fig. 3, which shows the two weights on the wheel Aldo
Costa. In our case the velocities in the formula (1) - are the linear speed
of loads rotation. We shall select in the formula (1), the expression
(3)
f12  a  b  r ,
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where

a  v2 , b  v1 .
In the right Cartesian coordinate system, this expression takes the form
a y bx ry  by rx  a z bz rx  bx rz 


(4)
f12  a z by rz  bz ry  a x bx ry  by rx  .
a b r  b r  a b r  b r 
x z
y
y z
z y 
 x z x

y
F12r

F
F21r

V2=a

m1

m2
r

z

Fs

fi2

ra

V1=b

rb
fi1

fi0

x
O

Fig. 3.
The loads rotate at the same speed and in opposite directions. So

a  R2 , b  R1 ,
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where R2 , R1 are the radii of the semicircles, - angular velocity. We shall
further denote radius vectors of loads
respectively. Then

m1 and m2 as

r  ra  rb .

rb and ra ,
(6)

As the loads rotate in one plane, so

rz  0, az  0, bz  0 .

(7)

With this in mind, we obtain:
a y bx ry  by rx  


f12   a x bx ry  by rx 
0



or
f12  Da y , a x , D  bx ry  by rx .
Similarly,
f 21  D2 by , bx , D2  a x ry  a y rx 
Now we shall find
 Da y  D2by 
f  f12  f 21  

 Da x  D2bx 
From Fig. 3 it follows
AOm2  1 , AOm1   2

(8)
(8.1)

(9)

ax  R1 cos 1 , bx  R2 cos  2 ,
a y  R1 sin 1 , by  R2 sin  2 , .







ra  R1  sin 1 , cos 1 ,
rb  R2 sin  2 , cos  2 ,

(10)

r  ra  rb .

(11)

Let us denote

f L   f

r

3

.

(16)

From (1, 3) it follows that

F  k g m1m2 f L ,

(17)

One can assume that the force acts on a pair of rigidly connected
(through rim and spoked of wheels) masses and is applied to the center
of the segment r - see the point in Fig. 3. The radius vector of this point
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rz  ra  rb / 2 .

(20)

Let us find the projection Fs of the force F on the tangent to
the circle of radius rz . It is equal to the scalar product of this force on
the unit K w of vector perpendicular to the radius

rz , i.e.

Fs  F  K w .
If



rz  rzx , rzy

then

(21)

,



(22)



K w   rzy , rzx rz

.

(23)

In such way we may find the force (21). It creates a torque

M s  Fs rz

.

(24)

Taking into account (21-23), we get



M s  F   rzy , rzx

.

(25)

Mass m2 moves along the arc  o of radius R1 - see Fig. 3. In this it
interacts with the mass m1 , which also moves along the arc  o of radius
R2 . The distance between them remains constant: r  const . The

length of vector oz also remains constant: rz  const . The torque (25)
also remains constant: M s  const - see further. In the highest point
m2 switches to a circle of radius R2 ("top jump"), i.e. assumes the role of
the mass m1 . At this point the mass moving on a circle of radius R1 after
the former mass, assumes the role of the mass m2 , etc.
Counting moment (25), we can show can be shown that on the
bottom of the wheel a similar torque of opposite sign is created. Thus in
a real device the “bottom jump” must be excluded.
It can be shown that on the bottom wheel (where occurs the
"lower jump") create the same momentum and with the same sign
Fig. 4 shows the results of the overall calculation. Thus:
 The first window shows projections of vector (21): Fsy - above,

Fsx - below.
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The second window shows hodograph of vector (21) in the form

Fs  Fsx  j  Fsy .

The third window shows projections of vector (22): rzx - above,



rzy - below.


The fourth window shows hodograph of vector (22) in the form
rz  rzx  j  rzy .
Similarly, we can consider the forces involved in the movement of
loads vertically - see Appendix 2.
60

55
50

dFx+j*dFy

dFx(fit):r,dFy(fi):b

40
20
0
-20
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rzx+j*rzy

rzx(fi):r,rzy(fi):b

40
35
-40

360

40

30
25

25
20

20
15
330

45

340

350

360

15
20

25

30

35

40

Fig. 4.

7. Quantitative Estimates
In the example r  48 , rz  41 for R1  45, R1  50 (in
CGS system), and the forces and forces torques are calculated in the
conditions

K gm  k g m1m2  1 .

(31)

The torques are equal to: above - M s  2000 and below M s  2000 . The torque acts in the time period T1  0.05 .
Consequently, in the highest point the structure is affected by the torque
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Ft o  K gm M sT1

R1  2 K gm ,

(32)

where the coefficient K gm needs determination. In Appendix 1.4 it is
shown that each load in such structure for continuous rotation needs to
get a force impulse

Ft 1  2500 .

(33)

Consequently, to obtain continuous rotation by the Lorentz forces a
following condition should be observed:
or

Ft o  2Ft 1

(34)

K gm  2500 .

(35)

Let us estimate for this case the value of coefficient  . Let the masses be

m1  m1  500г . Then from conditions (31, 35) we shall find
2500  k g 500 2
or

(36)

k g  0.01.

Further from (2) we find



10
  k g c G  0.01 3  10
2


2

7  10

8

 1026 .

(37)

This value coincides with that obtained in the analysis of Tolchin’s
inertioid [8]. With this value of  (in order of magnitude) the presented
explanation is legitimate.
In this example, the angle  o   6 . Consequently, in one
revolution of the masses 12 pairs interact and we can assume that the
torque M s  2000 is acting permanently. Thus, a structure is possible
in which the motion is due to the energy of the gravitational field.

8. Some Comparisons
However, similar to the described problem of gravitational mass
movement, we can consider exactly the same problem of the heavy
electric charges motion, where there is no question about the legality of
Maxwell-like gravitational equations and the value of the coefficient of
gravimagnetic permeability of medium
Let us compare the Lorentz force in the interaction of mass and
charge. Above we have described the Lorentz force acting from the first
body to the second, in the form
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m2
 v2  v1  r ,
r3

  

. Similarly the Lorentz force acting from the first charge
c2
to the second has the form:

q2
FLe  ke 3  v2  v1  r ,
r

  



where ke  2 . So, the Lorentz force FLe , acting on the charges,

c

relates to Lorentz force FLg , acting on the masses (for the same speeds
and distances), as
2

FLe ke q 2
 q


  .
2
FLg k g m
kg c2  m 
Assuming that

  1 and k g  0.01 (as was shown above), we find:
2

FLe
q
 1019   .
FLg
m
Let us compare this with ratio of attraction forces:

FPe 1 /  q 2

.
FPg
Gm 2

For

  1 and G  7  10 8 we find that:
FPe
q
 107  
FPg
m

2

7

19

26

If FLe  FPe , then FLg 10  FPg 10 or FLg  FPg 10 . Thus, if
for k g  0.01 the conditions (distance and speed) are such that for two
charges the Lorentz force is equal to the attractive force, then for two
26

masses the Lorentz force is 10
times stronger than the attractive
force. This means that the structure using the energy of gravitation field
and based on gravitomagnetic Lorentz forces is significantly more
effective than the same design based on magnetic Lorentz forces – and
so, the latter is not worth to try implementing.
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9. Technology
Those 18 m, which Aldo Costa demonstrates, may be explained,
apparently, by the size of switches - they are complex, and therefore
large. Furthermore, they are complex and therefore require constant
adjustment, which complicates operation.
The author can offer much less complex and compact structure.
Investment is needed and any other assistance in advancing the project.

Appendix 1. Circumferential Body Movement
by Force of Gravity
Here we consider some idealized design, equivalent wheel Aldo
Costa. For this construction, we can strict construct a mathematical
model.

1. Ball Movement within a Tubular Circle
Let us consider a globular body of weight Р, moving along a rigid
tube coiled in a circle – see Fig. 1. The circle is located on vertical plane.

y
F

N
alfa

Fig. 1.
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Find the force F , acting on the body along a tangent
F  P cos   xP / R .
The force torque is
M F  FR  xP .
Let us take a moment to be positive if it is directed clockwise. Find the
pressure force N , acting on the circle along the radius:
N  P sin    yP / R .
The body’s friction force along the circle is
T  kN  kyP / R .
where k - friction coefficient. The torque of this force is:
M T  TR  kyP .
The Table 1 shows formulas for these forces and torques in the 4
quadrants.
Table 1.
1

F  xP / R
M F  xP
T  kyP / R
M T  kyP

2

F  xP / R
M F  xP
T  kyP / R
M T  kyP

3

F  xP / R
M F  xP
T  kyP / R
M T  kyP

4

F  xP / R
M F  xP
T  kyP / R
M T  kyP

Fig. 2.
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2. Movement of a Ball within a Deformed Tubular
Circleference
Now let us assume that the ball is moving within a tube shown on
Fig. 2. The Figure shows only the axis line of the tube and several
positions of the ball. Shows only the upper half of the tube. This tube
consists of three parts: arc 'ad' of radius R1 , arc 'bq' with radius R2 and
segment AB ("the step"), located at an angle  to the horizontal.
Table 2 shows formulas for the forces named above and their
torques in the 4 quadrants for such deformed tube.
Table 2.
1

2

3

4

 
   ,0 


   0,  , 

 

    , 

 

     , ,

F  xP / R2

F  xP / R2

F  xP / R1

F  xP / R1

2





2 

 2





2 

M F  xP

M F  xP

M F  xP

M F  xP

T  kyP / R2

T  kyP / R2

T  kyP / R1

T  kyP / R1

A1  1  k PR2

A2  1  k PR2

A3 

A4 

M T  kyP

M T  kyP

M T  kyP

M T  kyP

 1  k PR1

 1  k PR1

dv1  g 

dv2  g 

dv3  g 

dv4  g 

 cos   d


  k sin   v1

 cos   d



k
sin


 v2

 cos   d


  k sin   v3

  cos   d


  k sin   v 4

v12k  v12o

2
gR2 1  k 

v22k  v22o

2
gR2 1  k 

v32k  v32o

2
gR1  1  k 

v42k  v42o

2
gR1  1  k 

The summary work of gravity force done by the torques acting on the
ball moving along quadrant 1, is equal to
0
0
0 x

d
A1   M F  M T d  P  x  ky d  P  
2
2

k
R

x
 /2
 /2
 /2
2


96

The Papers of independent Authors

Volume 28, 2014
0

 cos   
  sin   
d  PR2


A1  PR2  / 2 
 k sin  
 / 2  k cos  
0

A1  PR2 1  k 

The work done in quadrants 2, 3, 4 is calculated similarly – see Table 2.
All work performed on the semicircle is:

Ao  A1  A2  A3  A4
Ao  2 PR2  R1  2k R1  R2 

The work performed on the step is:

As   1  k PR2  R1  sin  .

Summary work performed by gravity force is:

A  Ao  2 As

Note

the

following. The sliding friction coefficient is
k  0.1; 0.5  0.25 . The rolling friction coefficient of a roll of radius

r is k  f r , where f  0.5mm when rolling steel on steel [6] If
r  20mm , then k  0.025 .

3. The Dynamics of Ball Movement within a
Deformed Tubular Circleference

Let us find the ball’s speed change on an element of length ds of
the circle in the first quadrant due to the forces F1, T1 . We have:

F T
F  T ds F  T R
dv1  adt  1 1 dt  1 1  1 1  1 d .
m
m v
m
v1
Considering Table 2, we get

xP / R2  kyP / R2 R2
x  ky
 d  g
 d ,
m
v1
v1
x  ky
dv1  g
 d ,
v1
d
,
dv1  g x  k R22  x 2
v1
d


and    , 0  .
dv1  g cos   k sin  
v1
2

dv1 
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Similarly we may calculate the velocity increment on quadrants 2, 3, 4 see Table. 2. In two steps, we have

kP cos 
 dt ,
m
dh
and h  0, R2  R1 ,
dv s  kg cos( )
vs

dv s  





where  -is step angle to the horizontal.
We shall integrate the expression for the first quadrant:
v1k

0

v1o

 /2

 v1dv1   gR2 cos   k sin  d ,

v1k

0

v12
 sin   k cos  ,
 gR2
2
v1o
 /2

v12k  v12o
 gR2 1  k .
2

Similarly we may calculate kinetic energy increment on quadrants 2,
3, 4 – see Table. 2. On the steps we have:

 kg R2  R1
 vs dvs  sin   dh ,
v so
0

v sk

v sk

vs2  kg

2
sin 
v so

R2  R1

h,

0

2
2
vsk
 vso
 kg
R2  R1 .

2
sin 

In these formulas, the assumption is made that the step does not
change the length of the semicircle.
Since the ultimate speed in a certain segment coincides with the
initial velocity in the next section, from the preceding formulas we may
find the change in velocity across the tube in one revolution v . The
loss of kinetic energy then is equal to

W 
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4. The momentum of force for Movement of Ball
within a Deformed Tubular Circleference
In wheel Aldo Costa all weights (in our scheme - balls) rotate with
angular speed  around the point ‘o’. Above the change in kinetic energy
W has been found. In our case, to preserve the kinetic energy of the
ball, an external energy source must add value W for each revolution
of the ball. We assume that this energy is brought by application of force
torque F  t on a certain time interval. This torque increases the
angular speed. When the torque is applied to the ball in the point 'b', then
where

F  t  m  vb ,

(1)

vb  R2  b .

(2)

This value can be calculated for a given W by the following formula:





W  vb  vb 2  vb2 2

(3)

W
2







 b2
b
b
2
R2

(4)

or

2
or

b  b2  2W R22  b .
From (20, 21, 24) we find:



F  t  mR2 b2  2W R22  b

(5)


.

(6)

If the torque exceeds the specified value, the angular velocity will increase
and if the torque is less than the specified value, the angular velocity will
decrease and in a certain moment the ball stops. Fig. 3 shows the
relationship - F  t  f b . When calculating assumed that in the
CGS system

P  5 105 , R1  44, R2  50,   10, k  0.025
In this the momentum of force must be equal
F  t  2500 (dyne * s)
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Appendix 2. Movement of Load on Vertical
Step
Let us consider the case when load m2 rotates with angular speed
 , and load m1 moves vertically with the speed v1 .Then

a  R2 , b  0, v1 ,0,

(1)

As the loads are moving in one plane, then

rz  0, az  0, bz  0 .
Considering this, from (4) – see section 6), we get:
a y  v1rx  


f12   a x  v1rx 
0



or
f12  D  a y , a x , D  v1rx .
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(2)

(3)

(4)
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So, from m1 to m2 the force (4) is acting. Similarly, let us consider the
case, when load m1 rotates with angular speed  , and load m2 moves
vertically with the speed v2 . Then

b  R1 , a  0, v2 ,0,

(5)

and from ((4) – see sector 6), we get

v1 bx ry  by rx 


f 21   0
.
0




(6)

So, the force (6) is directed horizontally from m2 to m1 and has no
influence of the vertical movement.
b

c
a
R1

R2

o

Fig. 4.
Above the assumption was made, that the speed of motion on the
step is constant. In fact, this speed varies even with constant angular
speed. Let us consider this question in detail - see Figure 4. Find the
speed of the body on the segment "as". Denote:

 ' ga'  aob,  2 ' ga 2'  aoc, u1' u1'  bao,
u 2 ' u 2'  abo, u 22 ' u 22'  aco.

Solving the triangle "oab", we find:
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d  R12  R22  2 R1 R2 cos 
sin u2   sin  ,
u1      u2 .
Radius "oc" rotates with angular speed  . Thus
 2  t .
Solving the triangle "oac", we find
u22     2  u1 ,
d 2  R1 sin  2  sin u22 ,
R22  R1 sin u1  sin u22 .
The body’s speed on segment "ab"
d d 2 
v
.
dt
Speed of approach of the body to this segment along a circle of radius
R1 is equal to va  R1 , and the rate of removal from it along a circle of
radius R2 is equal to va  R1 . At the points "a" and "b" the speeds
change their values as a result of elastic collision, i.e. without energy loss.
0.08

0.2
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0

0

0.02

0.04

0.06

0
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2
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1

0
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Fig. 5 shows functions of time  2 , d 2 , R22 , v (in windows 1-4,
respectively).
Speed of the body along a segment "ab" is substantially higher than
circular speed. Therefore, above we examined the interaction of the body
rising vertically with the speed v , and the body moving in a circle with
the speed va  R1 or vb  R1 .
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More on Experimental Clarification

of Maxwell-similar Gravitation
Equations
Annotation
This article is a revised version of the previous article [14]
to reflect the new Samohvalov articles and other articles [20-23].
Thus, Maxwell-similar gravitation equations and the
experiments of Samokhvalov are considered. It is noted that the
observed effects are so significant, that in order to explain them
within the said Maxwell-similar gravitation equations these
equations should be supplemented by a certain empirical
coefficient that may be named gravitational permeability of the
medium. Then it is shown that with such supplement the results
of experiments are in good agreement with so modified
gravitation equations. A crude estimate of this coefficient is
given. Some corollaries of these equations are considered, in
particular, the gravitational excitation of electric current, the
impact of gravito-magnetic induction on the electric current.
Some phenomena that can be explained with the aid of these
equations are indicated. This paper is a translation of paper [24].
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1. Introduction
There are known Maxwell equations for electromagnetic field of the
form (1), proposed by Heaviside [1] (the formulas are given in Appendix
1). Heaviside is also the author the gravitation theory [2], where the
gravitation field is described by equations (3) of similar form. Later it was
shown [3], that in a weak gravitation field at low speeds from basic
equations of general relativity he gravitational analogs of electromagnetic
field may be derived, and they have the similar form (3).
Thus, in weak gravitation field of the Earth the Maxwell-similar
equations may be used for the description of gravitational interactions. It
means that there exist gravitational waves possessing gravito-electric
component with intensity E g and gravito-magnetic component with
induction Bg . Mass m , moving in a magnetic field with speed v , is
subject to Lorentz gravito-magnetic force (analog of the known Lorentz
force) of the form (in the CGS system))

F 





m
v  Bg ,
c

(1)

where  is a coefficient equal to 1 according to Heaviside, and equal to 2
in general relativity theory.
Samokhvalov [4-11, 20] had conceived and carried out a series of
unexpected and surprising experiments, which presumably can be
explained by interaction of irregular mass currents. Irregular mass
currents J g create variable gravito-electrical intensity E g and gravitomagnetic induction Bg . At the interaction of this induction with the
masses m , moving with speed v there arises gravito-magnetic Lorentz
force. It is important to note that the effect are so significant, that in
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order to explain them within the said Maxwell-similar equations these
equations should be supplemented by a certain empirical coefficient  .
Further it is shown that with such modification the results of
experiments are in good agreement with the modified gravitation
equations.
Thus, based on the Samokhvalov's experiments the Maxwell-similar
equations should be rewritten in the form
(2)
divE g  4Gm ,

divBg  0 ,

(3)

1 Bg
,
c t
4G
1 E g
rotBg 
Jg 
.
c
c t

rotE g  

(4)

(5)

Where the value of coefficient  will be determined below from the said
experiments. This coefficient can be called the gravitational permeability
of the medium.
Lorentz force for mass

F  mE g  





m
v  Bg ,
c

(6)

2. Certain Analogies and Consequences
Here we shall consider certain analogies between electrodynamics
and gravito-electrodynamics, and some consequences of the above
examined equations.

2.1. The Induction of Circular Mass Current
Magnetic flow  , passing through the area S of the coil with the
length L , carrying alternated current J , in CGS system
4 SJ
(1)

 .
c L
The induction average for the area S is
4J
.
(2)
B
cL
If the coil is a ring of diameter R , then
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2J
.
cR

(3)

Let us assume now that the ring is carrying alternated mass current J g .
Then, without considering the technical realization, by analogy with (1.5)
we shall get

Bg 

2GJ g

.

cR

(4)

2.2. Gravitational Excitation of Electric Current
From (1.4) follows that gravitational moving force created by
gravito-magnetic flow in the circuit of mass current is

1 d g
.
c dt

g  

(5)

The force of induced electric current in a closed-loop (in the CGS
system) is:

J

1 d
,

cRe dt

(5а)

where Re - the resistance to these electrons motion. This current in the
metal is created by free electrons with the charge eo . By analogy, taking

into account (5), we find that variable gravito-magnetic flow  g also
creates vortex induced mass current

Jg 


cRm



d g
dt

,

(6)

where Rm is the resistance to mass particles motion This current in the
metal is created by free electrons of the mass me . Then Rm  Re resistance to the electrons motion. In this case mass current J g
corresponds to electric current

e
J ge  J g o .
me

(7)

It is known that
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me  9.1  10 34 г, eo  1.6  1019 Кл,
e
Кл
  o  1.8  1014
.
me
г

.

(8)

Thus, the strength of the induced current created by variable gravitomagnetic flow  g is

J ge 


cRe



d g
dt

.

(9)

Similarly to (7), the mass current J corresponds to mass current

J gm  J

me
.
eo

(9a)

Thus, the strength of mass current created by variable magnetic flow 
is

J gm 

1 d
.

cRe dt

(9b)

2.3. Rotation of a Porous Ring

Let us consider a ring of average radius R , made of porous metal
and charged electrically. Evidently the charges are located on the pores
surfaces. Approximally we may assume that the charges distribution
density along the ring's circle is described by the function:
(10)
 ( )   o  (1  sin( )) ,
where
 o - is a constant
 - angular coordinate,
 - the length of a "wave" depending on the average distance
between the pores.
If we cause rotation of the ring with a certain angular speed  , then
the charges distribution density along the circle of the ring becomes a
functions of time t
(11)
 (t )   o  (1  sin(t )) ,
The current flowing in the ring is

J (t ) 

d (t )
  o    cos(t ) ,
dt
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where mo is a constant. This current creates a magnetic flow that is
perpendicular to the ring's plane. The magnetic induction of this flow
average by the ring's area is determined in the CGS system by the
formula (3). Consequently, the magnetic induction of a rotating charged
porous ring, average by the ring's area, is
(13)
B  2  o  cos(t ) cR .
By analogy we can state that the rotating porous ring creates mass
current

J g (t ) 

dm(t )
 mo    cos(t ) .
dt

(14)

Then from (4) we find that this current creates variable gravito-magnetic
induction

Bg  2moG  cos(t ) cR .

(15)

2.4. Induction of a Moving Body
It is known that the induction of field in a medium with
permeability  , created by a charge q , moving with speed v , in a
certain point, is

 

B   q v  r cr 3 .
(16)
The vector r is directed from the point, where the moving charge q1 is

located, to the referred point. Similarly, the gravito-magnetic induction of
the field created by the mass m , moving with a speed v , in a certain
point, is

 

Bg   Gm v  r cr 3 ,

(17)

Because, as shown in the Section 2.2, the electronic current is at the
same time also the mass current, the gravito-magnetic induction can
create the Lorentz force, affecting the electric current.

2.5. Gravitomagnetic law the Biot-Savart-Laplace
It is known that an electric current creates a magnetic flux density,
determined by the Biot-Savart-Laplace law as
J
dB  3 dL  r
(18а)
r c





where dL - vector element conductor with current, r - vector between it
and the point where, it is determined of induction. This law is currently
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being considered as a consequence of Maxwell's equations. Therefore, it
can be argued that a similar law for gravitomagnetic induction, generated
of mass current. In this case, the Biot-Savart-Laplace law is written as
follows:

Gm

dBg 

 

vr ,
r 3c
where v - the speed vector of the mass m .

(18в)

2.6. Gravito-magnetic Ampere Force
It is known that a conductor carrying electric current J in a
magnetic field with induction B is affected by Ampere force (per a
length unit

Fa 

1
J  B 
c

(19)

Similarly, a conductor carrying mass current J g in a gravito-magnetic
field with induction Bg is affected by Ampere force

Fag 


c

J

g



 Bg ,

(20)

Let us consider the case when mass current is a consequence of electric
current, i.e. the particles carrying the charge form the mass current. Then

J g  J 2 ,

(21)

 2  m / q,

(22)

where m, q – mass and charge of the particle. Then a conductor
carrying electric current J in a gravito-magnetic field with induction
Bg is affected by Ampere force

Fage 

 2
c

J  B .

(23)

g

For example, if the charged particle is an electron, then
me  9.1  10  34 г, eo  1.6  10 19 Kl ,

m
g
2  e  0.6  10 14 .
eo
Kl
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But if the charged particle is an ion with mass m  h  me , then

h  me
g
.
(25)
 0.6h  10 14
eo
Kl
and for complex molecules 2  1 . So, at the interaction of gravito-

2 

magnetic induction with electrical current significant Ampere forces are
likely to act.

2.7. Density of Magnetic Wave Energy
It is known that the density of electromagnetic wave energy [13], is
2

W

B 
g

8  sm  sec 2 

(26)

By applying the derivation shown there for the equations (1.2-1.5)
of gravito-electromagnetic wave, we find

Wg 

Bg2
8G

.

(27)

2.8. Induction of Current-carrying Conductor
It is known that the magnetic induction of infinite conductor
carrying electric current is:

B  2 J / cd ,

(28)

where d - is the distance from the conductor to the point of
measurement. Similarly, the gravito-magnetic induction of infinite
conductor with mass current is

Bg  2GJ g / cd .

(29)

3. Certain Experimental Estimates
The analysis of Samokhvalov's experiments [4-11, 20], performed in
Appendix 2, permits to obtain a crude estimate of the coefficient  of
gravitational permeability. There it was shown that for vacuum

  1010 .

(30)

This value can be greatly understated, as the experiments were carried out
at an average vacuum, but  increases with decreasing pressure. For
atmospheric pressure   0 , which explains the absence of visible
effects of gravitational interaction of moving masses.
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There exist several phenomena which can be explained with the aid
of the equations (1.2-1.5), considered above, with the existence of
coefficient of gravitational permeability  – see [12, 15-19, 21-23].

Appendixes
In each application of the formula numbered independently, and
links to these formulas are written as "(p.'application number and
partition it')".

Appendix 1. The Equations of Electro-magnetism
and Gravito-magnetism
Further we shall use the following notations:
 q - electric charge  g  sm ;

 g  sm sm3 ;



 - electric charge density



J - electric current density 



c - speed of light in vacuum c  3  1010 sm sec;




1
g ;

 sm  sec sm 





Е - electric field intensity g  sm sec 2  3  104 V m ;
В - magnetic induction  1 g  Gs ;
 sec sm









F - force dyn  g  sm sec 2 ;
m - mass g;



 g - mass density g sm3 ;




- permittivity of the medium is equal to 1 for the
vacuum in the CGS system;


- permeability of the medium is equal to 1 for the
vacuum in the CGS system;
 v - speed sm sec;






J g - mass current density g sm 2sec ;



G - gravitational constant,
 dyn  sm 2
sm 3  ;
G  7  108 


2
g  sec 2 
 g
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E g - gravito-electric field intensity sm sec 2 ;



Bg - gravito-magnetic induction sm sec 2 ,







- gravito-magnetic permeability of the medium.
The Maxwell equations for electromagnetism in CGS system are as
follows [1]:


divE  4 ,
divB  0 ,
1 B
,
rotE  
c t
4  
 E
rotB 

c

J

c t

(1)
(2)
(3)
.

(4)

The Lorentz force for the electric charge is

F  qE 

q
v  B.
c

(5)

The Maxwell equations for gravito-electromagnetism in medium in
Gauss CGS system [3], supplemented by analogy with equations (1-4)
permeability

 , are as follows:

divE g  4G g ,

(6)

divBg  0 ,

(7)

1 Bg
,
c t
4G
1 E g
rotBg 
Jg 
.
c
c t

rotE g  

The Lorentz force for the mass is

F  mE g  





m
v  Bg ,
c

(8)

(9)

(10)

where  - is a coefficient equal to 1 by Heaviside and equal to 2 in
general relativity theory.

Appendix 2. The Experiments of Samokhvalov
1. Experiment 1
We shall consider the experiment of Samokhvalov described in [4].
Two disks are placed into a vacuum chamber; they are misbalanced (by
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skewed axes) and are rotating in one direction. Both disks are overheated.
Technical parameters of the setup are as follows:
 Material of the disks
aluminum
1Pa
 Pressure in the chamber
  2.7g/sm3
 Density of aluminum
h  0.09sm
 Thickness of the disks
2 R  16.5sm
 Diameter of the disks
d  0.3sm
 Gap between the disks
0.05sm
 Beating on the sides
f  50 / sec
 Number of revolutions
 Temperature of overheating (in [4] is written that the
temperature rise measured after some minutes was 50 К ).
Let us consider the disk's rotation as mass current. We can assume that
this current is formed by the mass's motion in the circle of the upper
band of the disk of radius R  7 sm and the cross-section
(1)
S  0.3  2.5sm 2  7.5sm 2 .
The speed of this mass is
v  2R  f  2  7  50  2200sm / sec .
(2)
So, the mass current is
J g  Sv  7.5  2.7  2200  4400 g / sec .
(3)
This current is variable because the beating of the disks. In accordance
with (2.4) this current causes a variable axial induction (along the
ох axis of the disk) average on the circle area of radius R ,

Bg 

2GJ g

(4)

cR

or

Bg 

2    7  10 8  4400
 3  10 15 .
10
3  10  7

(5)

This induction is variable in time because of he disks We shall assume
that the circular frequency of this induction is

  2f  314 .

(6)

In accordance with (2.9), the strength of vortex electric current created
by variable gravito-magnetic flow, is
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J ge 
or

J ge 


cRe




cRe
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d g

(7)

dt

g .

(8)

In our case

 g  R 2 Bg  R 2  3  1015 ,

(9)

where  – is the coefficient of induction weakening on the level of the
driven disk (because of the gap). So,

J ge 



cRe

 R 2 Bg

(10)

or

J ge 

1.8  1014  314
 6
  8.252  3   10 15 
10 (10а)
10
3  10 Re
Re

This electric current raises the disk temperature. In the experiment it was
shown that the disk's temperature has increased by T  100 grades
Let us consider the equivalent voltage

Ee  J ge Re

(11)

And assume that such increase of the disk temperature may be due to the
voltage Ee . From (10а, 11) we find
(12)
Ee   10 6 .
Let us assume that such equivalent voltage is Ee  200 . Then we find
8
.
(13)

  2  10

Here  depends on the pressure, and  depends on the gap. Assuming
2
that
and knowing that d  0.3sm , we find
. Thus,

  1/ d

  0.01

based on Samokhvalov's experiment we can now assume that for the
indicated conditions the gravitational permeability coefficient with the
pressure of 0.1 atm is equal to
(14)
 p (0.1)  2  1010 .
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2. Experiment 2
Let us now consider the experiments of Samokhvalov described in
[5]. Two disks are placed into a vacuum chamber, misbalanced by skewed
axes. The first of them rotates forcibly, and the second disk begins
rotation due to the impact of the first one. The speed f 2 of the second
disk's rotation (if the rotation speed of the first one is constant ) depends
on the gap between the disks d and on the pressure in vacuum chamber
p . We may assume that the rotation speed of the driven disk is
(1)
f 2 p , d   f 2 p ( p )  f 2 d ( d ) .
This experiment explores these two dependences.
The dependence of rotation speed on the pressure is given in [5]
on Fig 2, from which we find
р=[0.1 ,0.3 ,0.5 ,0.7,0.9,1] (atm),
f=[24, 17, 8, 2, 0.2,  ],
where  is a small value that it is impossible to find from the experiment
results.
Samoh2
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5
0
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Fig. 1.
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Fig. 1 shows this experimental dependence (by circles) and (by full line)
– the approximating function in the form form of a polynomial with 5
members. We assume that,
f 2 p, d  0.2   f 2 p ( p)  f 2 d (0.2)
(2)
In particular, by approximating function we find:
f 2 (0.1, 0.2)  25 , f 2 (0, 0.2)  35 .
(2а)
The dependence of rotation speed on the distance
is given in [5, Fig. 3], from which we find:
d=[0.15, 0.2, 0.25, 0.3] (sm),
f1=[24, 17, 6, 5] при p  1atm ,
f102=[30, 25, 12, 10] при p  1.02atm .
Fig. 2 shows this experimental dependence (by circles) and the
2
approximating function (by full line) – in the form of
, and

ab d

the function

f 2d ( d )  1 d 2 .

(3)
To a first approximation further we shall use the function (2). In
particular, for d  0.2 (cm) we have
(3а)
f 2d (0.2)  25 .
Samoh4
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Analysis of the functions f 2 p ( p ) and f 2d ( d )
Taking into account (2, 3), we find:

f 2 p ( p )  f 2 p,0.2  f 2d (0.2)  0.04 f 2 p,0.2 .

(4)

In particular from (2а) we find:

f 2 p (0)  0.04 f 2 0, 0.2 0.04  35  1.5 ,

Below in (p.3.7) it will be shown that
f 2 p ( p )     p2 ( p ) .
Thus,

 p p  

f 2 p ( p)

From (9) it follows that

 p 0

 p p 


f 2 p ( 0)
f 2 p ( p)

(6)
(8)

,

(9)

,

(10)

In experiment 1 it was shown, that
 p (0.1)  2  1010 .
Combining (5, 6, 10, 11), we get
f (0)
1.5
 p 0  p 0.1 2 p
 2 1010
 2.5 1010 .
f 2 p (0.1)
1

(11)

From this we can find a crude estimate of the gravitational permeability
of vacuum:

  1010 .

(13)

3. The Role of Gravito-magnetic Lorentz Forces
In Samokhvalov's experiments the driving disk drags the driven
disk. Now we shall present the explanation of this phenomenon.
Samokhvalov notes that first there occurs the vibration of the driving
disk, and then begins the rotation of the driven disk – then see Fig. 3.
The disks' vibration is explained in the following way - see Fig. 3.
Above, analyzing the Experiment 1, it was shown that the driving disk is
a variable mass current (p.2.1.3) with circular frequency (p.2.1.6). This
current mass m1 , moving with speed v1 , creates a variable gravitomagnetic induction (p.2.1.4), which is perpendicular to the mass current
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of drive disc, ie radially and parallel to the disc plane – see a closed curve
on Fig. 3. This induction vector at the slave drive moves with a speed v1
relative to the mass m2 of the driven disc. This raises gravito-magnetic
Lorentz force, acting on the mass m2 and directed vertically and having
the form

F1  m2 v1 Bg



c

.

(1)

F1

Bg

F2

m2
v2

v1

m1

Fig. 3.
Above, when analyzing the experiment 1, we have showed that the
masses m1, m2 are the mass of a circle of higher band of the disk with
radius R  7cм and cross-section (p.2.1.1). This mass is equal to
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(2)
m1  m2  2RS .
The force F1 is directed perpendicularly to the disk plane and varies
with the frequency f  50 / sec , causing the vibration of the driven
disk. Evidently, the speed v2 of this vibration is proportional to the
force F1 , i.e.
(3)
v2  F1 ,

where  is a certain constant.
This force may explain the "oscillatory" character of the process of
repulsion of the screen with the increase of the oscillations amplitude
(angle of the frame's deviation) after steadying of the disk rotation
speed", which is reflected in the Samokhvalov's experiments described in
[8].
Rotating force acting on the driven disk is explained as follows
– see Fig. 3. The foregoing gravito-magnetic induction Bg (p.2.1.4),
created by the driving disk is directed perpendicularly to the mass current
of the driving disk, i.e. along the disk's radius and parallel to its plane.
This induction acts on the vertically vibrating mass m2 of the driven
disk by gravito-magnetic Lorentz force (2.18):

F2  m2 v2 Bg



c

.

(4)

This force is tangential to the circumference of the disc, because
perpendicular to the direction of induction (which is directed along the
radius of the disk) and the speed (which is perpendicular to the plane of
the disk). Due to the fact, that the speed of vibration v2 and the
induction Bg are changing synchronously, the vector of this force
doesn't change direction. Apparently, the rotation speed of the driven
disk is proportional to the force F2 , i.e. the number of its revolutions is
where

f 2  F2 ,

(5)

 – a certain constant. Combining (1-5) we get


f 2  m2 v2 Bg  m2 Bg F1 
c



c



 

 m2 Bg m2 v1 Bg    m2 Bg 
c
c
 c 
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.
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The Papers of independent Authors

Because gravito-magnetic induction

Volume 28, 2014

Bg proportional gravito-magnetic

permeability  (which follows from (p.1.9) in Appendix 1), the number
of revolutions of the slave drive is
(7)
f2     2 .
2
Which is proportional to  with a certain proportionality factor  .
This ratio is used in the above analysis of the Experiment 2 – see
(p.2.2.8).

Appendix 3. Some formulas in the CGS system
Name
Maxwell's equations

Electromagnetism

divE  4 
divB  0
rotE  

1 B
c t

 4   
J

c

rotB  
  E 


 c t 

Lorentz force
Magnetic flow
passing through the
area of coil with a
current (p.2.1)
Induction of the
ring current (p.2.1)
The moving force
(p.2.2)
The strength of the
induced current
(p.2.2)
Induction of a
moving body

q
v  B
c
4 SJ


c
L
F  qE 

2 J
cR
1 d
 
c dt
1 d
J

cRe dt
B

 

Gravitomagnetizm
divEg  4G g
divBg  0

rotE g  

1 Bg
c t

 4G

Jg 

c

rotBg  
 1 E g 


 c t 

F  mE g  

g 

Bg 



m
v  Bg
c



4G SJ g

c
L

2GJ g

cR
1 d
g   g
c dt
1 d g
Jg 

cRm dt

 

B   q v  r cr 3 Bg   Gm v  r cr 3
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(p.2.4)
Biot-Savart-Laplace
law (p.2.5)

dB 

Ampere Force
(p.2.6)

Fa 

The energy density
of a magnetic wave
(p.2.7)
Induction of
current conductor
(p.2.8)

dL  r 
r c

dBg 

1
J  B 
c

Fag 

J
3

B2
W
8

Wg 

B  2 J / cd 

Gm
r 3c



v  r 

1
J g  Bg
c
Bg2



8G
Bg  2GJ g / cd 
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To the Question of Intranuclear Forces
Abstract
It is shown that nucleons in nuclei of elements are linked NOT by
nuclear forces, but by the overall flow of electromagnetic energy circulating
in the volume of the nucleus. This assumption allows us to explain some
properties of the intranuclear interactions and some well-known
observations.
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1. Introduction
The work [1] is devoted to considering an experiment
demonstrating preservation the integrity of the assembled structure in the
absence of visible fastening forces. рассматривается эксперимент, It is
shown that the experiment may be explained by the appearance of
electromagnetic energy inside the structure. Next they consider such
body shapes, for which the electromagnetic energy is stored indefinitely.
Most detailed description is given to a cube consisting of magnetically soft
and dielectric material with absolute permeability  and absolute permittivity
 . Suppose that as a result of some effects in a cube occurred an
electromagnetic wave with energy Wo . There are no thermal losses in the
cube, and no radiation of the cube. In particular, in order for cube not to radiate
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from the surface хоу, it is necessary that the following equalities were true for
all the points of this surface
(1)
Ex H y  0 и E y H x  0 .

These conditions allow finding the solution of Maxwell equations.
In [1] it is shown that this solution has the following form

Ex x, y, z , t   ex cosx sin y sin z sin t ,
E y x, y, z , t   e ysin x cosy sin z sin t ,
E z x, y, z , t   ez sin x sin y cosz sin t .
H x x, y, z , t   hxsin x cosy cosz cost ,
H y x, y, z, t   hy cosx sin y cosz cost ,
H z x, y, z , t   hz cosx cosy sin z cost ,
sin   a   0 ,

(3)
(4)
(5)
(6)
(7)
(8)
(9)

where the origin is located in the cube’s center, and

а – is the length of half cube’s edge,
e x , e y , ez , hx , h y , hz - are the constant amplitudes of the functions,

 - is the frequency.
The former equation is the consequence of (1). From (3-8) it follows [1]:
1.
2.
3.
4.

hz  h y  e x   0
hx  hz  e y    0
h y  hx  ez   0
ez  e y  hx    0

5.

e x  ez  h y    0

6.

e y  e x  hz    0

(10)

The equations system (10) has several solutions. One of them has the form:

hz  0 ,
h y  hx ,

(11)
(12)

e y  ex ,
e z  2 e x .

(13)
(14)
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,

(15)
.

(16)

From (15, 16) it follows

3

 

(17)



From (9) it follows:

  a  k , k  1,2,3,...

(18)

From (17, 18) it follows:



k
a

3



.

(19)

Thus, there exists a range of frequencies at which the conditions (3-8) are
valid. We call these frequencies the natural frequencies of the cube, as they
depend only on the material and size of the cube.
For the given  , hz  0, hx the remaining amplitudes are
determined consequently from (15, 13, 14).

2. Energy, the Flow of Energy and
Momentum of the Electromagnetic Field of
the Cube
The full energy Wo , stored in the cube, can be found by integrating the
functions (3-8) over the volume of the cube.
As the energy average over time is





Wo  x, y , z E x2  E y2  E z2  H x2  H y2  H z2 dxdydz ,
then






Wo  ma 3 ex2  e 2y  ez2  hx2  hy2  hz2 ,
where m – is a certain constant, or, given (15, 13, 14),
Wo  ma 3 6ex2  2hx2



and next, given (15),
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Wo 




 
  2 
   

2


ma 3hx2  6


and, given (17),



Wo  2ma 3hx2   1 .



(20)

This formula is related to every frequency from the spectrum of natural
frequencies with amplitude hx ( ) .
The flow of electromagnetic energy circulates along the faces of the cube
by the planes perpendicular to the axis oz. The integral of this flow S density
over the volume of the cube V is proportional to the momentum of the
electromagnetic field P in the volume of a cube, because, as you know, in the SI
system



dP 1
1
 2 S  2 EH
dV c
c

.

(21)

By the law of conservation of momentum the cube retains its integrity
(because with the change in the shape of the cube the integral of
electromagnetic energy flow density also changes).

3. Integration and Disintegration of the Cube
Let us consider 4 identical cubes, each of them storing energy

Wo

and

momentum Po . At contact these cubes can form a single cube with twice the
half-edge.

a  2 a

(22)

According to (19) the frequency spectrum of the combined cube will change:

 

k
a

3






2

.

(23)

There will appear frequencies that were absent in the primary cube. It
means that the energy flow will be passing through the contacting faces of the
primary cubes. This additional flow preserves the integrity of the combined
cube, because when disconnecting the primary cubes the integral of flow density
of electromagnetic energy is changed and the law of conservation of
momentum is violated.
The appearance of additional frequencies means also that the total
momentum of the combined cube is larger than the sum of impulses of the
merged cubes. This excess is equal to the momentum of forces which are
uniting the cubes. The work of these forces is converted into electromagnetic
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energy of the combined cube, which thus becomes larger than the total energy
of primary cubes.
The inverse process is also possible – it is the disintegration of the cube
into four separate cubes with preservation of their total energy. The
disintegration may be caused, for instance, by the fact, that the cube got into
the area of another electromagnetic wave, which disturbed the balance inside
the cube. Moreover, the total momentum of disconnected cubes becomes
smaller than the momentum of the combined cube. "Surplus" is released in the
form of electromagnetic energy flow. Along with this, naturally, the energy is
released, i.e. with the cubes disintegration there appears a certain radiation.

4. Electromagnetic Wave Holder
Thus, in the body of a certain form there may exist an electromagnetic
wave with a spectrum of natural frequencies (determined only by the form and
material of the body). This wave does not emerge beyond the body volume and
does not attenuate ever in an electro conducting body, retaining the once
received energy Wo and the momentum Po . We shall denote such a body as
Electromagnetic Wave Holder – abbreviated as EWH.
Several identical EWH may integrate in such way that in the integrated
body an electromagnetic wave is created with an expanded spectrum of natural
frequencies and with total energy and momentum greater than the sum of the
energies and momenta of the combined EMK. We will call such a process a
EWH synthesis.
An EWH can disintegrate into several EWH with reduced spectrum of
natural frequencies and with total energy and momentum smaller than the sum
of energies and momenta that is smaller than the sum of energies and momenta
of the created EWH. This leads to radiation. We shall call such process the
disintegration of EWH. Initiation of this disintegration can be caused by the
fact that EWH enters the external electromagnetic field. The energy of this field
can be a lot less than energy of internal electromagnetic field of EWH.
The EWH considered in [1] have the form of parallelepiped (and most
detailed - cube). Probably, it is possible to find other forms. To allow for
synthesis, such forms should be subject to additional restrictions. It appears that
such possible forms which during the synthesis are not completely in contact,
but with some gaps.
The existence of EWH is confirmed by the experiments described in [1].
In the Internet you can find many reports of metal objects sticking to the
human body. This phenomenon can also be explained by the appearance of an
electromagnetic wave in a limited volume of "human body - metal object."
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5. Internuclear Interactions
Concerning the nuclear forces it is known, for instance, from [2], that
A. The nuclear forces are short acting (their range is of the order of 10-13
cm.)
B. The interaction forces of nucleons do not depend on the nucleon’s
charge.
C. Nuclear forces are not central (they cannot be presented as directed
along the line connecting the centers of interacting nucleons).
D. Nuclear forces have the ability to saturation (this means that each
nucleon in the nucleus interacts with a limited number of nucleons).
E.
There exist the so-called “magic numbers” (2, 8, 20, 50, 82, 126) of
nucleons in the nucleus, under which the nuclei are most resistant to
nuclear decomposition.
All these facts have no explanation, which in [3] are formulated as
follows: "at present there still is no complete theory of so-called nuclear forces
– forces acting between nuclear particles (nucleons) and holding them together
as part of an atomic nucleus.
By analogy with the above, it can be assumed that the nucleons in nuclei
of elements are linked NOT by nuclear forces, but by the overall flow of
electromagnetic energy. One must assume that in a nucleon there is an
electromagnetic wave with a certain natural frequency and energy, i.e. a single
nucleon - is a EWH, and the nucleus is a EWH obtained by the synthesis of
EWH nucleons.
On this assumption we can explain several features of intranuclear
interactions, and other phenomena.
1. Nucleons must "contact", so that their total electromagnetic wave was
concentrated in total volume - see above p. A.
2. Nucleons charge does not matter - see above p. B.
3. Nuclear forces are not central (see above p. C). Generally, the
interaction cannot be explained by the forces acting between nucleons.
4. The nucleons must have a certain form, to be able to “contact” with
other nucleons. The number of nucleons contacting with a given nucleon, is
restricted – see above p. D. The number of nucleons contacting with the given
one is determined by their form and cannot be arbitrary even within certain
limits – see above p. Е.
5. Nuclear fusion (formation of heavier nuclei of lighter nuclei) is a
synthesis of EWH. This synthesis can occur without substantial expenditure of
energy, i.e. it is cold nuclear fusion. This apparently occurs in living organisms.
[4] This, for example, explain that the body of hen is constantly producing
calcium (for the formation of egg shell), not getting it in the food consumed,
and producing it from virtually any set of substances coming from food.
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6. We can assume also the existence of nuclear disintegration (formation
of lighter nuclei from heavier nuclei). The facts mentioned in the previous p. 5
can be interpreted as the nuclear disintegration - it all depends on the initial and
final products.
7. Nuclear decay, as the release of electromagnetic energy of EWHnuclei , can occur without significant external energy expenditure - see above.
This may explain the so-called pyrokinesis [5], in which a person for no
apparent reason flares and immediately burns, although all the surrounding
objects and clothes remain intact.
We return again to the question of the existence of electromagnetic waves
inside nucleons and nuclei. It is known that gamma radiation source (having a
frequency> 3·1018 Hz) can be nuclei and particles, as well as the nuclear
reaction and the reaction between the particles. Conversely, gamma radiation
can be absorbed by atomic nuclei and is able to cause transformation of the
particles [6]. Consequently, inside the core the electromagnetic wave of the
same frequency must also exist. While the energy flow of these waves in closed
volume of EWH-nucleus - it is stable, and the waves are not observed. EWHnucleus stores energy. With the disintegration of this EWH-nucleus the energy
is released in the form of gamma radiation. In the absorption of gamma
radiation the internal energy increases and is redistributed in the volume of
EWH-nucleus. This can lead to the disintegration of the nucleus into smaller
nuclei.
As follows from the above, the EWH-nucleons inside the EWH-nucleus
exchange by the flow of electromagnetic energy - electromagnetic waves. At
high frequency of the waves, they acquire corpuscular character. Thus, EWHnucleons inside the EWH-nucleus exchange particles. This is quite consistent
with the existing theory of the exchange interaction according to which the
interaction between the nucleons inside the nucleus is the result of emission and
absorption of π-mesons.

6. About the spin of nucleon and nucleus
Momentum and angular momentum are linked by relation

J  r  P.
(25)
between the momentum and angular momentum. Similarly, the bulk densities
are linked by relation

dJ
dP
r
dV
dV

.

(26)

From (21, 26) follows:
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dJ
1
 2 r  S 
dV c

(27)

or

J

1
 r  S dV .
c2

(28)

From the above it follows that in the nucleon and the nucleus there is a
circular flow of electromagnetic energy. This flow determines the angular
momentum (28). Probably, this angular momentum is exactly the spin of
the nucleon and the nuclear spin.
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Unsupported Motion Without Violating
the Laws of Physics
Abstract
We are considering some speculative experiments with charges and
currents, which demonstrate a breach of Newton's third law, i.e. an
opportunity of unsupported movement. It is shown that these
experiments do not violate the Law of momentum conservation. We
describe a structure in which electric charges are driven into rotation.
We show that this structure performs translational unsupported
motion. We describe the mathematical model and the experimental
results with a mathematical model of this structure. Some
recommendations are given for the implementation of the design.
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1. Introduction
Unsupported motion is usually considered to be impossible due to
the fact that it violates Newton's third law, and following from it (in
mechanics) the law of momentum conservation. The latter is more
general law of the laws of physics. In electrodynamics, the law takes into
account also the momentum of electromagnetic waves and therefore the
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impulses of material objects that interact with the wave, in total turn out
to be not equal to zero [1].
In [2] the interaction of electric charges is considered, and it is
proved that in this case there may be cases when the law of momentum
conservation in mechanics is violated. Described below based on this
experiments that demonstrate unsupported motion [3].

2. The Interaction of Moving Electric Charges
Let us consider two charges q1 and q2 , moving with the speeds v1
and v2 accordingly. It is known [2], that the induction of the field
created by the charge q1 in the point where at this moment the charge is
located, is equal to (here and further the system GHS is used)
(1)
B1  q1 v1  r  cr 3 .
The vector r is directed from the point where the moving charge q1 is
located. The Lorentz force acting on the charge q2 is
F12  q2 v2  B1  c .
or
F12  q1q2 v2  v1  r  c 2 r 3 .
Similarly,
B2   q2 v2  r  cr 3 ,

 

or

F21  q1 v1  B2  c

(2)

(3)

(4)
(5)

 

F21   q1q2 v1  v2  r  c 2 r 3 .

(6)

Here the minus sign appears because the vector remained the same.
In the general case F12  F21 i.e. the Newton’s third law is not
observed – there appear unbalanced forces acting on the charges q1 and
q2 and contorting the trajectories of these charges motion.
If the charges q1 and q2 in the process of moving do not leave a
certain general construction, then there is a force acting on this
construction
(7)
F  F12  F21
or
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qq
F  1 2 v2  v1  r  v1  v2  r .
c2r3

This force is capable of moving the construction.
assumed that such forces provide the flight of ball lightning.

(8)

It can be

3. The First Experiment
Let us consider two charges q1 and q2 , rotating with a constant
speed v1  v2 along mutually perpendicular circular orbits - see Fig. 1.
The rotation begins from a position shown on Fig. 1, and is provided by
mechanical forces within the construction.

z
q2
y
q1

v1

Fig. 1.
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Using formula (8) we can find the force acting on the whole
construction. Fig. 2 shows the special graph of this force’s change during
one revolution of the charges (the thick line) and the projection of this
graph on the coordinate planes (thin lines). Here and further the
projection lines are depicted so: the green one is xz, the blue one - xy,
the red one –yz; the axes direction is shown under the graph.
For a known force and given zero initial conditions we find the
speed and the trajectory of the construction for the given period -– see
Fig. 3 and Fig. 4 accordingly. For this period the construction is shifted
to the following distance Rmax=2.8. Fig. 5 shows the trajectory of the
construction during two periods, when it has shifted to the distance
Rmax=5.6.

4
3
2
1
0
1
2
0

0.5

-2
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0

-6

-->x, <--y, |z

Fig. 5.

4. The Second Experiment
z

y

Fig. 5a.
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In the construction depicted of Fig. 1, one charge was located on
each circle. Now we shall consider a construction where several charges
are located on each circle, but all of them are concentrated and are
distributed uniformly along the half-circle – Fig, 5а. Here also with the
formula (8) we may find the force acting on the construction as a whole.
We find that the vector of this force lies on the plane xoz for any
number of charges a  1 . The vector of speed and the trajectory are also
on the plane xoz . Fig. 6 shows as an example the construction’s
trajectory for one period for the case when the construction contains 5
charges on each circle.
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Fig. 7.
Fig. 7 shows for this same case the graphs of force change
(window F) и скорости (window V) daring the time of one revolution of
the charges and the trajectory of the construction (window Т) in
xoz coordinates. In this and in the following figures it is assumed that
the ox axis is directed horizontally, and the oz axis– vertically.
On Fig. 7 we may see that during one period the construction is
shifted by a certain distance Rmax=2.Fig. 8 shows the similar graphs
for the same construction during two periods. Apparently, the
construction shifts on the distance Rmax=4.
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Fig. 8.
Fig. 9 and Fig. 10 show the same graphs for two periods for
constructions containing 15 and 25 charges accordingly. For all
q  1/ a .
constructions the magnitude of charge is chosen to be
Apparently, that in this case the graphs of force and speed change do not
depend on the number of charges, and the trajectories are also
independent from the charges number. Thus, such construction on
increasing the number of charges “aims” to a construction with infinite
number of charges. In it the linear distribution density of charges by the
length l of charged half-circle is

dq 1

. As concerning the
dl R

realization of such a construction, the charges in it must contact, but not
merge into a single strip; for the functions of distribution density of the
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charges along the lane are not uniform (the charges are accumulated at
the strip’s edges). The charges of such construction may permanently
recover from a source of DC voltage through brush contacts.
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In conclusion let us consider the results of calculation for the same
conditions that were used for calculation for Fig. 9, but for 20 periods–
see Fig. 12. On this figure the red vector on the hodograph of speed
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depicts the average speed Vs  0.32 of the construction’s motion. After
20 periods the construction has shifted on R  40 .
1

0.6
0.4

0.5

0.2

0

0

-0.5
-1
-1

-0.2
-0.5

0
F

0.5

5

10

1

-0.4
-0.5

0

0.5

1

V

15
10
5
0
-5

0

15

20

25

30

35

40

T

Fig. 12.

5. The Parameters of Motion
Let us consider in detail some characteristics of such motion. We
shall not take into account the energy necessary for the construction’s
rotation with a permanent speed. The factors affecting the kinetic power
P , expended by the construction for its motion, the average speed Vs
and the construction’s displacement, are :
 the speed of the construction as a whole v  v1, v 2, v 3,
 propulsive force F   f 1, f 2, f 3,
developed by the
construction,
 the number of revolutions N ,
 rotation frequency f or the angular rotation frequency
  2f ,
 the construction’s radius Rk ,



linear speed of the charges vo  Rk  ,
summary charge qo ,
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the number a of charges, each of them having magnitude
qo a ,

 the mass of construction m .
We can prove that for a  4 the number a of charges does not affect
the motion parameters, and
P  ( v, F ) ,
(1)
(2)
Vs  vo , m, q,  ,

R  N , vo , m, q,  .

(3)

Fig. 13 shows the graphs of instant motion parameters for
a  5, N  5,   1, vo  1, qo  1. Here
T - the motion trajectory,
x1, x 3 - coordinates x, z depending on time,
V - hodograph of overall speed and average speed vector,
F - hodograph of the force,
f 1, f 3 the force projections f x , f z depending on time,
P - instant power depending on time,
Ps - average power,

v1, v 3 - speed projections v x , v z depending on time,
vm - the speed amplitude.
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6. Resistance to Motion
The construction is always affected by the force FT of resistance to
motion – friction or useful load. Usually such force is proportional to
the instant speed V , i.e.
(4)
FT  Ft V ,
where Ft is a known coefficient. The instant power f resistance to
motion is
(5)
PT  FT V   Ft V 2 ,
Fig. 14 shows the graphs of instant values of the motion parameters
for Ft  0.75 и a  5, N  5,   1, vo  1, qo  1. In the window
"Р" the horizontal line is the graph of power (5). We may note that
 the trajectory gradually turns into circular motion of all the
construction “on the spot”,
 the instant amplitude of speed aims to a certain constant value (as
the motion turns into rotation “on the spot”),
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Thus, the considered construction performs unsupported motion
also with the resistance. The power of the construction’s motor is
expended on the rotation of charges and on overcoming the resistance.
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Abstract
It is known that Lorentz Force and Ampere force contradicts
the Third Newton Law, but it does not contradict the more
general Law of Momentum Conservation, as the electromagnetic
field has a momentum. From this it follows that the Lorentz and
Ampere forces must be balanced by the flow of electromagnetic
momentum. However, as far as the author knows, there is no
corresponding quantitative comparison and therefore it is
discussed below. In particular, it is shown that some of the
corollaries of the Momentum Conservation Law can be found.
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1. Introduction
It is known that Ampere force contradicts the Third Newton Law,
but it does not contradict the more general Law of Momentum
Conservation, as the electromagnetic field has a momentum. It is
important to note that a stationary electromagnetic field can also have a
momentum and therefore the Ampere force does not contradict law of
conservation of momentum, also in the case when it occurs in
conjunction with a permanent magnetic field. From this it follows that
the Ampere force must be balanced by the flow of electromagnetic
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momentum. However, as far as the author knows, a quantitative
comparison of the Ampere force with the flow of electromagnetic
momentum does not exist. Therefore this comparison will be discussed
below. Here we shall also define some parameters, and taking them into
account we shall show that the Lorentz force and Ampere force can be
regarded as corollaries of the existence of electromagnetic momentum
and the law of momentum conservation.

2. The Field’s Configuration
For an electromagnetic field let us denote:
W - the energy density (scalar), kg·m-1·s−2,
S - the energy flow density (vector), kg·s−3,
p - the momentum density (scalar), kg·m−2·s−1,
f - the momentum flow density (vector), kg·m-1·s−2
V - the electromagnetic field volume (scalar), m3,
The fig. 1 shows conductor carrying current I and length of L
that is located in a magnetic field with induction B and is moving at the
speed v under the action of the Ampere force F . Vectors of the
intensity E of the current-creating electric field, and of the induction B
- are mutually perpendicular.
Therefore there appears a flow of electromagnetic energy with a
density S , shown in the fig. 1 by circles. It may be presented in the form
of two spheres, united in the body of conductor and penetrating the
conductor in the vertical direction. This flow is equivalent to the flow of
an electromagnetic momentum f .
F
B
I

S
L
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Fig. 1.
It is known [1, 2], that
f W .
S W c,
2
p W c, p  S c ,
f  pc , f  S c .
The integral of the density by volume will be denoted as
AV   A  dV .

(1)
(2)
(3)
(4)
(4а)

V

The energy flow SV may exist also in a stationary electromagnetic field
[3]. Therefore the momentum flow fV exists also in a stationary
electromagnetic field created by direct current and permanent magnetic
field.
The law of momentum conservation for a device interacting with
electromagnetic field can be written in a following form [3]:


 J   pV  fV ,
(5)
t
t
where
J – mechanical momentum of the device,
V - the volume of device; volume in which the electromagnetic
momentum interacts with the device (the summary momentum
flow in all volume of the field is equal to zero).
It is known that the force acting on the device is

F   J .
(6)
t
Consequently,


F   pV  fV  .
(7)
 t

Combining (7) and (3, 4), we get:
  S  S 
(8)
F    V2   V  .
 t  c  c 
Thus, if the device is in the flow of electromagnetic energy SV , then it is
influenced by a force (8), depending only on the flow of electromagnetic
energy SV . This force exists also for a permanent flow SV , and then
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SV
.
(9)
c
In this case, if the flow of electromagnetic energy electromagnetic
energy flux is distributed in the material with relative permittivity  and
permeability  , then in the formulas (8, 9) the light speed c in vacuum
should be replaced by the light speed in material
c
cs 
(10)
F



Let us consider the case (shown on the fig. 1), when vector of
permittivity E and permeability H are perpendicular. Then
(11)
S  EH
Let also the field in the device is uniform and is concentrated in the
volume V . Then from (8, 10, 11) we get
   EH  EH  
.
F  V   2  
(12)

c
 t  c 

If, besides that, the field is permanent, then
EH 
F V
.
(13)
c

3. The Lorentz Force
Let us consider the magnetic Lorentz force, acting on a body with
charge q , moving with speed v perpendicularly to the vector of magnetic
inductivity B :
FL  qvB .
(14)
We shall neglect the intrinsic magnetic induction field of a moving charge
(compared with the induction of an external magnetic field) and its own
electromagnetic momentum moving charge. Then we have to accept that
the force (14) is caused by the flow momentum of electromagnetic field
that penetrates the body of the charge. Thus from (13, 14), we obtain:
EH 
FL  V
.
(15)
c
where V – is the body volume. From this we get:
EH 
qvB  V
(16)
c
or, for B   o H ,
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(17)

Consequently, inside the body there should be electric field intensity
directed along the velocity, and equal to
qvc o
E
.
(18)
V  /
Let us note that

c o 

o
 377
o

(19)

and

E

 qvco
q

 377 v .

V
V

(20)

Consequently, inside a charged body, moving in a magnetic field and
being under the influence of Lorentz force, there exists an intensity of
electric field proportional to the movement speed.
The example with an Electron
It has a charge qo  1.6  1019 , classical radius ro  2.8  10 15 , a

4ro3
 92  10 45 . Also
volume corresponding to this radius, Vo 
3

E
 7  1026  v . One may also say that on the diameter of the

electron along the speed direction, there exists a potentials

difference – a voltage U o  2 Eo ro  4  1012  v
. Considering the

arguments of Feynman [3] on the internal forces of the electron,
restraining the electron charges on the surface of the sphere, we
can see that this voltage is the force which "pulls" lagging charges
to their place on the sphere when they move under the action of
the Lorentz force

4. The Ampere Force
Let us consider the Ampere force acting on a conductor with
current I , дmoving with speed v perpendicularly to the vector of
magnetic induction B :
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FA  IBL .
(21)
If this force is caused by the flow of the momentum of electromagnetic
field permeating the conductor, then
EH 
FA  V
,
(22)
c
where V –is the conductor’s volume. From this we find:
EH 
IBL  V
(23)
c
or, for B   o H ,
EH 
.
(24)
c
Therefore, the intensity of electric field in this case will be
ILco
E
.
(24а)
V  /
If s is the section area, L - the conductor length, then
(25)
V  sL .
If the voltage on the conductor is permanent and equal to U , then
(26)
E U / L .
If the specific resistance of the conductor is equal to  , then
U  IL s  jL
(27)
and
E  j .
(28)
Then
jsco
j 
(29)
s  /
or
IHLo   V

2

 c 
   o   .
(30)
  
Thus, the permittivity of the conductor with current depends only on 
and  .
For example, for   1,   2  10 6 (om*m) we find that

  7 1016 .
For verification let us substitute (30) into (22) or into (13), we shall get
  VEB
FA  VEH o 
.
(31)
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and further, taking into account (28), we get (21). Similarly, substituting
(30, 28) into (12), we get
   EH     2  EH  
  V  o    EH o    EH o  
FA  V  
 o   
 c t 
 t  c    

c
 
 



 

or
L o  
IB  IBL .
FA 
(32)
c t
Hence, the Ampere force must depend also on the speed of current
change or on magnetic induction. These changes may be caused by
current change of by the change of current position relative to the field.
Practically such dependence can be detected only for very high frequency
(due to the coefficient

o
c

 4  1015 ).

5. Discussion
From the above said it follows that the Ampere force may be
considered as a corollary of the existence of electromagnetic momentum
flow and of the momentum conservation law. But in this case it should
also be assumed that the permittivity of the current-carrying conductor
depends on  and  according to (30). In this case the dependence of
the Ampere force on the speed of current change and/or magnetic
induction can be revealed.
Combining (20) and (30), we find
 c  qvco
.
(33)
E  o  
V
  
or
qv
E
.
(34)
V
Qualitatively, this effect can be explained by the fact that the free
electrons "lag" from the body and accumulate in the "tail" of accelerating
body - a phenomenon considered by Feynman for accelerating electron
[3]. Electrical resistance of the material slows uniform charge
distribution. For this consumes energy. Consequently, the motion of the
charged body at a constant speed occurs with the expenditure of energy
for thermal losses. This ensures constancy of the energy of the electric
field inside a charged body.
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Thus, the the Lorentz force can be regarded as a corollary of the
existence of electromagnetic momentum flow and of the momentum
conservation law. But in this case it should also be assumed that inside
the charged moving body exists the intensity of electric field of the form
(34), proportional to the movement speed.
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It is shown that from the existence of electromagnetic
momentum flow and from the law of momentum conservation
there follows the existence of a previously unknown force. The
author suggests to experimenters to verify the generation of
Khmelnik force and to supplement its name by their own names.
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1. Introduction
In [1] it is shown that the Lorentz and Ampere forces can be
defined as the consequences of the existence of electromagnetic
momentum flow and of the law of momentum preservation. They are
defined in the form (in SI system):
F  V  S   c ,
(1)
where
S - the energy flow density,
V - volume of body, which is penetrated by the flow of
electromagnetic field,
 - relative permittivity of body,
 - relative permeability of body,
c - light speed in vacuum.
Based on this form it can be asserted that there exists an additional force
which we shall call for short “Khmelnik force” (if, of course, nobody had
considered previously this force). In particular, it can be the Lorentz
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force or the Ampere force. But in other cases it is not equivalent to these
forces. Consider some of these cases.

2. Faraday motor
The most striking example of such a force can be observed in the
design shown in the following Fig. 1. "The inventor of this motor took
disc of neodymium magnet with nickel coating, magnetized along the
axis, in the center attracted to it by magnet a screw with a sharp end, and
that end attracted by magnet to the positive terminal of round battery.
Then he connected the negative terminal of the battery by thin wire (like
a brush) with cylindrical surface of the magnet. Thus, between the tip of
the screw and the positive terminal a bearing with very low friction was
formed. When the negative terminal of the battery was connected to the
magnet circle, the magnet spun immediately and within a couple of
seconds has reached a top speed of the order of 15,000 rev / min, and
then due to imbalance broke from the screw and flew away!” The quote
and Fig. 1 are taken from [2], but one can easily replicate this experiment.
Earlier in [2] a brief explanation of the experiment was given.

Fig. 1.
In essence, it is - a special case of Faraday motor - see Fig. 2. It has
a electroconductive magnet with induction B , the line of current I
passing along the vertical axis (vertical screws on Fig. 1), along the
magnet's radius and the fixed contact. On electroconductive radius has
electric intensity
E  j ,
(2)
where j - the current density,  - resistivity. Magnetic intensity H is
proportional to the induction B . Vectors of these intensities are mutually
perpendicular and therefore there flows of electromagnetic energy
(3)
S  EH
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arises. It is shown in Fig. 2 as two circles in the plane of the magnet.
Note that this flow occurs in a static electromagnetic field. This flow
creates a force F that rotates the magnet at a speed v . This force is
neither Lorentz force nor the Ampere force.
I

B
F

v

E
K
S

Fig. 2.

3. Tamm’s Mental Experiment

Fig. 3.
In [4] Tamm describes the following mental experiment – see Fig.
3. He considers a cylindrical capacitor placed in a uniform magnetic field
Н, parallel to its axis. In the space between the capacitor plates, in
addition to the magnetic field, there is also a radial electric field of
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intensity E, created by the charged capacitor. In the space between the
capacitor plates in the static electromagnetic field there exists the
Pointing vector (3). The lines of Pointing vector, i.e. the energy flow
lines, are concentric circles whose planes are perpendicular to the axis of
the capacitor.

4. Experiment of Graham and Lahoz
Experimental setup is shown on Fig. 4, where
1 – cylindrical capacitor,
2 – torsion oscillator suspension,
3 - mirror,
4 - radially extending wires for supplying an alternating voltage to
the plates,
5 – superconducting solenoid.
The authors write: "Our programme of measurement of forces related to
electromagnetic momentum at low frecuencies in matter has culminated
in the first direct observation of free electromagnetic angular momentum
created by quaststatic and independent electromagnetic fields E and B in
the vacuum gap of a cylindrical capacitor. A resonant suspension is used
to detect its motion. The observer changes in angular momentum agree
with the classical theory within the error of ~20%. This implies that the
vacuum is the seat of something in motion vhenever static fields are set
up with non-vanishing Poynting vector, as Maxwell and Poyntin
foresaw."

Fig. 4.
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5. Ivanov’s Mental Experiment
The experiments of Tamm, Graham and Lahose are discussed by
Ivanov in [6] (from this work the illustrations are taken). From these, by
his opinion, follows that “angular momentum of matter and field is not
stored”. Later, in [7] he presents a construction shown on Fig. 5. He
assumes that his construction will be moving only with alternate voltage.
His proof is based on the “laws of momentum and energy conservation
and relativity principle, according to the named laws such movement
takes place due to the force and energy interaction with physical vacuum
(ether)”.
On Fig. 5 shows
1. inner electrode,
2. outer electrode,
3. reel from magnetic dielectric material,
4. coil magnetization reversal,
5. electrical circuitry.

4

2
3

1
5
Fig. 6.

6. The proposed device
All the above named experiments cannot be explained by the
Lorentz forces or Ampere forces, but can be easily explained by the
forces (1). Most clearly this can be shown on the further proposed
device.
Let us consider Fig. 7, that shows a body located inside the
solenoid with direct current I . The body has covering electrodes under
direct voltage U . In this case, the body creates electromagnetic
stationary field with electric field intensity E and magnetic field intensity
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H . In the body appears a flow of electromagnetic energy with density
(3), which is shown in the Fig. 3 by circles. It can be presented in the
form of two spheres united in a body and threading it in the vertical
direction. This flow creates force (1) acting on the body.
E

F

+U

H

h
I
S
d
L

Fig. 7.
Let us discuss in detail the calculation of force (1), using the
notations of the body dimensions shown in the Fig. 7 ure: L, d , h . We
have:
(4)
E U /d ,
(5)
H  Iw / L ,
(6)
V  hdL .
Also
F  V  E  H   c ,
(7)
or
F  hUIw  c .
(8)
The example. Let in SI system
  1,   4, c  3  108 , U  30000, I  20, h  0.2, w  100 .
Then F  0.2  30000  20  100 4  1 3  108  0.08N .
Thus, we may expect that the device can be implemented. The
author suggests to experimenters to verify the generation of Khmelnik
force and to supplement its name by their own names.
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Khmelnik S.I.

Invertibility Principle
in Faraday Unipolar Machines
Abstract
It is shown that the existence of electromagnetic momentum flow
and from the law of angular momentum conservation gives an
explanation of the action principle of Faraday generator

1. Introduction
Electric unipolar machines, the prototype for which was provided
by the Faraday generator, have a wide scope and are manufactured by
many large companies. There naturally exists a calculation method [1].
However, the scientific validity of this technique, and, simply put, there is
no generally accepted explanation of the action of this generator.
It would seem the easiest way to explain the generator is by using
the principle of invertibility of electric machines for explanation of the
principle of the Faraday motor. But the problem is that the invertibility
principle itself is ill-founded (and proof of this is just the inability to
"invert" to be applied to the generator).
Below we shall use the explanation of the principle of the Faraday
motor given in [2], and show that a similar approach can be used for the
explanation of the principle of action of Faraday generator.

2. Simulation of Faraday Motor
In Faraday motor (see Fig. 1) has a electroconductive magnet with
induction B , the line of current I passing along the axis of rotation,
along the magnet's radius and the fixed contact K . On electroconductive
radius has electric intensity
E  j ,
(1)
where j - the current density,  - resistivity. Magnetic intensity H is
proportional to the induction B . Vectors of these intensities are mutually
perpendicular and therefore there flows of electromagnetic energy
(2)
S  EH .
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arises. Note that this flow occurs in a static electromagnetic field. Flow of
static field is closed (due to the law of conservation of energy) and
therefore is shown in Fig. 1 as cylinders. Radius of the magnet, where the
current I flows, is the line of contact of these cylinders. Flow vector,
lying on the surface of the magnet, is perpendicular to said radius. This
flow S creates a force, that directed opposite to the flow vector S and
that rotates the magnet at a speed v . This force is neither Lorentz force
nor the Ampere force. This force is the force Khmelnik [2] and
calculated by the formula
F  V  S   c ,
(3)
where
S - the energy flow density,
V - volume of body, which is penetrated by the flow of
electromagnetic field,
 - relative permittivity of body, the relative permittivity of the
magnet, more specifically, that portion on which a current
flows,
 - relative permeability of the magnet,
c - light speed in vacuum.
I

B
F

v

E

S

K

Рис. 1.
In [3] it was shown that the permittivity of a current conductor
depends only on  and  :
2

 c 
   o   ,
(4)
  
where o - permeability of vacuum,  - resistivity. Combining (1, 3, 4),
we get
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F  VjB ,
(5)
where j - the current density, B - magnetic inductivity, or
(6)
F  IBL ,
where I - current, L - length of the radius. Formally this formula
coincides with the formula of Ampere force, but it is only formally,
because here the force is applied to a magnet.
For example, for B  1T , j  4 A / sm 2  4  104 A / m 2 from (5)









we find that F [ N ]  4  10 V [m ] . In particular, for V  103[m3 ]
we find that F  40[ N ] .
Let us denote
U - voltage source,
R - general resistance,
L - length of radius,
l  L 2 - average radius of the force application,
J - moment of inertia,
 - rotational speed,
v  l  L 2 - average linear speed,
PH - power of motor load,
M H - load moment.
According to the law of angular momentum conservation we have:
d
J
 Fl  M H .
(7)
dt
Therefore
d
 FL 2  M H  J .
(8)
dt
Power developed by the force F ,
PF  vF  FL 2
(9)
Or, considering (6),
(10)
PF  IBL2 2 .
(11)
UI  I 2 R  PF .
4

or

U  IR  e ,

3

(12)

where
(13)
e  BL2 2 ,
i.e. Faraday motor creates a voltage source for counter-emf. Thus, a
conductor moving in a stationary magnetic field generates emf. In our
case the conductor moves with the source of magnetic field. But in this
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case also ems should be generated in it, as the magnetic field does not
move with the object that generates it.
From (12) we have:
U e
I
,
(14)
R
From (6, 8) we have:
d
 IBL2 2  M H J .
(15)
dt
Evidently,
PH  M H  .
(16)
The above equations (13-16) allow us to find all the unknowns as the
functions of time for  (0)  0 - see Fig. 2 for L=0.2, J=0.02, R=0.5,
U=5.9, B=1, Mh=0.2 in SI system.
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Fig. 2.
In the steady state
2
I  2 M H BL ,
e  U  IR ,
  2e BL2 .
Combining the equations (13-15), we find:

(17)

(18)
(19)
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BL2  2
 U 

 BL
2 
d  


 MH 
dt
2R







J .

(20)

or
d
b2
2bU  4 RM H
2
  a  d , b  BL , a 
, d
.
(21)
dt
4 RJ
4 RJ
Consequently
d
  1  exp(at ) ,
(22)
a
d 2bU  4 RM H
max  
(22а)
a
b2
And duration of acceleration is
3 12 RJ
  2
(23)
a
b

3. Simulation of Faraday Generator
For simulation of Faraday generator we shall use the principle of
invertibility of electric machines.
Suppose that in the generator there also is a power F f the form
(6). At the initial moment it may appear as a result of the current induced
by the Lorentz force - in this case, it should be very minor, as
experimentally such current is not detected.
Let us denote the moment of motor and moment of force F as
M D , M F . Then
(31)
M F  FL / 2  IBL2 2 .
The power developed by force F , is determined according to (10), and
the motor power is
PD  M D
(32)
Using the principle of electric machines invertibility, let us write by
analogy with (20) the equation of the of impulse moment conservation
for the generator:
d P D
J

 MF .
(33)
dt

Consequently,
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d  P D


 MF  J .
dt  

The equation of power balance is:
PD  I 2 R  PF .

Volume 28, 2014
(34)

(35)

From (10, 35) we find:

PD  I 2 R  IBL2 2
or

I 2 R  eI  PD  0 .

(36)

where
(37)
e  BL2 2 .
This formula coincides with formula (13) for the motor and with formula
of Tamm [4] that was obtained another way. From (36) follows that
Faraday generator is a current source

 e  e 2  4 RPD
,
(38)
I
2R
The voltage on the generator is
(39)
U  IR .
Electrical power of the generator is
P  UI  I 2 R .
(40)
From (34, 31) we find:
d  PD


 IBL2 2  J .
(41)
dt  

For steady state we find (41):
 PD

 IBL2 2   0 .
(42)



Therefore, if the motor produces power PD with speed  , then the
current of generator is
2
(43)
I  2 PD BL .
The above equations (37-41) permit to find all the unknowns as
functions of time with given initial conditions I 0   0,  (0)  o - see
Fig. 3 for o  10 , J=0.02, L=0.2, R=0.5, B=1, PD =11, max  50 in SI
system. Functions on Fig. 3, written to the left of the windows, are listed
according to the graphs downwards; the color of the line is indicated in
parentheses.
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Fig. 3.

The solution of the equations exists for the giver initial conditions
I 0   0,  (0)  o . If at some point during the rotation a current arises,
then after a while it will increase dramatically, and subsequently begins to
decrease with the increase of the rotational speed  . When stabilizing the
speed   max of the motor (torque generator) the current I of the
generator will take the value (43).
The initial current surge can be provided (as already mentioned) by
the Lorentz force. The force F should arise as a consequence of the law
of conservation of angular momentum.
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On Synchronization of Clocks in the
Inertial Coordinate Systems
Annotation
The stationary plane monochromatic wave (in the Lorentzcovariant form) was used as a universal tool for time–space
metrization.
A
coordinate-dependent
condition
for
synchronization of clocks in the inertial systems, which is a
generalization of the standard synchronization procedure, has been
obtained from the formal treatment of the Lorentz
transformations. Relativity of simultaneity was treated with
allowance for the generalized synchronization condition.

Contents
1. Introduction
2. Analysis of the correctness of the standard synchronization
procedure
2.1 Stationary wave as a natural clock field
2.2 Formal analysis of the Lorentz transformations
2.3 Discussion
3. Relativity of simultaneity
4. Conclusions
References

1. Introduction
Evaluation of kinematic relativistic effects in the inertial systems is
based on the use of the Lorentz transformations and assumes
measurement of time by the clocks of these systems. In turn,
measurement of time in inertial systems assumes synchronization of
clocks located at different coordinate points. This problem was
considered far back by H. Poincaré [1] and A. Einstein [2].
Synchronization of clocks was many times discussed in later works as
well, and now the literature on the subject is quite extensive. It is worth
mentioning, for example, a monograph by C. Møller[3], where the
problem is covered in great detail. It should only be remembered that the
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standard synchronization procedure [2] implies bringing in phase all the
clocks belonging to the same inertial system.
It is convenient to characterize a standard clock by two parameters,
the frequency of the periodic process (which is basic to the concept of
the “clock”) and the initial phase of this process (or the initial indication
of the clock). Frequencies of all clocks in the same inertial system are
identical by the definition of the “standard clock”. Frequencies of clocks
from different inertial systems can be related using the consequence from
the Lorentz transformations, namely, the relation connecting the intrinsic
time increment in one inertial system with the time increment in any
other inertial system. Periods of standard clocks should obey this relation
as well. The initial indications of the clocks should be set by the
synchronization procedure.
In this paper, the correctness of the standard synchronization
procedure is analyzed. The analysis shows that, like frequencies of the
standard clocks in different inertial systems, the initial indications of the
same clocks are connected by quite definite mathematical relations. That
is, if in one inertial reference system clocks are synchronized in
accordance with some law, e.g., using Einstein’s standard
synchronization, the initial indications of the clocks in any other inertial
system cannot be arbitrarily chosen but should be organized in a strictly
definite way. The above-mentioned analysis leads to the condition which
must be imposed on the initial indications of the standard clocks of the
inertial systems. A particular case of this condition is the standard
synchronization procedure in one of the inertial systems.
Though synchronization of clocks is part of a more general
procedure, namely, metrization of space–time, it is synchronization that
appears in the title and is discussed in the paper in greatest detail. This is
because the notion of simultaneity of events is closely associated with
synchronization of clocks. In particular, as shown below, relativity of
simultaneity can be represented as the consequence following from the
fulfillment of a technical procedure—the procedure of clocks
synchronization. In this case, correctness of the idea of relativity of
simultaneity depends on the correctness of the clocks synchronization
procedure.

168

The Papers of independent Authors

Volume 28, 2014

2. Analysis of the correctness of the standard
synchronization procedure
2.1 Stationary wave as a natural clock field
Let us consider L, a Cartesian system of coordinates (x, y, z), and L′,
a Cartesian system of coordinates (x′, y′, z′), which moves with respect to
the system L along the x axis at a constant velocity v without rotation.
The identically lettered axes are parallel and coincide at the initial instant
of time t  t   0 .
A plane monochromatic electromagnetic wave of an arbitrary
frequency with the wave vector parallel to the x axis propagates in the
system L.
A particular orientation of the wave vector will not affect the
generality of the consideration within the framework of special Lorentz
transformations and will allow making the discussion free of too many
vector components.
The monochromatic wave is a ready-made measuring tool. It is
described by a harmonic function of time and space arguments and can
be used as a natural set of time and length standards in the entire space.
Invariance of the monochromatic wave phase under the Lorentz
transformations allows the same wave to be used as a universal
measuring tool in any inertial reference system.
Let the standard procedure of clocks synchronization [2] be
performed in the system L. In this case, all clocks of the system L have
identical “instantaneous” values; i.e., phases of all clocks are identical and
do not depend on coordinates, whereas the phase of the wave is the
function of the coordinate, which hinders the use of the wave as a
universal measuring tool. To eliminate this problem, we superimpose a
counterpropagating wave of identical frequency and amplitude on the
first wave. Interference of these waves will result in a stationary wave.
This wave has separated variables, and periodic oscillations occurring in
phase at each coordinate point in the system L.
It is these periodic oscillations that can be treated as clocks in the
system L. This clock field does not require any other additional
synchronization because it is synchronized by the definition of the plane
monochromatic wave.
The arrangement of the stationary wave nodes is a periodic
function, which makes it suitable for being used as a spatial standard.
Thus, the stationary wave allows both temporal and spatial standards to
be set; i.e., in terms of this paper, it allows metrization of the inertial
reference system to be carried out.
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At the same time, a wave like that is quite a real physical object.
The phase of each of the waves comprising the stationary wave is
invariant. Lorentz transformations allow the phase to be described both
in variables ( x, t ,  , k ) and in the variables ( x,t ,ω,k  ) (the current
coordinate and time, and the frequency and wave vector in the systems L
and L′ respectively).
In the system L the stationary wave of the unit amplitude is
represented as:
cos(t  kx)  cos(t  kx)  2 cos t coskx

(1)

The parameter at the time t, i.e., the frequency ω, specifies the
temporal scale of the system L. The parameter at the coordinate x, i.e.,
the wave vector k, specifies the spatial scale of the same system. In the
metrization of the system L using the stationary wave (1) we take as the
standards for the system L
the distance between the stationary wave nodes λ/2 = π / k;
the half-period of the stationary wave oscillations θ/2 = π / ω .
For the metrization of any other inertial system we use the
Lorentz-covariant representation of the wave (1). In this case interference
of the counter propagating waves is described in such a way that the
equation of the resultant wave does not change its form as one goes over
to another inertial system. Then the same physical wave can be used to
obtain a set of standards in any inertial system. As a result, all the
standards will be based on the same physical object. This will make it
possible to avoid metrological ambiguity in changing over to another
reference system. This approach makes it possible to provide a unified
measurement means in any inertial system. In other words, the observer
going from one inertial system to another, always carries the same bag
with measurement tools, remembering at the same time that the tools
themselves are deformed in compliance with the Lorentz
transformations. In addition, it is the Lorentz-covariant representation of
wave (1), that formally best agrees with the principle of relativity.
By invariance of a wave phase, we can write
ωt  kx  ωu t   ku x 

ωt  kx  ωo t   k o x 
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The subscripts u and o indicate unidirectional and oppositely
r
r
directed values of the vectors k and v respectively.
Consequently, the wave (1) can be represented as
cos(t  kx)  cos(t  kx)  cos(o t   k o x)  cos(u t  ku x) 
k   ku   o  u
k   ku 
    u
2 cos o
t  o
x   cos
t  o
x 
2
2
2
2

 


(4)

Let us introduce the notations
o  u
2

   u
k   ku
k   ku
 ; o
 ; o
 K ; o
 K 
2
2
2

(5)

Then relation (4) can be written as
cos t cos kx  cost   K x cost   K x 

(6)

The coordinates and time in the systems L and L′ are related by the
Lorentz transformations
 x  ( x  vt )

v 


t    t  c 2 x 






  1 v c2



1

(7)

2

We substitute x′ and t′ from relations (7) into (2) and (3). Then we
independently equate the coefficients at x and coefficients at t to one
another because the coordinate and time are independent variables.
r
(These relations can be obtained on the assumption that  , k form a four-vector.)

 


v 

ku   k  2  
c



     vk 
 u

(8)


v 

k o   k  2  
c



     vk 
 o

(9)
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Substituting (8) and (9) into (5), we obtain
Ω′=ωγ ; K′=kγ; ΔΩ′=vK′; ΔK′=vΩ′/с2.

(10)

After substitution of ΔΩ′ and ΔK′ into (6) the stationary wave will
be described by the relation
v 

cos t cos kx  cos Ω  t   2 x  cos K x  vt 
c



(11)

We introduce the following notations:
X′=x′+vt′
T′=t′+vx′/c2

(12)
(13)

The quantity Х′ has a trivial physical meaning: it is the distance
measured in the system L′ between the origin of the coordinates of the
system L and an arbitrary point with the current coordinate х′. In other
words, it is the coordinate in the system L, but measured in scale units of
the system L′. Geometrically, the physical meaning of relation (13) is
analogous to the meaning of relation (12). Т′ is the distance along the
time axis measured in the system L′ between the origin of the coordinates
of the system L and an arbitrary points with the current time coordinate
t′.
Expression (11) can be rewritten as
cos ωt cos kx  cos Ω T  cos K X 
2 cos Ω T  cos K X   cosΩ T   K X  cosΩ T   K X 

(14)
(15)

It is exactly the Lorentz-covariant representation of the wave (1).
Standards of the system L′ in its metrization by the wave (15) are
the distance between the stationary wave nodes Λ′/2 = π/K′,
the half-period of the stationary wave oscillations Θ′/2 = π/Ω′.
It is evident from (10) that the standards satisfy the consequences
from the Lorentz transformations; that is, the time and space standards
vary by factor γ in going from one inertial system to another.
Intervals measured by the measuring tools: the stationary waves (1)
and (15), also differ by factor γ.
To this end, we substitute the Lorentz transformations in the form
(7) into relations (12) and (13). We obtain
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(16)

In the metrization of the system L′ using the wave (15), the variable
T′ serves as the time of the system L′. In Lorentz transformations (7), the
variable t′ is used as the time of the system L′. However, as is evident
from (13), these variables coincide either in the trivial case of v = 0 or at
the point x′ = 0, i.e., only at the center of the coordinates of the system
L′. At any other coordinate point, T΄ and t΄ have a relative time shift (v/c2)x′. In other words, expression (15) is the Lorentz-covariant form of
the stationary wave (1) if a phase delay of the form - (v/c2)x′ is introduced
in the indications of the clocks in the system L′.
This result can be explained as well in the qualitative analysis of the
situation. The wave which is stationary in the system L will be a wave
traveling with a velocity v in the system L′. But if in the system L′ a phase
delay is introduced in the indications of the clocks located along the
travel direction, at some value of this delay the wave can be described as
stationary wave; i.e., given coordinate-dependent synchronization of
clocks, the stationary wave is covariantly described in any inertial system.
This may bring up the question: Why should metrization be carried
out using the Lorentz-covariant representation of the stationary wave?
The result is a change in the clock synchronization procedure. Is it only
of the abstract pull towards universal symmetry or referencing of all
standards to one physical object acts as the driving force to change the
established procedure? Both symmetry and referencing to one physical
object are good reasons, of course, but more solid physical grounds are
also desirable. There are such grounds. These are Lorentz
transformations. It is Lorentz transformations that have been
spectacularly confirmed by experiment through their consequences.
Therefore, it is Lorentz transformations that we rely upon when
analyzing correctness of clock synchronization. In the above analysis the
same wave was used for metrization of the inertial systems L and L′. Now
let us use different stationary waves for metrization of the systems L and
L′ and see how their characteristics are related if the standards of these
systems satisfy Lorentz transformations.
As before, we carry out metrization in the system L using stationary
wave (1). In the system L′, we carry out metrization using another
stationary wave with an arbitrary frequency and wave vector. But the
standards of the systems L and L′ should obey Lorentz transformations.
Thus, we obtain the frequency and wave vector of the stationary wave in
the system L′: Ω′ = ω γ ; K′ = k γ.
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(Accurate to the initial phase, only one wave with these
characteristics may exist in L′. It is stationary wave (15). The initial phase
does not depend upon the coordinate and time. Consequently, we can set
it equal to zero without loss of generality.) The temporal and spatial
intervals which we measure with these standards should also differ by
factor γ; i.e., T′ = t/γ, X′ = x/γ, and we arrive at expression (14). That is, if
the standards and the measured intervals satisfy the consequences from
the Lorentz transformations, stationary waves (1) and (15) are just the
equations of the same wave in the Lorentz-covariant notation. In this
case, (X′,T′) and (x′, t′) are connected by relations (12) and (13).
Thus, in metrization of the systems L and L′ with the use of the
stationary waves the standards of these systems and the measured
intervals will satisfy the consequences from the Lorentz transformations
if and only if coordinate-dependent synchronization is carried out in
these systems.
It is worth noting that coordinate-dependent synchronization does
not necessarily require any practical steps to change indications of clocks
involved in the measurement procedure. Real time measurements are
always measurements of time intervals. If the measurements are made
with the same clocks, the initial phase of the clocks does not affect the
size of the measured time interval. The phase delay should only be taken
into account if measurements are made using several clocks with
different spatial coordinates directed along the relative velocity vector of
the inertial systems.

2.2 Formal analysis of the Lorentz transformations
It is important that coordinate-dependent clock synchronization
can also be obtained without using the stationary wave for metrization of
space–time. To this end, we place the clocks C and C′ at the origin of
the coordinate systems L and L′ respectively. The Lorentz
transformations will be written in the form
x  x  vt 

(17)

v 

t   t   2 x  
c



(18)

Then for x′=0 and t′=0 it follows from (17) and (18) that x=0 and
t=0.

That is, as follows from the Lorentz transformations, the clocks C
and C′, when coinciding in space, show the identical time, which is zero.
Since measurement of time with a clock can eventually be reduced to
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counting the phase in a periodic process, t=0 and t′=0 at the point x=0
(x′=0) can be treated as the zero initial phases of the clocks C and C′. At
the standard synchronization of clocks in the system L all clocks of this
system have an identical phase irrespective of their coordinate location.
Let us take a look into what indications can be expected on the
clocks in the system L′ at the time t. Any clock in the system L indicates
the same time t. Consequently, the desired procedure consists in
comparing indications of clocks coincident in space in the systems L and
L′ while one of the compared values (i.e., indications of clocks in the
system L) is assumed to be known.
Let us rearrange relation (18) in the form convenient for analysis
t 

t





v
x
c2

(19)

It follows from (19) that for any t the time indication of the clock
C′ (i.e., at the point with the coordinate x′=0) is defined by the relation t′С
= t/. This expression is probably the best known consequence from the
Lorentz transformations and demonstrates contraction of the temporal
scale of the moving coordinate system (which corresponds to slowing of
the moving clock run).
Thus, relation (19) can be recast in the form
v
t x   t   t     2 x 
C
c

(20)

This is the value by which the time at any coordinate point of the
system L′ is shifted relative to the time at the center of coordinates. It is
important that relation (20) in its notation and physical meaning involves
only the primed coordinate and time. Consequently, it can be stated that
relation (20) describes time shift as a function of coordinates in the
moving system irrespective of the observer’s position. Thus, relation (20)
can be treated as a rule according to which the initial indications (initial
phases) should be set on all clocks of the moving system L′. Since this
relation directly follows from the Lorentz transformations, its fulfillment
is a necessary consequence of the special principle of relativity.
Following the same logic that has led us to relation (20) and based
on the inverse Lorentz transformation for time (7), we can obtain the
relation
t x   t  t

C



v
x
c2

(21)
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For the reasons mentioned above, relation (21), like (20), does not
depend upon the observer’s position and thus corresponds to the real
clock phase shift. Nevertheless, relations (20) and (21) are not in conflict.
Relation (20) has a certain physical meaning when standard clock
synchronization is carried out in the system L, i.e., when Δt(x)  0 In this
case t is an independent variable, and the replacement t′С′ = t/ is
consequently correct.
Relation (21) has a certain physical meaning when standard clock
synchronization is carried out in the system L, i.e., when Δt (x )  0 . Thus,
relations (20) and (21) suppose different ways of clock synchronization in
the systems L and L′ or, which is equivalent to different ways of the initial
phase setting.
For the arbitrary direction of motion, the condition for
synchronization of clocks in an inertial coordinate system can be
represented as

vr rr 
tt 0   2
(22)
c
r
where r  is the vector of the distance from the origin of coordinates to
the clock to be synchronized in the system L′.
It is obvious that the system L also obeys this rule as the particular
case with v=0. That is, all the clocks in the system L show identical time
whatever the point in space (x,y,z) they are at. Thus, synchronization of
clocks in a fixed system is carried out in accordance with [2].

2.3 Discussion
The problem of coordinate-dependent time was first considered
long before Special Relativity (SR) was formulated. W. Voigt showed in
[4] that introduction of local time the origin of which is a linear function
of spatial coordinates allows to get invariance of the wave equation in
going over to the moving coordinate system. Later similar
transformations were independently used by H. Lorentz in [5, 6] for
interpreting some physical experiments and by Larmor [7]. Rule (20) or
its analogues can be found in current periodicals as well. The expression
vx′/c2 enters as a summand in the Lorentz transformations for time.
Consequently, any article or monograph containing Lorentz
transformations automatically contains this rule in the implicit form.
Thus, expressions (20)–(22) are not new in form. It is their
interpretation that essentially matters. Each of relations (20) and (21)
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involves standards of only single kind. Under metrization of a coordinate
system by a stationary wave, all standards in any coordinate system are
associated with the same physical object. In this sense, indications of a
clock are absolute. What is relative is the measured time interval because
the change of the coordinate system entails the change of the clocks used
in measurements. Accordingly, relations (20) and (21) are not satisfied
simultaneously. The choice of relation depends on the system, where the
standard synchronization was carried out.
When measurements are made using clocks with different
coordinates, change-over from one coordinate system to another requires
that the clock synchronization procedure be taken into account. Time
intervals measured with the same clock do not depend upon the
synchronization method because the initial phase of the clock enters into
all measurement in an identical way.
It is also worth mentioning that the phase shift in the direction of
motion does not mean loss of space isotropy or time uniformity. Clocks
at each point of the coordinate system L′ are identical. That is, the
periodic process used as the measuring tool and called the clock has the
identical frequency at any point (x',y',z',t′) of the system L′. It is only the
shift of the initial phase that occurs. An analogue of this situation is the
time zones on the Earth (accurate within noninertia of the Earth system).

3. Relativity of simultaneity
Generalization of the synchronization condition to the moving
coordinate system L′ is closely associated with the relativity of
simultaneity.
As is known from SR, simultaneous events with different
coordinates in the system L are not simultaneous in the system L′.
Let two events occur in the system L simultaneously but at the
points with different coordinates x1 and x2 . The clocks in L are
synchronized according to the standard rule. Therefore, both the clock С1
at the point x1 and the clock С2 at the point x2 show the identical time t at
the instant of time when the events occur. The coordinates of the same
events in L′ will be x1 and х 2 . Let us use the Lorentz transformations for
time in the form (19).
Then the time of events for each of the coordinates x1 and х2 in
the system L′ will be
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ti 

t







v
x
c2 i

(23)



xi  xi  vt   ; i  1, 2
Thus, the time interval between the events under consideration in
the system L′ is
t 2  t1  

v
x2  x1 
c2

(24)

That is, the clocks C′1 and C′2 of the system L′ located at the points
x1 and x2 will show the time of events t1 and t 2 respectively. The time
interval between the events, which is measured in the system L′ as a
difference in time indication between the clocks C 2 and C1 , turns out to
be exactly equal to the time indication shift (phase shift) due to
synchronization carried out in accordance with condition (20).
It is easy to demonstrate that the situation is symmetrical with
respect to where the standard synchronization is carried out. For
example, when the standard synchronization is carried out in the system
L′ and the coordinate-dependent synchronization is carried out in the
system L, the time interval between the events in L is equal to the phase
shift of the clock indications if these events are simultaneous in L′.
In SR, the conclusion about relativity of simultaneity is based on
the clock synchronization procedure [2] and on the analysis of Lorentz
transformations [8].
In the former case correctness of the notion of simultaneity
directly depends upon the correctness of the synchronization procedure.
In the latter case, the conclusion about relativity of simultaneity is
secondary with respect to transformations themselves. As was shown
above, for the indications of the clocks in the systems L and L′ to satisfy
Lorentz transformations, the phase delay of the form (20) or (21) should
be introduced in the indications of the clocks.
Thus, in both cases analysis of the notion of simultaneity should
involve setting up the initial clock indications. With this taken into
account, the conclusion about relativity of simultaneity is seen to be a
technical consequence from the synchronization procedure.
It should be mentioned that the conclusions drawn in this section
in no way affect the mathematical structure of SR because they rest on
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the Lorentz transformations. The same reasons also allow stating that
axiomatics of SR is also fully retained. This applies, among other things,
to the equal status of the coordinate systems because the system where
standard synchronization is carried out is chosen arbitrarily. (The author
believes it is expedient to carry out standard synchronization in that coordinate system
where the cosmic microwave background radiation is isotropic.)

4. Conclusions
The use of the stationary monochromatic wave (in the Lorentzcovariant form) for metrization of space–time and the formal treatment
of the Lorentz transformations allow the conclusion that it is necessary
to generalize the clock synchronization procedure in inertial systems. The
generalized synchronization rule is represented as relation (22). This rule
implies coordinate dependence of the initial phase of clocks in any
inertial system.
Synchronization of clocks by the generalized rule (22) is
transformed into the standard procedure in a particular case (v=0).
Relativity of simultaneity is a consequence of the synchronization
procedure because the time interval in L′ between the events that are
simultaneous in L is a phase shift of the initial clock indications in L′.
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Flying Crane




Levitating together with the load
connected by a cable to a power outlet
remote-controlled

What is it?
Flying crane is a platform with electromagnetic devices
capable of lifting loads. Power for these devices is served by
cable. In this sense, the proposed crane is like lifting magnets,
moves on rail structures. However, for the flying crane
supporting structures are not needed: it can independently (by
remote control) to move along the fields and change
the height. This is convenient where it is impossible to
establish rail structures - in docks, warehouses, agricultural
farms, factory shops, stores, etc. It is much cheaper than the
various cranes and land carriers.
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possibility

of

There is
 Known experiments;
 Scientific justification of such possibility (without
violation of the known physical laws and without
invention of new laws of physics);
 Calculation method;
 Calculation program;
 Sketches of several designs;
 New technologies.

Features








The main characteristics - ratio of lifting force F to the
own weight Р: Х=F/P.
Initial (according to the production date) value
is Х=(1.5÷2.5); for comparison: the cargo helicopter
XH-17
"Flying
Crane"
has
the
value
X=13000/24000=~0.5.
Initial (according to the production date) value of the
lifting force is F=5 Kg.
In future there should be no principal restriction for the
value F.
There are several constructions varying in technological
complexity and in the ratio Х.
The power consumption W of the crane from the
network tap, is proportional to the speed of moving V
and the crane weight together with the load:
W≥(P+F)*V. While the crane is hanging still with a
load the “idle power” Wo<<W is consumed.
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Applications
The flying crane is useful in the case when the loads must
be moved over fixed structures. We can specify the
following spheres of applications:
 construction sites and also high-rise construction –
instead of tower cranes (1)
 docks – instead of portal cranes (2),
 factory shops – instead of bridge cranes (3),
 warehouses – instead of gantry cranes (4),
 farms, shops etc. – instead of transported lifts.

1

2

3

4

In these cases, reduced
 cost of equipment and
 duration of loading and unloading.
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Patenting





The author is not aware of the structures offered in this
project.
There are several variants that differ by design, by
technology of manufacturing and in ratio "net weight \
lifting force".
International patenting of all the constructions and
technologies would be advisable.

Investor,
You will be investing in a revolutionary product that no
one has seen before.
This applications are extensive and investments must be
repaid within two years or less.

Publications
In [1] it is shown that violation of the law of impulse preservation in
mechanics does not present violation of general physical law of impulse
preservation, because there exists also the electromagnetic field impulse.
In [2] it is shown that the interaction forces of two moving electric
charges do not satisfy the Third Newton’s Law.
[3] presents theoretical and experimental studies which allow making
the conclusion about the possibility of solid body motion under the
influence of currents flowing inside the body. It is shown how the laws
of impulse and its momentum preservation are being realized in the
author’s experiments. Half a century has passed, but the results obtained
in [3] haven’t found any practical implementation. One of the reasons for
it was the fact that the forces found in these experiments were too weak
to be used in technical devices. Another reason is related to
conservativity of thinking. “Don’t touch the Third Newton’s Law” –
such was a recent exclamation of one professional expert- physicist.
[4, 5] describes some mental experiments with charges and currents
that demonstrate violation of the Third Newton’s Law, i.e. the possibility
of unsupported motion. It is shown that these experiments do not violate
the impulse preservation law. The authors describe a structure where the
electric charges are set into rotation. It is shown that with this the
structure executes unsupported translational movement. A mathematical
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model of the structure is described as well as the results of experiments
with this mathematical model. There are also some recommendations of
this structure’s realization.
[6] presents a capacitor propelling device realizing the so-called
Biefeld-Brown Effect, consisting in the fact that the plate capacitor,
under high DC voltage, tends to move towards the positive pole. The
physics of this process is explained and is shown that such propelling
device realizes unsupported movement.
1. R.P. Feynman, R.B. Leighton, M. Sands. The Feynman Lectures
on Physics, volume 2, 1964.
2. Zilberman G.E. Electricity and Magnetism, Moscow. "Science",
1970 (in Russian)
3. Sigalov R.G. New research of driving forces behind the magnetic
field. Ed. "Science" Uzbek SSR, Tashkent, 165 pp., 1965 (in
Russian).
4. Khmelnik S.I. Unsupported Motion Without Violating the Laws
of Physics. "Papers of Independent Authors", publ. «DNA»,
ISSN 2225-6717, Israel-Russia, 2012, issue 21, ISBN 978-1-30033987-8, printed in USA, Lulu Inc., ID 13109103 (in Russian) –
see here.
5. Khmelnik S.I. Unsupported Motion Without Violating the Laws
of Physics, http://vixra.org/abs/1310.0238.
6. Solomon Khmelnik. Capacitor Engine for an Aircraft. Israel
Patent Application Number 200435, 28/11/2013 – see here.
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