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Abstract  The aim of this paper is to find the effect of Nd: YAG laser of wavelength (532 nm), laser power 150 
MW on the CR-39 polymer. Twenty three detectors were divided in to three sets. The first set (ten detectors) (post-
exposed) was first exposed to alpha radiation from 241Am source at 3MeV and then treated in air with laser at 
different exposure time started from 10 minutes to 100 minutes with ten minutes differ between them (alpha + laser). 
For the second set (ten detectors) (pre-exposed), the process was reversed (laser +alpha) under the same conditions, 
for the last set (three detectors) (un-exposed to laser), used as a control set, was irradiated with an alpha source 
(241Am). Alpha track diameters, bulk etching velocity (VB), track etching velocity (VT), etching efficiency (η), 
etching ratio (V) were determined. The activation energies of bulk etch (EB) and track etch (ET) for unexposed, post- 
exposed and pre-exposed are found to be equal to 1.10, 0.92, 0.82 eV and 1.07, 0.86, 0.79 eV respectively. 
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1. Introduction 
Nuclear track techniques are very important in many 

fields of science and technology. A solid state nuclear 
track detector namely CR-39 [poly-allyl-diglycol carbonate 
(C12H18O7)] is widely used for the detection of low Z 
and high Z particles. [1]. The interaction of electromagnetic 
radiation with the detector material results in structural 
changes. These changes depend on several factors such as 
detector structure, exposure condition, radiation type and 
energy, irradiation condition, etching process etc. Two 
competing processes, bond secession and crosslink, occur 
as a result of irradiation with (LLET) radiation. Bond 
secession lead to the degradation of the surface and as a 
result increases the bulk and track etch rates while 
crosslink results in hardening of the  

Surface and subsequently decreases the bulk and track 
etch rates.[2]. The laser effect on the (SSNTDs) depends 
on laser properties (laser wavelength, laser repetition rate 
and energy density) and on the detector properties (density, 
thickness, etc). In general, infrared (IR) laser interaction 
with SSNTDs can induce thermal effects [3], while 
ultraviolet (UV) laser will give rise to photoablation or 
photodecomposition [4]. Many authors reported the effects of 
incoherent UV radiation on the etching properties of 
SSNTDs. These effects depend on several factors: 
radiation parameters, detector property and irradiation 
condition [5]. Activation energy of CR-39 polymer 
detector (bulk or track) is defined as the energy required to 
activate the reaction between the detector material and the 
etchant solution. Many works studied the activation 

energy of the CR-39 polymer detector [6,7]. The effect of 
gamma irradiation on the activation energy of CR-39 
polymer detector was reported by [8].  

2. Materials and Method 

2.1. To find Laser effect on CR-39 
CR-39 detector (1cm2) of thickness (0.5 mm). Twenty 

three detectors were divided into three sets, The third 
set( three detectors) served as a control set and its samples 
were exposed only to alpha radiation with close contact to 
241 Am, The first set (ten detectors) (post-exposed) was 
first exposed to alpha radiation from 241Am source and 
then treated in air with laser at different exposure time 
started from 10 minutes to 100 minutes with ten minutes 
differ between them (alpha + laser). For the second set 
(ten detectors) (pre-exposed), the process was reversed 
(laser +alpha) under the same conditions. All the samples 
were etched in 6.25 M NaOH solution at 343 oK. 

2.1.1. To Find the Activation Energy: 
Fifteen detectors were divided into three sets, The first 

set (five detectors) (post-exposed) was first exposed to 
alpha radiation from 241Am source and then treated in air 
with laser at 60 minutes (alpha + laser), the second set 
(Five detectors) (pre-exposed), the process was reversed 
(laser +alpha) under the same conditions and the the third 
set served as a control set and its samples were exposed 
only to alpha radiation with close contact to 241 Am,. All 
the samples were etched in 6.25 M NaOH solution at five 
different temperatures, ranging from 338 K to 358 K, for 3 
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h. An equal temperature increment of 5 K was used. After 
etching, CR-39 detectors were thoroughly washed with 
distilled water and dried in open air. The thickness of the 
removed layer as a result of etching was found using a 
sensitive micrometer with digital camera. The bulk etch 
rate, VB, is calculated by 

 ( )BV d1 d2 / 2t= −  (1) 

Where d1 and d2 are the detector thickness (in mm) before 
and after etching; 
t: is the etching time (in h).  

The track etching rate VT for a given alpha particle was 
determined by measuring the etch –cone length Le after an 
etching time t, such that 

 T BLe V t V t= −  (2)  

with VB and t known [9], the measured value of Le 
immediately yields the value VT.  

The etch rate (sensitivity) V for circular tracks is given 
by  

 ( )B TV V / V=  (3) 

The dependence of VB, VT on temperature follows the 
Arrhenius  

Type of law and is given by  

 ( )B T BV V Ae E / Kt= −  (4)  

Where EB is the activation energy for bulk etch rate and A 
is a constant. 

K is the Boltzmann constant, A similar equation applies 
for track etch rate, VT, by replacing EB by ET by taking a 
natural log of above equation and plotting the graph 
between ln VB (VT) and 103/Tk-1, the slope gives the value 
of EB (ET). 

3. Result and Discussion 

 

Figure 1. laser effect on CR-39 

Figure 1 shows the effect laser radiation on CR-39 at 
different exposure time, The results showed that we have 
obtained an increase in the response of the detector 
irradiated with alpha particles and exposure to lasers, the 
increasing the size and speed of growth diameters effects 
formed a gradual increase with increasing to laser 
exposure time that value reached the highest value at 
exposure time is equal to 30min This indicates an increase 
in ductility Detector and get the decomposition in 

molecular chains and resulted in the acceleration of the 
process of the emergence of impact, and increase the time 
of exposure to a laser beam at 60min began diameters 
decreasing gradually until it reached a minimum value 
close to the diameters Detector record, which is due to 
increase in the complexity of chains of polymeric (Cross 
Linking) and hardening Detector this results agree with 
results in [10] references. 

Table 1 and Table 2 shows the VB and VT value under 
at 60 minutes exposure time for laser radiation at different 
solution temperatures of three cases (laser+ alpha), (alpha 
+laser) and alpha only 

Table 1. The value of VB under laser radiation at different 
temperatures 

alpha laser + Alpha Laser + alpha 
VB(µm/hr) VB(µm/hr) VB(µm/hr) T oK 

1.152 0.813 0.4 338 
1.355 1.08 0.813 343 
2.64 2.168 1.49 348 
3.25 2.71 2.168 353 
4.065 3.32 2.64 358 

Table 2. The value of VT under laser radiation at different 
temperatures 

alpha laser + Alpha Laser + alpha 
VT(µm/hr) VT(µm/hr) VT(µm/hr) T oK 

1.184 0.839 0.424 338 
1.418 1.1344 0.876 343 
2.697 2.21 1.529 348 
3.35 2.76 2.2 353 
4.177 3.421 2.696 358 

 

Figure 2. The activation energies for bulk (EB) etch rate for alpha 

The linear dependence of ln VB and ln VT versus 
reciprocal temperature, for reference, post-exposed and 
pre-exposed samples are depicted in Figs. Figure 2 and 
Figure 3 shows the variation of ln (vb) versus 1/T for 
alpha + laser, laser +alpha and alpha only of tracks to find 
the activation energies bulk in CR-39 by using the 
Arrhenius equation, the results of alpha only case is equal 
to 0.82 eV was less than from the another two cases 
alpha+ laser and laser + alpha there were 0.92 eV and 
1.01eV respectively. The differences in value because the 
laser effects on the CR-39 polymer detector such as the 
(Cross Linking) and hardening Detector these effects lead 
to increase in activation energies of bulk etching. Again 
we can shows in Figure 5, Figure 6 and Figure 7 the 
variation of ln (VT) versus 1/T for alpha + laser, laser 
+alpha and alpha only of tracks to find the activation 
energies track etching in CR-39 by using the Arrhenius 
equation, the results of alpha only case is equal to 0.79 eV 
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was less than from the another two cases alpha+ laser and 
laser + alpha there were 1.07 eV and 0.86eV respectively. 
The activation energies for bulk (EB) and track (ET) etch 
rates, for each set, were calculated from the slopes of these 
linear plots. These values are listed in Table 3. 

 

Figure 3. The activation energies for bulk (EB) etch rate for laser+alpha 

 
Figure 4 The activation energies for bulk (EB) etch rate for alpha + laser 

 

Figure 5. The activation energies for bulk (ET) etch rate for alpha 

 

Figure 6. The activation energies for bulk ET etch rate for laser+ alpha 

Table 3. The values of  The activation energies for bulk (EB) and  
track (ET) etch rates, for each set 
Type of case EB (ev) ET(ev) 

Laser+alpha 1.10 1.07 

Alpha+ laser 0.92 0.86 

Only alpha  0.82 0.79 

 

Figure 7. The activation energies for bulk (ET) etch rate for alpha +laser 

The measured values shows change in the activation 
energy of bulk etch rate for the irradiated samples as 
compared to the reference un-exposed sample. The activation 
energy of track etch rate for pre-exposed sample show an 
appreciable increases compared to that corresponding to 
the unexposed sample. This observed increase is indicative of 
the increase in hardening of CR-39 polymer detector 
resulting from the increase in cross-linking in the polymer. 
Also, the obtained values of ET, in each set, are found to 
be less than those of EB. This implies that the downward 
etch rate along the track is larger than that of bulk etch 
rate. 

4. Conclutions 
1: The activation energy of bulk etch rate, EB, of CR-39 

polymer detector is slightly affected by the laser treatment, 
This supports the proposal that EB is a characteristic of the 
bulk material of the detector.  

2: The significant increase in ET for pre-exposed 
samples, compared to un-exposed and post-exposed 
samples, Track activation energy, ET, has found to be 
lower than the bulk activation energy, EB, for CR-39 
detector in all different cases. 
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1. Introduction 
The neutron-proton interaction is known to play a 

dominant role in quadrupole correlations in nuclei. As a 
consequence, the excitation energies of collective 
quadrupole excitations in nuclei near a closed shell are 
strongly dependent on the number of nucleons outside the 
closed shell. 

The 90-92-94-96Sr isotopes (Z=38), with neutron number 
varies from 52 to 58 are known to exhibit have Nπ =1 and 
Nv varies from 1 to 4. Lie in the transitional region that 
occurred at the lower limit of the range of deformed nuclei. 

The interacting boson approximation has been quite 
successful at describing the collective properties of several 
medium nuclei. The interacting boson model (IBM) 
presented by Arima and Iachello [1,2,3,4] and Casten [5] 
has become widely accepted as a tractable theoretical 
scheme of correlating, describing and predicting low-
energy collective properties of complex nuclei. In this 
model, the low-energy states of even−even nuclei are 
described in terms of interactions between s (J=0) and d 
(J=2) bosons. The corresponding Hamiltonian is 
diagonalized in this boson space by employing somewhat 
powerful and effective group theory methods. 

The outline of the remaining part of this paper is as 
follows: It starts from an approximate IBM-2 formulation 
for the Hamiltonian, reviewing the theoretical background 
of the study. Previous experimental and theoretical data 
are compared with estimated values when the general 
features of Sr isotopes in the range A= 90-96.  

In recent years many works have had been done on the 
structure of Sr nucleus. In this work we extended the 
available systematic IBM-2 calculations of Strontium 
region. 

2. The Interacting Boson Model  
It is proposed that the change from spherical to 

deformed structure is related to an exceptionally strong 
neutron-proton interaction. It is also suggested that the 
neutron-proton effective interactions have a deformation 
producing tendency, while the neutron-neutron and 
proton-proton interactions are of spheriphying nature [6,7]. 
Within the region of medium-heavy and heavy nuclei, a 
large of nuclei exhibit properties that are neither close to 
an harmonic quadrupole vibrational spectra nor to 
deformed rotors [8]. While defining such nuclei in a 
geometric description [9], these phenomena will have a 
standard description that is given in terms of nuclear 
triaxiality [10], going from rigid triaxial shapes to softer 
potential energy surfaces. In the first version of the 
interacting boson model (IBM-1) [11], no distinction is 
made between proton and neutron variables while 
describing triaxiality explicitly. This can be done by 
introducing the cubic terms in the boson operators [12]. 
This is a contrast to the recent work of Dieperink and 
Bijker [13,14] which showed triaxiality occurs in 
particular dynamic symmetries of the IBM-2 that 
distinguish between protons and neutrons. 

In the present work, the IBM-2 states that the low lying 
collective state of even-even nuclei can be described by 
the interaction of s and d−bosons, carrying angular 
momentum l = 0 and l = 2, respectively. 

The IBM-2 Hamiltonian is written [9]: 

 (2) (2)( ) .d d dH n n KQ Q V V Mν π ν π ππ νν νπε= + + + + + (1) 

 (2) (2)( ) ( ) ,Q s d d s d dρ ρ ρ ρ ρ ρ ρ ρχ ρ ν π+ + += + + =  (2) 
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where κ  is the quadrupole-quadrupole strength and Vρρ  
is the boson-boson interaction, which is given by the 
equation: 
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 (3) 

The Majorana term Mπν shifts the states with mixed 
proton-neutron symmetry with respect to the totally 
symmetric ones. Since little experimental information is 
known about such states with mixed symmetry , we did 
not attempt to fit the parameters appearing in equation (3) , 
but rather that took constant values for all Sr isotopes.  

The general one-body E2 transition operator in the 
IBM-2 is [18]: 

 ( 2)T E e Q e Qπ π ν ν= +  (4) 

Where Qρ  is in the form of equation (2). For simplicity, 

the χρ has the same value as in the Hamiltonian. This is 
also suggested by the single j-shell microscopy. In general, 
the E2 transition results are not sensitive to the choice of 
eν and eπ , whether eν = eπ or not. 

The B(E2) strength for E2 transitions is given by: 

 2
( 2; ) 1/ (2 1) ( ( 2) )i f i f iB E J J J J T E J→ = + < >  (5) 

In the IBM-2, the M1 transition operator up to the one-
body term is 

 3( 1) ( . . ).
4

T M g L g Lν ν π ππ
= +  

The gν and gπ are the boson g-factors in nuclear 
magneton units, that depend on the nuclear configuration. 
They should be different of different nuclei. Where 

( )L Lυ π  is the neutron and (proton) angular momentum 

operator (1) (1)10( )pL d d+= .  

 ( )
( )( )
( )( )

(1) (1)

(1) (1)

1
3 21

14
2

vg g L L
T M

g g L L

π π ν

π ν π ν
π

 + + 
=  

 + − +  

 (6) 

The B(M1) strength for M1 transitions is given by: 

 2
( 1; ) 1/ (2 1)( ( 1) )i f i f iB M J J J J T M J→ = + < >  (7) 

Instead of evaluate the E2 and M1 matrix elements for 
the Sr isotopes under study which are essential in the 
theoretical mixing ratio calculations, it is possible to 
determine these ratios in an analytical form. The 
calculated E2/M1 mixing ratio: 

 
( 2)

( 2 / 1) 0.835
( 1)

f i

f i

I T E I
E M E

I T M Iγδ
〈 〉

=
〈 〉

 (8) 

Where Eγ  is called the transition energy and in MeV and 

( 2 / 1)E M∆ is in ( / ).neb µ  

3. Results and Discussion 

3.1. IBM-2 Hamiltonian Parameters 
The computer program NPBOS [19] was used to make 

the Hamiltonian diagonal. In principle, all parameters can 
be varied independently in fitting the energy spectrum of 
one nucleus. However, in order to reduce the number of 
free parameters and in agreement with microscopic 
calculations of Guilu et al., [20], only ε and κ are vary as a 
function to both of Nπ and Nv i.e. ε = ε( Nπ, Nv ) and κ = 
κ( Nπ, Nv) are allowed . The other parameters depend only 
on Nπ or Nv, i.e. χπ = χπ( Nπ), χν = χν= ( Nv), CLπ= CLπ( Nπ) 
and CLν= CLv ( Nv). Thus, in isotopes chain, χπ is kept 
constant , whereas for two isotonic Sr isotopes, χν, CLπ 
and CLν are kept constant (see Table 1). 

In principle, the boson numbers Nπ  and Nν  can be 
treated as parameters, but they are taken to be fixed here, 
counted as half the number of particles and holes outside 
of the nearest closed shell. We have considered the Z = 28 
and 50 as closed shell for this calculation as large 
quadruple deformations were measured for Z = N= 40 
nuclei [2] and therefore no N = 40 spherical sub-shell 
closure exists in this region.  

The isotopes 90−96Sr have 1Nπ = , and Nν  varies from 
2 to 5, while the parameters κ , νχ , and ε  were treated 
as free parameters and their values were estimated by 
fitting to the measured level energies. This procedure was 
made by selecting the “traditional” values of the 
parameters and then allowing one parameter to vary while 
keeping the others constant until a best fit was obtained. 
This was carried out iteratively until an overall fit was 
achieved. The best fit values for the Hamiltonian 
parameters are given in Table 1. 

Table 1. IBM-2 Hamiltonian parameters , all parameters in MeV units except χπ and χν are dimensionless 

3ξ  2ξ  1ξ  4C ν  2C ν  0C ν  νχ  πχ  κ  ε  Nν  Isotopes 

-0.16 0.21 -0.76 0.002 0.003 0.002 0.01 1.038 -0.148 1.040 1 90
5238 Sr  

-0.16 0.21 -0.76 0.002 0.003 0.002 0.01 1.038 -0.122 1.126 2 92
38 54Sr  

-0.16 0.21 -0.76 0.002 0.003 0.002 0.02 1.038 -0.095 1.198 3 94
38 56Sr  

-0.16 0.21 -0.76 0.002 0.003 0.002 0.02 1.038 -0.086 1.114 4 96
38 58Sr  

3.2. Energy Levels  
Using the parameters in Table 1, the estimated low-

lying energy levels are shown in Table 2, along with 
experimental energy levels. As can be seen, the agreement 
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between experiment and IBM-2 results is quite good and 
the general features are reproduced well. The discrepancy 
between IBM-2 results and experiment for high spin states 
is observed. But one must be careful in comparing theory 
with experiment, since all calculated states have a 
collective nature, whereas some of the experimental states 
may have a particle-like structure. Behavior of the ratio 

4/2 1 1(4 ) / (2 )R E E+ +=  of the energies for the first 4+ and 
2+ states are good criteria for the shape transition. The 
value of R4/2 ratio has the calculated values which change 
from 3 to 2 by increasing the neutron number, R4/2 
remains greater than 2 or all the isotopes. It implies that 

this structure seems to be varying from deformed rotor to 
very near harmonic vibrator (SU(3) to SU(5)). 

In our calculation, the nuclei are nearly spherical with 
vary small oblate deformation. This is consistent with the 
work of Hirata et al., [21]. At the beginning of the shell 
from N = 50, the nucleus is close to the vibrational limit. 
As the neutron number increases, the nucleus is slowly 
becoming gamma unstable or O(6) limit. 

IBM-2 provides a good agreement with the available 
experimental data for the energy levels and transition 
probabilities. It shows a strong evidence of transition from 
SU(3) to SU(5) symmetry when neutron number increases 
from N = 52 to 58. 

Table 2. Low Lying Energy Levels for 90-96Sr (in MeV unit) 

π
iJ  

90Sr  92Sr  94Sr  96Sr  
.Exp  IBM-2 .Exp  IBM-2 .Exp  IBM-2 .Exp  IBM-2 

10+  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

12+  0.831 0.833 0.814 0.812 0.836 0.835 0.814 0.749 

14+  1.635 1.639 1.673 1.674 2.146 2.141 1.792 1.787 

16+  - 2.569 3.128 3.331 - 2.241 - 2.262 

22+  1.892 1.782 1.384 1.278 2.271 2.220 1.506 1.492 

20+  2.674 2.550 2.088 1.964 - 2.003 1.229 1.310 

24+  - 1.721 1.957 2.109 - 2.211 1.792 1.831 

32+  2.586 2.391 2.053 1.347 2.292 2.320 1.628 1.597 

13+  5.840 3.320 2.224 2.623 - 2.575 - 2.851 

Experimental data are taken from ref. [22]. 

In this work the 32+  state in these isotopes are well 
described by the lowest mixed symmetry state in the 
vibrational limit of IBM-2. The validity of this limit is 
related to the proximity to the closed neutron shell at N 
=50 and a more detailed calculation would be necessary 
for large N allowing departures from the vibrational limit. 
One should also allow admixture between states of full 
symmetry and mixed symmetry, i.e., states of different F-
spin , but both of these generalizations introduce many 
unknown interaction parameters. 

3.3. Electric Quadrupole Transition 
Probability B(E2) 

In order to find the value of the effective charge we 
have fitted the calculated absolute strengths 
( 1 1( 2;2 0 )B E + +→ ) the transitions ground state band to the 
experimental ones. The values of the boson effective 
charges for all isotopes, following the work of Subber et 
al., [23] were determined by the experimental 

1 1( 2;2 0 )B E + +→ , effective charges were obtained that 
0.0851eν =  e.b and 0.060eπ = e.b. Table 3 given the 

electric transition probability. The relative B(E2) values 
are proportional to these effective charges. 

Table 3. Electric transition probability for Sr90-96 in e2b2 units 
 

i fJ Jπ π→  

90Sr  92Sr  94Sr  96Sr  
.Exp  IBM-2 .Exp  IBM-2 .Exp  IBM-2 .Exp  IBM-2 

1 12 0+ +→  0.020(3) 0.02 0.018(4) 0.018 0.020(5) 0.020 0.034(9) 0.0306 

1 14 2+ +→  0.064(11) 0.0708 0.00711(11) 0.00541 - 0.331 - 0.501 

2 12 2+ +→  - 0.00338 >0.0321 0.0289 - 0.0432 > 0.0033 0.0087 

2 12 0+ +→  - 0.0548 - 0.003 - 0.0011 - 0.00087 

1 13 2+ +→  - 0.0009  
- 0.0031 >0.00006 0.00364 - 0.00051 

1 13 4+ +→  - 0.0029 - 0.0060 >0.0122 0.009 - 0.023 

1(2 )Q +  e.b - 0.088 - 0.084 - 0.083 - 0.032 

Experimental data are taken from [22,25,26,27]. 
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The 1 1( 2;2 0 )B E + +→  and 1 1( 2;4 2 )B E + +→  values 
decrease as neutron number increases toward the middle 
of the shell as the value of 2 1( 2;2 2 )B E + +→ has small 
value because contain mixtures of M1 and The calculated 
B(E2) value of 2 12 2+ +→  transition is between the error 

limit. For 1 1( 2;4 2 )B E + +→  transition, the difference 
between the experimental and theoretical values is very 
small. 

The value of 2 1( 2;2 0 )B E + +→  is small because there 
are not deformed nuclei. 

However the calculated values in Table 3 are in 
agreement with the experimental results, there are some 
difference between the B(E2) values of 2 12 0+ +→  
transition because there is not enough data and certain 
result for this transition. The other experimental B(E2) 
values of some transitions does not exist.  

The quadrupole moment for first excited state in Sr 
isotopes is very well described. The quadrupole moment 
of the first excited state 12+  is also decreasing toward as 
neutron number increases. As mentioned above, the 

calculated values of 1(2 )Q +  indicated this nucleus has 

oblate shape in first excited states 12+ . 

3.4. Magnetic Transition Probability B(M1)  
To evaluate the magnetic transition probability, the 

work depend on the Eqs.6 and 7, and determine the values 
of gπ  and gν . It is interesting to note that the matrix 
element is approximately proportional to ( )/N N Nπ π ν+  

and ( )/N N Nν π ν+ , respectively , and directly to the 
number of active proton and neutron bosons. This leads to 
a approximate expression [8]: 

 ( ) ( )/ /g g N N N g N N Nπ π π ν ν ν π ν= + + +  (9) 

and /g Z A= , where Z is the atomic number, and A is the 
mass number. 

Therefore the values of g-factor are given as 
0.223 Ngν µ=  and 0.841 Ngπ µ= . Table 4 gives the 

values of B(M1) for some transitions, there is a very little 
experimental data to compare with IBM-2 results. 

Table 4. Magnetic transition probability for 90-96Sr in 2
Nµ  units 

i fJ Jπ +→  
90Sr  92Sr  94Sr  96Sr  

.Exp  IBM-2 .Exp  IBM-2 .Exp  IBM-2 .Exp  IBM-2 

11 0+ +→  - 0.123 - 0.341 - 0.789 - 0.951 

11 2+ +→  - 0.0032 0.001253 0.00247 - 0.923  0.0005 

2 12 2+ +→  - 0.0520 0.02506 0.0752 - 0.000345 >0.00030 0.000335 

1 13 2+ +→  - 0.002231 - 0.00639 >1.3x10-4 4.4x10-5 - 0.00431 

3 12 2+ +→  - 0.00423 - 0.00084 - 0.00076 - 0.000329 

3 22 2+ +→  - 0.0019 0.05191 0.0710 - 0.000871 - 0.000432 

1(2 )g +  - 0.82 - 0.75 - 0.62 - 0.58 

Experimental data are taken from [22]. 
1. The transitions between low-lying collective states 

(e.g., 1 22 ,2 )+ +  are relatively weak since the arise from 
antisymmetric component in the wave functions 
introduced by F-spin breaking in the Hamiltonian.  

2. Strong transitions connecting a symmetric states, 
maxF  with one proton-neutron boson mixed 

symmetry (e.g., 1( 1;1 0 )B M + +→ ) . 
3. The magnitude of M1 values increases with 

increasing spin for gγ →  and γ γ→  transitions. 

3.5. Mixing Ratio )1/2( MEδ  

Evaluating the mixing ratio ( 2 / 1)E Mδ  for Sr isotopes, 
depend on the equation (8), Table 5, shows the variation 
of 6 for the group of 12 2+ +→  transitions and it is seen 
that both the magnitude and sign of ( 2 / 1)E Mδ  are 
correctly obtained for the three transitions a summary of 
the results where the experimental data have sufficient 
precision for a useful comparison and also when there is 
no ambiguity in the nature of the levels. (At higher 
energies where the level density is great the order of the 

experimental levels may differ from the calculated order). 
These results exhibit disagreement in some cases, with 
one case showing disagreement in sign. However, it is a 
ratio between very small quantities and any change in the 
dominator that will have a great influence on the ratio. 
The large calculated value for 3 1(3 4 )δ + +→  is not due to a 
dominate E2 transition, but may be under the effect of 
very small M1 component in the transition. 

The reduced E2 and M1 matrix elements have been 
evaluated for a selection of transitions in tungsten isotopes 
(A = 90,92,94,96); their dependence on 2ξ is striking. A 
sudden change in sign is sometimes observed in M1; it 
occurs when the E2 matrix element is small. It may be 
attributed to a very low value of the E2 reduced matrix 
element; even though the program has an arbitrary sign 
choice, the sign is consistent for all results within a 
calculation, and the sign of the ratio of the matrix 
elements which determine the sign of the multipole 
mixing ratio is not arbitrary. 

The δ -mixing ratios were calculated for some selected 
transitions in 90-96Sr Tables 5 show comparisons with 
experimental results. The parameters ρχ , 2ξ  and kξ  , 
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and were kept at their best-fit values and the gρ  were 
fine-tuned in order to fit the experimental data. In 
particular, gπ  was found to be very sensitive to the δ -
mixing ratios. Good agreement was achieved with the set 
of parameters (see Table 1). We are now in a position to 
use these Hamiltonian parameters confidently to o calculate 
δ -mixing ratios for any transition in these isotopes. 

The variations in sign of the E2/M1 mixing ratios from 
nucleus to nucleus for the same class transitions and 
within a given nucleus for transitions from different spin 
states suggest that a microscopic approach is needed to 
explain the data theoretically. For that reason, we did not 
take into consideration the sign of mixing ratios. Sign 
convention of mixing ratios had explained in detail by J. 
Lang et al., [27]. 

Table 5. Mixing ratios for 90-96Sr in / Neb µ  units 
Transition 

i fJ Jπ +→  

90Sr  92Sr  94Sr  94Sr  
.Exp  IBM-2 .Exp  IBM-2 .Exp  IBM-2 .Exp  IBM-2 

2 12 2+ +→  +0.50(3) 0.775 +0.12(2) -2.560  -6.981 +2.0(11) 2.562 

2 14 4+ +→  - -0.784  -0.210 -0.35(8) -0.64  3.290 

3 12 2+ +→  - 0.0301 +1.7 0.981  0.0002 1.7
10.58+−  1.331 

3 22 2+ +→   -0.998  2.98  2.569  2 

3 14 4+ +→  - 2.98  0.461 - 0.982 - -4.45 

1 13 2+ +→  18
110.53+−  1.30 - 0.0028 - 0.0022 - 0.0096 

1 13 4+ +→  - -17.6 - 0.002 - 0.0097 - 1.567 

3 24 4+ +→  - 0.987 - 3.890 - -0.452 - 2.431 

3 13 4+ +→  - -0.33 - -2.765 - 2.984 - 1.940 

3 23 2+ +→  - 0.657 - 0.861 - 0.567 - 1.320 

1 11 2+ +→  - 20.34 -0.27(5) -0.434 - 0.657 - 5.556 

1 15 4+ +→  - 0.00022 - 0.0532 - 0.0432 - 0.00035 

1 15 6+ +→  - 0.00023 - 0.0002 - 0.00022 - 0.0003 

2 16 6+ +→  - 0.00005 - 0.0251 - 0.00023 - 0.0004 

Experimental data are taken from [22]. 

4. Conclusions 
In this work we have carried out an analysis for the 

even mass Sr isotopes based on the IBM-2. The boson 
core parameters have been obtained and the main results 
for energy levels and quadrupole transition probabilities 
agree very well with experiment. In general, good 
agreement was obtained when compared with experiment. 
The boson-boson interaction parameters were fixed by the 
calculations on the boson core nuclei. The results indicate 
that the energy spectra of all different quasibands of the 
even-even Sr isotopes can be reproduced quite well. It is 
noticed, however, that the results of B(E2) calculations for 
even-even Sr nuclei were in better agreement with the 
existing experimental data. The best fit values for the 
Hamiltonian parameters for even-even Sr isotopes are 
given in Table 1, and the calculated energy values which 
are compared with the experimental data are given in 
Table 1, Sr isotopes. The agreement is good for member 
of ground state, ground and beta bands. 

The calculated values in this study show that the 
transitions connect the levels with the same parity and the 
E2 transitions are predominant. A sensitive test of our 
projection is provided by comparing calculated B(E2) 
values with experimental predictions. The agreement 

between the values obtained in this analysis and the 
experimental results is good for ground state band, hoping 
that if the other parameters are normalized by means of 
this projection it can be considerably improved for gamma 
band and beta band for further work. 

In this work, the mixing ratio ( 2 / 1)E Mδ  of transitions 
linking the gamma and ground state bands have been 
examined. The transitions which link low spin states and 
that obtained in the present work are in good agreement 
and show a little bit irregularities. 
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Abstract  When two bodies are in mutual motion, it should not be considered that one of them is stationary while 
the other moves or vice versa, but that both bodies move in relation to the center of mass (which is motionless, 
conditionally) and that they move at speeds dependent on the relationships of their masses, which is the consequence 
of the law of conservation of momentum. The time of a light signal travelling between two bodies A and B in mutual 
motion at the velocity of v0 depends on the relationship between the masses of these bodies mA and mB, so light 
signal travel time from the body A to the body B differs from the light signal travel time from the body B to the body 
A. In accordance with this, the following notions are defined: the relationship of the time difference (interval) 
between two successively emitted light signals from one body and the time difference (interval) of receiving these 
two signals by the other body, as well as the intensity and relationship between the relative velocities v of the two 
bodies measured from one body and from the other body. In addition, the expressions are derived for the Doppler 
shift in the function of velocity v0 of the mutual motion of two bodies A and B and the relationship between the 
masses of these bodies mA and mB. The results of this study prove that the formulae of the special theory of relativity 
(STR) have not been duly derived (since they disregard the masses of the bodies in mutual motion) and that they do 
not offer correct results. 
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1. Introduction 
The information about a phenomenon is obtained on the 

basis of recording the information which has reached 
either our senses or the devices used for registering that 
phenomenon. This information is transmitted at the final 
velocity dependent on the information transmitter and the 
medium through which the information is transmitted. 

Also, the interactions between individual bodies 
(particles) are transmitted at the final velocity which 
depends on the information transmitter and the medium 
through which the interaction is transmitted. 

When it comes to the bodies which are mutually 
motionless, the information and interactions are received 
at the same rate as they are emitted since successive 
signals travel the same distance. However, when it comes 
to the bodies which are in mutual motion, the rate of 
receiving and emitting information (interaction) is not 
identical because each forthcoming information (interaction) 
travels a different distance length. 

Thus, considering the bodies in mutual motion, it is 
necessary to find the dependence of the sent and received 
information (interactions) in the function of the speed of 

transmitting this information (interactions) and the speed 
of the movement of the bodies. 

The special theory of relativity (hereinafter referred to 
as STR), proposed by Albert Einstein at the beginning of 
the 20th century, is generally accepted nowadays. 

STR regards the mutual motion of two inertial systems 
WITH NO MASS assuming that it is irrelevant whether 
one system is motionless and the other is moving or the 
second system is stationary while the first system is 
moving [1]. Thus, bodies are regarded as mathematical 
points with no mass, and not as physical bodies with mass, 
which does not correspond to reality. 

The subject of this paper is proposing a new theory 
named MSR (Motion Shapes Reality) on the transmission 
of light signals between two bodies in mutual motion, 
based on the law of conservation of momentum. 

When talking about the motion of two bodies, it is 
necessary to bear in mind that each body has its mass! 

So, while two bodies are moving, one of them should 
not be considered to be still while the other is moving and 
vice versa, but both bodies should be considered to be 
moving in relation to the center of mass (which is 
motionless, conditionally) and that they move at velocities 
dependent on the relationships of their masses, which is 
the consequence of the law of conservation of momentum 
[2], which is a consequence of Newton's third law [3]. 
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2. Transmitting Information and Interactions 
during Motion 

The information about a phenomenon is obtained on the 
basis of recording the information which has reached 
either our senses or the devices used for registering that 
phenomenon. This information is transmitted at the final 
velocity dependent on the information transmitter and the 
medium through which the information is transmitted. 

Also, the interactions between individual bodies (or 
particles) are transmitted at the final velocity which 
depends on the information transmitter and the medium 
through which the interaction is transmitted. 

When it comes to the bodies which are mutually 
motionless, the information and interaction are received at 
the same rate as they are emitted since successive signals 
travel the same distance. However, when it comes to the 
bodies which are in mutual motion, the rate of receiving 

and emitting information (interaction) is not identical 
because each upcoming information (interaction) covers a 
different distance length. 

Thus, in relation to the bodies in mutual motion it is 
necessary to find the dependence of the sent and received 
information (interactions) in the function of the speed of 
transmitting this information (interactions) and the speed 
of the bodies. 

2.1. The Motion of Two Bodies in the Same 
Line 

When talking about the motion of two bodies, it is 
necessary to bear in mind that each body has its mass. 

Figure 2.1 illustrates the motion of two bodies A and B 
having the masses mA and mB. 

According to the law of conservation of momentum, it 
follows: mAvA=mBvB 

 

Figure 2.1. 

Thus, when it comes to the motion of two bodies with 
masses mA and mB where one of them moves at the 
velocity of v0 in relation to the other, one of them should 
not be considered to be still while the other is moving and 
vice versa, but both bodies should be considered to be 
moving in relation to the center of mass (which is 
motionless, conditionally) and that they move at the 
velocities of vA and vB which are dependent on the 
relationship of the masses mA and mB. 

2.1.1. Light Signals between Two Bodies in Motion 
Let us consider the travel time of a light signal with the 

speed of c0 between two bodies A and B in mutual motion 
at the speed of v0, according to the Figure 2.1. It has been 
accepted that the plus sign is used for the velocity when 
the bodies move away from each other. So, if the bodies 
approach each other, the sign in front of the velocity 
symbol should be changed in the following expressions. 
a) The light signal from the body A towards the body B 

A light signal emitted from the body A at the speed of 
c0 reaches the body B during the time tA; the body B needs 
the same time (tA) to move away for the additional 
distance of ΔLB= tAvB, moving at the speed of vB in 
relation to the center of mass cm, so that the total distance 
covered by the light signal amounts to:  

 B A 0 B A BL '  t c  L L  L t v= = + ∆ = +  

Solving for tA , the travel time of the light signal from A 
to B is obtained: 

 ( )A 0 Bt  L / c v= −  (2.1.1.a) 

b) The light signal from body B towards body A 
When a light signal emitted from the body B at the 

speed of c0 reaches the body A during the time tB, the body 
A needs the same time to move away for the additional 

distance of ΔLA= tBvA, moving at the speed of vA in 
relation to the center of mass cm, so that the total distance 
covered by the light signal amounts to:  

 A B 0 A B AL '  t c  L L  L t v= = + ∆ = +  

Solving for tB , the travel time of the light signal from B 
to A is obtained: 

 ( )B 0 At  L / c v= −  (2.1.1.b) 

c) The relationship of signals from A to B and from B 
and A 

Comparing the travel times of tA and tB of light signals 
from the body A to the body B and from the body B to the 
body A, it is perceived that they are different, i.e. tA≠tB 
(except for the bodies of identical masses mA=mB when 
both vA=vB and LA=LB): 

 ( ) ( )A B 0 A 0 Bt / t  c v / c v .= − −  (2.1.1.c) 

2.1.2. Time Intervals of Two Bodies In Motion 
Let us consider the time difference (interval) between 

two successively emitted light signals from the body A 
and the time difference (interval) of receiving these 
signals by the body B, according to Figure 2.1. 

In order to simplify the text, all 'A' marks will be 
replaced by 'E' (emitter), and all 'B' marks will be replaced 
by 'R' (receiver).  

As seen in section 2.1.1.a, the travel time of the first 
light signal from E to R is: 

 ( )1 0 Rt  L / c v .= −  

Let us define the travel time from the body E to the 
body R of the second light signal emitted from the body E 
after particular time ΔtE in relation to the first signal. 
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During the time ΔtE the body E covers the additional 
distance of ΔLE= ΔtEvE and the body R covers the 
additional distance of ΔLR1= ΔtEvR. While the light signal 
travels from the body E to the body R during the time t2, 
the body R covers the additional distance of ΔLR2= t2vR; 
thus, the total distance covered by the second light signal 
from the body E to the body R amounts to:  

 2 2 0 R1 R2 E

E R 2 R E E

L '  t c  L L L L
 L t v t v t v
= = + ∆ + ∆ + ∆

= + ∆ + + ∆
 

Solving it for t2, the following is obtained: 

 ( ) ( )2 E 0 0 Rt  L t v / c v .= + ∆ −  

The difference in the duration of the travelling of the 
first and second signal from E to R amounts to:  

 
( ) ( ) ( )
( )

2 1 E 0 R 0 R

E 0 0 R

t t  L t v / c v  L / c v

 t v / c v

− = + ∆ − − −

= ∆ −
 

thus, the time interval of the signal reception is:  

 
( ) ( )

( ) ( )
R E 2 1 E 0 0 R

E 0 E R

t t t t  t 1 v / c v

 t c v / c v

 ∆ = ∆ + − = ∆ + − 
= ∆ + −

 

 ( ) ( )R E 0 E 0 Rt t c v / c vγ γ∆ = ∆ = + − (2.1.2.1) 

If light signals are simultaneously emitted from the end 
points of a line segment of LE length on the body E 
towards the body R, they will reach the body R at the 
same time and the same length LR= LE will be recorded on 
the body R. Thus, there is no contraction of the length. 

However, the body A’s crossing the distance ΔLE= 
vEΔtE at the speed of vE during the time ΔtE will be read 
out on the body R as the crossing of the distance (ΔLE) 
during the time ΔtR, so the velocity of the body E in 
relation to the center of mass will be read out on the body R: 

 
( ) ( )

( )
E E 0 R 0 E E

E E E E

v '  v c v / c v  v /

v  v ' v  v 1 1/

γ

γ

= − + =

∆ = − = −
(2.1.2.1a) 

Since the body R moves at the velocity vR in relation to 
the center of mass, the total velocity of movement of the 
body E in relation to the body R will be recorded on the 
body R: 

 
( )

R E R E

0 E

v  v v '  v v /
v  v v 1 1/

γ
γ

= + = +

= + −
 (2.1.2.1b) 

In the case when mR is insignificantly small in relation 
to mE, an approximate expression is obtained: 

 ( )
R E

0 0 0

0

t t
 c / c v

v  v

γ

γ

∆ = ∆

= −

=

 (2.1.2.2) 

In the case when mE is insignificantly small in relation 
to mR, an approximate expression is obtained: 

 ( )
( )

R E

0 0 0

0 0 0 0

t t
 c v / c

v  v c / c v

γ

γ

∆ = ∆

= +

= +

 (2.1.2.3) 

The previous formulae are derived for the situation of 
the two bodies moving away from each other. As already 

mentioned in the introductory part of chapter 2.1.1, if the 
bodies approach each other, the sign before the velocity 
symbol should be changed in the previous expressions. 
Thus, the expressions are as follows: 

 ( ) ( )
( )

R E

0 E 0 P

0 0 0 E

t t
 c v / c v

v  v c / c v

γ

γ

∆ = ∆

= − +

= −

 (2.1.2.4) 

In the case when mR is insignificantly small in relation 
to mE, an approximate expression is obtained: 

 ( )
R E

0 0 0

0

t t
 c / c v

v  v

γ

γ

∆ = ∆

= +

=

 (2.1.2.5) 

In the case when mE is insignificantly small in relation 
to mR an approximate expression is obtained: 

 ( )
( )

R E

0 0 0

0 0 0 0

t t
c v / c

v v c / c v

γ

γ

∆ = ∆

= −

= −

 (2.1.2.6) 

2.1.3. The Doppler Shift 
The Doppler shift z is defined in the expression [4]: 

 ( )R E R R E Rz / / / 1f f f f f f f= ∆ = − = −  

where: 
ƒE emitted frequency ƒE =1/ΔtE 
ƒR observed frequency ƒR =1/ΔtR 
Δ ƒ  the difference between the emitted and observed 
frequency   Δ ƒ= ƒR-ƒE 

 ( ) ( )E R E R R E/ 1/ t  / 1/ t t / tf f = ∆ ∆ = ∆ ∆  

 R Ez  t / t 1 1.γ= ∆ ∆ − = −  (2.1.3) 

a) The Doppler shift when E and R are moving away 
from each other 

Applying the formulae (2.1.2.1), we have: 

( ) ( )
( )

( )
( )

( )
0 E R 0 E R

0 E R E E

0 0 R 0

R

0 R

v m m zc m m
z v

c m m

z 1 v / c v 1 z  v / c

vm 1 m m

v

z

 = + − − =

+ +
= =

+ +

 

− +

−

(2.1.3.1) 

In the case when mR is insignificantly small in relation 
to mE, an approximate expression is obtained: 

 ( ) ( )0 0 0 0 0z  v / c v v  zc / z 1≈ − ≈ + (2.1.3.2) 

In the case when mE is insignificantly small in relation 
to mR, an approximate expression is obtained: 

 0 0 0 0z  v / c v  zc≈ ≈  (2.1.3.3) 

b) The Doppler shift when E and R are approaching 
each other 

Applying the formulae (2.1.2.4), we have: 

( )[ ] ( )
( )

( )
( )

( )
E R 0 E R

0 E R 0 E E R

0 0 R 0 0 R

v m m

z 1 v / c v 1

zc m m
z v

c m m

z v / c v

v m z 1 m m

= − +

− + − +
= =

+ + +

= −

+

− +

(2.1.3.4) 

In the case when mR is insignificantly small in relation 
to mE, an approximate expression is obtained: 
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 ( ) ( )0 0 0 0 0z v / c v v zc / z 1≈ − + ≈ − + (2.1.3.5) 

In the case when mE is insignificantly small in relation 
to mR, an approximate expression is obtained: 

 0 0 0 0z v / c v zc≈ − ≈ −  (2.1.3.6) 

c) The Doppler shift in astronomy 
When the Earth receives light signals from massive 

stars, the Earth’s mass mR is insignificantly small in 
relation to the mass of stars mE, so the approximate 
expressions can be applied (2.1.3.2): 

 ( ) ( )0 0 0 0 0z  v / c v and v  zc / z 1 .≈ − ≈ +  

Table 2.1.3 offers a comparative description of the 
relationship between the Doppler shift z and the velocity 
v0 calculated according to the relativistic Doppler Effect 
(STR) [5] and according to the formulae of MSR 
(Movement Shapes Reality). 

It can be noticed that STR calculates a smaller Doppler 
shift for the same velocities, i.e. it calculates bigger 
velocities for the same Doppler shift. The bigger the 
velocity, the bigger the error in calculating the Doppler 
shift according to STR. 

Table 2.1.3. The Doppler shift in astronomy according to STR and 
MSR 

v0/c z’ (STR) z (MSR) Δz=z-z' z/z' 
0,01 0,0101 0,0101 0,0001 1,0050 
0,02 0,0202 0,0204 0,0002 1,0101 
0,05 0,0513 0,0526 0,0013 1,0257 
0,10 0,1055 0,1111 0,0056 1,0528 
0,20 0,2247 0,2500 0,0253 1,1124 
0,30 0,3628 0,4286 0,0658 1,1814 
0,40 0,5275 0,6667 0,1391 1,2638 
0,50 0,7321 1,0000 0,2679 1,3660 
0,60 1,0000 1,5000 0,5000 1,5000 
0,70 1,3805 2,3333 0,9529 1,6902 
0,80 2,0000 4,0000 2,0000 2,0000 
0,90 3,3589 9,0000 5,6411 2,6794 
0,93 4,2509 13,2857 9,0349 3,1254 
0,96 6,0000 24,0000 18,0000 4,0000 
0,98 8,9499 49,0000 40,0501 5,4749 
0,99 13,1067 99,0000 85,8933 7,5534 

2.2. The Motion of Two Bodies on Parallel 
Lines 

Let us consider the mutual movement of two bodies A 
and B on parallel lines at the relative velocity of v0 , 
according to Figure 2.2. 

 

Figure 2.2. 

2.2.1. Light Signals Between Two Bodies in Motion 
Let us think about the travel time of a light signal of the 

emitted speed of c0 between bodies A and B, according to 
Figure 2.2.1. It has been accepted that the positive sign of 
the velocity is used when two bodies move away from 
each other. So, if the bodies approach each other, in the 
following formulae the sign before the velocity symbol 
should be altered. 

 

Figure 2.2.1. 

a) The light signal from the body A towards the body B 
While a light signal travels from A towards B at the 

speed c during a particular time tA, the body B covers the 
distance of ΔXB= tAvB in that time, so the light signal 
covers the distance of DA= tAc0= (X+tAvB)/cosφA. Solving 
this for tA, it is obtained as follows:  

 ( )A 0 A Bt X / c cos vϕ= −  (2.2.1.a) 

b) The light signal from the body B towards the body A 
While a light signal travels from B towards A at the 

speed c during a particular time tB, the body A covers the 
distance ΔXA= tBvA in that time, so the light signal covers 
the distance of DB= tBc0= (X+tBvA)/cosφB. Solving this for 
tB , it is obtained as follows:  

 ( )B 0 B At  X / c cos vϕ= −  (2.2.1.b) 

c) The relationship of the signal from A to B and from 
B to A  

Comparing the travel times of tA and tB of light signals 
from the body A to the body B and from the body B to the 
body A, it is perceived that they are different, i.e. tA≠tB 
(except for the bodies of identical masses mA=mB when 
both vA=vB and φA= φB): 

 ( ) ( )A B 0 B A 0 A Bt / t c cos v / c cos vϕ ϕ= − − (2.2.1.c) 



 International Journal of Physics 15 

 

2.2.2. Time Intervals of Two Bodies in Motion 
Let us consider the time difference (interval) between 

two successively emitted light signals from the body B 
and the time difference (interval) of receiving these same 
signals by the body A, according to the Figure 2.2. 

In order to simplify the text, all 'B' marks will be 
replaced by 'E' (emitter), and all 'A' marks will be replaced 
by 'R' (receiver), according to Figure 2.2.2. 

 

Figure 2.2.2. 

The total distance covered by the body R from the 
emission of the first signal to the reception of the first 
signal amounts to ΔX1 = t1vR. 

Let us define the travel time from the body E to the 
body R of the second light signal emitted from the body E 
after particular time ΔtE in relation to the first signal. 

During the time ΔtE the body E covers the additional 
distance of ΔXE= ΔtEvE and the body R covers the 
additional distance of ΔXR1= ΔtEvR. 

While the light signal travels from the body E to the 
body R during the time t2, the body R covers the additional 
distance of ΔXR2= t2vR; thus, the total distance of moving 
away of the bodies E and R on the motion line (x-axis) 
from the emission of the first signal to the reception of the 
second signal amounts to:  

 2 E R1 R2

E E E R 2 R

X  X X X
t v t v t v .

∆ = ∆ + ∆ + ∆
= ∆ + ∆ +

 

Since vE+vR= v0, the previous expression becomes: 
ΔX2= ΔtEv0+t2vR so 

 ( )2 1 E 0 2 1 RX X  t v t t v∆ −∆ = ∆ + −  

Applying the law of sine to Figure 2.2.2, we have: 

 ( ) ( )2 1 0 E 0 2 1 Rt t c / sin t v t t v / sinβ α− = ∆ + −    

Changing 

 
( ) ( )
( ) ( )

/ 2 ' / 2 sin cos ' / 2

/ 2 ' / 2 sin cos ' / 2

α π ϕ ϕ α ϕ ϕ

β π ϕ ϕ β ϕ ϕ

= + − = −  
= − + = +  

 

in the previous expression and solving for (t2-t1), we have: 
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that is, introducing the relation 
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2
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 =
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2
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E
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c k v k
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 (*) 

Since the time interval between the reception of the first 
and second signal equals 

 ( )R E 2 1t  t t t∆ = ∆ + −  

we have: 

 

2
0

2 2
0

1 tan
21

1 tan 1 tan
2 2

R E

R

v k
t t

c k v k

ϕ

ϕ ϕ

  −    ∆ = ∆ +
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that is: 

 R E R E 0 Et   t v  v v / v  v v (1 1/ )γ γ γ∆ = ∆ = + = + −  
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0

2 2
0

1 tan
21

1 tan 1 tan
2 2R
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ϕ ϕ

 − 
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(2.2.2.1) 

Applying the law of sine to Figure 2.2.2, we have: 

 )2 2 1 02 – (
sin ' sin

D t t cD
ϕ ϕ
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2 2
2 1 ' 20 0

tan 1 tan
2 2sin( 1 1

'sin tan 1 tan
2 2

D Dt t
c c

ϕ ϕ

ϕ
ϕ ϕϕ

  
+       = − = −         +   



−




 



16 International Journal of Physics  

 

Equalizing the previous expression with the expression 
(*) and solving for k, we have: 
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Introducing the change 1/ΔtE = ƒE (the frequency of the 
emitted signal), we have: 
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(2.2.2.2) 

The above mentioned shows that the relationship 
between the time intervals ΔtR and ΔtE does not depend 
only on the angle φ and velocity v0 but also on the 
distance between E and M (D2) and on the time interval of 
the emitted signals, i.e. on the frequency of the emitted 
signal ƒE. 

In the case of long distances and high signal frequency, 

the member 0 0

2 ƒE

v c
D

 can be disregarded. 

2.2.2.1. Time Intervals for φ << π/2 
In the case of long distances for the angle φ<<π/2 and 

the small velocity v, an insignificantly small difference of 
the angles φ’ and φ (φ’≈ φ) is obtained, so k≈1 and the 
formula (2.2.2.1) is simplified to the approximate formula: 

 R E R E 0 Et  t v ' v v / v ' v v (1 1/ )γ γ γ∆ = ∆ = + = + −  

 0 0

0 0

cos cos
1

cos cos
E

R R

v c v
c v c v

ϕ ϕ
γ

ϕ ϕ
+

= + =
− −

(2.2.2.1.1) 

vEcos ϕ is the vector projection of velocity vE on the line 
ER and vRcos ϕ is the vector projection of velocity vR on 
the line ER, i.e. these are collinear vectors on the line ER 
so the expression (2.2.2.1.1) is simplified to (2.1.2.1): 

 0

0 0
1 ELL

PL RL

c vv
c v c v

γ
+

= + =
− −

 (2.2.2.1.1a) 

where , andL EL RLv v v  are the components of the 
velocities 0 , andE Rv v v  on the line of the light signal ER. 

In the case when mR is insignificantly small in relation 
to mE, an approximate expression is obtained: 

 
( )

( )
0 0 0 R E

0 0 0 0

c / c v cos , t t

c / c v cos , v v

γ ϕ

ϕ

= − ∆ = ∆

− =
 (2.2.2.1.2) 

In the case when mE is insignificantly small in relation 
to mR, an approximate expression is obtained: 

 
( )

( ) ( )
0 0 0 R E

0 0 0 0 0 0 0

c v cos / c , t t ,

c v cos / c , v v c / c v cos

γ ϕ

ϕ ϕ

= + ∆ = ∆

+ = +
(2.2.2.1.3) 

a) intervals for φ = 0 
For φ = 0， cos φ = 1 so the equation (2.2.2.1.1) 

becomes: 

 
( ) ( )

( ) ( )
( ) ( )

0 E 0 R R E

0 E 0 R

R E 0 P 0 E

c v / c v , t  t ,

c v / c v ,

v v v c v / c v .

γ = + − ∆ = ∆

+ −

= + − +

(2.2.2.1.4) 

which is identical to the expression (2.1.2.1).  
In the case when mR is insignificantly small in relation 

to mE, the expression (2.2.2.1.4) becomes: 

 
( )

( )
0 0 0 R E

0 0 0 0

c / c v , t  t ,

c / c v , v  v

γ = − ∆ = ∆

− =
 (2.2.2.1.5) 

which is identical to the expression (2.1.2.2). 
In the case when mE is insignificantly small in relation 

to mR, the expression (2.2.2.1.3) becomes: 

 
( )

( ) ( )
0 0 0 R E

0 0 0 0 0 0 0

c v / c , t t ,

c v / c , v v c / c v .

γ = + ∆ = ∆

+ = +
 (2.2.2.1.6) 

which is identical to the expression (2.1.2.3). 
b) the reception of the signal from Cosmos 

When the Earth receives light signals from massive 
stars, the Earth’s mass mR is insignificantly small in 
relation to the mass of stars mE, so the expressions 
(2.2.2.1.2) and (2.2.2.1.5) can be applied. 
c) the intervals in the case of approaching bodies 

The previous expressions have been derived for the 
situation of the bodies moving away from each other. As 
mentioned above, if the bodies approach each other, the 
sign in front of the velocity symbol should be changed in 
the previous expressions. 
2.2.2.2. TIME INTERVALS FOR  φ = π/2 

For the angle φ near π/2, the formula (2.2.2.1) is used 
after the angle φ' has been calculated according to the 
formulae (2.2.2.2).  

For the angle φ= π/2, tg(φ/2)= 1 so the expression 
(2.2.2.1) becomes: 
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In the case when mR is insignificantly small in relation 
to mE , the expression (2.2.2.2.1) becomes: 
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In the case when mE is insignificantly small in relation 
to mR , the expression (2.2.2.2.1) becomes: 
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 (2.2.2.2.3) 

When it comes to cosmic distances, the member 0 0

2 ƒE

v c
D

 

can be disregarded, so for φ= π/2 we have k=1, γ=1. 
The previous expressions have been derived for the 

situation of the bodies moving away from each other. As 
mentioned above, if the bodies approach each other, the 
sign in front of the velocity symbol should be changed in 
the previous expressions. 

2.2.3. The Doppler Shift  
The Doppler shift z is defined in the formula: 

 ( )R E R R E Rz / / / 1f f f f f f f= ∆ = − = −  

where: 
ƒE emitted frequency  ƒE =1/ΔtE 
ƒR observed frequency  ƒp =1/ΔtR 
Δ ƒ  the difference between the emitted and observed 

     Δƒ= ƒR-ƒE 

 ( ) ( )E R E R R E/ 1/ t  / 1/ t  t / t  f f γ= ∆ ∆ = ∆ ∆ =  

 R Ez t / t 1 1γ= ∆ ∆ − = −  (2.2.3) 

Applying the expression (2.2.2.1.) to the formula 
(2.2.3), general formulae are obtained: 

For E and R moving away from each other: 
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For E and R approaching each other: 
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(2.2.3.2) 

2.2.3.1. Angle φ<< π/2 
In the case of long distances for angle φ<<π/2 and small 

velocity v0, an insignificantly small difference of the 
angles φ’ and φ (φ’≈ φ) is obtained, so k≈1 and the 
formulae (2.2.3.1) and (2.2.3.2) are simplified to the 
approximate formulae: 

For E and R moving away from each other: 
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For E and R approaching each other: 
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 (2.2.3.1.2) 

If mR is insignificantly small in relation to mE , then 
vR≈v and vE≈ 0, so the expressions (2.2.3.1.1) and 
(2.2.3.1.2) become: 

For E and R moving away from each other: 
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For E and R approaching each other: 
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 (2.2.3.1.4) 
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If mE is insignificantly small in relation to mR , then vE≈ 
v and vR≈ 0, so the expressions (2.2.3.1.1) and (2.2.3.1.2) 
become: 

For E and R moving away from each other: 

 0 0

0 0

z  v cos / c
v  zc / cos

ϕ
ϕ

=

=
 (2.2.3.1.5) 

For E and R approaching each other: 

 0 0

0 0

z v cos / c
v zc / cos

ϕ
ϕ

= −

= −
 (2.2.3.1.6) 

For φ = 0 (longitudinal Doppler shift) the equations 
(2.2.3.1.3) to (2.2.3.1.6) are simplified to the equations 
(2.1.3.2) and (2.1.3.3), that is (2.1.3.5) and (2.1.3.6). 

2.2.3.2. Angle φ = π/2 
For angle φ near π/2 the formula (2.2.3.1) is used after 

the angle φ' has been calculated according to the formula 
(2.2.2.2).  

For the angle φ= π/2 the formula (2.2.3.1) is used after 
the angle φ' has been calculated according to the formula 
(2.2.2.2.1).  

If one of the masses is insignificantly small in relation 
to the other mass and the angle φ=π/2 (transversal Doppler 
shift), the formulae (2.2.2.2.2) and (2.2.2.2.3) are used for 
calculating the angle φ'. 

When it comes to cosmic distances, the member 
0 0

2 ƒE

v c
D

 can be disregarded, so for φ= π/2 we have k=1, 

γ=1, z=0. 

2.2.4. Exchange of Information with the Satellite 
Let us consider the communication between the Earth 

and the satellite through a light signal. 
Since the satellite’s mass mS is insignificant in relation 

to the Earth’s mass mE, the Earth can be considered to be 
at rest (vE=0) while the satellite moves at the speed of 
vS=v0. 

However, the communication with the satellite is not 
performed from the center of the Earth’s mass but from 
the surface 6.400km distant from the center of the Earth’s 
mass and the Earth rotates around its axis (tangential 
velocity on the equator around 0,465km/sec). Thus, in the 
communication with the satellite we should also take into 
account the rotational velocity of the point from which the 
communication is carried out, as well as the satellite’s 
trajectory in relation to the direction of the Earth’s rotation, 
i.e. the projection of the rotational velocity on the line of 
the satellite’s movement during the communication.  

The growth of the satellite’s distance and the deviation 
of the signal’s angle of π/2 in relation to the current 
direction of rotational velocity lead to the decrease of the 
influence of the Earth’s rotation so it can be disregarded in 
the case of long distances and small angles of signals. 
Also, when the point from which the communication with 
the satellite is performed is in the vicinity of one of the 
Earth’s poles (i.e. when the rotational velocity is vrot≈0), 
the Earth’s rotation can be disregarded. 

This chapter will deal with the situation when the 
angle of the signal is φ<< π/2 and when the influence of 
the Earth’s rotation can be disregarded. 

Communication with the satellite includes sending the 
signal from the Earth towards the satellite and its returning 
to the Earth at specific intervals, according to Figure 
2.2.4.1. 

 

Figure 2.2.4.1. 

We will observe two signals which, at the interval Δt1, 
are emitted from the Earth (E) towards the satellite (S) and 
returned to the Earth. 

While the first signal takes time t1 to reach S from E 
moving at the speed of c0, the satellite covers the 
additional distance of ΔX1= t1v0. Returning from S to E 
(having in mind that E is motionless), the return signal 
covers the same distance t1c0 as the emitted signal. 

After particular time Δt1 the second signal is emitted. 
During the same time, S covers the additional distance of 
ΔX2= Δt1v0. While the second signal reaches E from S 
during the time t2, the satellite covers the additional 
distance of ΔX3=t2v0. Returning from S to E (since E is 
motionless), the return signal covers the same distance t2c0 
as the emitted signal. 
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Since the travel time of the first signal from E to S and 
back is T1=2t1 and the travel time of the second signal 
from E to S and back is T2=2t2, the time interval between 
the reception of the first signal and the second signal 
equals 

 ( )2 1 2 1t  t 2 t t∆ = ∆ + −  

so we have: 
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 (2.2.4.1) 

Since the communication with satellites is performed at 
high frequencies (about 3GHz) and that the situation of 
long satellite distance and small velocity v0 (in relation to 
the signal speed c0) is being considered, the formula 
(2.2.4.1) for the signal angle φ1<< π/2 is reduced to the 
approximate formula: 
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 [ ]2 1 0 0t t 1 2v cos / cϕ∆ = ∆ +  (2.2.4.2) 

Introducing the expression (2.2.4.2) in the formula 
(2.2.3), approximate formulae for the Doppler shift are 
obtained. 

For E and S moving away from each other: 
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For E and S approaching each other: 
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ϕ
ϕ

= −
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 (2.2.4.4) 

2.2.4.1. Pioneer 10 Anomaly 
Two spacecrafts, Pioneer 10 and 11, which were 

launched in 1972 and 1973, do not behave according to 
the calculations based on the relativistic formulae and on 
the basis of the measured Doppler shift [6].  

Pioneer 10 should move at the speed of 12,2 km/sec. 
However, on the basis of the measured Doppler shift 

according to the relativistic calculations, the spacecraft 
moves at the increasingly slower speed so that each year it 
covers the distance which is smaller than expected by 
8000 km. 

Table 2.2.4.1 represents the difference of the Doppler 
shift calculated according to STR (special theory of 
relativity) and according to MSR (motion shapes reality). 
The calculation is performed for the leaving and returning 
(coming) signal on the basis of the approximate values of 
the signal angle (φ1) in relation to the line of the 
spacecraft’s movement. 

The calculation according to MSR is carried out on the 
basis of the formula (2.2.4.3): 

 0 0z 2v cos / c .ϕ=  

STR is used as the basis for calculating the Doppler 
shift z': 

 ( )2 2 2z ' [(c v*cos ) / c v ] 1ϕ= + − −  

Table 2.2.4.1. 

v (km/sec) c (km/sec) 12,2 
3,0E+05  The Doppler shift for Pioneer 10 leaving and coming signal   

Year φ (°) cos φ According to STR (z') According to MSR (z) Δz=z-z' Δv, km/sec ΔD, km/year 

1980 20,7 0,9354 7,6086E-05 7,6083E-05 -3,101E-09 -2,486E-04 -7.840 

1982 17,6 0,9532 7,7529E-05 7,7526E-05 -3,156E-09 -2,484E-04 -7.832 

1984 14,7 0,9673 7,8674E-05 7,8671E-05 -3,201E-09 -2,482E-04 -7.827 

1986 12,5 0,9763 7,9409E-05 7,9405E-05 -3,230E-09 -2,481E-04 -7.825 

1988 10,8 0,9823 7,9896E-05 7,9893E-05 -3,250E-09 -2,481E-04 -7.824 

1990 9,6 0,9860 8,0198E-05 8,0194E-05 -3,262E-09 -2,481E-04 -7.824 

 0 1,0000 8,1337E-05 8,1333E-05 -3,308E-09 -2,481E-04 -7.823 

The table shows that, for the given speed, the Doppler 
shift calculated according to STR is bigger than the one 
calculated by MSR. The difference indicates the annual 
“lags“ which extremely precisely correspond to the 
measured values. Thus, it is not an anomaly but the 
incorrect “relativistic“ calculation. 

2.3. On the Speed of Light 
When talking about the speed of light, a difference 

should be made between the speed of light (photon) in 
relation to the body E emitting the light and the speed of 
light reaching the body R which moves in relation to the 
body E. 

The speed of light is determined by the system of fixed 
emitters and receivers [7]. 

Thus, the postulate on the constant speed of light refers 
to the constant speed of the emitted light, independently of 
its frequency (the speed of the emitted light of any 
frequency is the same). 

According to the analyses in chapter 2.2, when 
determining the speed of light reaching the body R in the 
system of two bodies E (light emitter) and R (light 
receiver) which are moving in relation to each other, the 
mutual motion of these two bodies should be taken into 
account. 

When the photon moves from the body E at the speed 
of light c0 towards the body R, this body R escapes from 
the photon at the speed v according to (2.2.1), (2.2.1a) and 

(2.2.1b). Thus, the speed of the photon reaching the body 
R is reduced by the escape speed of the body R, i.e. the 
speed of the photon (c) which has reached the body R, 
according to the classical law on velocity addition, 
amounts to: 

0 R E 0 Ec  c v, v  v v / , v  v  v ( 1) /γ γ γ= − = + = − − (2.3.1) 

where v0, vE, vR and v are collinear components of the 
velocities on the line ER, according to (2.2.2.1.1) and 
(2.2.2.1.1a). 

This change of the speed of light is recorded as the 
change of frequency (the speed of photon oscillation), i.e. 
as the Doppler shift. 

Since the Doppler shift is z= γ-1, i.e. γ= z+1, by 
changing in (2.3.1) we have: 

( ) ( )0 E 0 0 Ev  v  v z / z 1 , c  c v  v z / z 1= − + = − + + (2.3.2) 

The comments in chapter 2.2. illustrate that the 
difference of the velocities v0 and v in the function of the 
relationship of the masses of the emitter mE and the 
receiver mR is: 

vE= v0mR/(mE+mR)  vR= v0mE/(mE+mR)  v0= 
vE+vR v= v0- vE z/(z+1) 

If mR is insignificantly small in relation to mE , then vR≈ 
v and vE≈ 0, so the expressions (2.3.2) become: 

 0 0 0v  v , c  c v= = −  (2.3.3) 
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If mE is insignificantly small in relation to mR, then vE≈ 
v and vR≈ 0, so the expressions (2.3.2) become: 

 
( ) ( )

( ) ( )
0 0 0 0 0

2
0 0 0 0 0

v v / z 1  c v / c v ,

c=c v / z 1  c / c v

= + = +

− + = +
 (2.3.4) 
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1. Introduction 
Although the energy propagations of sound or water 

waves require medium of propagation, in the theory of 
special relativity (SR) light/electromagnetic (EM) waves 
do not require any medium for propagation in the empty 
space (vacuum). However, according to the theory of 
relativity empty space is the four dimensional spacetime in 
which one can conceptually consider being the medium 
for the EM wave propagation. That is the reason why a 
medium such as ether is not required for light propagation. 
Therefore, it is possible to consider EM propagation being 
the actual oscillatory propagation of spacetime itself. 

One can understand the characteristic of spacetime by 
analyzing the invariant interval given in the SR. There are 
three regions of spacetime corresponding to the three 
events happening in the SR. The “essence” or the “fabric” 
of spacetime which we refer to as “f-spacetime,” is the 
actual spacetime prior to expansion. This will correspond 
to zero invariant interval where the events occur within the 
non-expanded spacetime. The distinguishing characteristic 
of this region is not only being the essence and “ground 
state” of spacetime, it is also the medium which “intrinsic” 
propagation velocity is equal to that speed of light. F-
spacetime is void of space and time. 

The timelike event corresponds to the expanding 
universe or the expanded spacetime where matter can exist. 
This is our observing universe. The spacelike event, on the 
other hand will correspond to the “residual” or 
“evanescent universe.” If matter in timelike region gains a 
velocity greater than that of speed of light, it instantly will 
be decaying into evanescent universe by tunneling through 
the f-spacetime. Mass in the spacelike region will not only 
be decaying, it also will be imaginary. 

Based on the above discussion, universe can considered 
being a two phase spacetime harmonic oscillator. That is, 
Universe expands from its equilibrium point which can be 
identified as f-spacetime to its maximum in the timelike 
region where it then will collapse to the singularity of f-
spacetime with all the stored energy. Afterward it will 
instantly expand to the next phase opposite to that of the 
equilibrium where it becomes the next timelike region. 
The singularity of the universe is the instant moment in 
which there remain nothing but fabric of spacetime (f-
spacetime) and the aggregation of all the stored energy. 
The stored energy in the singularity will force its way as 
propagating energy fields causing expansion of f-
spacetime. The superposition of energy fields in the f-
spacetime will also be the determining factor for the 
creation of particles and anti-particles in the expanding 
universe. 

2. Propagation of Energy Fields 
As we know, water is the medium for the propagation 

of energy in the form of water waves and similarly, air is 
the medium for the propagation of sound energy. As a 
consequence of propagation of energy in the form of 
waves, it was also assumed that light would propagate in a 
medium known as ether. However, according to the theory 
of SR light propagates in the empty space and does not 
require medium of propagation. On the other hand 
considering vacuum being identical to spacetime, one can 
assume light or EM waves propagate through the medium 
in which we can identify as the “fabric” of spacetime  
(f-spacetime). Spacetime is “everywhere” and such 
propagation can also happen everywhere in the universe. 
However, we do make a distinction between f-spacetime 
(fabric of spacetime with no expansion) and the expanded 
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spacetime which is the present universe, although we refer 
to both as spacetime. In what follows we shall intent to 
clarify this. Let us recall invariant interval in Cartesian 
coordinate system given in special relativity 

 2 2 2 2 2 2ds c dt dx dy dz ,= − − −  (1) 

where we have chosen the Minkowski metric component 
to be of the form (1, -1, -1, -1). Eq. (1) describes the 
invariant interval between two events. The interval is due 
to the events that happen in the expanded spacetime 
(timelike event). In order to reach the fabric of spacetime 
without expansion (i.e. zero spacetime expansion), one 
should set the invariant interval ds2 identically equal to 
zero. This off course will generate the equation 

 v c.=
  (2) 

Eq. (2) is an expression for the characteristic velocity of 
propagation of spacetime that is equal to the speed of light. 
Light in the form of photon is the quanta of energy. 
Therefore, light in essence is spacetime energy wave (EM 
waves) propagation in the f- spacetime where the invariant 
interval is equal to zero. Quanta of energy or photon, is 
manifested when the spacetime field wave is scattered by 
matter. The transfer of momentum of spacetime wave to 
that of matter is that which generates the photon. 
Therefore, it is important to note that it is not the photon 
that propagates in the empty space rather it is the 
spacetime wave propagation having impact with matter 
that generates photon. The energy wave (field) 
propagation therefore, either can occur through matter 
such as energy of sound waves or through the f-spacetime 
oscillation.  

3. Special Theory of Relativity and 
Boundaries of the Spacetime 

The fabric of spacetime where v = c is the “criteria.” 
We know that every observer in the expanding universe 
where (ds2 > 0, timelike event), is subject to SR. It 
happens that as a consequence of SR, speed of light (c) is 
constant for all such observers. Reciprocally, in the inertia 
frame of c (f-spacetime), all other observers are at stand 
still, with zero velocity. One can thereby proclaim that the 
absolute observer is in the inertia frame of the fabric of 
spacetime where ds2 = 0. It is this observer that measures 
spacetime at “stand still.” According to the invariant 
interval in Eq. (1) there can only be three events, namely 

 ds 0          timelike event,  (3a) 

 ds 0          lightlike event,=  (3b) 

 ds 0          spacelike event.  (3c)  

We are “realistically” familiar with inequality (3a) and 
Eq. (3b). As we have mentioned before, Eq. (3b) is the 
criteria. It is because Eq. (3b) pertains to the actual fabric 
of spacetime and it is the absolute observer in the sense 
that it measures rest of the universe at rest. The inequality 
(3a) describes the events happening in the expanded 
universe where ds2 is greater than zero. Schematically, this 
will correspond to an event not in the f-spacetime rather 
on the “boundary” of it (the expanding universe). In 

Figure 1. we have illustrated the events corresponding to 
relations (3a) and (3c) and Eq. (3b) in a flat spacetime. 

 

Figure 1. Straight line: Lightlike event corresponding to the “fabric” of 
spacetime where, ds2 =0. Boundary above the straight line: Timelike 
event corresponding to expanding universe where ds2 >0. Boundary 
below the straight line: Spacelike event corresponding to evanescent 
spacetime universe where ds2 <0 

We need to understand the inequality (3c) where it 
corresponds to spacelike events. In special relativity it is a 
forbidden event where it corresponds to an imaginary 
spacetime invariant interval. This event is depicted below 
the fabric of spacetime in Figure 1. where it pertains to 
(ds2 <0) and can be explained by recalling the relativistic 
mass 

 0
02

2

m
m  γ m ,

v1-
c

= =  (4a) 

where γ is the relativistic constant. In the region ds2 > 0, 
the expanding universe, mass is positive real and increase 
in magnitude with velocity v, as long as it is not equal or 
greater than c. At the fabric of spacetime where it has the 
characteristic of field propagation of v = c, a mass 
travelling with speed of light becomes infinite and 
therefore a singularity in spacetime. In other words, if 
mass gains a velocity of that speed of light it automatically 
inhibits the characteristic of f-spacetime where no massive 
particle are allowed. This region only allows energy wave 
propagation that eventually may manifest as particles. It is 
also interesting to note that according to the Eq. (4a) if 
mass acquires a velocity greater than speed of light it 
(mass) becomes imaginary and begins to decay with 
increasing velocity. The spacelike region where mass 
becomes imaginary is the analog of materials with 
imaginary propagation or dielectric constants where 
electromagnetic fields decay as evanescent waves 

 
( )

0 0 0
2 2

2 2

m m m
m i  i i ,

αv αc
c c

≅ − = − = −
±

 (4b) 

where α > 1 is constant. In Figure 2. we have plotted 
relativistic mass versus velocity. Notice the particle at rest 
with mass m0 in ds2 > 0 region, an event in timelike 
expanding universe. As m0 begins to move, its relativistic 
mass also begins to increase. There will be a pole 
(singularity) at v = c where mass cannot be tolerated in 
timelike event region. C is a property of fabric of 
spacetime only, velocity of intrinsic field oscillation. A 
massive particle with v = c cannot also be tolerated in 
lightlike event region. A particle therefore cannot have v = 
c anywhere in spacetime; It will be singularity in both f-
spacetime and the expanding universe as shown in Fig. 2. 
It however, can leap through singularity and gain higher 
velocity than c into the evanescent region. Once the 
massive particle approaches speed v > c, it then will 
tunnel through the ds2 = 0 region, into the ds2 < 0 [Fig. 1.], 
where it will decay as shown in Figure 2.  
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Figure 2. Relativistic mass vs. Velocity 

4. Two Phase Universe, a harmonic 
Oscillator 

The region in which we have identified as fabric of 
spacetime is simply spacetime in its essence, void of space 
and time (spacetime with no expansion). As an example 
consider a volume of mass-less little strings connected to 
one another while being at equilibrium. Let then apply an 
internal pulling force to the little strings which will cause 
their elongation. This would correspond to f-spacetime at 
equilibrium and the corresponding expanding universe. 
The difference however is that in reality f-spacetime 
contrary to the little strings is a conceptual object with 
zero mass and zero volume. The f-spacetime is therefore, 
a zero spacetime. 

The internal energy does have a decisive rule in the 
expansion of spacetime and the creation of the particles. 
Consider a harmonic oscillator where due to its initial 
potential energy it will oscillate about its equilibrium 
position. The spring will expand from equilibrium to its 
maximum extension, it then contracts and expands to the 
other side of the equilibrium. Universe also due to its 
intrinsic potential energy behaves in the same manner. 
Universe by analogy to a harmonic oscillator has two 
major “components.”The fabric of spacetime, analog to 
the mass-less string and the potential energy driving this 
fabric in the form of kinetic energy and expansion. The 
internal kinetic energy of the universe is independent from 
the fabric of spacetime. This energy not only is the cause 
for the accelerated expansion of the universe (similar to a 
harmonic oscillator), it also is responsible for the creation 
of matter; after all matter can consider being a “solidified” 
form of energy. As we know energy and matter are 
intrinsically related through the speed of light c, which we 
now know it is the characteristic propagation of f-
spacetime 

 2
0 0E m  c ,E m .= ∝  (5) 

There are two phases of universe in which both phase 
will include the expansion and the evanescent region, i.e. 
ds2 > 0 and ds2 < 0 as well as fabric of spacetime ds2 = 0. 
We will refer to these two phases as “right and left 
expansions.” If we assume currently being at the right 
expansion then the right expansion will possess timelike 
events and consequently the left will be the residual or 
spacelike region, namely 

 2 2
R Lds 0  and ds 0,Right expansion,> <  (6a) 

and if be on the left expansion, 

 2 2
L Rds 0  and ds 0, Left expansion.> < (6b)  

An example of two phase expansion of universe can be 
two empty balloons attached at the very ends. This 
corresponds to the fabric of spacetime empty of energy 
with no spacetime expansion. Now assume the right 
balloon being instantaneously bloated by air to its 
maximum. Then the air from the right balloon will enter to 
the left through the neck end. In this example there will be 
an equilibrium state where both balloons will be partially 
expanded. In two phase universe theory however, we have 
to assume one side completely being expanded and then 
complete contraction to the singularity into f-spacetime 
(ds2 = 0) with then expansion into the other side. This 
requires a universe with initial condition similar to that of 
an ideal LC (inductor and capacitor) circuit where 
oscillation will be indefinite. From our point of view all 
that we observe is the universe expansion and contraction 
to singularity and the beginning of a new big bang. The 
right and left expansions become irrelevant.  

5. Creation of Matter and Photon  
The energy stored in the singularity (ds2 = 0 region) 

after complete contraction of the universe will then cause 
the expansion of spacetime into second phase. As we have 
indicated, energy in the universe either propagates through 
the fabric of spacetime in the form of spacetime energy 
fields or propagation through matter. The energy 
propagations through matter are trivial. The energy 
propagation through spacetime will physically manifest 
only when spacetime vibrations having momentum impact 
with matter or through the superposition of the f-
spacetime fields. 

At the moment of big bang there will be tremendous 
amount of energy propagating in ds2 = 0 that will lead to 
the expansion of fabric of spacetime. Similar to the 
expansion of matter (i.e. substance or gas) that is caused 
by the energy fields transferring kinetic energy to atoms 
and particles, energy field fields will also transfer kinetic 
energy to the f-spacetime in the form of expansion. 

The propagating energy field waves in the ds2 = 0 
region will also interact with one another which will lead 
to generation of particles and anti-particles in the ds2 > 0. 
This cannot happen prior to the expansion of spacetime 
into timelike region. In other words, creation of particles 
and anti-particles in the universe are the result of the f-
spacetime energy waves’ superposition while universe 
began expanding. Reciprocally, once matter and 
antimatter occupy same event in the ds2 > 0 region, they 
immediately will annihilate into f-spacetime energy field 
waves. It is not the energy however, that causes the 
interaction, it rather is the transfer of relativistic 
momentum as shown in Eq. (7)  

 2
0 0

EE m  c ,   m  c.
c

= ⇔  (7) 

Photons are therefore created in two ways, either 
through interaction of f-spacetime wave fields with matter 
in the form of momentum exchange or matter and 
antimatter annihilations. In any event, photon as a physical 
object will manifest only when f-spacetime energy waves 
interact as momentum exchange to that of matter. Matter 
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interactions in the particle level are such that it may 
generate new particles that are particular superposition of 
spacetime waves with some additional energy that will 
appear in f-spacetime. Additional energies remain until 
being manifested in the form of photons, or through 
superposition will later manifest as other forms of massive 
particles. We noticeably realize that particles are energy 
manifestation of lightlike or f-spacetime vibrations into a 
timelike spacetime. The contraction of universe to a 
singularity will eventually bring all particles and 
antiparticles into the same exact point of spacetime event 
that will lead to their annihilation into f-spacetime energy 
field waves. In Figure 3(a) and Figure 3(b) we have 
depicted the creation of particle and anti-particle through 
superposition into the expanding universe and decay of 
mass into evanescent spacetime for both right and left 
expansions. 

 

Figure 3. (a) Right expansion: superposition of energy waves creating 
particles and anti-particles in the expanding universe on the right, with 
imaginary matter decaying in the evanescent universe on the left. (b) Left 
expansion: superposition of energy waves creating particles and anti-
particles in the expanding universe on the left, with imaginary matter 
decaying in the evanescent universe on the right 

6. Quantum States of Matter and  
Anti-matter 

Figure 3 shows the schematic for creation of particle 
and anti-particle pertain to the right and left expansions. 
The superposition of energy spacetime field waves in ds2 = 
0 will lead to the generation of particles and anti-particles 
into the expanded universe. This process can also happen 
in opposite directions. That is to say, matter and anti-
matter may annihilate into propagation in f-spacetime. We 
can also expect the tunneling of matter through f-
spacetime into the evanescent region. In this region as 
particle’s velocity approaches infinity, the mass will decay 
to zero. It happens that once particle’s speed reduces to v 
< c, according to Eq. (4a) the particle will no longer exist 
in the evanescent region, rather will tunnel back to ds2 > 0 
region and reappear once again in the expanding universe. 

There are only a limited permitted amount of energy 
wave superposition that can leap through the interface and 
appear as types of particles and anti-particles which 
universe contains. Once particle appears in the timelike 
event, its mass will correspond to the half of the total 
energy of the superposition field waves 

 0 02
E 1 1m   m ,

2 2c
= +  (8) 

where 0m  is the mass of anti-particle. That which 
distinguishes a particle from its anti-particle partner is the 

charge it acquires. The anti-particle of a particle with 
charge q will have a charge of (-q). Namely, 

 0 02
E 1 1 m (q)  m ( q).

2 2c
⇔ + −  (9) 

The Left hand side of Eq. (9) represents the 
superposition of energy waves in the f-spacetime. The 
right hand side of Eq. (9) expresses the creation of particle 
and anti-particle. If we assign a charge eigen-state to a 
massive particle, let say m(q) , then the overlap of 

m(-q) m(q) should lead to the annihilation of the masses 
and the release of energy in the form of f-spacetime field 
waves as is expressed in Eq. (9). A massive particle 
cannot be without a charge quantum state. A neutral 
particle such as neutron for example, is such that the 
superposition of total charge eigen-values within that 
particle is zero. A particle and anti-particle will come into 
existence (manifestation of energy in the form of matter in 
ds2 > 0 region) in the general form of 0m  ( q)±  with also 
having other distinguished quantum numbers. However, it 
is the charge quantum number that will facilitate 
particle/anti-particle annihilation into f-energy field waves. 
The two universal attribute of particles pertain to 
spacetime discussion are therefore, rest mass and charge. 
Particle and anti-particle states in the form of matter will 
shatter into energy, once charge quantum states of the two 
interacting particle-anti-particle are vanished. We can 
therefore say charge is the “glue” that which localizes 
energy in the form of matter and if vanish, the energy no 
longer can be localized in timelike spacetime event in the 
form of matter, rather it will be energy propagating in 
lightlike f-spacetime. We should notice that in timelike 
spacetime energy is localized where as in lightlike 
spacetime energy is propagative.  

Fundamental particles are the least number of possible 
superposition in f-spacetime fields whereas the composite 
particles (non-fundamental) are the consequence of 
additional superposition. Mass is the localized 
superposition of energy field states in the expanding 
spacetime. The localized field superposition carry charge 
quantum states that are responsible for localization of the 
energy fields in the form we know as matter.  

7. Conclusion 
Our universe is comprised of three events in special 

relativity i.e., timelike, lightlike and spacelike which 
correspond to the three regions of spacetime. The timelike 
region is the present expanding universe in which events 
are real and mass cannot acquire a speed equal or greater 
than speed of light. The lightlike region corresponds to the 
fabric of spacetime where its essential form is the universe 
prior to expansion and when it contains all the intrinsic 
potential energy, it will manifest instantly as big bang in a 
singularity. The spacelike region corresponds to the 
evanescent spacetime or the residual universe. It is the 
region where masses will manifest, however, if acquire a 
speed greater than speed of light and will be subject to 
decay. 

The three regions of spacetime associated with 
expansion, singularity and evanescence will prompt us to 
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come to the logical conclusion that universe has a two 
phase or, the right and left expansions. This is indeed 
similar to a harmonic oscillator where each phase is the 
symmetric analog of other. 

The fabric of spacetime is the medium in which all 
energy fields are contained while propagating with the 
characteristic speed, c. In the instant of the big bang the 
stored energy (propagating fields) in the lightlike region 
will flow in the form of expansion of fabric of spacetime. 
The fabric of spacetime in itself is physically void of 
space and time, however, instant surge of flow of super 
kinetic energy from the contraction of let say right 
universe will cause the expansion into next phase (left 
expansion). Energy can only be stored in the form of 
propagating fields that will cause the expansion of 
spacetime whereas their superposition will cause particle 
and anti-particle creation. In other words the propagation 
of energy fields will cause the expansion and their 
superposition will cause the creation of matter and anti-
matter in the spacetime. 
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1. Introduction 
The following magnetic field characteristics are 

considered in the paper: the magnetic induction, magnetic 
vector potential, relationship with electric field. The 
discussion of these characteristics is based on the 
following two concepts of quantum mechanics: 

The 1st concept. In the physical vacuum a quantum 
entity may produce a pair of oppositely charged virtual 
particles having the following properties [1]: 

1) A pair of virtual particles may be converted into a 
pair of real particles with the total spin equal to  , the 
angular momentum being conserved. 

2) A pair of virtual particles has a mass. 
3) The electric properties of virtual particles are the 

same as those of real particles. Consequently, a pair of 
oppositely charged virtual particles is an electric dipole 
whose electric properties are the same as those of the 
electric dipole formed by a pair of oppositely charged real 
particles. 

4) The virtual particle has spin with the same properties 
as the real particle spin, hence it follows that: 

a) the spin of a pair of virtual particles has no definite 
direction, and by the magnitude of spin the magnitude of 
its projection onto a preferential direction is meant; this 
can be interpreted as a precession of the spin about the 

preferential direction; the precession is characterized by 
the precession phase, angle of deflection, and precession 
frequency; 

b) spin correlations may take place between the spins of 
pairs of virtual particles.  

The 2nd concept. In the physical vacuum there may 
exist quantum harmonic oscillators possessing zero-point 
energy. The concept of zero-point energy was developed 
in Germany by Albert Einstein and Otto Stern in 1913 [2]. 
According to this concept, it is the energy of the vacuum, 
which in quantum field theory is defined not as an empty 
space but as the ground state of the field whose features 
are as follows [3,4]: 

1) the field consists of oscillators with oscillation 
frequency Ω  (the oscillator is called at present “quantum 
harmonic oscillator”, in this paper the abbreviation QHO 
is used); 

2) the energy of such an oscillator is equal to / 2Ω , 
the energy is referred to as zero-point energy; 

3) neighboring oscillators interact with each other. 
The model of magnetic field developed in this paper 

gives reasons for the following: 
• Virtual particles created in the physical vacuum 

by moving quantum entities produce in the physical 
vacuum, in their turn, the objects whose properties are 
similar to those of a QHO possessing zero-point energy. 
• The magnetic induction is associated with the 

speed of motion of QHOs in the physical vacuum; the 
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specific energy of magnetic field is equal to the kinetic 
energy of the moving QHOs in a unit volume of the 
physical vacuum. 
• The magnetic vector potential is determined by 

the oscillation frequency of QHO. The energy associated 
with the magnetic vector potential is equal to the energy 
associated with the oscillation. 
• In the physical vacuum containing QHOs 

possessing zero-point energy, at certain conditions there is 
a relationship between magnetic and electric fields. 

The equations derived in the paper provide explanation 
to experimentally established effect: the expulsion of 
magnetic field from a superconductor (in particular, the 
Meissner–Ochsenfeld effect) [5]. 

2. Propagation of Spin Precession in the 
Physical Vacuum 

Every moving quantum entity produces a pair of 
oppositely charged virtual particles in the physical 
vacuum. According to the properties of virtual particles 
mentioned in Introduction, the pair has a precessing spin 
and a mass associated with it. In Fig. 1 are shown the 
following characteristics of a virtual particles pair: spin 

vS ; precession frequency vω ; precession angle (phase) 
α ; angle of deflection θ ; mass vm  performing a circular 
motion at speed vυ  and having angular momentum vZ , 

v v↑↑Z ω . The circulation of vυ , vΓ , is determined as: 

 2 2
.v v v

v
v v v

Z
m m
π π

ω
= =

Z ω
Γ  (1) 

 
Figure 1. The characteristics of a pair of virtual particles: vS  is spin; 

vm  is the mass; vω  is the precession frequency; vZ  is the angular 
momentum of vm ; vυ  is the speed of the circular motion of vm ; θ  
is the deflection angle; α  is the precession angle (phase); vΓ  is 
circulation of vυ ; ref. line is the reference line 

Energy SU  is associated with the precession of spin 

vS  and is a function of deflection angle θ  [6]. The 
maximum value of SU , ( )maxSU , is defined as: 

 ( )max .S v vU S ω=  (2) 

The energy associated with the circular motion of vm  
is defined [6] as: 

 / 2.m v vU Z ω=  (3) 

According to the properties of pairs of virtual particles 
mentioned in Introduction, a pair of virtual particles may 
be converted into a pair of real particles with the total spin 

equal to  , the angular momentum being conserved. 
Consequently, the total spin vS  of a virtual particles pair, 
at least while converting into real particles, must not be 
equal to zero. But a virtual particles pair may be created 
by the quantum entity whose spin equals / 2  and while 
creating the virtual particles pair the quantum entity 
preserves this spin. Hence this may suggest that the 
physical vacuum has an intrinsic degree of freedom, i.e. 
spin, which manifests itself in the creation of virtual 
particles. That is, vS  is the total spin that determines the 
intrinsic degree of freedom of the physical vacuum in the 
region where the virtual particles pair is created. 

According to the property 4b of pairs of virtual particles 
mentioned in Introduction, spin correlations may take 
place between the spins. Experiments conducted with 
superfluid 3He-B showed that the spin correlations may be 
effected by spin supercurrent [7,8,9]. The spin 
supercurrent may emerge between the spins of the virtual 
particles pairs and the spins that determine the intrinsic 
degree of freedom of the physical vacuum. The spin 
supercurrent makes equal the respective characteristics of 
precessing spins (the deflection and precession angles), 
between which the spin supercurrent emerges, and thus 
the “propagation” of the spin precession of the virtual 
particles pairs may take place in the physical vacuum. Let 
us assume that the frequency vω  and frequency vΩ , 
which arises as a result of the “propagation” of the spin 
precession are mutually related by the equation: 

 ( ) ,v v f r=Ω ω  (4) 

where ( )f r  is a function determining the dependence of 

vΩ  on distance r between the virtual particles pair with 
precession frequency vω  and the point where the spin 
precession with frequency vΩ  arises. 

The mass, mass angular momentum vΩZ , energy mW  
of circular motion of mass are associated with frequency 

vΩ , as well as they are associated with frequency vω  
(see Eq. (2)). Energy mW  is determined by the relation 

/ 2m vvW ZΩ= ⋅Ω . If vZΩ =  , then 

 / 2.m vW = ⋅Ω  (5) 

Equation (5) is the same as that determining the zero-
point energy of a QHO. In addition to similarity in the 
equations determining the energy, the objects created in 
the physical vacuum due to the “propagation” of spin 
precession possess as well other properties of QHO that 
were given in Introduction: an oscillatory process 
(precession) with frequency vΩ  takes place, and 
neighboring objects can interact with each other (for 
example, by spin supercurrents). Because of the above-
mentioned similarity, these objects can be referred to as 
QHO as well. 

3. The Magnetic Induction 
A pair of oppositely charged virtual particles is an 

electric dipole, vd . If the quantum entity that created a 
virtual particles pair has an electric charge, then the 
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entity’s electric field, vE , exerts a moment vM  on the 
virtual particles pair as an electric dipole, v v v= ×M d E . 
Since the direction of electric dipole moment of virtual 
particles pair is associated with the orientation of vω  as 

v v↑↓d ω  [10,11], the direction of precession frequency 

vω  depends on the direction of vE , that is on the sign of 
the moving quantum entities. It is shown in [10, 11] that 
the direction of precession frequency vω  of spin of virtual 
particles pair created by the charged quantum entity is 
determined as: 

 .v ↑↑ω I  (6) 

The electric current I may be looked upon as a flow of 
virtual particles pairs created by moving electrically 
charged quantum entities. Taking into account Eq. (6), 
that is, the same direction of spin precession frequencies 
of all virtual particles pairs created by the charged 
quantum entities that form the current, the total circulation 

IΓ  of the mass velocity of these virtual particles pairs is 
determined as I vz= ⋅Γ Γ , where z is the number of the 
quantum entities (having electric charge q) whose motion 
forms current I. 

 / .z I q=  (7) 

Using Eqs. (1), (6) and (7) in the expression for IΓ  we 
obtain: 

 2 v
I

v

Z
m q
π

=
I

Γ  (8) 

It is shown in [6] that there is a complete analogy 
between the structures of formulas describing the 
magnetic interactions of current-carrying wires and the 
structures of formulas describing the interactions of 
vortices in an ideal incompressible liquid with positive 
density and negative pressure. The sign of the pressure p 
in a medium depends on the nature of internal stresses in it. 
If the internal stresses are like “omniradial tensions”, the 
pressure will be negative [6]. The virtual particles pair is a 
pair of oppositely charged particles, thus there exists a 
repulsive force between the particles that compensates the 
electric attractive force between them. The existence of 
repulsive forces between virtual particles suggests that the 
medium consisting of virtual particles pairs has negative 
pressure, i.e. the following may be valid: 

 2 / 2 ,u p constρ − =  (9) 

where u and ρ  are respectively the speed and density of 
the physical vacuum with QHO; ρ  is positive because it 
is associated with the QHO mass. The dissipation free 
motion of celestial bodies, such as the planets of the solar 
system allows one to look upon the physical vacuum as a 
medium without shear (linear) viscosity. 

We shall derive equations that establish a relationship 
between the characteristics of magnetic field and 
kinematic characteristic of the vortex line in the medium 
with the above mentioned properties (Eq. 9), assuming 
that the density ρ  of the physical vacuum with QHO is 
constant. 

Interaction of infinite vortex lines and interaction of 
two infinite current-carrying wires. The force acting on 
the unit length of either of the two infinite mutually 
parallel vortex lines having the same values of circulation 
Γ  is ( )2 / 2 wF rρ π= Γ , where wr  is the distance between 
the vortex lines with circulation Γ  [6]. The force on the 
unit length of either of the two infinite mutually parallel 
current-carrying wires (in the CGSE system of units): 

( )2 22 / wF I r c= , where I is the current, wr  is here the 

distance between the current-carrying wires, с is the speed 
of light [12]. By equating the above expressions for the 
forces and taking into account that the forces are attractive 
if the currents as well as velocity circulations around the 
vortex lines have the same direction, we obtain: 

 ( )2 / .cπ ρ=Γ I  (10) 

Note that using Eqs. (8) and (10) it is possible to relate 
density ρ  to the characteristics of the virtual particles 
pair created by the quantum entity having electric charge q: 

( )2 2 2 2/v vm q c Zρ π= . 

The field of velocities generated by a closed vortex line 
and the magnetic induction around a current loop. The 
field of velocities u generated by a closed vortex line 
having circulation Γ  along an arbitrary loop enclosing the 

vortex line is defined [6] as ' 34 L
d

rπ
Γ ×

= ∫
l ru , where dl  is 

an infinitesimal vector element of the vortex line, 'L  is the 
length of the line, r is a radius vector from dl  to the point 
of observation. Outside the vortex line, 0curl =u . The 
structure of equation for u is the same as the structure of 
equation for the Biot-Savart law in the CGSE system of 
units, defining the magnetic induction B generated by a 

loop with current I: ' 3L
I d
c r

×
= ∫

l rB  ( 'L  is the length of the 

loop, dl  is the wire element) [12]. Having solved 
simultaneous equations for B, u  and Eq. (10), we obtain 
an equation relating the magnetic induction B to the 
velocity u of the medium: 

 2 .πρ=B u  (11) 

The specific energy of the physical vacuum and the 
specific energy of magnetic field. The kinetic energy uU  
of a unit volume of the medium moving at speed u is: 

 2 / 2.uU uρ=  (12) 

Taking into account Eq. (11), energy uU  in Eq. (12) 

can be represented in the form: ( )2 / 8uU B π= . This 
expression is the same as that for the specific energy of 
magnetic field B [12].  
Notes: 

1) The speed u of the motion of the physical vacuum 
with QHO specifying the magnetic induction in Eq. (11) is 
determined relative to the same frame as the speed of the 
charges, which determines the electric current I. 

2) Equations determining the magnetic forces between 
the current-carrying wires and the magnetic induction 
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produced by electric current are written, first, for the 
vacuum whose permeability 1µ = , and, secondly, they 
are written in the CGSE system of units in order to 
maintain the constant c in these equations to show a 
relation of magnetic field characteristics to the properties 
of the physical vacuum. 

4. The Magnetic Vector Potential 
In classical electrodynamics the magnetic field of 

strength B is determined by the equation [12] curl=B A , 
where A is a magnetic vector potential. The potential A 
created by element dy  of a wire carrying current I is 
determined at the distance r from the wire (Figure 2), 
provided that dy r<< , as [13]: 

 .
4

dy
r сπ
⋅

=
⋅

IА  (13) 

There are a great number of experiments which suggest 
that magnetic vector potential has a physical meaning of 
its own [14]. In general, these experiments were as 
follows: the beam of quantum entities emitted by a source 
is split into two beams: one of them passes through the 
region where 0=B  and 0≠A , the other through the 
region where 0=B  and 0=A ; after that both beams 
arrive at an interferometer. The interference rings obtained 
suggest that there is a change in the wave function phase 
of quantum entities passing through the region where 

0=B  and 0≠A . 
Let us analyze the physical process that could cause a 

change in the wave function phase of the quantum entities 
passing through the region of the physical vacuum where 

0≠A . For this purpose let us consider the passage of a 
quantum entity through point P of the physical vacuum, 
which is located at a distance r from the wire carrying 
current I. Because of “propagation” of the precession of 
spin of virtual particles pairs created by the charges that 
form the current I (see Section 2) at point P, there is QHO 
with spin precession frequency IΩ  determined as 

I vz= ⋅Ω Ω . Using (4) and (7) in the expression for IΩ , 
we obtain: 

 ( ) / .I v f r qω=Ω I  (14) 

The QHO spin precession (with frequency IΩ ) causes 
a change in the spin precession frequency qω  of the 
virtual particles pair created by the quantum entity at the 
point P. The nature of the change depends on the mutual 
orientation of qω  and IΩ . If q I↑↑ω Ω  or q I↑↓ω Ω , 
the magnitude of spin precession frequency will change by: 

 .q Iω∆ = Ω  (15) 

The change in the spin precession frequency will lead 
to a change in the spin precession phase. The value of 
change in spin precession phase α∆  during time t is 
expressed as q tα ω∆ = ∆ ⋅ , or in view of Eq. (15), as 
follows: 

 .I tα∆ = Ω ⋅  (16) 

Figure 2 shows as an example the relative direction of 
IΩ  and qω , and also the change in the precession phase, 

α∆ , of spin qS  of the virtual particles pair created by a 

quantum entity ( '
qS  is the position of spin qS  after the 

action of vector potential). 

 
Figure 2. The characteristics of physical vacuum with QHO: IΩ  is the 
QHO precession frequency; r is the distance between the wire and point 
Р; A is the magnetic vector potential; vω  is the spin precession 
frequency of the virtual particles pair created by a charged quantum 
entity that is a constituent of current I; qS , qω  and α are 
respectively the spin, spin precession frequency and precession angle 
(phase) of the virtual particles pair created by the moving quantum entity; 
α∆  is a change in spin precession phase α ; '

qS  is the position of 
spin qS  after the action of vector potential; ref. line is a reference line 

It is shown in [11,15] that the quantum entity wave 
function phase ψϕ  is essentially the precession angle 
(phase) of spin of the virtual particles pair created by a 
quantum entity in the physical vacuum; thus 

 ,ψα ϕ∆ = ∆  (17) 

where ψϕ∆  is a change in the wave function phase ψϕ . 
Taking into account Eq. (17), the quantity α∆  as 
specified by Eq. (16) may determine the result of the 
above-described experiments with the two beams of 
quantum entities. 

Therefore, the creation of QHO in the physical vacuum 
may be assumed to be the physical process that is 
responsible for the existence of magnetic vector potential. 
Using Eqs. (13) and (14), the magnitude of the magnetic 
vector potential A created by electric current I at the point 
P lying at distance r from the wire may be associated with 
the quantity IΩ  at this point. 

 
( )

.
4I

v

q dy
c r f rπ ω

⋅
=

⋅ ⋅ ⋅ ⋅
A Ω  (18) 

A change in the precession frequency of virtual 
particles pair spin results in a change of virtual particles 
pair energy and consequently in a change in the energy of 
the quantum entity that created this pair. The maximum 
change qU∆  in the virtual particles pair energy associated 

with precessing spin qS  is determined according to Eq. (2) 

as follows: q q qU S ω∆ = ⋅∆ . Using Eqs. (15) and (18), we 

obtain for qU∆ : ( )4 ( ) /q q vU A S c r f r q dyπ ω∆ = ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ . 
A certain amount of energy is associated with 

frequency IΩ . According to Eq. (2), the maximum value 



 International Journal of Physics 30 

of this energy, ( )maxUΩ , is determined by equation 

( )max IIU SΩ Ω= Ω , where ISΩ  is the value of QHO 
precessing spin at the point P. Using Eq. (18) in this 
expression we obtain: 

 ( ) ( )
max

4
.v

I
c r f r

U A S
q dy

π ω
Ω Ω

⋅ ⋅ ⋅ ⋅
=

⋅
 (19) 

Note. The motion of a quantum entity in the physical 
vacuum with QHO is equivalent to the exposure of the 
entity to a magnetic field. Thus the quantum entities that 
in the above-described experiment pass through the region 
where 0=B  in the laboratory frame, while 0≠A , are as 
well in a magnetic field in the entities’ frame. The 
magnetic induction of this field, qB , according to Eq. (11), 

is determined by the relation 2q q πρ= −B υ , where qυ  
is the quantum entity velocity. According to the 
Schrödinger equation, the exposure of a quantum entity to 
a magnetic field changes the wave function phase of the 
entity (we denote that change as ( )Bq

ψϕ∆ ). Therefore, 

the total change in the wave function phase ( )ψϕ ∑
∆  of a 

quantum entity, when it is moving in the region where 
0=B  in the laboratory frame and 0≠A , is determined 

as ( ) ( )Bq
ψ ψ ψϕ ϕ ϕ

∑
∆ = ∆ + ∆ , where ψϕ∆  is determined 

by Eqs. (15)-(18). 

5. The Relationship of Magnetic Field and 
Electric Field 

A pair of virtual particles may be converted into a pair 
of real particles, with the energy and total spin of virtual 
particles pair being equal respectively to the energy and 
total spin of the pair of real particles produced. Thus in the 
vacuum with QHO the laws of energy and angular 
momentum conservation are valid. The Einstein-de Haas 
effect [16] holds in such a medium: a change in the 
polarization of spin S of a volume of medium results in 
the rotation of the medium. That is the following is valid: 

 1/ ,t k curl∂ ∂ = − ⋅S u  (20) 

where t is time, 1k  is a proportionality factor; 1 0k > . 
Under the property 3 of virtual particles described in 
Introduction, a pair of oppositely charged virtual particles 
is an electric dipole, that is between the oppositely 
charged virtual particles there is electric field E. If to 
introduce a proportionality factor 2k : 2k=E S , then using 
Eqs. (11) and (20) we obtain: 

 1 2 .
2
k k curl

t πρ
∂

= −
∂
E B  

The structure of this equation is the same as that of one 
of the Maxwell equations. Note that the dimension of 
factor ( )1 2 / 2k k πρ  is the same as that of velocity. 

6. The Expulsion of Magnetic Field from 
a Superconductor 

This section provides an explanation to the fundamental 
property of superconductors: the so-called effect of 
expulsion of magnetic field from a superconductor. The 
effect takes place both in the case where the 
superconductor is exposed to an external magnetic field B, 

cB B< , at cT T<  ( cB  is the critical value of magnetic 
induction at arbitrary T, cT  is the critical temperature) and 
in the case where the superconductor is exposed to 
magnetic field B at cT T> , the superconductor being 
cooled down to the temperature of cT T<  after that (the 
so-called Meissner–Ochsenfeld effect [5]). The effect 
shows that superconductivity cannot be treated as a mere 
loss of electric resistance by the conductor. If a regular 
conductor exposed to field B became superconducting at 

cT T< , the magnetic field that was present in the 
conductor at the time of transition into the state of 
superconductivity would persist in the conductor. 

In a superconducting substance, electrons form pairs 
(Cooper pairs). The momenta of the electrons in a pair are 
oppositely directed; thus according to Eq. (6) the 
precession frequencies of virtual particles pairs created by 
the electrons of a Cooper pair are directed oppositely to 
each other and consequently their sum is zero. Therefore, 
according to Eq. (4), in the vicinity of a Cooper pair no 
QHO will be produced in the physical vacuum. In such a 
physical vacuum without QHO the equation (9) is not 
valid, and no magnetic field will be formed there. 

With QHO is associated the energy determined by Eq. 
(19). The absence of QHO implies that the motion of 
Cooper pairs will not be accompanied by energy losses 
due to formation of QHO. 

Note. According to the properties of virtual particles 
pair (see Introduction), the pair has an electric dipole 
moment. The moment causes the interaction between the 
electrons due to dipole-dipole interaction between the 
virtual particles pairs created by the electrons. It is shown 
in [10,17] that the total electric dipole moment of a 
Cooper pair is equal to zero, which diminishes the 
interaction of the assembly of Cooper pair electrons in 
comparison with the interaction of a similar assembly of 
unpaired electrons. 

Thus in the electric current formed by Cooper pairs 
there will be no energy losses of two types: energy losses 
due to creating QHO in the superconducting region and 
losses due to electric dipole-dipole interaction of virtual 
particles pairs produced by electrons of Cooper pairs. 
Superconductivity may be assumed to be caused by the 
absence of those two types of energy losses. 

7. Discussion 
The observation of the topological Aharonov-Casher 

phase shift by neutron interferometry. 
Figure 3 presents a schematic diagram of the 

experiment that demonstrates the Aharonov-Casher 
topological phase shift [18]. Spin-polarized neutrons 
emitted by a source are divided into two beams. Neutrons 
of different beams pass on different sides of the line 
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charge and arrive at the interferometer entrances. The 
electric field strength in the region where the neutrons 
propagate is nE . 

 
Figure 3. Diagram of the experiment that demonstrates the Aharonov-
Casher topological effect. nE  is the electric field strength produced by 
the line charge in the region where the neutrons propagate; w is the 
neutron velocity 

Interference fringes were observed in the experiment, 
which suggests that there is a difference in the wave 
function phases of the neutrons that passed on different 
sides of the line charge. The difference in the phases is 
such as if a magnetic field acted upon a neutron in the 
reference frame of the neutron, the magnetic induction 

nB  being equal to ( )1/ nc ×E w . In the model developed 
in this paper, for the existence of magnetic field in the 
frame of neutron it is necessary that the physical vacuum 
in the region where neutrons propagate contained QHO in 
the same frame. However, the line charge, which is at rest 
(relative to the physical vacuum), does not create QHO in 
the physical vacuum. Therefore, in the model there is no 
magnetic field in the frame of reference of neutron. 

To explain the topological Aharonov-Casher phase shift, 
let us consider the electric dipole moment vd  of virtual 
particles pair created by a neutron in the physical vacuum. 
In the electric field of the line charge, the moment nM  
defined as n v n= ×M d E  will affect the characteristics of 
the precession of spin of virtual particles pair created by 
the neutron in the physical vacuum. These characteristics, 
according to [11,15], are essentially the characteristics of 
the neutron wave function. In more detail the effect of 
electric field on a quantum entity due to the existence of 
the electric dipole moment of the virtual particles pair 
created by a quantum entity in the physical vacuum is 
discussed in works [10,11]. 

8. Conclusion 
According to the model advanced in this paper, 

magnetic field may exist in the physical vacuum 
containing quantum harmonic oscillators possessing zero-
point energy. Such characteristics of magnetic field as the 
magnetic vector potential and magnetic induction are 
associated with definite types of motion of the quantum 
harmonic oscillators possessing zero-point energy. The 
magnitude of magnetic vector potential is determined by 
the oscillation frequency of quantum harmonic oscillators. 
The magnetic induction is proportional to the speed of 
translational motion of quantum harmonic oscillators. The 
kinetic energy of translational motion of quantum 
harmonic oscillators in a unit volume of the physical 
vacuum is equal to the specific energy of magnetic field. 

Quantum harmonic oscillators are produced in the 
physical vacuum by moving quantum entities, in 
particular by quantum entities that form electric current. 
Energy is consumed for the maintenance of quantum 
harmonic oscillators in the physical vacuum. There may 
be a situation where in the motion of an assembly of 
quantum entities no quantum harmonic oscillators emerge. 
For example, this takes place in the motion of Cooper pair 
electrons in a superconductor. In this case, no energy of 
Cooper pair electrons is consumed for the maintenance of 
quantum harmonic oscillators and, besides, no magnetic 
field may exist in the region. The first property accounts 
for the phenomenon of superconductivity, the second one 
underlies the effect of expulsion of magnetic field from a 
superconductor. 

In the physical vacuum containing quantum harmonic 
oscillators possessing zero-point energy, at certain 
conditions there is a relationship between magnetic and 
electric fields. 
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1. Introduction 
Humans are primarily exposed to radiation from the sun, 

cosmic rays and naturally-occurring radioactive elements 
(NORM) found in the earth’s crust. Nearly in all nations, 
scientists probed since long time ago and are still probing 
the earth's crust and for a long time in the future to 
measure the radiation levels and quantify the hazards and 
doses affecting people, animals, plants and all kinds of life 
[1].  

Human activities, such as a nuclear reactors and nuclear 
bomb testing are produced radionuclides and they called 
technical enhanced radioactive elements (TENORM). 
Some radionuclides, such as radium, uranium, thorium 
and potassium have existed since the formation of the 
earth. Natural environmental radioactivity and the 
associated external exposure due to gamma radiation 
depend primarily on the geological and geographical 
conditions. They appear at different levels in soil of each 
region in the world [2,3,4]. Since the distribution of 
radioactive nuclei in the environment is random, the 
knowledge of their distribution in soil plays an important 
role in radiation protection and measurements [5]. The 
main contributor of radiation exposure is the emanation of 
Radon gas from soil, the progeny of 226Ra [6]. The sources 
of the radiations are terrestrial, extraterrestrial and 
anthropogenic. The radiation of terrestrial origin comes 
from various earthly materials which contain various 
amounts of 238U and 232Th and their decay products and 
40K. The level of radiation in any area depends on local 
geological conditions. Higher radiation levels are 
associated with igneous rocks, such as granite, 
granodiorites and syenites, and lower levels with 

sedimentary rocks with some exceptions where shales and 
phosphate rocks are a source of high radiation [7]. 
Assessment of radionuclides in soils and rocks in many 
parts of the world has been on the increase in the past two 
decades because of their hazard on the health of the 
populace . While this is the case, the research into natural 
radionuclide in the soils and rocks of Southern-Iraq is yet 
to receive the much needed attention compared to the rate 
of ordinary soil due to the increases of oil production in 
the area and processing being done in the region. As a 
contribution to focus on this area, a number of radiological 
indices were measured from on samples taken from oil 
field of Basrah. 

The main objective of this study is to determine activity 
concentration of natural radionuclides in soil of selected 
area in Basrah Governorate. The radium equivalent, 
activity utilization indices and effective absorbed dose 
were calculated and compared with international available 
data.  

2. Material and methods 

2.1. Study Area 
The area of study, shown in Figure 1, represent 

southern part of Basrah Governorate, which is considered 
as contaminated area due to the fallout ash during the 
Allies war on Iraq. 

2.2. Sample Collection and Preparation 
Soil were collected at each sampling location from 

different depth. About 500-600 gm of each sample was 
crushed into fine powder, and fine quality of the sample 
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was obtained using scientific sieve. Samples were heated 
in the oven at 110oC for 24h to remove moisture, put 
inside Marinalli beakers and then stored for 30 days to 
allow the equilibrium between 226Ra and 222Rn. The 
activity concentration of 226Ra, 228Ra, 238U, 232Th and 40K 
was estimated from the gamma spectrum using Na(Tl) 
detector 3x3 inch with a 1024 channel computer analyzer 
USX supplied by Spectrum Technique Company. The 
detector was employed with lead shielding, 4 cm thickness, 
which reduced the background. The detector was 
calibrated using standard sources of 57Co (peak 122 keV), 
137Cs (peak 662 keV) and 60Co (peaks 1173, 1333 keV). 
The detector resolution is about 8% at 662 keV of 137Cs. 
The efficiency calibration was achieved using eight 
standard sources include the calibration sources. The 
system was running freely, for 12 h live time, to evaluate 

the background spectrum. The Marinalli beaker contains 
sample was placed over the detector for counting. 

Activity concentration Ai of any gamma-rays line taken 
to represent this parameter for the environmental 
radionuclides has been calculated using the relation [8] 

  
 i

Net countA
I M tγe

=
× × ×

 (1) 

where ε is absolute gamma peak efficiency of the detector 
at this particular gamma-ray energy, Iγ  decay intensity 
for the specific energy peak (including the decay 
branching ratio information), M the mass of the sample in 
kg and t is the counting time of the measurement in 
second. 

 
Figure 1. The studied area in Basrah governorate, southern part of Iraq 

To evaluate activity concentrations of natural 
radionuclides, one has to recognized the belong city of 
each peak according to gamma decay of each isotope [9]. 
For 226Ra we are looking for the gamma ray lines 295 
keV(19.2%), 352 keV (37.1%), 609 keV ( 46.1%), 1120 
keV (15%) and 1760 keV (15.4%). The peak of 186 keV 
assumed to be from 235U since it has slight effect on the 
total concentration after subtracting the background, 
42.8% for Ra and the rest for 235U. The determination of 
existence of 232Th was achieved by 338 keV (12%), 911 
keV (29%), 964 keV (5.05%) and 969 keV (17%). The 
case of 238U is recognized by 1001 keV (83%), 766 keV 
(29%) and 2204 keV (5%). For 40K, this directly 
determined using 1460 keV (10%) peak.  

3. Calculation of Activities, Hazard 
Indices and Dose Parameters 

The exposure due to gamma- radiation is usually 
defined in term of radium equivalent activity (Raeq). 

Radium equivalent activity is used to assess the hazards 
associated with materials that contain 226Ra, 232Th and 40K 
in Bq kg-1, which is, determined by assuming that 370 Bq 
kg-1 of 226Ra or 260 Bq kg-1 of 232Th or 4810 Bq kg-1 of 
40K produce the same γ dose rate. The Raeq of a sample in 
(Bq kg-1) can be achieved using the following relation [10]; 

 ( ) ( ) ( )   1.43 0.077eq Ra Th KRa A A A= + × + ×  (2) 

The published maximal permissible Raeq is 370 Bq kg-1 
[11].  

The external and internal hazard indices are an 
evaluation of the hazard of the natural gamma radiation. 
The prime objective of this index is to limit the radiation 
dose to the admissible permissible dose equivalent limit 
around 1mSvy−1. In order to evaluate this index, one can 
use the following relations [10] 

 ( / 370) ( / 259) ( / 4810) 1ex Ra Th kH A A A= + + ≤  (3) 

 ( 185) ( / 259) ( 4810) 1/  /in Ra Th kH A A A+ + ≤=  (4) 
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In order to estimate the annual effective dose rate in air, 
the conversion coefficient from absorbed dose in air to 
effective dose received by an adult must be considered. 
This value is published in UNSCEAR 2000 and 
UNSCEAR 1993, to be 0.7 SvGy-1 for environmental 
exposure to gamma rays of moderate energy. The outdoor 
occupancy factor is about 0.2 [9]. The annual effective 
dose equivalent is given by the following equation [10]; 

 
( )

6

/ ( / ) 8760( / )

0.7( / ) 10

E mSv y D nGy h h y

n Sv Gy −

= ×

× × ×
 (5) 

where 

 0.0417 0.462 0.606K Ra Th
nGyD A A A

h
  = + + 
 

 (6) 

and n=0.2 for outdoor and 0.8 for indoor. 
The world average annual effective dose equivalent (E) 

from outdoor or indoor terrestrial gamma radiation only is 
0.560 mSv/y [UNSCEAR]. 

4. Results and Discussions 
The measured values of natural radioactivity 

concentration for 226Ra, 232Th, 238U and 40K for different 
location of southern part of Basrah Governorate, Iraq are 
given in Table 1. The worldwide average activity 
concentration for 226Ra, 232Th and 40K reported by 
UNSCEAR are 50 Bq kg-1, 27 Bq kg-1, 400 Bq kg-1 
respectively. From Table 1; the activity concentration of 
226Ra ranges from 8.0±2.9 Bq kg-1 to 197±16.8 Bq kg-1 
with average value of 84.0±7.7Bq kg-1, which is higher 
than the recommended limit of UNSCEAR. The specific 
activity of 232Th ranged from 2.1±0.1Bq kg-1to 12.0±0.5 
Bq kg-1, with average value of 8.2±1.0 Bq kg-1. The range 
of activity for 40K is from 57.0±2.9 Bq kg-1 to 635.0±18.3 
Bq kg-1 and average value is 315±9 Bq kg-1. Both average 
value for 232Th and 40K are below the recommended limit 
of UNSCEAR. 

Table 1. The values 226Ra, 232Th and 40K specific activity 
concentrations using gamma ray spectroscopy of soil samples from 
Basrah Governorate. The letters a, b, c and d are closed locations 

S. ID 226Ra Bq/kg 232Th Bq/kg 40K Bq/kg 
1a 67.0±7.1 11.0±0.5 283.0±7.6 
1b 156.0±7.0 9.9±0.4 295.0±0.3 
1c 74.0±7.4 10.3±0.5 477.0±7.6 
2a 38.0±0.3 5.7±0.1 181.7±7.2 
2c 99.0±6.5 11.0±0.4 294.6±7.0 
2d 30.0±2.7 5.1±0.5 48.0±8.3 
3a 12.0±3.2 9.1±0.4 110.0±4.0 
3b 103.0±16.0 7.3±1.1 254.0±15.9 
4b 76.5±6.8 7.0±0.4 188.7±6.6 
5b 112.8±14.1 6.8±0.9 331.0±14.8 
5c 37.3±5.2 3.9±0.9 635.0±18.3 
5d 54.0±14.3 7.9±0.9 486.0±18.0 
6b 105.0±3.0 12.0±0.5 246.0±7.7 
6c 99.3±3.8 10.2±0.4 262.0±7.9 
7a 113.9±6.5 1.6±0.2 272.0±15.0 
7b 68.6±16.2 10.4±0.1 583.0±19.1 
9a 8.0±2.9 2.1±0.1 57.0±2.9 

10a 98.0±8.0 9.6±0.5 370.0±9.3 
10b 94.0±7.5 8.5±0.5 290.0±8.0 
11c 123.0±7.8 12.0±0.5 433.0±9.3 
12a 197±16.8 9.0±1.1 366.0±17.5 
12b 82.0±17.0 10.5±1.1 415.0±18.0 

From the table one can see that the maximum value of 
226Ra is 197±16.8 Bq/kg and minimum value is 8.0±2.9 
Bq/kg with average value 88.9 Bq/kg. The maximum 
value of 232Th is 12.0 Bq/kg and minimum is 1.6 Bq/kg 
with average value 8.4 Bq/kg. While in the case of 40K the 
maximum value is 635.0±18.3 Bq/kg and minimum is 
57.0±2.9 Bq/kg. All the results obtained were in the range 
of other workers in the same area, but in different 
locations [12,13,14]. No uniform trend in the variation of 
concentration of natural radionuclides found in the soil 
samples as can be seen from Figure 2. This figure shows 
no correlation between 226Ra and 40K and positive weak 
correlation between 226Ra and 232Th. 

 
Figure 2. Correlation between 226Ra and 232Th and 40K radionuclides 

The radium equivalent activity (Raeq) of the soil 
samples tabulated in Table 2 ranges between 15 Bq kg-1 to 
235 Bq kg-1 with average value 118 Bq kg-1, which is 
lower than the recommended safe limit of ICRP, 370 Bq 
kg-1. The air observed dose rate ranges between 15.3 
nGy/h and 174.5 nGy/h with average value 93.0 nGy/h for 
outdoor. While for indoor; ranges between 29.0 nGy/h and 
283.9 nGy/h with average value 167.4 nGy/h. The Hex 
values are less than one in all samples, which is in 
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agreement with equation (3). However, in the case of Hin ; 
there are four sample exceeded unity with small amount in 
disagreement with equation (4). The annual effective 
outdoor and indoor gamma ray dose rates calculated in the 
study area ranges from 0.093 to 0.861 mSv/y and 0.142 to 

1.300 mSv/y with respective mean values of 0.524 mSv/y 
and 0.823 mSv/y. These results are higher than the 
average worldwide value 0.56 mSv/y but still less than the 
action level of 3 - 10 mSv/y according to ICRP [15]. 

Table 2. Values of 226Ra, 232Th and 40K hazard indices for soil samples of selected locations in Basrah Governorate 
S.N. Raeq Bq/kg Hex Dout nGy/h Eout mSv/y Hin Din nGy/h Ein mSv/y 
1a 103 0.545 90.6 0.111 0.728 172.5 0.846 
1b 191 0.759 127.6 0.157 1.180 246.9 1.200 
1c 122 0.584 98.7 0.121 0.784 189.2 0.929 
2a 59 0.300 50.2 0.062 0.404 95.8 0.470 
2c 135 0.706 118.3 0.145 1.060 228.1 1.100 
2d 41 0.301 49.7 0.061 0.450 95.2 0.467 
3a 33 0.310 49.9 0.061 0.343 92.7 0.455 
3b 131 0.536 174.5 0.856 0.900 111.0 0.816 
4b 100 0.442 73.9 0.091 0.649 142.0 0.697 
5b 146 0.564 95.7 0.117 0.869 185.7 0.911 
5c 87 0.343 61.0 0.075 0.444 118.9 0.584 
5d 99 0.467 79.7 0.098 0.613 153.0 0.751 
6b 139 0.681 112.9 0.139 0.966 215.8 1.050 
6c 132 0.605 101.0 0.124 0.874 193.8 0.951 
7a 135 0.410 71.2 0.087 0.718 140.7 0.691 
7b 124 0.595 101.3 0.124 0.781 194.3 0.953 
9a 15 0.093 15.3 0.019 0.114 29.0 0.142 

10a 138 0.611 102.9 0.126 0.878 198.0 0.971 
10b 126 0.552 92..8 0.114 0.808 178.7 0.877 
11c 170 0.759 127.5 0.156 1.090 245.2 1.200 
12a 235 0.861 145.8 0.179 1.300 283.9 1.300 
12b 126 0.601 101.2 0.124 0.825 193.9 0.951 
Max 235 0.861 174.5 0.856 1.300 283.9 1.300 
Min. 15 0.093 15.3 0.019 0.114 29.0 0.142 

Average 118 0.524 93.0 0.168 0.758 167.4 0.823 

5. Conclusion 
The measured activity concentrations of 232Th and 40K 

in the soil samples of selected location in Basrah 
Governorate are lower than world level reported by 
UNSCEAR. However, the concentrations for 226Ra are 
found to be higher than the worldwide mean value in 
small amount. This is may be related the effect of dust 
which contains some radioactive material fallout during 
the previous wars in the area. The results obtained from 
external hazard are less than unity, while in the indoor 
hazard there are some locations has value higher than 
unity. The annual effective doses for outdoor and indoor 
are less than the action level of ICRP. Week correlation 
has been found between 226Ra and both 232Th and 40K, 
which indicates that one can’t depends on the 
measurement of one parameter to determine the other. 

Hence, the achievement of this work is that; soil taken 
from these locations in Basrah Governorate can be deal 
with and used as a construction material without posing 
any significant radiological threat to the occupiers. 
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1. Introduction 
Investigated samples can be considered as a chemical 

systems, i. e. as an ordered set of nuclides (chemical 
elements). Chemical systems are the generalization of the 
geochemical, biochemical and other nuclides systems in 
the samples. The sets of nuclides of the series 232Th, 235U 
and 238U belong to such systems as well. For such systems 
the methods of the nuclear gamma spectrometry of 
environment with semiconductor detectors are used. 

The gamma spectrometry of the sample results in the 
table of activities A of the gamma-active nuclides. It can 
be presented graphically in the form of the experimental 
nuclide spectrum of the nuclide activity A [1]. A 
comparative geochemical analysis on the basis of nuclides 
spectra, in which the nuclides 238U, 234U, 230Th, 226Ra 
(series 238U); 232Th, 228Ra, 228Ac (series 232Th) for different 
samples are presented, is enough informative. 
Nevertheless, the nuclide spectra were not used for the 
dating and other time parameters determining. 

The methods of nuclear chronometers (the method of 
uranium series) for the dating and samples age 
determining are used. Such methods are based on the 
application of the equation 

 1 ln 1 .D

D P

At
Aλ

 
= − − 

 
 (1) 

Note that such methods are valid only for the closed 
chemical systems of nuclides. 

These methods relate the activities of the parent AP and 
the daughter AD nuclides; λD is the decay constant. It is, e. 

g., a pair of long-lived nuclides AD 234U and AP 238U; 
AD

230Th and AP 234U; AD 231Pa and AP 235U. The equation 
(1) for the nuclide couple’s activities calculations is found 
after a number of assumptions on the basis of the Bateman 
equations [2,3].  

Note that a detail derivation of the equation (1) is 
presented in [4,5]. Its analysis and mathematical 
backgrounds are beyond this brief article. The examples 
and problems of the nuclear chronometers methods 
application are considered in many investigations, see, e. 
g., [1,4,5,6,7,8]. 

The evident increasing and complication of problems, e. 
g. the identification of the technogenic materials with the 
radioactive nuclides of the 232Th, 235U and 238U series, puts 
forward new demands to the existing methods. 

Our investigation is the search for further development 
of the gamma spectrometric variant of the nuclear 
chronometers method. This study is based on the 
measurement of the experimental nuclide spectra of 
activities of any nuclides of the series 232Th, 235U and 238U. 
The results of its measurement, in particular, are the time 
parameters that determine the date of the event in the 
samples. The event here is the registered changes of the 
nuclide content of the 232Th, 235U and 238U series [9]. 

2. The Solutions of the Bateman-
Rubinson Equations. The Standard Set of 
Nuclides 

Consider briefly the algorithm of the standard set 
method. The activity Аn(Тe) of any n-th nuclide of the 
series can be presented by the generalized for the case of 
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branched chains expression, which is the solution of the 
Bateman-Rubinson system of differential equations 
[9,10,11,12,13], and has the form:  

 ( ) ( )10( ) ,Ti enB е n nВ e ij i i j
j i

A Т N T N b C e λλ λ −= = ∑ ∑∏ (2) 

where А10 are the initial values of the parent nuclei activity; 
bij are the branching coefficients («internal» branching 
ratios, which values are the nuclear constants); bij ≤ 1; Сіj 
are the coefficients, which depends on decay constants λіj, 
Те is the proper time, which is present in the activities 
calculations. 

The calculations are performed for: 
- one mole of a substance: N10 = NА = 6,022.1023 nuclei 

(Avogadro's number); 
- the proper time Те 232Th (from 0 to 3,17.1012 years); 

235U (from 0 to 3,17.1012 years); 238U (from 0 to 3,17.1012 
years).  

The nuclear data are taken from [14]. Branching ratios 
bi with the formation of clusters are not considered. 

The following conditions are chosen for solving of the 
Bateman-Rubinson system of differential equations: 

- the activities of all nuclides except parent (activity А10) 
in the proper time moment Те=0 are taken equal to zero; 

- for an arbitrary time moment Те any other possibilities 
of nuclei entrance and losses except the processes of 
decay and formation are absent. 

A set of all these conditions, of the analytical 
expressions (2) and theirs solutions are called the standard 
conditions. 

An ordered set of all radionuclides of one series, which 
activities А(Tе) are determined by the expression (2), we 
call the standard set of this series. The standard nuclide set 
(SNS) is the ordered list of one series nuclides that are 
linked genetically by the mutual decay and formation [9]. 
The standard nuclide spectra of activities are the 
quantitative characteristic of the standard sets. 

The result of event, as was indicated, is the registrated 
change of the nuclide content in the sample. It leads to the 
standard nuclide sets formation of the new daughter series 
[9]. We called these sets the standard daughter nuclide sets. 
The result of their formation will be the non-standard sets 
appearance. The non-standard set is the composition (sum) 
of two (and more) standard sets, which formation is 
caused by the event. 

The experimental nuclide sets it is the nuclear gamma 
spectrometry registrated manifold of the parent and 
daughter 232Th, 235U and 238U nuclide series in the samples. 
The standard and non-standard sets can be their models. 

The experimental nuclide spectra of activities are the 
quantitative characteristics of the experimental nuclide 
sets. Indeed, the experimental nuclide spectra it is the 
ordered sequence of the experimental values of the gamma 
activities of the А nuclides of the 232Th, 235U and  238U sets. 

2.1. Tables of Standards 
We have found the time dependence of the activities 

A=f(Te) for all nuclides of the 232Th, 235U and 238U series. 
For these purposes the calculations of the values of the 
activities in (2) for the enough big number of points of the 
proper time Те is applied. The table found is recalculated 
to the experimental values of the activities А. The table of 

standards is obtained as a result. Any row of this table is 
the standard nuclide spectrum of activities that is the 
standard for the concrete value of the proper time Те. The 
values of activities for the corresponding nuclide series are 
given in the columns of the table.  

2.2. The Measurement of the Experimental 
Nuclide Spectrum of Activities in the Table of 
Standards 

The measurement is in comparison of the experimental 
nuclide spectrum ENS (Tm) with the corresponding 
standard that is the standard nuclide spectrum SNS (Te): 

 ENS( ) SNS( ).m eT T=  (3) 

The experimental nuclide spectrum corresponds to the 
standard conditions if the equality (3) is valid. 

Measuring the gamma activities of scales we are 
working in the time scale Tm. It is the date (an ordinary 
calendar time). The calculations of the nuclide gamma 
activities are fulfilled in the scale of proper time Te. The 
comparison (3) put into correspondence the proper time Te 
to the date time Tm. The value of this proper time Те is 
interpreted as the age (the duration of the existence) of the 
standard nuclide set, which is formed as a consequence of 
the event. 

However, the nuclide activities, which form an 
experimental nuclide spectra, are the experimental values. 
These values are not determined in some sense. Moreover, 
the experimental set can be a nonstandard set. Therefore, 
the standard nuclide spectrum, which is equal exactly to 
the experimental nuclide spectrum, cannot be found. Thus, 
for the activity Аn(Тm) of n–th nuclide the necessity of 
taking into account the uncertainties results in the 
inequality: 

 min n m max( ) ( ) ( ),е еА Т А Т А Т≤ ≤  (4) 

where А(Теmin) belongs to the standard SNS А(Теmin); 
А(Теmax) belongs to the standard SNS А(Теmax); Аn(Тm) 
belongs to the experimental nuclide spectrum ЕNS (Tm). 

Since SNS А(Теmin) and SNS А(Теmax) are the standard 
spectra then the experimental nuclide spectrum ENS (Tm) 
satisfies the standard conditions as well. 

By choosing the SNS A(Теmin) and the SNS A(Теmax) 
from the table of standards, we choose the meaning of the 
times Теmin and Теmax. Thereat, the time interval ΔТе and its 
mean value ∆Тmid. 

 max min ,e e eT T T∆ = −  (5) 
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2
e e
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+
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are determined. The value ΔТ can be considered not only 
as an uncertainty of time Те, but as some “interval of 
standardization” of the experimental nuclide spectrum 
ENS (Tm) as well. Inside this interval ΔТ the experimental 
set is considered as the standard set. 

2.3. Decomposition of the Experimental 
Nuclide Spectra 

In order to determine the parent nuclide spectrum PNS 
or daughter nuclide spectrum DNS it is necessary to fulfill 
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the decomposition of the experimental nuclide spectrum 
ENS. The nuclide spectra peculiarity is as follows. It is the 
result of term by term subtraction of the corresponding 
eponymous activities of the experimental and standard 
spectra. 

In this case one can write: 

 
ENS PNS DNS;
PNS ENS DNS;
DNS ENS PNS.

= +
= −
= −

 

Procedure of decomposition allows to find the standard 
sets on the basis of the experimental spectrum. Moreover, 
it allows to determine their standard nuclide spectra and 
theirs time coordinates Tе in the tables of standards. After 
the decomposition one of the known method of nuclear 
chronometers can be used for the determination of the 
proper time Tе. 

Therefore, the pairs of nuclides, which are used in the 
methods of nuclear chronometers (1), contains in the 
standard set of all nuclides of the series. Thus, the 
standard nuclide set as a whole can be considered 
independently in the role of nuclear chronometer. 

3. The Experimental Part 
In this article the data for a few point technogenic 

samples are presented. These samples have a low but 
enhanced (in comparison with natural) activity. (The 
samples with higher, in comparison with natural, activity.) 
The radioactive source is called point if its size parameters 
(e. g. height h and radius r) are essentially lower (in 5-10 
times) from the corresponding parameters of the detector 
(h = 60 mm; r = 50 mm). Such point-like conditions were 
used in the selection of the samples. Choosing the point 
samples we eliminated the problems of self-absorption, 
standard selection etc., during the samples gamma-
spectroscopy.  

 
Figure 1. The characteristic apparatus gamma-spectrum of the 
technogenic sample 

Apparatus gamma-spectra of technogenic samples 
found at HPGe-detector are 150 sm3 (energy resolution – 
2 KеV for the line 1332 KеV 60Co), and at Ge(Li)-detector 
are 100 sm 3 (energy resolution – 3,9 KеV for the line 
1332 KеV 60Co). The passive multilayered low 
background detector defense is used. The samples are 

measured without any special preparation. The samples 
impermeability was guaranteed. The length of the 
measurement is 2–4 hours. The characteristic apparatus 
gamma-spectrum of the technogenic sample is given on 
the Figure 1. 

4. Measurement Errors 
Program package of SEG-40-Ge complex determines 

the absolute (∆А(Те)) and the relative (δΔА(Те)) 
measurement errors of the activities А(Те). The values of 
these errors are influenced at the determination of such 
important quantities as the time interval ΔТ values errors 
and errors due to decomposition. 

The appearance of the time interval ΔТ and its value are 
the consequences of the different types measurement 
errors and uncertainties. The values Теmin, Теmax from the 
formula (2) cannot be determine analytically. Therefore, 
the assertion is accepted. For the monotonically increasing 
(decreasing) time dependences А(Те) the uncertainties of 
the times ΔТеmin, ΔТеmax are linearly proportional for the 
uncertainties ∆А(Теmin), ∆А(Теmax). Further, it is accepted 
that relative errors of the activities А(Теmin) and times Те 
determination are equal, i. e. δΔА(Те) = δΔТ. Therefore, if the 
relative errors δА(Теmin) and δА(Теmax) are known, then the 
absolute errors can be determined in terms of these 
relative errors: 

 min min min

max max max

( ) ( ) ( );
( ) ( ) ( ).

е е е

е е е

А Т А Т А Т
А Т А Т А Т

δ
δ
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The relative error δΔТ of the time interval ΔТ value is 
given by 
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The decomposition of spectra is the term by term 
subtraction of the experimental nuclide spectrum activities 
Аn(Тm) from the eponymous activity of some standard 
Аnе(Тm): 

 ( ) ( ) ( ).n m n m nе mА Т А Т А Т∆ = −  

The value Аn(Тm) is the experimental quantity. The 
value Аnе(Тm) is the calculating quantity, which is 
determined on the basis of its parent nuclide activity. The 
relative error of the value ∆Аn(Тm) determination is given 
by 

1/22

n m 2
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For the problems, where the decomposition is necessary, 
the found value of the relative error δ∆Аn(Тm) will be 
taken into account in the formulae for the error δΔТ of time 
interval ΔТ determination. 

In the method of the nuclear chronometers the formula 

 2 2
t M DA Aδ δ δ δ δ= ⋅ + ⋅  

is used for the relative time error δt evaluation. Here δAM, 
δAD are the relative errors of the corresponding activities 
determination. 
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5. The Results of the Investigation 
The standard sets determination includes the determination 

of the experimental nuclide spectra of activities ENS А(Тm) 
in the table of standards. It finds a graphic mapping, 
respectively. 

Figure 1 gives experimental nuclide spectrum ENS of А 
sample 1th and standards of comparison SNS А(Теmin) and 
SNS А(Теmax), which satisfy the condition (4). 
Experimental nuclide spectrum of the sample represents 
the standard nuclide set of the series 232Th. Fig. 3 shows 
the positions of the experimental nuclide spectrum ENS А 
and the standards of comparison SNS А(Теmin) and SNS 
А(Теmax) at the nuclide activities time dependence of the 
series 232Th. Imaginary they look like the points of 
intersection of the vertical line with these dependences 
and are presented as the rectangle. The width of «the 
rectangle» is given by the value of the time interval ΔТ = 
Temax – Temin. This interval represents the uncertainty of the 
position of the experimental nuclide spectrum ENS А 
given by the formula (4). The given measurement errors 
δΔА(Те)=δΔТ are found in condition that the activity 
determination error is equal to 5%. 

 
Figure 2. The experimental nuclide spectrum of activities of the sample 
1th (circles – dashed line), and the standard spectra SNS A(Теmin) (four 
squares) and SNS A(Теmax) 232Тh 

 
Figure 3. Time dependence of the activities of the standard nuclide set of 
the series 232Тh (1 – 232Th, 2 – 228Ra, 228Ac, 3 – 228Th, 224Ra, 4 – 220Rn, 
216Po, 212Pb, 212Bi, 5 – 212Po, 6 – 208Tl) of the sample 1th, time interval ΔT 
(in the form of the rectangle) and Тmid (dashed line in the rectangle) 

Figure 4 shows experimental nuclide spectrum ENS А 
of the sample 10s and the comparison standards SNS 
А(Теmin) and SNS А(Теmax). Given sample contains the 
material, which contains the noticeable activities of the 
daughter nuclides 238U – 230Th, 226Ra, 214Pb, 214Bi. 
Activities of the parent 238U and daughter 234Th are 
relatively smaller. Therefore, the sample contains a 
nonstandard set. It is a composition of two standard sets: 
the standard set 238U and the standard set 230Th. We fulfill 
the decomposition, by selecting at first the standard set 
238U, and after that the standard set 230Th: DNS 230Th = 
ENS A(Те) – PNS 238U. The result after decomposition is 
given by the Figure 5. 

 
Figure 4. The experimental nuclide spectrum of activities of the sample 
10s (circles – dashed line) and the standard spectrum SNS (four squares) 
238U before the decomposition 

 
Figure 5. The experimental nuclide spectrum of activities of the sample 
10s (circles – dashed line), and the standard spectrum SNS A(Теmin) (four 
squares) and SNS A(Теmax) (rectangles) 230Th after the decomposition 

The results of the measurement are given in the table. 
Moreover, the data for the nuclear chronometers method 
are given in the table as well. We determine, as it was 
already considered above, the time interval ∆Тmid (the 
formula (6)) of experimental set of the nuclides of the 
series. The time t (formula (1)) is determined in the 
method of nuclear chronometers. The conclusion about the 
satisfactory comparability between the values found with 
the help of two data methods can be suggested by the 
comparison of the values ∆Тmid and t. 

The experimental nuclide spectra of the samples 1th, 
2th satisfy the condition (4). It means that the main 
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component of their experimental sets are the standard sets 
232Th.  

The experimental nuclide spectra of the samples 3u – 
10u satisfy the condition (4). The standard sets method 
data and the nuclear chronometers data testify about the 
satisfactory comparability between each other. The 
standard sets of 238U are the main parts of their 
experimental sets. Existence duration large values of the 
determined standard set of the 238U (107 – 108 years) 
allowed to suggest that they were formed enough long ago 
(maybe in the epoch of the intensive geologic processes) 
and were not changed from these times. 

The experimental nuclide spectra of the samples 10s – 
13s do not satisfy the condition (4). After the 
decomposition of the experimental sets the standard sets 
and nuclear chronometers methods data are comparable 
within the errors. Therefore, the result of the 
decomposition demonstrates that the experimental nuclide 
set of the samples 10s – 13s can be represented as the 
composition of the standard set of 238U and the standard 
nuclide set of 230Th. 

Relatively large values of the measurement errors can 
be localized by the decreasing of the measurement 
duration. 

Table 1. Comparison of the Standard Sets and the Nuclear Chronometers Methods 
№ Samples Standard set (SS) ∆Тmid, years Error δΔТ, % Nuclear chronometer t, years Error, δt, % 
1 1th 232Th 8 11 228Th/232Th 0,12 10 
2 2th 232Th 8 11 228Th/232Th 0,43 10 
3 3u 238U 3·107 12 234U/238U 3·107 14 
4 4u 238U 3·107 14 234U/238U 3·107 14 
5 5u 238U 1,2·107 14 234U/238U 1·107 16 
6 6u 238U 2·108 18 234U/238U 2·108 11 
7 7u 238U 8·107 12 234U/238U 8·107 12 
8 8u 238U 5·108 10 234U/238U 3,8·108 20 
9 9u 238U 2,8·108 18 234U/238U 2,8·108 19 

10 10u 238U 1,2·108 21 234U/238U 1,4·108 15 
11 10s b* 238U 3,2·108 13 226Ra/230Th 117 14 

 10s a* 230Th 76 15 226Ra/230Th 74 14 
12 11s b* 238U 1,6·108 17 226Ra/230Th 156 11 

 11s a* 230Th 73 14 226Ra/230Th 73 11 
13 12s b* 238U 8·108 17 226Ra/230Th 209 12 

 12s a* 230Th 82 10 226Ra/230Th 85 12 
14 13s b* 238U 2,4·108 20 226Ra/230Th 102 15 

 13s a* 230Th 71 23 226Ra/230Th 77 15 
*b –before the decomposition 
*a –after the decomposition 
*с – a satisfactory pair of the nuclear chronometers is not found. 

6. Conclusions 
The standard nuclide spectra of the nuclide activities А 

of series 232Th, 235U, 238U have been calculated. The table 
of standards by the nuclide activities А time dependence is 
created. Each spectrum from the table of standards is 
shown to be the standard itself. The experimental nuclide 
spectrum of activities А, by the way of its comparison 
with the standards of the standard nuclide spectrum А, has 
been measured. The measurement result is the time 
coordinate Те, which is the position from the experimental 
nuclide spectrum of activities А in the table of standards. 
The found value can be interpreted as the duration of the 
standard set existence. Here the duration of the existence 
is considered as the time interval started from the moment 
of the event, in which this event appeared, and finished in 
the moment of the measurement. 
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1. Introduction 
Due to the direct relation between the structure of the 

phonon spectrum in an impure crystal and the absorption 
line shape the problem of the optical absorption of 
impurity induced crystal in the infrared and far infrared, 
appears as a very interesting problem [1]. We have not 
come across the sufficient experimental results which has 
offered as much information about the vibrational spectra 
of crystals as have been endorsed by the infrared 
absorption experiments. As a result of interaction of 
radiation (photon) the light is absorbed by the crystal 
without any change in the electronic state but excites or 
de-excites one or two phonons. The appropriate selection 
rule for such interactions is that only modes whose wave 
vector k  adds up to zero interact with the light incident 
on the crystal. The study of infrared properties of high 
temperature superconductors has equally attracted the 
theorists and experimentalists to establish the 
phenomenon and dynamical behavior. The far-infrared 
spectroscopy is used to explain the energy gap in BCS 
superconductors [2] as well. This interesting problem of 
infrared absorption with low impurity concentration using 
the method of Green's function of many body theory has 
been theoretically investigated by many authors [3-8]. The 
absorption coefficient of a harmonic crystal is temperature 
independent, while experimental evidences show that 
temperature plays an important role to study the 
absorption spectra. This arises only when nonlinear terms 
in the dipole moment or anharmonic terms in the potential 
energy are used [9]. The crystal structure is linked with 

absorption bands and these bands are often observed in the 
infrared spectra of crystalline solids [10]. If an ionic cubic 
diatomic crystal absorbs the infrared light, a single band 
coupled with optical mode of zero propagation constant 
will occur. As anharmonicity alone does not give any 
mechanism for absorption so the intrinsic lattice absorption 
can be explained on the basis of second order electric moment 
[11]. Czerny [12] and Barnes [13] make the observations 
on alkali halide crystals significantly provided the 
existence of side band (the short wavelength side) of the 
chief reflection or absorption band. Some authors tried to 
explain these side bands using the anharmonicity approach 
in which the potential energy (connected with lattice 
vibrations) contains the higher order terms like cubic and 
quartic [14,15,16]. An anharmonic quantum dynamical 
approached is used via double time temperature dependent 
Green’s functions to develop the theory of infrared 
absorption for high temperature superconductors in the 
following sections of the present paper: 

2. The Hamiltonian 
To investigate the quantum dynamics of phonons let us 

consider almost complete crystal Hamiltonian in the form 
[17,18,19,20] 

 e p ep A DH H H H H H= + + + +  (1) 

 
(

)

e q q q q q q
q

q q q q q q

H b b b b

b b b b

ω ω

ω ω

∗ ∗
↑ ↑ ↑ ↓ ↓ ↓

∗ ∗
− ↑ − ↑ − ↑ − ↓ − ↓ − ↓

= +

+ +

∑  

 

 (1a) 



 International Journal of Physics 44 

 * *[ ]
4

k
p k k k k

k
H A A B B

ω
= +∑   (1b) 

 ,
(

)  

ep k k kQ q q Q Q q
k q

k kq Q

H g b b g b b g b b

g b b B

∗ ∗ ∗ ∗
↑ ↑ ↑ ↑ ↓ ↓

∗ ∗
↓ ↓

= + +

+

∑
 (1c) 

 1 2 1 2
3 ,..,1

( , ,..., ) ....A s s k k ks
s k ks

H V k k k A A A
≥

= ∑ ∑   (1d) 

 
1 2 1 2

,1 2

1 2 1 2
,1 2

( , )

( , )

D k k
k k

k k
k k

H C k k B B

D k k A A

 = −  

 +  

∑

∑





 (1e) 

where eH , pH , epH , AH  and DH , respectively are 
unperturbed electron-, unperturbed phonon-, electron-
phonon-, anharmonic (upto quartic terms)-, and defect 
contributions to the Hamiltonian H . In the above 
equations * ( )q qb b  and ,k kA B  are the electron creation 
(annihilation) and phonon field and momentum operators, 
respectively. Also, ( )↑ ↓ stand for spin up(down) and 

= +Q k q  ( k  and q  being phonon and electron wave 
vectors, respectively) and kg stand for electron-phonon 
coupling coefficient. The symbols 1 2( , ..... )s sV k k k , 

1 2( , )C k k  and 1 2( , )D k k  stand for the anharmonic 
coupling coefficients, mass and force constant change 
parameters [17, 18, 19, 20].  

3. The Phonon Green’s functions 
To obtain the phonon line spectrum, we evaluate the 

double time temperature dependent retarded phonon 
Green’s function 

 ' ' '
' ',
( ) ( ) [ ( ), ( )]kk k k

G t t i t t A t A tθ ∗− = − − < >  (2) 

where '( )t tθ − is the Heaviside unit step function. Double 
differentiation of equation (2) with respect to t  followed 
by the Fourier transformation yields 

 ( )2 2 * '
' ' ', ,

( ) ( ) ( ); ( )k
k kk k k k k

G F t A t
ω

ω ω ω η
π

− = + << >> (3) 

with 

 1
' ' 1 ', , ,1

1

4 ( , )kk k k k k k
k

C k kη δ ω δ−= + −∑  (4) 

Which, in turns, resolves the Green’s function to be 
obtained in terms of phonon frequency shift ( )k ω∆ and 
line width ( )k ωΓ as 
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After appropriate algebraic simplification the Green’s 
function takes the form 
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 2 2 2 ( )kq kq k kω ω ω ω= + ∆  (7) 

kqω and kqω are renormalized and perturbed mode 
frequencies. 

4. The Phonon Frequency Width 
The phonon line width enables one to investigate many 

dynamical properties of crystalline solids, e.g., life times, 
the phonon frequency (energy) spectrum and density of 
states which can be obtained in the following form [17,21]: 

 3 3( ) ( ) ( ) ( ) ( )epD A D
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various symbols are well defined in the references 
elsewhere [17,21]. 

5. The Infrared Absorption Coefficients 
The optical absorption coefficient which is related to 

Green's function can be given by [5], 

 , ,
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l l

i j

e l e l t t
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U l t U l O

α β
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 (9) 

In the above equation ..... ω<< >>  is the Fourier 
transform of phonon Green’s function, tα  is the 
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polarization vector of incident radiation, c is the speed of 
electromagnetic radiation, η  is the refractive index and 

( )ie l is the charge on the i-th atom in the l-th unit cell. For 

diatomic crystal and 1 1
1 2 1 2( )M M M Mαµ

− −= + is the 
reduced mass. Eq. (9) can be written in the form [22] 

 
2

',0

4 N( ) Im ( )
k k

e G
c

π πµωα ω ω
η ω

  
=      

 (10) 

Using Eq. (6) in (10) the absorption coefficient can be 
obtained in the following form  
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The Absorption coefficient given in Eq. (11) can be 
separated into diagonal and non-diagonal contributions, 
namely; 

 [ ]( ) ( ) ( )d ndα ω α ω α ω= +  

 2 2 2 2 2
( )

( )
[( ) 4 ( )]

c k k
d

k k k

Pω ω
α ω

ω ω ω ω

Γ
=

− + Γ
 (12) 

 
'

2 2 2 2 2
( , ) ( )

( )
[( ) 4 ( )]

c k
nd

k k k

P C k k ω
α ω

ω ω ω ω

− Γ
=

− + Γ
 (13) 

where 28 NcP e cπ µ η= . For 'k k≠ the non-diagonal 
contribution arises and it chiefly depends on the mass 
change parameter '( , )C k k− . This contribution is 
momentous only for impurity induced crystal and vanishes 
for a pure crystal. Now making use of Eq. (8) in Eq. (12) 
and after some algebra we can derived the expression for 
diagonal contribution in the following form 

 
( )

( )
{ }

2

23 3

3 3

2 2

( ) ( ) 1 4 ( )

( ) ( ) ( )

2 ( ) ( ) ( ) ( )

1 4 ( )[ ( )]

D
d c k D k

epA D
k k k

epD A D
k k k k

D
k k

P A A

A

α ω ω ω ω ω

ω ω ω

ω ω ω ω

ω ω ω

= −

× Γ + Γ + Γ

+ Γ Γ +Γ + Γ

× − Γ 

 (14) 

 
( )

( )
{ }

3 2
3

23

3 3

2 3 2

( ) ( ) 1 4 ( )

( ) ( ) ( )

2 ( ) ( ) ( ) ( )

1 4 ( )[ ( )]

A
d c k A k

epD D
k k k

epA D D
k k k k

A
k k

P A A

A

α ω ω ω ω ω

ω ω ω

ω ω ω ω

ω ω ω

= −

× Γ + Γ + Γ

+ Γ Γ +Γ + Γ

× − Γ 

 (15) 

 
( )

( )
{ }

3 2
3

23

3 3

2 3 2

( ) ( ) 1 4 ( )

( ) ( ) ( )

2 ( ) ( ) ( ) ( )

1 4 ( )[ ( )]

D
d c k D k

epD A
k k k

epD D A
k k k k

D
k k

P A A

A

α ω ω ω ω ω

ω ω ω

ω ω ω ω

ω ω ω

= −

× Γ + Γ + Γ

+ Γ Γ +Γ + Γ

× − Γ 

(16) 

 
( )

( )
{ }

2

23 3

3 3

2 2

( ) ( ) 1 4 ( )

( ) ( ) ( )

2 ( ) ( ) ( ) ( )

1 4 ( )[ ( )]

ep
c k ep kd

D A D
k k k

ep D A D
k k kk

ep
k k

P A A

A

α ω ω ω ω ω

ω ω ω

ω ω ω ω

ω ω ω

= −

× Γ + Γ + Γ

+ Γ Γ + Γ + Γ

× − Γ


(17) 
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The terms in the square brackets of Eqs. (14) to (17) 
can be further simplified to give 
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Which after further simplification yield, 
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The higher order terms with cubic and higher powers 
add negligibly small contribution [7,19,20] and can be 
dropped from above Eqs. (22) to (25). Thus making use of 
substantial contributions only the Eqs. (22) to (25) can be 
further simplified to give  
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Thus the final form of absorption coefficients can be 
obtained as 
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And similarly the non-diagonal contribution can be 
obtained as 
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6. Results and Discussions 
The results thus obtained can be analyzed for a model 

cuprate crystal 2 3 7YBa Cu O δ−
 
. For the purpose of 

numerical estimation following physical constants have 
been used: 

8 8 83.8 10 ,  3.9 10 ,  11.60 10 ,a cm b cm c cm− − −= × = × = ×
24Mass of 147.58 10 ,0.5,  1,  0.05263,  k Y gmg fη −= ×= = =

27 2 11.05 10 sec ,cm gm− −= ×

233.57 10 ,gmµ −= ×
16 2 21.3807 10 sec ,Bk cm gm K− −= ×
6 2( ) 1.13 10 sec ,II r ergφ −= ×

14 3( ) 1.14 10 sec .III r ergφ −= − ×  

 
Figure 1. Nature of ( )dα ω for 2 3 7YBa Cu O δ− in superconducting 
region 

A careful investigation reveals that the diagonal 
contribution to infrared absorption coefficient exhibits 11 
peaks corresponding to the energies 19.85 meV, 20.51 
meV, 27.37 meV, 34.80 meV, 40.79 meV, 52.01 meV, 
53.78 meV, 55.17 meV, 55.56 meV, 56.36 meV and 60.75 
meV in the superconducting region which is depicted in 
Figure 1. 

Correspondingly, the contribution due to various 
individual processes is shown in Figure 2, which confirms 
that the contribution due to anharmonic processes and 
impurities is extremely sensitive as compared to others. 
The emergence of several peaks at various k-values with 
different magnitudes due to individual processes is self-
explanatory. The three dimensional behaviour of 
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absorption coefficient with varying temperature and 
phonon wave vector is depicted in Figure 3. 

 
Figure 2. Various contributions to ( )dα ω for 2 3 7YBa Cu O δ− in 
superconducting region 

 
Figure 3. 3D depiction of ( )α ω for 2 3 7YBa Cu O δ− with k and T in 
superconducting region 

Below transition temperature this graphics clearly 
exhibits sharp five absorption peaks of variable heights at 
different temperatures appearing at higher side of the 
phonon wave vector. Similarly, Figure 4 portrays the 
typical 3-D behaviour of ( )α ω with qω and phonon wave 

vector at the higher end of .k  

 

Figure 4. 3D depiction of ( )α ω for 2 3 7YBa Cu O δ−  with qω  and k  
in superconducting region 

Further, the three dimensional variation of ( )α ω has 
been depicted with qω and temperature in Figure 5 where 
one can see large number of peaks with different heights 
and nature. The appearance of large number of peaks, 
however have not been observed through any experiment 
but one may observe and confirm them with the help of 
high resolution experiments in future. 

 
Figure 5. 3D Nature of ( )α ω for 2 3 7YBa Cu O δ− with qω and T in 
superconducting region 

After a careful inspection of diagonal contribution it 
can be plotted to observe its significance which is 
portrayed as Figure 6. The infrared absorption coefficient 
shows 8 various peaks at 18.69 meV, 21.28 meV, 27.88 
meV, 40.7 meV, 52.01 meV, 55.73 meV, 56.55 meV and 
62.09 meV normal region. 

 
Figure 6. Behaviour of ( )dα ω for 2 3 7YBa Cu O δ− in normal region 

Comparatively this contribution is of lower magnitude 
as compared to the diagonal part, but the sensitivity is of 
similar intensity. 

 
Figure 7. Various contributions to ( )dα ω for 2 3 7YBa Cu O δ− in 
normal region 

Figure 7 also shows the various contributions for 
diagonal infrared absorption coefficient in normal region 
with various peaks. 

7. Conclusions 
Taking into account the anharmonicities, impurity and 

electron-phonon effects, the infrared absorption coefficient 
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has been derived in terms of diagonal and non-diagonal 
contributions. The various components of infrared 
absorption coefficient depend upon electron-phonon 
coupling, temperature and concentration. As we go from 
superconducting to normal region the nature of curves 
change sharply with substantial modifications in the 
phonon spectra. It has been confirmed that infrared 
absorption coefficient not only depends upon defect 
concentration but also on temperature, renormalized mode 
and pairons frequencies which emerges as a new feature 
of present theory. This theory which is very unique and 
complex, gives a very good treatment of high temperature 
superconductors and is applicable for other systems also. 
The peculiar feature of the theory is the auto-emergence of 
pairons during the quantum dynamical developments 
where no use of BCS Hamiltonian has been made. It 
emerges from the present study that the optical absorption 
(infrared absorption) for high temperature superconductors 
can be made successfully with the help of present theory 
in both superconducting and normal regions. 
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1. Introduction 
Exposure to ionizing radiation from natural sources is a 

continuous and unavoidable feature of life. Human beings 
are exposed to natural background radiation every day 
from the ground, building materials, air, food, outer space, 
and even elements in their own bodies. Gamma radiation 
emitted from primordial radionuclides and their progenies 
are ones of the main external sources of radiation 
exposure to the humans [1]. 

There are many activities increasing the radioactive 
exposure from natural sources of radiation, such as, 
mining and use of ores containing naturally radioactive 
materials, the radioactive residues resulting from nuclear 
weapons testing, the use of radioactive materials in 
industry and medicine, and operation and decommissioning 
of the nuclear power plants and other nuclear facilities [2]. 

The natural radioactivity in the environment is the main 
source of radiation exposure for human body. Natural 
radionuclide in soil contributes a significant amount of 
background radiation exposure to the population through 
inhalation and ingestion. The main contributors of 
radionuclides are 226Ra, 232Th and 40K. Since these 
radionuclides in soils are not uniformly distributed and 
vary from region to another [3]. 

2. Materials and Methods 
2.1. Study Area 

The Fuel Fabrication Facility (FFF) is one of many 
facilities in Al-Tuwaitha site. Al-Tuwaitha Nuclear 

Research Center (ATNRC) is the principal nuclear site in 
Iraq and covers an area about 1.3 km2 and is located 
approximately 1 km east of the Tigris River 18 km south 
of Baghdad. This site is fortified by large earthen berms 
around the facilities which cover over one km2 [4,5]. 
Figure 1 shows Al-Tuwaitha site map location and the 
building layouts within Al Tuwaitha and the associated 
sector names. Al-Tuwaitha site was heavily bombed 
during the Gulf War of 1991, and most of the facilities 
were extensively damaged [6]. 

2.2. Samples Collection 
Ten (10) soil samples were collected from different 

location inside the Fuel Fabrication Facility at 5 to 10 cm 
depth from the top surface soil layer to make 
approximately 1 kg weight per sample, each soil sample is 
filled into secure polyethylene bag to prevent cross 
contamination and sent to the laboratory. 

2.3. Samples Preparation 
Sample preparation is carried out by placing each soil 

sample in an oven for drying at a temperature of 80°C for 
2h, thus ensuring complete removal of any residual 
moisture. The dried samples were pulverized into a fine 
powder. To obtain uniform particle sizes, a 500 µm mesh 
is then used to sieve the samples which are transferred to 
500 ml labeled Marinelli beakers and weighed, sealed and 
labeled. The samples are stored for at least one month in 
order to maintain secular equilibrium between 238U, 226Ra, 
and 232Th and their short-lived progeny. The samples were 
each counted on a High Purity Germanium Detector for 
one hour (3600s). 
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Figure 1. Al-Tuwaitha site map location, Baghdad, Iraq 

2.4. Gamma Spectroscopy System 
In this work, gamma spectroscopy technique has been 

used for measuring the specific activity concentration of 
radionuclides. For certain radionuclides that cannot be 

effectively measured directly in the field, soil samples of 
the area under investigation should be collected and then 
analyzed to determine the radionuclide concentration with 
a laboratory-based procedure. All processes in this work 
have been performed in Central Laboratory Directorate 
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(CLD) at Ministry of Science and Technology (MoST) of 
Iraq. 

2.4.1. High Purity Germanium (HPGe) Detector 
A pure germanium closed end-coaxial P-type detector 

manufactured by CANBERRA Company (model GC4018) 
with a relative efficiency of (>40%) and resolution 
(<1.8keV) at energy of (1.33MeV) for 60Co. It contains a 
HPGe crystal has a diameter of 62mm, a length of 60mm 
and a distance from window 4.67mm. It is surrounded 
with lead shielding 10cm thickness to reduce the 
background radiation from various natural radiation 
sources and to isolate from other radiation sources used in 
nearby surroundings. 

2.4.2. Calibration of the Gamma Spectrometry System 
In order to obtain any meaningful results from a gamma 

spectrometry system, such as isotope identification, 
qualitative and quantitative analysis, the system must be 
calibrated both in terms of energy as well as efficiency. 
Normally calibration is done with standard sources and 
reference material of known activity. 

The energy calibration related channel number of the 
spectrometer to the energy of the standard reference 
material. The calibration was performed by matching 
principal gamma rays in the spectrum of the standard to 
the channel numbers. 

A standard source of multi-gamma energy has been 
used to calibrate the efficiency of the detector. Figure 2 
shows the efficiency calibration curve for the (HPGe) 
detector using mixed standard source in the 500 ml 
Marinelli beaker by acquiring spectrum for one hour 
(3600s) with different energy ranges from 59.5 keV for 
241Am to 1836.06 keV for 88Y. 

The net count rate was determined at photopeaks for all 
energies used for determining the efficiency. The 
efficiency is related to the count rate of standard [7] as: 

 ( ) ( )
100%NE

AI E tγ
γ γ

ε = ×  (1) 

Where: 
ε(Eγ) is the detection efficiency at energy Eγ.  
N is the net peak area under the specific peak corrected 

for the background at energy Eγ. 
A is the activity in (Bq) of standard source at the 

measured time. 
Iγ(Eγ) is the abundance at energy Eγ.  
t is the time of measurement (3600sec). 
The efficiency of the detector is related to energy by the 

expression: 
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Figure 2. The efficiency calibration curve for the (HPGe) detector 

2.5. Specific Activity Calculation: 
Some radionuclides of the natural decay chains (e.g. 

238U, 232Th, and 226Ra) cannot be determined directly by 
gamma spectrometry but only by measuring their daughter 
radionuclides. In these cases, it is necessary to ensure that 
there is equilibrium between the parent radionuclide and 
the daughter radionuclides being measured. 

Several transitions from decays of shorter-lived 
radionuclides in the 238U decay chain, such as 226Ra, 214Pb 
and 214Bi (which can be thought of as 226Ra indicators), 
were used to estimate the weighted mean of activity 
concentration of 226Ra. The activity concentration of 232Th 
is determined using gamma-ray transitions associated with 
the decay of 228Ac. The gamma-ray peaks associated with 
decays from 40K at 1461 keV, are used to determine the 

activity concentrations for these nuclei. The lines suitable 
for evaluation have been compiled In Table 1. 

Table 1. Selected gamma lines for the determination of natural 
radionuclides [8] 

Radionuclide 
determined 

Radionuclide 
measured 

Energy 
Eγ keV 

Emission probability 
IE % 

226Ra 

226Ra 186.10 3.51 

214Bi 

609.31 
1120.29 
1238.11 
1764.49 

44.6 
14.70 
5.94 
15.10 

232Th 228Ac 

209.25 
338.32 
911.60 
968.97 

3.89 
11.27 
25.80 
15.8 

40K 40K 1460.83 10.67 



53 International Journal of Physics  

The specific activity, in terms of the activity 
concentration, is defined as the activity per unit mass of 
the sample. The specific activity of individual 
radionuclides in soil samples is given by the following 
equation [4]: 

 ( ) ( ) ( )
/

c

N
E

A Bq
m

kg
I E tγ γε

=  (3) 

Where 
N = the corrected net peak area of the corresponding full-
energy peak 

 S BN N N= −  (4) 
NS = the net peak area in the sample spectrum, 
NB = the corresponding net peak area in the background 

spectrum, 
ε(Eγ) = the counting efficiency of the specific nuclide's 

energy, 
I(Eγ) = the absolute transition probability by gamma 

decay through the selected energy (Eγ), 
tc = the counting live-time of the sample spectrum 

collection in seconds, 
m = the mass (kg) of the measured sample. 

2.6. Absorbed Dose Rate 
The absorbed dose rate (Dγ) due to gamma radiation of 

naturally occurring radionuclides 238U, 232Th and 40K, 
were calculated on guidelines provided by UNSCEAR [2]. 

 ( ) Ra Th KnGy / h 0.462A 0.621A 0.042ADγ = + +  (5) 

Where the factors (0.462, 0.621 and 0.042) are the 
conversion factors for naturally occurring radionuclides 
226Ra, 232Th and 40K, respectively. The average of (Dγ) in 
air (1m) from terrestrial sources of gamma radiation in 
soil is estimated as (55 nGy/h) [9]. 

2.7. Radium Equivalent Activity (Raeq) 
Due to the non-uniformity in the distribution of natural 

radionuclides in the soil samples, the actual activity level 
of 238U, 232Th and 40K in the samples can be evaluated by 
means of a common radiological index named the radium 
equivalent activity (Raeq). Radium equivalent activity 
(Raeq) is used to assess the hazards associated with 
materials that contain 226Ra, 232Th and 40K in Bq/kg [2], 
which is determined by assuming that 370 Bq/kg of 226Ra 
or 260 Bq/kg of 232Th or 4810 Bq/kg of 40K produce the 
same γ dose rate [7,10]. The Raeq of a sample in (Bq/kg) 
can be achieved using the following relation [7]: 

 ( )eq Ra Th KRa Bq / kg A 1.43A 0.077A= + +  (6) 

Where, ARa, ATh and AK are the specific activities 
concentrations (Bq/kg) of 226Ra, 232Th and 40K, 
respectively. The published maximal admissible 
(permissible) Raeq is 370 Bq/kg [2]. Which corresponds to 
an effective dose of 1 mSv for the general public [11]. 

2.8. External Hazard Index 
The external hazard index is an evaluation of the hazard 

of the natural gamma radiation [12]. The prime objective 
of this index is to limit the radiation dose to the 

permissible dose equivalent limit of 1mSvy−1 [13,14]. In 
order to evaluate this index, a model proposed by Beretka 
and Mathew in 1985 [10]. This assumes the following 
relation: 

 226 232 40 1.
370 259 4810
Ra Th K

ex
A A A

H      = + + ≤     
     

 (7) 

This model takes into account that the external hazard 
which is caused by gamma-rays corresponds to a 
maximum radium-equivalent activity of 370 Bq/kg for the 
material [7,15]. In order to keep the radiation hazard 
insignificant, the value of external hazard index must not 
exceed the limit of unity [6]. 

3. Results and Discussion 
The results can be summarized as: 
(i) Activity concentrations, and (ii) Radiological indices. 

3.1. Activity Concentrations 
Activity concentrations of 226Ra, 232Th, and 40K 

radionuclides in the Fuel Fabrication Facility soil samples 
were determined by equation (3) and the results have been 
shown in Table 2. The activity concentration of 226Ra in 
the soil ranged from 4.7±0.5 (IFFF-8) to 25.1±1.6 (IFFF-2) 
Bq.kg-1 with mean 15.78±1.16 Bq.kg-1, 232Th ranged from 
3.1±0.6 (IFFF-8) to 22.9±1.2 (IFFF-5) Bq.kg-1 with mean 
14.09±1.33 Bq.kg-1, and 40K ranged from 75.7±7.2 (IFFF-
8) to 475.5±25.8 (IFFF-2) Bq.kg-1 with mean 306.42±18.1 
Bq.kg-1, respectively. The average activity concentrations 
of terrestrial radionuclides226Ra,232Th and40K are within 
the world wide average concentrations of these 
radionuclides reported by UNSCEAR (2000) as 35, 30 
and 370 Bq kg-1, respectively. 

Table 2. The activity concentrations values for different soil samples 
Sample code 226Ra (Bq/kg) 232Th (Bq/kg) 40K (Bq/kg) 

IFFF-1 18.3±1.2 19.7±1.2 380.9±21.9 
IFFF-2 25.1±1.6 18.9±2 475.5±25.8 
IFFF-3 21.8±1.6 20.2±2.4 383.7±22.7 
IFFF-4 12.5±0.8 13±0.9 270.1±15.7 
IFFF-5 19.6±0.9 22.9±1.2 306.6±16.5 
IFFF-6 11.7±1.1 19.8±2.3 303.6±19.9 
IFFF-7 12.4±0.7 10±0.8 262.4±14.3 
IFFF-8 4.7±0.5 3.1±0.6 75.7±7.2 
IFFF-9 16.3±1.5 13.3±1.9 304.9±17.8 
IFFF-10 15.4±1.7 <MDA 300.8±19.2 

Min. 4.7±0.5 3.1±0.6 75.7±7.2 
Max. 25.1±1.6 22.9±1.2 475.5±25.8 

Average 15.78±1.16 14.09±1.33 306.42±18.1 
World mean value 35 30 370 

3.2. Radiological Indices 
In order to assess the health effects, the radiation 

hazards such as absorbed dose rate (Dγ), radium 
equivalent activity (Raeq), and external hazard index (Hex) 
have been calculated from the activity of 226Ra, 232Th, and 
40K radionuclides using the equations (5), (6) and (7), 
respectively and the values have shown in Table 3. 
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The Table 2 shows that the absorbed dose rate in air 
due to terrestrial gamma rays at 1m above the ground were 
calculated for 226Ra, 332Th and 40K and ranged from 
7.28±0.91 to 43.3±3.06 nGyh-1 with mean of 28.90±2.12 
nGyh-1 which is lower than the world average value of 55 
nGyh-1 [9]. 

Table 3. Absorbed dose rate, Radium equivalent activity and 
External hazard index 

Sample code 
Absorbed dose 

rate (Dγ) 
(nGy/h) 

Radium 
equivalent activity 

(Raeq) (Bq.kg-1) 

External 
hazard index 

(Hex) 
IFFF-1 36.59±2.4 75.6±5 0.2±0.01 

IFFF-2 43.3±3.06 88.74±6.45 0.24±0.02 

IFFF-3 38.73±3.18 80.23±6.78 0.22±0.02 

IFFF-4 25.19±1.59 51.89±3.3 0.14±0.01 

IFFF-5 36.16±1.85 75.97±3.89 0.21± 0.01 

IFFF-6 30.45±2.77 63.39±5.92 0.17±0.02 

IFFF-7 22.96±1.42 46.9±2.95 0.13±0.01 

IFFF-8 7.28±0.91 14.96±1.91 0.04±0.01 

IFFF-9 28.6±2.62 58.8±5.59 0.16±0.02 

IFFF-10 19.75±1.59 38.56±3.18 0.1±0.01 

Min. 7.28±0.91 14.96±1.91 0.04±0.01 

Max. 43.3±3.06 88.74±6.45 0.24±0.02 

Average 28.90±2.12 59.52±4.45 0.16±0.012 

Global limit 55 370 ≤ 1 

4. Conclusions 
This study shows that the average activity 

concentrations of 226Ra, 232Th and 40K in soil samples were 
found to be 15.78±1.16, 14.09±1.33 and 306.42±18.1 
Bqkg-1, respectively. The results obtained for the 
corresponding radionuclides are below the worldwide 
average values of 35, 30, and 400 Bqkg-1, respectively. 
The average absorbed dose rate in air (Dγ), the average 
radium equivalent activity (Raeq) and the average external 
hazard index (Hex) were determined as 28.90±2.12 nGyh-1, 
59.52±4.45 Bqkg-1 and 0.16±0.012, respectively, which 
are below the permissible limit. However, this data may 
provide a general background level for the area studied 
and may also serve as a guideline and a baseline data for 
future measurement and assessment of possible 
radiological risks to human health in Al-Tuwaitha site. 
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1. Introduction 
The Pontifical Catholic University from Peru (PUCP), 

in the context of preparations to celebrate its first 
centenary has recently completed the construction of a 
classroom building of eleven levels (eight floors and three 
basements) within its university campus. Taking 
advantage of this new construction, it is intended to obtain 
historical data regarding the evolution of 222 Radon 
concentrations in the recent building taking into account 
environmental and other factors that affect it, the 
measurements have been made in the three basements 
levels of the building.  

Nearly all naturally occurring radioisotopes belong to 
one of three radioactive series in the soil, thorium, 
actinium and uranium [1]. Radon isotopes, belonging to 
these radioactive series, are colorless and odorless. 222 Rn 
is the most stable isotopes of radon with an average half-
life of 3.826 days, which is universally known as radon or 
radon gas; part of the uranium series radioactive and is an 
immediate relative of 226 Ra, with an average half-life of 
1602 years; radon thus formed by the decay of radium in 
the soil and rocks entering homes, buildings, basements, 
tunnels, mines and accumulates particularly in enclosed 
areas [2].  

Radon is the most important source of naturally 
occurring radiation and the largest contributor to the dose 
of ionizing radiation received by living organisms. This is 
mainly due to exposure to radon and its decay products in 

the air in confined areas; radon is the second leading cause 
of lung cancer in the general population after the tobacco; 
epidemiological studies have shown the relationship 
between exposure to indoor radon and lung cancer. The 
World Health Organization (WHO), showed the health 
effects due to exposure in homes (1979) [3], through a 
European work group in the study of indoor air quality. 
Later, radon was classified as a human carcinogen by the 
IARC (International Agency for Research on Cancer) in 
1988, the specialized agency in cancer research of the 
WHO [3]; also, several studies conducted by the ICRP 
(International Commission on Radiation Protection) show 
cancer risk associated with exposure to radon and its 
decay products [4]. Finding a direct relationship of 
increased lung cancer, in 2005, two studies showed 
definitive evidence between residential radon exposure 
and lung cancer [5,6]. 

According to the above, several organizations in Europe 
and the United States have made recommendations and 
have established limits on the concentration of radon in 
interiors. In USA the maximum recommended limit is 4 
pCi/l (150 Bq/m3). In England, the limit is 200 Bq/m3 (5.4 
pCi/l). The European community recommends not 
exceeding 400 Bq/m3 in existing housing and 200 Bq/m3 
in new buildings in accordance with the recommendations 
given by the Environment Committee of the European 
Community on February 21st, 1990. The Environmental 
Protection Agency (EPA) recommends that if levels 
exceed 200 pCi/l (7400 Bq/m3) actions should be taken to 
reduce levels within several weeks. For levels between 
740 and 7400 Bq/m3 a reduction below 4 pCi/l should be 
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achieved within several months. For levels between 4 and 
20 pCi/l these should be reduced below 150 Bq/m3 over a 
period of several years. And in the case of levels below 
150 Bq/m3, although this level of exposure is of lower risk, 
reduction of such low levels is sometimes difficult to 
achieve [7]. 

So, measuring the concentration of radon and its decay 
products becomes important because they affect health. 
For this purpose, different measuring methods are used; 
including nuclear tracks solid state detectors. The use of 
this type of detector is justified by the fact that a heavy 
charged particle causes a great ionization as it passes 
through a medium. An alpha particle ionizes molecules 
that are close to its path. The primary ionization process 
creates a chemically unstable area near the path of the 
particle that contains free radicals; this area is known as a 
latent track [8]. The material containing the latent track is 
exposed to a chemical solution, which becomes more 
intense (the etch rate is higher) in the latent track area; the 
solutions commonly used are NaOH or KOH. The effect 
caused by this chemical attack is that it etches the tracks 
on the detector’s surface, and it can be observed that the 
etch rate in the damaged area will be higher. Thus the 
particle tracks are etched or formed, and can be seen under 
a microscope or by use of the spark counting method or 
some other method such like image processing. 

Using a suitable calibration factor, which depends on 
several parameters such as the shape of the container 
where the detector was calibrated, energy of the alpha 
particles related with the radioisotope, the parameters of 
the etching and counting process, etc. They are determined 
in a laboratory under controlled environmental conditions. 
The following relation is used [12]: 

 r kCt=  (1) 

Where ρ is the density of tracks in (tr.cm-2), k the 
calibration factor (tr. cm-2 /t Bq.m-3), C the concentration 
in (Bq.m-3) and t is the exposure time (in days). 

2. Experimental Procedures 
The effect of the tracks left by the particles occurs in 

many materials such as cellulose nitrate particles or 
different polycarbonates, these materials, are also used to 
detect radon. This track forming effect is only seen in 
dielectric materials; in semiconductors by recombination 
processes the latent tracks are unstable and disappear [9]. 

The most common commercial detectors used for this 
purpose are the CR39 and the LR115; these detectors have 
certain differences, the first and most important is the 
active layer´s thickness, which is 12 microns for LR115 
type II and 0.5 mm for CR39, also the tracks formed in 
them are different, in the case of LR115 they are little 
holes. The LR115 is based on nitro cellulose while the 
CR39 is based on polycarbonates, due to these 
characteristics there are differences in their parameters, 
which are compared in [10]. 

Concentration on a specific location based on the solid 
state detector is derived from the density of tracks 
observed in the SSNTD. 

This work has been focused on determining the 
concentration levels of 222 Radon in the basements of a 
new building at the PUCP (Figure 1), opened in mid-2014. 

A few days after opened, the places were selected to 
measurement radon 222; each of places had to be checked 
to make a survey representative the concentration of radon 
222 so every week students and professor were reviewed 
the experimental procedure because of in previous 
measurements (other places) the detectors were lost and 
the data could not be retrieved. 

 
Figure 1. (a) New engineering building of the PUCP (b) Panoramic view 
of the basements 

For this purpose, the LR115 detector with the above-
mentioned characteristics was used. As the construction of 
the new building had just ended, the PUCP's Nuclear 
Tracks research group decided to monitor the 
concentration of Radon 222 in this new building, 
particularly in the basement where staff work 8 hours a 
day with the relevant labor turnover. For measurements, 
critical places such as corners were selected as these are 
placed far away enough from the existing exhaust fans. 
Places near the exhaust fans were also considered. 

2.1. Materials 
The materials used were: LR115 - type 2 detectors, 

etching 2.5 N NaOH thermostatic baths, and an optical 
microscope including a computer interface. (Figure 2). 
Each of these materials were used the better way so the 
LR115 – type 2 due to is very sensitive are stored as 
manufacturer recommends so these detectors have a very 
low background, the thermostatic baths are controlled by a 
thermocouple type k through temperature controller also 
distilled water was used to stop the etching this to 
neutralize the NaOH then the optical microscope were 
used for displaying the tracks are white holes, this holes 
are counted and related to the radon concentration. Also 
we used radon monitor to measurement radon 
concentration outside of the basement. 

 
Figure 2. Equipment used for counting nuclear tracks associated to 222 
Radon concentrations 
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2.2. Experimental Setup 
The LR115 detectors were placed in the three 

basements of the new building of Engineering PUCP. Ten 
detectors are installed in every basement; four pairs in 
each corner and a couple stood on the stairs, all were 
placed at a height of approximately 1.5 m above the floor. 
In total thirty detectors were placed at all three levels like 
show in the Table 1. 

Exposure time of the detectors was thirty days each 
period, this was repeated five times (periods 1 to 5), after 
that, the detectors were etched under the above mentioned 
conditions and recording time of 90 minutes. Subsequently 
the respective counting was made using a microscope; 
during the counting five fields of the detector were taken, 
since track distribution is random, with 10X magnification 
with a 3mm radius field approximately. Equation 1 was 
used to quantify Radon concentration with calibration 
factors of 20,41Bq m-3 corresponding to 100 tracks per 
cm2 [11], both recording and counting were brought to 
standard conditions in the experimental physics laboratory 
of the PUCP. 

Table 1. Positions of 222 Radon detectors in the basement of the 
PUCP Engineering building, where P1 is the first basement, P2 the 
second basement and P3 the third basement 

DETECTORS 
(2 detectors by 

position) 

POSITION 
(Defined by the number of parking lots in 

each basement) 
P1-1,2 Near parking lot 03 
P1-3,4 Near parking lot 53 
P1-5,6 Between the exit symbol and an electric box 
P1-7,8 Wall near the driveway to the parking lot 

 
P1-9,10 

Emergency stairs (near the elevators) 
between the basement 1 and the surface 

P2-1,2 Near parking lot158 
P2-3,4 Near parking lot 132 
P2-5,6 Near parking lot 98 
P2-7,8 Extinguisher case near the elevators 

P2-9,10 Emergency stairs (near the elevators) 
between basements 2 and 1 

P3-1,2 Near parking lot 216 
P3-3,4 Near parking lot 182 
P3-5,6 Near parking lot 162 
P3-7,8 Near parking lot 242 

P3-9,10 Emergency stairs (near the elevators) 
between basements 3 and 2 

3. Results 
This report presents the measurements of 222 Radon in 

the basement of the new building of Engineering PUCP, 
made during the winter and spring of 2014 (southern 
hemisphere), for five consecutive periods, from August to 
December, every thirty days on average. The value of this 
study lies in the fact of verifying whether there is 
compliance with the standards of radon indoor 
concentration. Natural radon levels are determined for the 
first time in such workplaces in the PUCP, thus helping 
the relevant authorities to establish an appropriate healthy 
working environment. The results are shown in the 
following tables 2, 3, 4 and figures 3, 4, 5. Also there are 
measurements which were done outside of the basements 
near of the new building through digital radon monitor 
Canary® to compare outdoor and indoor radon concentration.  

Table 2. Results of monitoring 222 Radon in the first basement of the 
PUCP Engineering Building  

Detector Mean value 
(Bq m-3) 

Minimum 
(Bq m-3) 

Maximum 
(Bq m-3) 

P1-1 37.82 ± 23.45 11.54 74.50 
P1-2 21.19 ± 15.40 9.75 47.22 
P1-3 24.92 ± 22.73 5.42 62.96 
P1-4 23.62 ± 5.69 18.43 32.53 
P1-5 27.01 ± 8.81 16.92 38.47 
P1-6 23.19 ± 11.13 12.31 37.77 
P1-7 25.91 ± 3.43 20.60 29.38 
P1-8 38.31 ± 18.14 22.77 67.33 
P1-9 26.17 ± 11.26 15.18 41.97 
P1-10 27.17 ± 14.25 6.15 41.55 

 

Figure 3. Histogram of the results of Radon 222 measurements in the 
first basement of the PUCP Engineering building, indicating the 
concentration in Bqm-3 for each period 

Table 3. Results of monitoring 222 Radon in the second basement of 
the PUCP Engineering Building  

Detector Mean value 
(Bq m-3) 

Minimum 
(Bq m-3) 

Maximum 
(Bq m-3) 

P2-1 34.83±9.08 19.23 42.28 
P2-2 29.10±14.32 7.69 47.22 
P2-3 21.63±8.99 10.00 31.16 
P2-4 19.91±6.44 11.54 27.28 
P2-5 23.75±13.09 12.31 45.12 
P2-6 20.02±3.98 14.62 24.13 
P2-7 28.97±7.62 22.77 41.97 
P2-8 30.03±8.43 17.69 39.04 
P2-9 32.87±30.52 9.75 86.18 

P2-10 23.58±7.87 10.84 32.53 

 
Figure 4. Results of Radon 222 monitoring in the second basement 
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Table 4. Results of Radon 222 measurements in the third basement 
of the PUCP Engineering building 

Detector Mean value 
(Bq m-3) 

Minimum 
(Bq m-3) 

Maximum 
(Bq m-3) 

P3-1 34.15 ± 18.52 14.48 64.01 
P3-2 38.01 ± 28.57 16.09 82.89 
P3-3 41.92 ± 18.87 13.85 59.81 
P3-4 50.81 ± 32.72 23.09 97.59 
P3-5 22.30 ± 4.917 17.69 30.01 
P3-6 17.84 ± 14.21 6.92 41.55 
P3-7 34.64 ± 10.82 25.74 52.46 
P3-8 28.53 ± 12.27 17.69 47.22 
P3-9 21.91 ± 8.88 8.84 30.43 
P3-10 18.21 ± 6.57 11.26 25.18 

 
Figure 5. Results of Radon 222 monitoring in the third basement 

Table 5. Results of monitoring 222 Radon in outside of the 
basements of the PUCP Engineering Building  
Outdoor measurement near of 

new building (Bq m-3) 
Indoor measurement in a 

multipurpose classroom (Bq m-3) 
5±1 11±2 

4. Conclusions 
This work has enabled taking measurements in a newly 

constructed building with different materials among which 
cement predominates and the particularity of walls kept 
unpainted and large basements with relatively poor 
ventilation. The results of the measurements in the 
basements show the presence of Radon 222 in such 
environments Table 2, Table 3 and Table 4. However, the 
levels found in different measurement periods in each of 

the places measured, are below the maximum allowable 
levels recommended by different organization like EPA 
and European community mentioned above. It is 
noteworthy that the highest measurement was found in the 
deepest basement, the third. The concentration level found 
was 97.59 Bq/m3, Table 4. It could be related with the 
deepness and also less ventilation factors. In all the cases, 
however, the results indicate that for the moment no 
corrective action is necessary. Also measurements outside 
of the basements in Table 5 are shown encountering low 
values of radon concentration than inside of basements, so 
we can conclude that there is a major presence of radon in 
closed places than open spaces. It is planned to check in 
the future the possible presence of Radon 222 in other 
environments of the building and continue monitoring the 
basements where staff remains 24 hours a day in labor 
turnover periods. 
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Abstract  Laser heat treatment is one of the important industrial applications of laser and being studied at the 
present time as a substitute for conventional thermal annealing. In this research (CuO) thin films have been 
deposition on a glass by (Sol - Gel / Spin Coating) technique and annealed by two ways, the first one using a 
convection oven, where they were annealing with three temperatures (400 °C, 500 °C, 600 °C) for one hour, and the 
second way using a continuous (CO2) laser with (10.6 μm) wavelength and (10 W) power and three intervals (10 
min, 15 min, 20 min), were studied structural and optical properties of membranes prepared by both ways to 
determine the effect of laser annealing on them, and the results of (XRD) tests showed that these membranes with 
the structural of multi-crystalline monoclinic type and increase the degree of oven annealing temperature, as well as 
increasing the duration of the laser annealing lead to increased volumes of granular membranes rates. The results of 
the (AFM) tests to the topography of the surfaces of the membranes to be of crystalline uniformity and homogeneity 
superficially good, especially for laser annealed membranes. The results of optical examinations of these membranes 
showed that they having high permeability, especially in the regions of the visible spectrum and the near-infrared 
and increased with increase the degree of oven annealing temperature and the duration of laser annealing, and less 
energy gap of these membranes values with increase the temperature degree of annealing or increase of laser 
annealing time. In addition to this, the optical properties studied in this research included absorbance, reflectivity, 
refractive index, coefficients of absorption and extinction, and real and imaginary dielectric constants. 
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1. Introduction 
Laser is one of the most important inventions of the 

twentieth century and continues to evolve in various fields 
and applications [1], since the first laser system 
manufacturing in the early sixties and the areas of the 2 
use of laser is on the rise [2], and among the various 
applications is laser materials treatment, such as laser 
annealing process [3]. The oven heat treatment is using for 
annealing and production of nano-crystals, and laser 
annealing technique is promising technology for this 
purpose, where used several types of lasers different in 
wavelengths including carbon dioxide laser (CO2 laser) [4] 
which is characterized by a small amount of power with 
the good quality of consumption came out suitable for 
annealing [5]. Laser annealing has become one of the 
topics that have attracted the attention of researchers at the 
present time [6]. Copper oxide (CuO) semiconductor 
material is called scientifically (tenorite) or (cupric), one 
of the stable oxides, is characterized as a brown powder 
near to black odorless [7] no dissolving in water or bases 

[8], also features owning non-toxic nature, the possibility 
of availability, low cost of production [9,10], the quality 
of electrical and optical properties [10], is one of the most 
important materials used in optoelectric applications, 
when it is material known as (TCO) [9], has a wide variety 
in photoelectric devices applications [7], in the energy 
sources and diodes link (pn-junction) etc. [11]. Thin film 
technology has contributed significantly to the study of 
semiconductors and gave a clear idea of many of the 
physical properties as well as chemical [12]. To study the 
characteristics of the semiconductor it became necessary 
to make a thin film does not exceed the thickness of a few 
microns [13], and in this paper adoption of carbon dioxide 
laser in addition to the convection oven for anneal (CuO) 
thin films prepared rotational by spin coating which is one 
of (sol - gel) technique methods, and study the structural 
and optical properties of them. 

2. Experimental 
In this paper glass bases were used to precipitate 

membranes on them, they have been cleaned to be free of 
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impurities or plankton by washing the samples with plain 
water and then cleaned with nitric acid diluted (HNO3) 
and washed with distilled water lukewarm with put them 
on magnetic stirrer for (10 min) and then put them in 
acetone after that they dried and placed in ethanol for (10 
min) and dried to be ready to the deposition on them. 
Copper acetate dehydrate high purity have been used for 
the preparation of (CuO) thin films, were prepared from 
the solution concentration (0.2 M) dissolving (1.597 g) of 
copper acetate in (30 ml) of ethanol (purity of 99.99%), 
were mixing the solution using magnetic 3 stirrer device 
for an hour at (60°C) to complete the melting process, and 
in the meantime added to this mixture component of a 
solution of (0.84 g) of (diethanolamine) dissolved in (10 
ml) of ethanol and operates as installed, has added drip 
and after this product is covered solution in the volumetric 
vial was developed and leave it for a period of (24 hour) to 
obtain a homogeneous solution, then deposited membranes 
copper oxide on the glass bases by placing the samples to 
spin coating device basis by using the rotational speed 
(3000 rpm) for a period of (30 sec), drying temperature 
was (100°C) for (10 min) and then submitted to the 
(150°C) for (10 min) and other, were obtained on a 
number of thin-film layers precipitated by six layers where 
this deposition process repeated for each layer of them, all 
membranes have been annealed in two ways:  

1- Conventional Thermal Annealing: by useing thermal 
oven to anneal thin films at three temperatures (400°C, 
500°C, 600°C) for one hour. 

2- Rapid Thermal Annealing: by useing CW-CO2 laser 
device of type (engraving machine) with (50 W) power 
and (10.6 μm) wavelength, which can be increased by the 
energy resulting from control by changing the power 
inside tube laser, the power annealing (10 W) in three 
interval (10 min, 15 min, 20 min), where installed the 
current index in the device at (5 mA) to reach the power 
(10 W), and the distance is measured between the laser 
source and the sample is equal to (48.5 cm), the laser spot 
of the sample was (0.5 cm).  

Thickness measuring of the thin films was by 
microscope using pro axel program where the sample was 
set in a certain way so that its edge was under the 
microscope, and using suitable lens magnification power 
to observe membrane layer formed on the glass base by 
the computer screen, with using the computer program it 
had been identified by two points opposite on the edges of 
the membrane by the index and install the reading taken 
pixels unit, which represents the difference between the 
desired membrane thickness, and repeating the process 
three or more times at different distances from the edge of 
the membrane and taking the rate we got approximate 
thickness membrane unit pixel which can be converted to 
the nanometer unit using the following relationship: 

 1 m pixel / 50.205µ =  (1) 

Where (1 μm = 1000 nm). After completion of the 
annealing process, was chosen best membranes that have 
been obtained to conduct structural 4 and optical tests on it 
to see the effect of the conditions used in the preparation 
of this research by using synthetic tests two techniques:  

1- X–Ray Diffraction (XRD): to study crystal structure 
of annealed thin films by study x-ray pattern, used )XRD-
6000( device type. 

2- Atomic Force Microscope (AFM): to study 
topographic of thin films surfaces, used (AA 3000 SPM) 
device type.  

Optical tests had been done by (UV spectrophotometer) 
which included absorbance and transition at (190–1100 
nm) wavelength range. 

3. Results and Discussion  

a- Structural Results  

 

Figure 1. X-ray diffraction scheme of the copper oxide thin films which 
annealed:(a) by oven at (400 °C), (b) by oven at (500 °C), (c) by oven at 
(600 °C), (d) by laser for (10 min), (e) by laser for (15 min), (f) by laser 
for (20 min) 

XRD results showed the multi crystalline monoclinic 
type of CuO thin films which had annealed by oven or by 
laser, agree with previous researches, and approximately 
corresponding with American standard for testing 
materials card (ASTM), card number (05-0661). In the 
furnace annealing case as in the Figure (1- (a, b, c)) there 
is emergence of peaks diffraction in both preference 
directions (111) and (111) in addition to the levels (110), 

(002), (200), (11 2 ), (112) and (202) with differentiation 
in membranes where different appearance and 
disappearance of some of them in grades annealing used 
for heat, while in laser annealing case as in the figures  
(1-(d, e, f)), there is no certain preferential direction, but 
there are different diffraction peaks which their 
appearance and isappearance depends on the duration of 
laser annealing, they are ( 111 ), (111), (112), (020), 

( 20 2 ), (202), (110) and (11 2 ) as well as the emergence 
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of some of peaks at a number of angles that do not belong 
to the installation of crystalline material used because of 
laser high energy laser, this means that the high energy of 
laser led to formation of effective dispersion centers which 
have been working to create a sniper levels at grain 
boundaries working on the sniper charge carriers and 
freeze in place, especially since annealing was in the air 
and thus affect the structural properties of the membrane.  

Increase in the degree of furnace annealing temperature 
led to increase particle size, as well as increasing the 
duration of laser annealing led to similar results in terms 
of improving the degree of crystallization of the material 
and narrow diffraction peaks and increase the granular 
size, since the increase of time annealing with high energy 
lead to increased temperature and thus increasing the 
particle size membranes. It noted some of the shapes in 
the above, we find in spite of the appearance of the 
material diffraction peaks but they look like random and 
this means that they have acquired the crystalline state in 
part of annealing process, the reason for this may be that 
the preparatory conditions have not had the opportunity to 
part of the atoms of the material to arrange themselves 
should also be to get to the case of long-term arrangement 
for all parts of the article. 

The obtained results for the topography of the surface 
membranes also showed (CuO) that the membrane 
surfaces of uniformity crystalline and homogeneity 
superficial good as in the Figure 2- (a, b, c, d, c, e, f)), has 
resulted in increased oven annealing temperature to reduce 
distractions resulting in membranes within the preparation 
conditions in this research, while these deviations did not 
appear in the case of laser annealing where the surfaces of 
the membranes form more regularly. 

 
Figure 2. AFM image of copper oxide thin films which annealed: (a) by 
oven at (400 °C), (b) by oven at (500 °C), (c) by oven at (600 °C), (d) by 
laser for (10 min), (e) by laser for (15 min), (f) by laser for (20 min) 

b- Optical Results  

The results showed that the transition of CuO thin films 
increases with the degree of oven annealing temperature, 
this is consistent with the results of previous research 
where up to high levels in the visual areas and infrared, 
note that the values less when annealing at (500 °C) 
especially in the visible region, due to the deviation in 
these membranes at this annealing degree according to 
(AFM) results. As well as the effect of increasing the 
duration of laser annealing is similar to the effect of 
increasing the degree of annealing temperature on the 
spectrum transition, and an increase in the duration laser 
annealing led to the improvement of crystallized material, 
as in Figure 3-a,b, and show a strong response to the many 
types of solar cells as well as many applications as a result 
of high transition, and exhibits the spectrum absorbance 
behavior opposite to the transition spectrum as in Figure 
4-a,b. 

 
Figure 3. Transition spectrum of CuO thin films: (a) furnace annealing 
(b) laser annealing 

 
Figure 4. Absorbance spectrum of CuO thin films: (a) furnace annealing 
(b) laser annealing 

In figure 5-a,b we find the increased reflectivity for a 
particular range of wavelengths as a result of a decrease of 
transition, then the curve begins to decrease at higher 
wavelengths with the observation that the rates decrease 
with increasing degree of annealing temperature, it may be 
due simplex in the form of curves difference to the 
different nature of the surfaces, we also find that the effect 
of laser annealing is similar to the effect of furnace on 
reflectivity spectrum, noting that the decline curve, up 
wavelength faster than in the case annealing oven may be 
due to the high power laser led to the irregular surfaces of 
the membranes, which led to the similarity of the behavior 
of the curve for all the times of annealing. In general, the 
reflectivity be few at energies least of (Eg) and peak 
appearance in the reflectivity curve is when the value of 
the wavelength corresponding to the value of the energy 
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gap. We find a slowly increase of absorption coefficient 
(equation 2) with photon energy increase and then there is 
a rapid increase at the absorption edge for a certain extent 
of energies, and laser annealing led to increase the value 
of a simple than in the case of oven annealing as shown in 
Figure 6-a,b. 

 2.303A/tα =  (2) 
Where (A) represents the absorbance and (t) the thickness 
of thin film. 

 
Figure 5. Reflectance curve of CuO thin films: (a) furnace annealing (b) 
laser annealing 

 
Figure 6. Absorption coefficient as a function of photon energy of CuO 
thin films:(a) furnace annealing (b) laser annealing 

The results showed that the electronic transition is 
allowed direct type and that the energy gap slightly 
decreases with increasing oven temperature annealing and 
values range between (3.75 eV - 3.5 eV) where its value at 
(500 °C) is at less value because the absorbance at this 
degree is high. As well as an increase for laser annealing 
range values between (3.9 eV - 3.8 eV) as shown in  
Figure 7-A,B. 

 
Figure 7A. Allowed direct energy band gap of CuO thin films furnace 
annealed at: (a) 400°C, (b) 500°C, (c)600°C 

 

Figure 7B. Allowed direct energy band gap of CuO thin films laser 
annealed at: (a) 10 min, (b) 15 min, (c) 20 min 

The results also showed, as shown in Figures (8-a,b) the 
change in the refractive index (equation 3) is similar to the 
(R) change, where little value is at few energies (high 
wavelengths) and then rise to larger value 9 of its at 
energy which equal to (Eg) and decreases then, and at all 
temperature annealing noting the emergence of meanders 
in curves due to the different nature of the surfaces of 
membranes, we find that the laser annealing leads to the 
same results with a note almost meanders curved 
disappearance has been attributed to high-energy of laser 
that led to the increase smoothness and irregular surfaces 
of the membranes.  

 ( )
( )

( )
2

2
2

11 1
1 1

RRn k
R R

++ = + − + −  −
  (3)  

Where (R) represents reflectivity and (K) coefficient of 
extinction. From figures (9-a,b) we find that the extinction 
coefficient curve (equation 4) is similar to the (α) curve, 
and the value be larger in the case of laser annealing than 
its in the case of oven annealing with note irregular shape 
of the curves in the laser annealing case.  

 
Figure 8. Refractive index as a function of photon energy of CuO thin 
films: (a) furnace annealing (b) laser annealing 

 
4

k αλ
π

=  (4)  

Where (λ) represents wavelength. And from figures (10-
a,b) we find that the real dielectric constant change 
(equation 5) is similar to the change of (n), where (ɛr) can 
be calculated from the refractive index, while the change 
of dielectric imaginary constant (equation 6) is similar to 
the change of (α) with a decrease in the values of (ɛi) at 
the end of the curve at high energies and this behavior is 
more pronounced in the case of laser annealing with the 
observation that increasing the duration of laser annealing 
led to increased values as shown in Figure 11-a,b.  
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 2 2
r n kε = −  (5) 

 2i nkε =  (6) 

 
Figure 9. Extinction coefficient as a function of photon energy of CuO 
thin films:(a) furnace annealing (b) laser annealing  

 
Figure 10. Real dielectric constant as a function of photon energy of 
CuO thin films:(a) furnace annealing (b) laser annealing  

 
Figure 11. Imaginary dielectric constant as a function of photon energy 
of CuO thin films:(a) furnace annealing (b) laser annealing 

In general by observed the figures that represent the 
optical parameters of (CuO) membranes furnace annealed, 
find little difference in form of curves as a result of simple 
deviation indicated by the results of (AFM), while laser 
annealing shows homogeneity and irregular forms of 
curves. 

4. Conclusions 
1. We can use CO2 laser for annealing and get an 

approximately similar results to those which 

obtained by furnace annealing, at the prepared 
conditions of this paper, in relative little time. 

2. Structural results showed that CuO thin films are 
multi crystalline monoclinic type, and the 
increase of degree of furnace annealing 
temperature, as well as laser annealing interval 
time, lead to enhancing crystallization. Results 
also showed that the homogenously of 
membranes surfaces is increasing with increase 
of furnace annealing temperature, as well as laser 
annealing interval time. 

3. Optical results showed that these thin films have 
direct electronic transition, where they have just 
allowed direct energy gaps at the prepared 
conditions of this paper, and the values of energy 
gap decrease at increase of furnace annealing 
temperature, as well as laser annealing interval 
time, when the thin films defects will decrease 
and the transition will increase. 
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1. Introduction 
The evidence of an accelerated expansion of the 

universe, observed by WMAP [3], opened the discussion 
of the general relativity eventual limits. There are many 
options for alternative theories of gravity, and among 
them we can cite scalar-tensor theories like supergravity, 
Kaluza-Klein theories, dual string theories, M-Theory, etc 
[1,2,4,5,14]. One particular kind of scalar-tensor theory to 
describe an accelerate expansion of the universe, called 
Brans-Dicke theory [6,7], was proposed in the early 
sixties . This theory uses the principle of Mach and the 
hypothesis of Dirac [8], considering an eventual variation 
in time of the Newton’s gravitational constant, thus 
ensuring the universality of free fall (equivalence principle) 
[20, 22, 23]. 

Most of the works which have been published in this 
theory up to now consider four flat dimensions, and some 
of them have tried to associate the scalar field of the 
Brans-Dicke theory as quintessence field [9], ΛC DM 
models [19] and as a type of K-essence field [10,18]. 
Others have tried to find a solution for the observed 
accelerated expansion using a dimensional reduction of 
the 5D Brans-Dicke theory without matter [11,12]. 

Concerning three dimensions, a broad study has been 
done in gravitational theories since the publication of [13], 
motivated by the fact that 3D theories avoid some 
complications found in higher dimensions [15,16]. 
However, there are not as many results about 3D 
scalartensor theories, and it would be interesting to find 
some results in this subject, more specifically in 3D 
Brans-Dicke theory. For instance, we can see some 
problems like the association of the scalar field of the 
Brans-Dicke theory to K-essence fields which models the 
dark energy, as done in [10]. The goal in this paper is to 
construct and then analyze the behavior of a 3D Brans-

Dicke model. For this we consider a Brans-Dicke scalar 
field which depends only on the cosmic time. 

2. The 3D Brans-Dicke Theory 
The action of Brans-Dicke theory in 3D will be 

described by [5] 

 

( ) ( ) ( )

( ) ( )

33 33
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1
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,
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M

S d x g R g
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ωφ φ φ
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+

∫
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where R is the scalar curvature associated to the 3D metric 
( )3 ,abg  φ  is the scalar FIeld of the Brans-Dicke theory, ω  

is a theory dimensionless parameter, and M  represents 
the lagrangian of the matter. The matter FIelds do not 
depend on the scalar field φ  (this is necessary in order to 
preserve the weak equivalence principle [5]). Note that, in 
3D, the field φ  has dimensions of inverse length. 

The equations for the gravitational field derived from 
(1), can be written in the following form 
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where 2 ,a
a∇ = ∇ ∇  and ( )3

abT  is the energy momentum 
tensor associated with the matter fields for 3D. From the 
equation (1) it is possible to find that the field equation for 
the scalar field φ  is given by 

 ( )38 ,
2

c
c Tπφ

ω
∇ ∇ =

+
 (3) 
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where ( )3 ab
abT g T=  is the trace of energy momentum 

tensor. In the context of a perfect fluid approximation, it 
can be seen from the second term in the equation (2) as the 
energy momentum tensor associated with the BD scalar 
field φ , and write 

 
( )( ) ( )( )

( )
2

2

18
2

1 .

BD c
ab a b ab c

a b ab

T g

g

ωπ φ φ φ φ
φ

φ φ
φ

 = ∇ ∇ − ∇ ∇  

+ ∇ ∇ − ∇

 (4) 

We consider a perfect fluid approximation for the 
matter fields. Then the energy momentum tensor 
associated with matter field will be given by 

 ( ) ,ab ab a bT g p p u uρ= + +  (5) 

where p and ρ  represent the pressure and energy density 
associated with the matter-fluid and au  is the velocity vector. 
The pressure and energy density are related by the state 
equation ,p σρ=  where σ  is a parameter of proportionality. 
Comparing this relation with equation (3) we see that the 
BD scalar field and this matter-fluid are related by 

 ( )8 2 .
2

c
c pπφ ρ

ω
∇ ∇ = −

+
 (6) 

As the BD scalar field φ  has non-minimal coupling 
with gravity, it is impossible to write an expression similar 
to the equation (5), relating the associated pressure BDp  
and energy density BDρ  for the field ,φ  these quantities 
being identified as the spatial and temporal components of 
the energy momentum tensor associated with the BD 
scalar field, given by the equation (4). However, they are 
related by the equation of state 

 .BD BD BDp σ ρ=  

3. 3D Brans-Dicke Cosmology in the 
Absence of Matter 

Let the spacetime be described by the 3D FRLW metric, 
that is given by [5] 

 ( )
2

2 2 2 2 2
2 ,

1
a b

ab
drds g dx dx dt a t r d

kr
ϕ

 
= = − + 

−  
 (7) 

where ( )a t  is a dimensionless cosmic scale factor, and k 
is a parameter which can assume only one of three values: 
−1 (open universe), 0 (at universe) and +1 (closed 
universe). The observations done by WMAP, show that 
for 4D standard model the universe is about at. Then 
following this tendency, we will consider only the at case 
for the 3D model. Replacing (7) and ( )tφ φ=  in (2); we 
find that the pressure BDp  and the energy density BDρ  
associated with the BD scalar field are given by 
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ω φ φρ
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   (8) 
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If the BD scalar field is assumed as a perfect fluid, then 
the equations (8) and (9) are complemented by the 
equation of state [5,24,25] 

 ( )2 0.BD BD BD
a p
a

ρ ρ+ + =


  (10) 

Considering the at metric from (7) in the equations (2) 
and (6) we find 

 
2

8 , 2 0.BD
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    (11) 

In order to solve this system of coupled equations, we 
consider the ansatz 

 ( ) ( ) ( ) 0
0 0

1 , 1 ,nt a t a t a t
G G

a
βφ

 
= = +  

 
 (12) 

where G0 denotes the present value for the Newton's 
gravitational constant and β  is a dimensionless parameter. 
Using the equation (12) in (11) we get a condition that 
relates the a  to n parameters, namely 

 1 .
2n

a =
+

 (13) 

Now, substitution of the ansatz in (10) results 
 1,ω = −  

that implies in two possibilities for the parameter n 
 0 2.n or n= = −  

The only acceptable possibility for the n parameter is 

0n = , resulting in 1 ,
2

a =  because the value 2n = −  

results in a divergent parameter ,a  without a physical 
meaning. For this value of ,a  the Brans-Dicke scalar field 

is given by ( )
0

1 ,t
G

φ =  and the scale factor, has the form 
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1
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0
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1 .a t a t
G
β 

= +  
 

 (14) 

Thus, when we consider φ  depending only on time, the 
3D Brans-Dicke model reduces exactly to the results of 
the 3D general relativity model. Therefore for a massless 
universe, the 3D Brans-Dicke theory does not have any  
K-essence behavior. 

4. 3D Brans-Dicke Cosmology in the 
Presence of Matter 

In this section we address the cosmology problem 
derived from the 3D Brans-Dicke theory in the presence 
of matter for a at background. As can be seen in Section II, 
the matter will be modeled like a perfect fluid with 
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associated energy density ρ  and pressure .p  Substituting 
the FRLW metric (7) in the field equations (2), we see that 
the resulting Friedmann equations, in this case, are given 
by 
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The energy density ρ  and the pressure p are related by 

 .p σρ=  

Thus the equation (16) can be rewritten as 
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If we require the conservation of the energy momentum 
tensor, then we see that the equations of state for the 
matter fields and for the BD scalar field φ  are given by 

 ( )2 1 0,a
a

ρ σ ρ + + = 
 


  (18) 

 ( ) 22 .BD BD BD
a p
a
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φ

 + + = 
 


  (19) 

The non-minimal coupling between the BD scalar field 
φ  and gravity in the equation (1) amounts to a mixed term 
in the equation of state for φ  involving the matter density 

,ρ  which makes its solution a non-trivial one. Also, we 
see that, since the BD scalar field φ  is massless and does 
not interact with matter, the equation (18) preserves the 
weak equivalence principle. And, by integrating equation 
(18), we obtain that the energy density ρ  is related to the 
scale factor ( )a t  by means of 
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As in the previous section, now we propose the ansatz 

 ( ) ( ) ( ) ( )0
0

1 1 , 1 ,t t a t a t
G

γ βφ χ χ= + = +  (20) 

as solutions for the equations (15) and (17), where χ  is a 
constant. Replacing this ansatz in the coupled field 
equations (15) and (17) gives us the results 
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σωβ γ β
ω σ ω ω σ
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Unlike the scalar-vaccum configuration, now it is not 
possible to determine the parameter ω ; since the state 
equation (19) is coupled. The equation (21) shows that 
there are two possibilities for γ , but for small values of 
ω  the positive value of γ  allows a negative value for the 
energy density, which is forbidden by the strong energy 
condition [17]. Therefore the negative choice is the only 
possibility for .γ  

If we replace the ansatz (20) in the general equations (8) 
and (9) we find that the equations for the energy density 
and pressure associated with the BD scalar field are given 
by 
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and the Brans-Dicke energy density and pressure are 
related by 

 .BD BD BDp σ ρ=  

If the strong energy condition [17] is considered, we 
find that the deceleration parameter for the 3D model 
constructed with the Brans-Dicke theory, is given by 

 ( )
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t
σ

σ
φ
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= +Ω −  (24) 

where 
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and H is the Hubble parameter. We observe that the first 
term in the right side is related to the matter fields, while 
the second term is related to the BD scalar field. 

The behavior of the 3D Brans-Dicke model as a 
Kessence theory, depends on the possible values for the 
dimensionless parameter ω  of theory, parameter BDσ  
that relates the Brans-Dicke energy density and pressure, 
and the parameter σ  that relates the energy density and 
pressure of matter fields. For this last parameter, there are 
two possibilities: 0σ =  that describes a Matter Dominate 

Era (MDE); 1
2

σ =  Radiation Dominate Era (RDE). 

For the RDE, the 3D Brans Dicke theory recovers the 
cosmological standard model results. For the MDE the 
behavior of the parameter BDσ  is described by Figure 1. 

 
Figure 1. BDσ  parameter in terms of dimensionless parameter of 
theory ω  
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Analyzing Figure 1, we found that BDσ  has negative 
values for 1.32 0.61.ω− < <  However, the Brans-Dicke 
Theory is inconsistent for small values of the 
dimensionless parameter ω  in a solar system level, this 
consistence is restored only for larger values of ω  [5]. 
For large values of ( )50.000 ,ω ω ≥  BDσ  does not 
assume positive values, which is inconsistent with the 
description of an accelerated expansion of a 3D universe. 

A comparison between the scale factors of the 3D and 
4D Brans-Dicke models is shown in Figure 2. As expected, 
the models have a different behavior as presented in [10]. 
Figure 2 shows that there is a value of time that the two 
models converge to the same result, diverging again 
shortly thereafter. 

 
Figure 2. Comparison between scale factor a(t) behavior for vacuum of 
3D (red) and 4D (green) models 

For the MDE, the energy density of Brans-Dicke scalar 
field is non null. This is expected because the Brans-Dicke 
scalar field is generated by matter fields (3). The analysis 
of Figure 1 shows that the Brans-Dicke model can only 
describe a K-essence field ( )0BDσ <  for some values of 

the dimensionless parameter ( )1.32 0.61 .ω ω− < <  
However for the consistency of the theory, only larger 
values of ω  are allowed in a solar system level 
( )50.000ω ≥  [5,21]; and for 0.61,ω >  the 3D theory no 

describe a K-essence model ( )0 .BDσ >  In the RDE the 
3D and 4D models has the same behaviour. The 3D 
Brans-Dicke model restores the General Relativity results 
when .ω →∞  

Table 1. 3D and 4D Brans-Dicke models 
Era model 3D BD 3D BD 

vacuum ( )
1
2~a t t  ( ) ~ 1ma t t m >  

RDE ( )
1
2~a t t  ( )

1
2~a t t  

MDE ( ) ( )
2

2 1~a t t
ω
ω
+
+  ( )

( )2 1
4~a t t

ω
ω

+
+  

BD DNE  ( ) ~a t t  

Table 1 shows a comparation between the scale factor 
behavior of 3D and 4D Brans-Dicke models for the 

different evolution eras. An interesting result is that there 
is no difference between vacuum Era and RDE in the 3D 
Brans-Dicke model. Therefore, the 3D model has only two 
distinct evolution Eras, while the 4D Brans-Dicke model 
has four distinct Eras (see Table 1) [10]. This comparison 
shows that for the scalar tensor theories like Brans-Dicke 
theory, the choice of spatial dimension is a very important 
factor for the theory behavior. 

5. Conclusions 
In the absence of matter fields (vacuum), the energy 

density of the Brans-Dicke scalar field vanishes, i.e. 
0,BDρ =  and the 3D Brans-Dicke theory recovers the 3D 

General Relativity results. This result is expected since the 
Brans-Dicke scalar field is generated by matter fields (3). 
However the 4D Brans-Dicke model does not reduce to 
the 4D General Relativity model when the matter fields 
vanish [10], and a new Era of scalar field emerges in the 
4D Brans-Dicke model. This new Era in the 4D model is 
due to K-essence behavior of Brans-Dicke scalar field in 
4D model, which does not happen in the 3D model. 

In the presence of matter fields, the energy density of 
the 3D scalar fields is non-null. However, even in the 
presence of matter fields, the 3D Brans-Dick model does 
not have a K-essence behavior like found in the 4D model 
[10]. Another important information is that 3D Brans-
Dicke model has only two distinct evolution Eras, the 
vacuum and RDE Eras are the same and the MDE Era. In 
this sense we conclude that the difference of scale factor 
behavior between 3D and 4D Brans-Dicke models is 
mainly due to the dimensional factor of the field equations. 
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Abstract  Since 1940s, intake of Iodine 131 is a deeprooted postoperative therapy for malignant thyroid. However, 
clinical practice does differ significantly between hospitals. This paper presents a retrospective study of a clinical 
practice for patients diagnosed with thyroid cancer at King Abdulaziz University Hospital (KAUH). The aim of this 
study was to benchmark KAUH practice patterns against international guidelines. A total of 100 patients with 
thyroid cancer were included, 70% females and 30% males with median age of 42.5 and 43.5 years respectively. 
Cases were patients, diagnosed with thyroid cancer and treated with radioactive iodine at KAUH in Saudi Arabia 
between 2005 and 2011. Some additional patient’s data were excluded from the study because of missing 
information or lost to follow-up. Medical records included patient’s gender, age, clinical diagnoses, iodine dose, and 
the recurrence. Where, thirty-three percent (33%) of the patients had papillary carcinoma, (3%) had follicular 
carcinoma and (1%) had Hurtle cell tumors. All patients had their total/partial thyroidectomy at KAUH. Dose 
administered ranged from (50 to 300) mCi with the 61% receiving a dose of 100mCi. A statistical test, Chisquare 
test, were used to allow us to test for deviations of observed frequencies from expected frequencies. The medical 
record showed that 3% of the patient had died and 4% had a recurrence that was successfully treated by the time of 
the study. Moreover, the 5-year survival rates for patients with thyroid cancers was 93%. The thyroid cancer 
incidence and the I-131 practice in KAUH is consistent with international data and standards. 
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1. Introduction 
Therapeutic Nuclear Medicine is a medical imaging 

branch that involves the usage of small amounts of 
radioactive material to treat many diseases; including 
cancer. Radioactive Iodine 131 is a β-emitting 
radionuclide with a physical half-life of 8.1 d; a principal 
γ-ray of 364 KeV; and a principal β-particle with a 
maximum energy of 0.61 MeV, an average energy of 
0.192 MeV, and a range in tissue of 0.8 mm. It is an 
isotope of iodine used in the treatment of residual of 
thyroid after a complete or a partial thyroidectomy [1]. 
The purpose of the treatment is usually to distort the 
normal and cancerous thyroid tissue. Oral administration 
of I-131 has been a commonly accepted procedure for 
treatment of conditions of the thyroid since the 1940s [1]. 

Thyroid malignancies vary in incidence worldwide with 
a rising trend over the last 20 years. According to the 
Saudi Cancer Registry report of 2007, thyroid cancer 
comprised 9.9% of female malignancies ranking second to 
breast. Males, however, had a lower incidence at 6.4% 
making it the 4th most common cancer. Regarding age, 

thyroid cancer ranked the 1st among patients aged 15-29. 
The mean age for diagnosis was 43 years among males 
and 37 years among females [2]. 

Types of thyroid cancer are classified according to cell 
of origin into follicular and para-follicular. Follicular 
malignancies include papillary (which is the most 
common) followed by follicular and anaplastic cancers. 
Para-follicular malignancies include medullary thyroid 
cancer, which is a rare subtype [3]. 

The most widely used modality for treatment of 
differentiated thyroid cancers, include subtotal 
thyroidectomy followed by radioactive ablation of the 
gland remnants or any metastatic foci [4,5]. 

The 1st published use of radioactive iodine was in 1948, 
and since then, it has been increasing dramatically. 
However, there are no clear guidelines pertaining to the 
optimum dose used for treatment [6]. 

Selection of doses can be either empirically or by 
dosimetry [7,8]. The efficacy of therapy is directly related 
to tumor uptake, which depends on cell differentiation and 
inversely related to tumor stage and grade [9]. 

Activities between 50 mCi- 200 mCi are the most 
commonly used [7]. However, a meta-analysis revealed 
that the dose does not change efficacy on the condition 
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that the tumor cells are well differentiated, making a lower 
dose more favorable to decrease toxicity [10]. 

Activity of the radioactive iodine dose administrated 
varies; the common method is according to the estimated 
size of the thyroid gland and the result of the radioactive 
iodine uptake RAIU.  The purpose of the treatment also 
plays a role in the selection of the activity of radioiodine 
administrated; for the postoperative ablation of thyroid 75-
150 mCi are typically used, for the treatment of presumed 
thyroid cancer in the neck or mediastinal lymph nodes 
activity of 150-200 mCi is administrated, for the treatment 
of distant metastasis administration of radioactive iodine 
of activity more than 200 mCi [1]. 

This paper audits the records of 100 cases with 
histologically proven thyroid cancer during 2005-2010 at 
King Abdulaziz University Hospital (KAUH) Jeddah.  
Age, sex, and referring department have also been presented. 
We also report the doses of radioactive Iodine used for the 
treatment and relate it to the type of thyroid cancer. 

2. Methodology 
The medical records of patients diagnosed with thyroid 

cancer in king Abdulaziz university hospital between 

January 2005 and December 2010 were reviewed 
retrospectively. All in-patients were included in the study. 
One hundred (100) cases were admitted during this time 
period. Data comprised of type of thyroid cancer along 
with age, gender, referring department and dose of RAI 
received to patients. Data analysis was done using SPSS 
version 20.0. Chi-square test was applied for categorical 
data represented as frequencies and percentages. P-value < 
0.05 was used as a significance level. 

3. Results 
One hundred (100) medical records were reviewed. Of 

these, 70% patients were females and 30% were males 
with a female to male ratio of 2.3:1. Median age for the 
females was 42.5 years, and for males 43.5 years. Thirty-
three (33%) patients had a papillary carcinoma, three (3%) 
had follicular carcinoma, (1%) had Hurtle cell tumors, 
twenty-five (25%) patients had tumors with non-specified 
histology, 22 (22%) patients had other types, as medullary 
thyroid carcinoma and lymphoma, and 16 (16%) patients  
had undifferentiated neoplasms. The pediatric age group 
comprised 5% of the sample population. 

 
Figure 1. Activity range used 

 
Figure 2. Diagnosis according to age 
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Activities administered ranged from 50 to 300 mCi with 
the majority (61%) receiving a dose of 100 (Figure 1) 
regardless of their age group, gender, or diagnosis. A dose 
of 300 was only used in papillary cancers. For follicular 
and hurtle cell tumors, only a dose of 100 was 
administered. Patients less than 20 years did not receive 

doses that exceeded 200, and patients aged 60 years and 
older were more likely to receive a dose of 200 than their 
younger counterparts. 

Papillary carcinoma occurred most frequently between 
the ages 21-40 (Figure 2). It was also the commonest in 
both males and females (Figure 3). 

 
Figure 3. Diagnosis according to gender 

 
Figure 4. Disease incidences 2005-2010 

 
Figure 5. Activities throughout the years 2005-2010 
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The patterns of thyroid cancers throughout the five 
years of study shows that the incidence did not change 
drastically except for the years 2007 and 2009 (Figure 4). 

During those years only 9 patients were diagnosed. 
Doses of 250 and more were not used beyond the year of 
2007 (Figure 5). 

The outcome of the treatment was that 3% of patients 
died, 4% had a recurrence, and 93% were alive and well. 
Those who died were all females with neoplasms of non-
specified histology and no recurrence. All patients that 
died received a dose of 200. Their tumor type was not 
specified. All were females and none were recurrences. 

Those who had a recurrence were also all females with 
papillary tumors. All were successfully treated by the time 
of the study with a second dose of RAI that exceeded their 
first by 50 mCi. 

4. Discussion  
Our study population demographics coincide with the 

expected distribution of thyroid malignancies; Being more 
common in females with a median age of 42.5 in females 
and 43.5 in males [11,12,13,14]. Our male: female ratio 
was 1:2.3 in concordance with other populations. 
However, male: female ratios as high as 1:7 has been 
reported [11]. In addition, a peak of 60-70 years for the 
incidence of these malignancies has been reported in male 
patients [15]. Studies that related gender and age to 
prognosis report that males tend to have a worse prognosis 
than women and that the pediatric age group tend to have 
recurrent cancers but better long-term survival [15,16]. In 
contrast, our study revealed that all patients who died as 
well as all those who had a recurrence were adult females. 
Similar to other populations, papillary carcinoma was the 
most common type with no variation with regard to age 
and sex (Figure 2 and Figure 3) [11,12,13,14]. Some of 
our patients had anaplastic tumors and still received RAI. 
The American Thyroid Association (ATA) does not 
recommend the unnecessary use of RAI in anaplastic 
tumors [17]. There is insufficient data that explains the use 
of RAI in our hospital for this type of tumor. 

Activities administered were mostly 100 mCi, 
commonly used in other countries, with a range of 50-300 
mCi (Figure 1) [4,5,9,11,12,13,14]. It has been suggested 
that for low risk malignancies, no or low doses of RAI are 
sufficient as it does not affect overall survival with the 
benefit of having lower or no toxicity [9,18-24]. In fact, 
doses as low as 30 mCi have been shown to be as effective 
as doses of 100mCi [25]. There is a trend towards lower 
doses and even outpatient use with regimens consisting of 
two 20-mCi doses [26]. In our hospital, doses of 250 and 
more were not used beyond the year of 2007. (Figure 5) 

It has been proposed that success of treatment depends 
on adequate surgical removal and thyroid hormone 
suppression rather than RAI dose [20,21,22,23,24].  

Our study did not reveal any change of dose in relation 
to age as reported elsewhere which can be attributed to the 
scarcity of studies relating the younger age groups to 
doses higher than 100 mCi due to ethical considerations 
[27]. Thyroid malignancies in the pediatric age group are 
in general better differentiated. The ATA recommends 
that doses given be adjusted to weight or surface area [25].  

In conclusion our study did not reveal major changes in 
thyroid cancer incidence through 2005-2010 (Figure 4). 
Other studies have shown an increase incidence of thyroid 
cancers. It has been suggested that this is not a true 
increase but rather an increase in the discovery of 
asymptomatic papillary thyroid cancers due to better 
access to health care systems [28]. 
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1. Introduction 
The Hartree-Fock Self-Consistent Field approximation 

(HF-SCF), it is a good approximation to many-electron 
systems, which is described by wave function. The 
essence of HF-SCF approximation is to replace the 
complicated many-electron problem by a one-electron 
problem in which electron-electron repulsion is treated in 
an average way [1]. The approximation is based on two 
grounds, first, each electron moves in the potential field of 
the nucleus plus the N-1 other electrons (central field 
approximation) that mean the electrons move 
independently [2]. The second must on initial wave 
function consistent with final it when inter in the 
calculation. The wave functions ψ( 𝑥𝑖 ) where 𝑥𝑖  spin 
orbitals included four quantum number ( 𝑛, 𝑙,𝑚𝑙 ,𝑚𝑠 ), 
using in the calculation obey on Pauli exclusion principle, 
so consequently the wave function antisymmetric when 
two electrons exchange their locations. 

2. Theory 
In order to wave function satisfy the antisymmetric 

principle have to have written as slater determinant which 
named after John C. Slater [3]. 
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Slater created such a basis set of functions known as the 
slater-type orbitals (STO's), which written [4]. 

 ( ) ,, , ( ) ( , )nlm nl l mlr R r Yγ θ θ∅ = ∅  (2) 

Where 𝑅𝑛𝑙(𝑟) represented radial part of the wave function 
and its given as [5]. 
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Where n principle quantum number, 𝑟 is the distance of 
the electron from the atomic nucleus, 𝑌𝑙,𝑚𝑙  is spherical 
harmonic, (𝜉) the orbital exponent. 

The Hartree-Fock spin orbitals can be described as a 
linear combination of slater orbitals from the function 
called basis functions written as [6]. 

 
0

=
k

HF i i
i

cϕ γ
=
∑  (6) 

Where 𝑐𝑖  represent the constant coefficient and 𝛾𝑖  is the 
slater orbitals. 

The two-particle density 𝛤( 𝑥𝑚 , 𝑥𝑛) contains all of the 
information necessary to calculate the energy and many 
properties of the atom or ion [7]. Written as  
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Where 𝑥𝑛  represents the combined space and spin 
coordinate of electron 𝑛  and 𝑑𝑥𝑝 … 𝑑𝑥𝑞  indicates 
integration summation over all N-electron except 𝑚 and 𝑛. 

The two-particle radial density function 𝐷(𝑟1, 𝑟2) it is 
probability density of finding the electron 1 at 𝑟1  and 
electron 2 at 𝑟2 from nucleus simultaneously written as [8]  

 2 2
1 2 1 2 1 2 1 2 1 2( , ) ( , )D r r r r r r d d d dσ σ= Γ Ω Ω∬  (8) 

The one-particle radial density function 𝐷(𝑟1) it is the 
probability density function of finding an electron at a 
distance 𝑟1  and 𝑟1 + 𝑑𝑟1  from the coordinate origin (i.e. 
nucleus) written as [9]. 

 ( ) ( )1 1 2 2
0

, .D r D r r dr
∞

= ∫  (9) 

The one-particle expectation value 〈𝑟1𝑛〉  can be 
calculated from the following equation [10]. 

 ( )1 1 1 1
0

 . n nr r D r dr
∞

= ∫  (10) 

Standard deviation ∆𝑟1 it is spead out or difference in 
the expectation value written as [11] 

 
1/22 2

1 1 1 .r r r ∆ = −  
 (11) 

The inter-particle distribution function ƒ(r12) it is the 
probability density function of finding the electron 1 and 
electron 2 at the distance between 𝑟12  and 𝑟12 + 𝑑𝑟12 
written as [12] 

 ( )12 1 2 2 1( , )f r r r dr dr= Γ∫  (12) 

The inter–particle expectation value 〈 𝑟12𝑛 〉 It is given by 
[13] 

 12 12 ( ) 1212
0

n n
rr r f dr

∞
= ∫  (13) 

Standard deviation ∆𝑟12 it is defined as [14]. 

 
1/22 2

12 12 12 r r r ∆ = −   (14) 

The expectation value of total energy for the system 
written by equation  

 ˆ   en eeE H T V V= = − + − +  (15) 

Where 𝑇  kinetic energy, 𝑉𝑒𝑛  electron-nucleus attraction 
energy and 𝑉𝑒𝑒 electron-electron repulsion energy. 

 1
1enV Z r−= −  (16) 

 1
12 eeV r−=  (17) 

From condition of the virial theorem [15]. The energy 
expectation value of total energy is related to expectation 
value of potential energy. 

 1  .
2T TE V T= = −  (18) 

3. Results and Discussion 
Table 1 and Table 2 have contained the results of one-

particle distribution function D(𝑟1) and the inter- particle 
distribution function 𝑓(𝑟12) respectively. D(𝑟1) and 𝑓(𝑟12) 
increases when atomic number Z increase because the 
distance between electrons and nucleus in 1s shell is 
smallest as well as the distance between electrons as a 
Figure 1, Figure 2. The greatest value of D(𝑟1) in 1s shell 
and smallest value in 2p shell. From Figure 1 when 𝑟1=0 
or ∞, D(𝑟1)=0, that means the probability of finding the 
electron inside the nucleus or far away from it equal zero. 
We noted two peaks of D(𝑟1) for 2s shell, the first peak 
represented the probability of finding the electron in 1s 
shell due to penetration phenomenon and the second peak 
represented the probability of finding the electron in 2s 
shell. The largest value of  𝑓(𝑟12)  in 1s shell for each 
system as a Figure 2. From Figure 2 when 𝑟12=0 or ∞, 
ƒ(r12) =0 that means the probability of finding two 
electrons in the same position or too far away from each 
other equal zero. 

 
Figure 1. The relation between one-particle radial density distribution 
function and location for each system 
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Figure 2. The relation between inter-particle distribution function and 
location for each system 

Table 1. The maximum values of the one-particle distribution 
function and corresponding location 𝒓𝟏 for each system 

Shell 
N+ O+2 

𝑟1 D(𝑟1) 𝑟1 D(𝑟1) 
1s 0.149 3.5506 0.1295 4.0873 
2s 0.995 0.85549 0.8383 1.0493 
2p 0.9184 0.74078 0.7397 0.94572 

Table 2. The maximum values of the inter-particle distribution 
function and corresponding location for each system 

Shell 
N+ O+2 

𝑟12 𝑓(𝑟12) 𝑟12 𝑓(𝑟12) 
1s 0.2515 2.6028 0.2179 2.9971 
2s 1.5496 0.53358 1.2904 0.64889 
2p 1.4508 0.51315 1.1614 0.65307 

Table 3. The one-particle expectation values 〈𝒓𝟏𝒏〉 where (n=-1,1,2) 
and standard deviation for each system 

Shell N+ O+2 

1s 

〈𝑟1−1〉 6.65657 7.65037 
〈𝑟11〉 0.22808 0.19821 
〈𝑟12〉 0.07009 0.05289 
∆𝑟1 0.13442 0.11661 

2s 

〈𝑟1−1〉 1.14084 1.38855 
〈𝑟11〉 1.25284 1.03371 
〈𝑟12〉 1.87455 1.26794 
∆𝑟1 0.55221 0.44653 

2p 

〈𝑟1−1〉 1.05597 1.31909 
〈𝑟11〉 1.24366 0.98447 
〈𝑟12〉 1.93255 1.19954 
∆𝑟1 0.62118 0.47996 

Table 3 and Table 4 have contained the one-particle 
〈𝑟1𝑛〉  and inter-particle 〈𝑟12𝑛 〉  expectation values and 
standard deviation. When 𝑛 = −1 the expectation values 
increase when the atomic number increase and the highest 
value of 〈𝑟1−1〉 in 1s shell and lowest value in 2p shell. 
When 𝑛 = 1,2  the expectation values decrease when Z 
increase. The highest value in 2s shell and lowest value in 
1s shell. 

Table 4. the inter-particle expectation values 〈𝒓𝟏𝟐𝒏 〉 where (n=-1,1, 2) 
and standard deviation for each system 

Shell N+ O+2 

1s 

〈𝑟12−1〉 4.12789 4.74807 
〈𝑟121 〉 0.33334 0.28964 
〈𝑟122 〉 0.14018 0.10577 
∆𝑟12 0.17047 0.14793 

2s 

〈𝑟12−1〉 0.72448 0.87655 
〈𝑟121 〉 1.7744 1.46203 
〈𝑟122 〉 3.74909 2.53585 
∆𝑟12 0.77499 0.63112 

2p 

〈𝑟12−1〉 0.73785 0.92953 
〈𝑟121 〉 1.78177 1.40714 
〈𝑟122 〉 3.86509 2.39905 
∆𝑟12 0.83088 0.64731 

The standard deviation ∆𝑟1  and ∆𝑟12  decrease when 
atomic number increase because decrease the distance 
between electrons and between electrons and nucleus. in 
addition, the largest value of ∆𝑟1 in 2p shell and smallest 
value in 1s shell for each system. 

Table 5. The expectation values for all attraction, repulsion, kinetic 
and total energies of intra-shells for each system.  

Shell N+ O+2 

1s 

−〈𝑉𝑒𝑛〉 79.87884 91.80444 
〈𝑉𝑒𝑒〉 4.12789 4.74807 
−〈𝑉𝑇〉 75.75095 87.05637 
〈𝑇〉 37.87548 43.52819 
−〈𝐸𝑇〉 37.87548 43.52819 

2s 

−〈𝑉𝑒𝑛〉 13.69008 16.6626 
〈𝑉𝑒𝑒〉 0.72448 0.87655 
−〈𝑉𝑇〉 12.9656 15.78605 
〈𝑇〉 6.4828 7.89302 
−〈𝐸𝑇〉 6.4828 7.89302 

2p 

−〈𝑉𝑒𝑛〉 12.67164 15.82908 
〈𝑉𝑒𝑒〉 0.73785 0.92953 
−〈𝑉𝑇〉 11.93379 14.89955 
〈𝑇〉 5.9669 7.44978 
−〈𝐸𝑇〉 5.9669 7.44978 

Table 5 contained the results of expectation of energies 
which increase when atomic number increase. They have 
highest value in 1s shell and lowest value in 2p shell. 

4. Conclusions 
When to increase the atomic number, the one-particle 

distribution function, the inter-particle distribution 
function and the expectation values of energies are 
increased. These properties have highest values in 1s shell 
and lowest values in 2p shell. When 𝑟1=0 or ∞ and 𝑟12=0 
or ∞ , D (𝑟1)=0 and ƒ(r12)=0 respectively. For expectation 
values 〈𝑟1𝑛〉 ,  〈𝑟12𝑛 〉 , where 𝑛 = −1  increase when Z 
increase and the highest of 〈𝑟1−1〉 in 1s shell. While when 
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𝑛 = 1,2 the expectation values decrease when Z increase 
and lowest value in 1s shell. 
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1. Introduction 
Since several years, the stability domain of the spatio-

temporal dissipative soliton self-confined in the temporal 
and spatial dimensions remains a serious issue of 
nonlinear optics [1]. The choice of relevant nonlinearity 
for such self-confinement and ensure a stable solution are 
thorny. Furthermore, the relation between the 
dimensionality and nonlinear effect used is especially 
essential. 

It should be specified that dissipative systems in 
nonlinear optics admit stable solitons in one, two, and 
three dimensions [2]. These solitons can also be purely 
temporal, spatial or spatio-temporal. Dissipative soliton 
has been widely studied in nonlinear dissipative optics, 
from fundamental point of view and due to the clear 
physical meaning in particular application. Important 
applications are passively mode-locked laser systems and 
optical transmission lines. 

Indeed, the formation of this dissipative structure is 
much more complex than that of conservative systems, 
because in addition to the right balance between the 
dispersion and the nonlinearity, dissipative solitons 
exchange energy and (or) matter with an external source. 
They exist only when there is a continuous energy supply 
to the system. Whenever the energy supply is stopped, 
soliton “stops living.” Their shape, amplitude, velocity are 
all fixed and defined by the parameters of the system [3] 
rather than by the initial condition. 

The properties and conditions of their existence have 
been studied extensively [4,5]. The theoretical study of 
these soliton has recently received a boost during the past 

decade leading to an impressive number of works in 
several fields of nonlinear science [4,6,7,8]. However 
most of these stable soliton solutions studies use purely 
numerical approaches [9,10]. Solving numerically the 
equation for a given set of parameters and a given initial 
condition is an extremely lengthy and costly procedure, 
which can take up to several days in a standard PC. 

Alternative variational semi-analytical methods can 
overcome this difficulty [11]. These theoretical tools can 
perceive soliton solutions more efficiently and envisage 
their domains of existence with relative flexibility [12,13,14].  

Recently, it has been demonstrated in our previous 
works that the collective variable approach [15] is a useful 
tool and reduces significantly the computation time for 
predicting approximately the domains of existence of 
stable light bullets in the parameter space of the (3D) 
complex cubic-quintic Ginzburg-Landau equation [13]. 

This present work provides evidence for the stationary 
solutions of the (2D) complex Swift-Hohenberg equation, 
which, to our knowledge has not been enough reported in 
the literature. This equation is useful in the description of 
the dynamics of dissipative solitons in laser cavity in 
experimental situations. 

2. Materials and Methods 

2.1. Theory of dissipative Soliton in  
Swift-Hohenberg System 

One of the main properties of wave is that they tend to 
spread out as they evolve. The principal cause for this is 
that distinct frequency; that are superposed to create the 
wave packet, propagate with different velocities and (or) 
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in different directions. It knows that generally the 
nonlinear effects accelerate the spreading of the wave. 
Nevertheless, under certain conditions, nonlinearity may 
compensate the linear effects. The resulting balanced 
localized pulse or beam of light, which propagates without 
decay, is generally known as soliton. Therefore, optical 
solitons are localized waves that propagate stably in 
nonlinear media with dispersion, diffraction or both. 

Originally, the terminology soliton was reserved for 
conservative systems and particular set of integrable 
solutions existing as a result of the delicate balance 
between dispersion (diffraction) and nonlinearity. 

However, similar classes of stable self-sustained 
structures can be found for a wide range of physical 
systems far from equilibrium. The term dissipative system 
has been used by Nicolis and Prigogine [16] to describe 
these systems far from equilibrium. As a new paradigm of 
nonlinear waves, solitons in real dissipative environments 
are known as dissipative soliton [4]. The dissipative 
soliton has different characteristics than those of 
conservative systems. They are attracting a significant 
surge of research activities on their spatial (temporal) 
complexity during the last years, particularly for systems 
modelled by the cubic quintic complex Ginzburg-Landau 
equations [4,5]. Apart from the balance between 
dispersion (diffraction) and nonlinearity, the separate 
balance between gain and loss is essential for the pattern 
formation of the dissipative soliton. This second balance is 
very crucial, and gives the dissipative soliton a markedly 
different dynamic from that of conservative solitons. The 
shape, amplitude and widths of the dissipative soliton are 
fixed, depend drastically on the system parameters [17] 
and may evolve stationary, periodically, or even 
chaotically [10,18,19]. One of the generic equations 
describing the dynamics of dissipative solitons and that 
we have intensely studied is the complex Cubic-quintic 
Ginzburg-Landau equation model [4,20,21]. This equation 
could be applied to the modeling of a wide-aperture laser 
cavity with a saturable absorber in the short pulse regime 
of operation. The model includes the effects of two-
dimensional transverse diffraction of the beam, 
longitudinal dispersion of the pulse, and its evolution 
along the cavity. The spectral filter of this model is 
restricted to the term of second order and can only 
describe a spectral response with a single maximum. 

However, experiences indicate that the gain spectrum is 
usually wide and can have multiple peaks. 

To be more realist we need to add others terms of 
higher-order spectral filtering to the complex Cubic-
quintic Ginzburg-Landau equation (CGLE), this lead to 
the complex Swift-Hohenberg equation (CSHE). 

The complex Swift-Hohenberg equation is useful to 
describe soliton propagation in optical systems with linear 
and nonlinear gain and spectral filtering such as 
communication links with lumped fast saturable absorbers 
or fiber lasers with additive-pulse mode-locking or 
nonlinear polarization rotation. It is clear that the higher 
order of the spectral filter is extremely essential to analyze 
the generation of more complex impulse. 

According to this equation, we will investigate the 
steady state of the 2D stationary solutions. It describes as 
well quantitatively as qualitatively many nonlinear effects 
which occur during the propagation and can be read in this 
normalized form [4,22]: 

 
2 4

2 4
2

1
2 2z tt rr

tt ttt

Di i i iψ ψ ψ γ ψ ψ ν ψ ψ

δψ ε ψ ψ βψ µ ψ ψ γ ψ

− − − −

= + + + +
 (1) 

where 𝜇, 𝛿, 𝛽, 𝐷, 𝜈, 𝛾, 𝛾2and 𝜀 are real constants. Without 
the additive term 𝛾2𝜓𝑡𝑡𝑡 this equation is the same as the 
CGLE one. The physical meaning of each term depends 
on the real problem which must be examined. In optics, 
this equation describes the laser systems [23,24], optical 
regeneration for optical fibre transmission systems with 
soliton signals [25], nonlinear cavities with an external 
pump [26] and the parametric Oscillator [27]. When 
applied to the propagation of the pulses in a laser system, 
as is the case in our study 𝜓 = 𝜓(𝑟, 𝑡, 𝑧) represents the 
normalized optical envelope and is function of three real 
variables. With t the retarded time in the frame moving 
with the pulse, z is the propagation distance or the cavity 
round-trip number. And finally r �r = �x2 + y2� 
represents the transverse coordinate, taking account of the 
spatial diffraction effects. 

The left-hand side contains the conservative terms: 
namely, 𝐷 = +1(−1) which is for the anomalous (normal) 
dispersion propagation regime and ν which represents, if 
negative, the saturation coefficient of the Kerr nonlinearity. 
In the following, the dispersion is anomalous, and ν  is 
kept relatively small. The right-hand-side of equation (1) 
includes all dissipative terms: 𝛿, 𝜀,𝛽  and 𝜇  are the 
coefficients for linear loss (if negative), nonlinear gain (if 
positive), spectral filtering (if positive) and saturation of 
the nonlinear gain (if negative), respectively. And finally 
𝛾2 represents the higher-order spectral filter term, which is 
very important in this present study. 

 
Figure 1. Evolution of the spectral response in the case of the complex 
Cubic-quintic Ginzburg-Landau equation (in circle) and of the complex 
Swift-Hohenberg equation (in solid curve). The other parameters appear 
inside the figure 

In order to have stable pulses in the frequency domain, 
𝛾2 must be positive and 𝛽 can have both sign (positive or 
negative) contrary to the case of the CGLE equation 
where 𝛽 must be strictly positive. If 𝛽 is greater than zero, 
we obtain a spectral response with a single maximum, on 
the other hand ( 𝛽  less than zero) we have now two 
maxima. To support this comments, the effect of the 
spectral filter is shown in Figure 1. It is described by the 
following transfer function: 

 ( ) ( )2 4
2 .T expω δ βω γ ω= − −  (2) 
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The circle curve shows the spectral response in the case 
of the complex Cubic-quintic Ginzburg-Landau equation 
CGLE (with  𝛾2 = 0 ), it is a Gaussian curve with 
amplitude 𝛿  and width  𝛽 . This curve has a single 
maximum. In the case of the complex Swift-Hohenberg 
equation (CSHE), the response of spectral filter is much 
affected and depends on three parameters with γ2 positive. 
This situation gives a spectral response with two distinct 
maximums. In this work we will carefully investigate this 
situation where γ2 is nonzero. 

The parameter values are chosen according to that the 
width and height of the two spectral responses are not too 
different. However, as the spectral response is different, it 
goes without saying that the (2D) two-dimensional 
dissipative soliton in both case are different profiles for 
the same value of the cubic gain 𝜀. 

2.2. Stability Study  
Our study, really, is to examine the stationary soliton of 

the 2D complex Swift-Hohenberg equation by semi-
analytical approach, as far as we knew this has not been 
done previously. More specifically, our major goal is to 
provide an approximate mapping of the regions of existence 
of stable and unstable solutions in the parameter space of 
the equation (1), as we have done previously with the 3D 
complex Cubic-quintic Ginzburg-Landau equation one [13]. 

To achieve this goal, we use the collective variable 
approach, which helps to simplify the characterization of 
the pulse by use of a low dimensional equivalent 
mechanical system based on a finite number of degrees of 
freedom. Each degree of freedom can then be described by 
means of a coordinate called the collective variable. 
Indeed, the propagation of the pulse describes not only the 
pulse as a collective entity (localized in time and space) 
but also all other localized or non-localized excitations, 
such as noise or radiation, which are always more or less 
present in the real system. For a better understanding of 
these dynamic processes, it is important to develop 
analytical approaches to help to bring the dynamics of the 
pulse to that of a simple mechanical system with only a 
small number of degree of freedom. 

The mean idea in the collective variable approach is to 
associate collective variables with the pulse’s parameters 
of interest for which equations of motion may be derived. 
One may introduce 𝑁  collective variables, 𝑧  dependent; 
say 𝑋𝑖 with𝑖 = 1, 2, . . ,𝑁, in a way such that each of them 
can correctly describe a fundamental parameter of the 
pulse (amplitude, width, chirp …) [15,28]. To this end, 
one can decompose the field 𝜓(𝑥,𝑦, 𝑡, 𝑧) in the following way: 

 ( ) ( ) ( )1 2, , , , , ,nr t z f x x x t q z tψ = … +  (3) 

where 𝑓 the ansatz function is a function of the collective 
variables and is chosen to draw, at best, the configuration 
of the pulse. And 𝑞(𝑧, 𝑡) is a residual field that represents 
all other excitations in the system (noise, radiation, dressing 
field, etc.) [15]. The choice of the trial function that introduces 
the collective variables in the theory is important for the 
success of the technique. After choosing the ansatz function 
one can pursue the process of characterization of the pulse 
by neglecting the residual field. This approximation is 
called the bare approximation [15]. In this way one can 
consider the fact that the pulse propagation can be 
completely characterized that the ansatz function. 

By neglecting the residual field ( 𝑞 = 0 ) the bare 
approximation, as is the case in most practical studies [10], 
we chose a Gaussian function as ansatz function that is 
given by the following: 

 
2 2

2 2
2 2 .

2 2t r
t r

t r i if Aexp c t c r ip
w w

 
= − − + + +  

 
 (4) 

So, here we are assuming that all the pulses are purely 
Gaussian with spatial and temporal chirp and do not 
consider other forms of pulses. 

In such case, the field is necessarily 𝜓(𝑟, 𝑡, 𝑧) = 𝑓, with 
𝑡, 𝑟 the spatial and temporal variables along 𝑡 and 𝑟 axis 
respectively. 𝐴 ,  𝑤𝑡 , 𝑤𝑟 ,  𝑐𝑡 ,  𝑐𝑟 , and 𝑝  represents the 
collective variables. Stands for soliton amplitude, √2𝑙𝑛2 𝑤𝑡 
and  √2𝑙𝑛2 𝑤𝑟  represent the temporal and spatial widths 
respectively. 𝑐𝑡/(2𝜋) is the parameter of the chirp along 𝑡 
axis, 𝑐𝑟/(2𝜋) the parameter of the spatial chirp and 𝑝 is 
the global phase that evolves along with propagation. 
When a stationary regime is reached, the phase becomes a 
linear function of the propagation distance 𝑧. 

After this choice of the ansatz function, variational 
analysis could be carried out by neglecting the residual 
field (the bare approximation). Applying the bare 
approximation to the 2D CSHE, consists in substituting 
the field 𝝍  by the given trial function 𝒇  (𝝍 = 𝒇)  and 
projecting the resulting equations in the following direction: 
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A jet of six differential equations which govern the 
evolution of the optical pulse parameters propagating in 
space and time is obtained: 
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It is important to point out that these equations give no 
explicit information with regard to the different solutions 
of the equation CSHE (1) and their stability. Thereby, they 
give us the first idea on the dynamic of the light pulse. 
They simply reveal in detail the influence of each equation 
CSHE (1) parameters on the various physical parameters 
of the soliton. 

Thus, one’s can clearly see that spectral filter 
coefficients (𝛽 and 𝛾2) affect the amplitude of the pulse, 
its temporal width, temporal chirp and the global phase. 
However, these parameters have no formal effect on the 
spatial variables. The temporal (𝑤𝑡 ) and spatial widths (𝑤𝑟) 
also depend on the nonlinear gain (𝜀) and its saturation (𝜇). 
As expected, the terms of spectral filtering coefficients (𝛽 
and 𝛾2) and dispersion term (𝐷) affect the temporal width 
and have no action on the radial component. 

Similarly, the spatial 𝑐𝑟 and temporal 𝑐𝑡 chirp parameters 
are influenced in the same way by the Kerr term saturation 
of the optical nonlinearity (ν), but the temporal term is 
also affected by the terms of spectral filtering coefficients 
(𝛽  and  𝛾2 ) and dispersion term  (𝐷) . Finally, not any 
parameters of the soliton are influenced by (𝑝), the global 
phase, but are governed by the second order spectral filter 
term (𝛾2). 

In this way, the equation of propagation of the optical 
wave is transformed into a system of differential equations, 
describing the evolution of the physical parameters of the 
pulse (amplitude, width...) during the propagation.  

This approach provides the basic parameters of the 
fixed points, and a mapping of different types of solutions, 
thereby reducing by several orders of magnitude the 
volume of calculation required usually. 

The fixed points (FPs) of the system are found by 
imposing the left-hand side of equation (5) to be zero 
(�̇� = 0 with 𝑋  =  𝐴 , 𝑤𝑡 , 𝑤𝑟 , 𝑐𝑡 , 𝑐𝑟 , 𝑝). The threshold of 
existence of FPs can be estimated by the relation  𝜀𝑠 ≈
2�𝛿𝜇 . If 𝜀 > 𝜀𝑠 , we have in general both stable and 
unstable fixed points.  

The stability of FPs is determined by the analysis of the 
eigenvalues 𝜆𝑗  (𝑗  =  𝐴 , 𝑤𝑡 , 𝑤𝑟  ,  𝑐𝑡 ,  𝑐𝑟 , 𝑝 ) of the matrix 
𝑀𝑖𝑗 = 𝜕�̇�𝑖/𝜕𝑥𝑗. 

The stability criterion is as follows: if the real part of at 
least one of the eigenvalues is positive, the corresponding 
FP is unstable. Hence, to have stable FP, the real parts of 
all the eigenvalues of the matrix 𝑀𝑖𝑗 must be negative. 

The stable fixed points correspond to stationary 
solutions of the 2D complex Swift-Hohenberg equation (1). 

In addition, the fundamental parameter which helps to 
control the state of the solution and study its stability is 
the total energy Q given by the following equation: 

 ( ) ( ) 2

0
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For the dissipative system, the total energy gives us the 
main information about the soliton dynamics. It’s not 
conserved but evolves in accordance with the so-called 
balance equation. When a stationary solution is reached, 
the total energy converges to a constant value. However, 
the soliton, is a pulsating one, the total energy is an 
oscillating function of z. And finally, when we have 
unstable solutions, energy tends to infinity. 

2.3. (2D) CSHE Stationary Dissipative Soliton 
The stationary solutions of the 2D complex Swift-

Hohenberg equation exist in finite regions in the 
parameter space. Nevertheless, it would be extremely 
difficult to map in extensor these regions in the all 
dimensional parameter in which we operate. For this 
raison, we restrict ourselves to fix all the parameters 
except for two which vary. By setting key parameters and 
by individually varying the nonlinear gain (𝜀)  and the 
Kerr term saturation of the optical nonlinearity (ν), we 
have revealed in the (𝜈, 𝜀) plane, the stationary solution of 
the 2D complex Swift-Hohenberg equation. By 
investigating the parameter regions situated in the 
neighbourhood of the parameters 𝐷 = 𝛾 = 1, 𝛽 = −0.3, 
𝛿 = −0.5, 𝜇 = −0.1 and  𝛾2 = 0.05, with an initial pulse 
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and by individually varying 𝝂 from -0.3 to -0.16 and 𝜺 
from 0.49 to 0.57, so for each value pair (𝝂, 𝜺)  the 
Newton-Raphson allows to look for the fixed point and we 
study its stability. Thus one’s can easily realize the 
cartography of the solution of the equation (1). Figure 1 
shows the mapping of the solutions for the range of 
selected values. The dotted lines correspond to the fixed 
points which represent the stationary solution of the 2D 
complex Swift-Hohenberg equation. It can be noticed that 
this stability area is very narrow with low value of the 
nonlinear gain(𝜺), therefore highly sensitive. That implies 
that a small change 𝜺 of can have a real impact on the 
system. Thus, all the solitons parameters (amplitude, 
width, chirp...) stay stationary throughout propagation. 
The total energy of the system also has the same dynamic 
which does not change at all, during propagation for these 
values considered. Besides the stationary domain, we have 
instable fixed points which can be dived in two categories: 
the limit-cycle attractor and the instable solutions. Here, 
our main interest is to study the dynamic of the pulse in 
the dotted line domain. 

 
Figure 2. cartography of the solutions of the 2D complex Swift-
Hohenberg equation in the (𝝂,𝜺) plane. The stable fixed points regions 
in dotted lines represents the domain of stationary solitons of the 
equation. Other CSHE parameters appear inside the figure 

This first analysis shows that the 2D complex Swift-
Hohenberg equation stationary solutions exist in the space 
of selected parameters. In this way, it is more revealing to 
map the area of stability in space of the spectral filters 
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namely in the (𝛽,  𝛾2) plane. For this, the star point (see 
Figure 2) in the stability domain of the Figure 2 
corresponding to 𝜈 = −0.22 and 𝜀 = 0.524 is considered. 
From this point, the stable solutions in (𝛽,  𝛾2) plane for 
the selected values 𝜈, 𝛿, 𝛾, 𝐷, 𝜇 and 𝜀 are maped. 

The Figure 3 summarizes this result. The dotted lines 
represent the stationary solutions. As will be seen from 
this cartography, the stationary solutions of the 2D 
complex Swift-Hohenberg equation exist for both positive 
and negative values of  𝛾2; the same holds true for 𝛽. This 
stability domain is wide with sensitive value of 𝛾2. 

This first interesting results illustrate that the stationary 
dissipative solutions of the 2D complex Swift-Hohenberg 
equation can be found for any signs of the parameters 𝛽 
and  𝛾2 . Based on those results, the dynamics of the 
dissipative soliton depending on the signs of spectral filter 
and its high-order term (same signs or opposite signs) are 
carefully examined. 

Accordingly, four points marked with a star, a circle, a 
square and a triangle are chosen (Figure 3). 

 
Figure 3. cartography of the solutions of the 2D complex Swift-
Hohenberg equation in the (𝜷,  𝜸𝟐) plane. The stable fixed points regions 
in dotted lines represents the domain of stationary solitons of the 
equation. Other CSHE parameters appear inside the figure 

 
Figure 4. (up) evolution of the total pulse energy of the stationary dissipative soliton, and (below) the spectral filter response in case 𝜷 < 0 and  𝜸𝟐 > 0 

The star in the figure corresponds to the case where 
these parameters are of opposite signs [𝛽 = −0.3 (negative) 
and  𝛾2 = 0.05 (positive)]. The characteristics of such a 
pulse are represented by the Figure 4. The transfer 
function of the spectral filtering of that stationary soliton 
with 𝛽  positive and  𝛾2  negative has two maxima. The 
total energy of that soliton after a short oscillation remains 
constant over long distances. This dynamic characterizes a 
stationary solution. 

When the spectral filtering and its high-order term are 
of the same negative signs [ 𝛽 = −0.3  (negative) and 
 𝛾2 = −0.05 (positive)] represented by a circle in Figure 3, 
the transfer function also has two maxima at its ends but 
with no central pulse. So these solutions do not have the 
same profile and features as in the situation described 
previously. The solution is still stationary as shown by the 
evolution of the total energy, but has less energy than the 
previous one due to the value of 𝛾2. This situation is well 
summarized in Figure 5. 

 
Figure 5. (up) evolution of the total pulse energy of the stationary dissipative soliton, and (below) the spectral filter response in case 𝜷 < 0 and  𝜸𝟐 < 0 

In case where the spectral filtering and its high-order 
term are of the same positive signs [𝛽 = 0.05 (positive) 
and  𝛾2 = 0.05  (positive)] represented by a square in 
Figure 3 the transfer function has only a single maximum. 
The soliton dynamic is not changed; it is still stationary 
but has energy much lower than that of the first two cases 
treated. The Figure 6 draws these behaviours.  

The last case studied corresponds to the scenario where 
the spectral filtering and its high-order term are of 
opposite signs [ 𝛽 = 0.02  (positive) and  𝛾2 = −0.03 
(negative)] represented by a triangle in Figure 3. Here, the 
transfer function of the spectral filtering of the pulse 
shown in Figure 7 has the same behaviour as that of the 
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circle. The optical soliton has the same dynamic as the previous case, but with even lower energy. 

 
Figure 6. (up) evolution of the total pulse energy of the stationary dissipative soliton, and (below) the spectral filter response in case 𝜷 > 0 and  𝜸𝟐 > 0 

 
Figure 7. (up) evolution of the total pulse energy of the stationary dissipative soliton, and (below) the spectral filter response in case 𝜷 > 0 and  𝜸𝟐 < 0 

It appears from the different scenarios studied that the 
spectral filtering and its high-order term parameters (𝛽 
and  𝛾2 ) have a great influence on the dynamics of the 
spectral response. It is certainly true that if stationary 
solutions regardless the signs of 𝛽  and  𝛾2  are obtained, 
they have a real impact on the spectral response of the 
pulse. 

So when the high-order term is greater than zero 
( 𝛾2 > 0) and no matter the sign of the spectral filtering, 
the spectral response has one or two distinct maxima. 

However, in the scenario where the high-order term is 
less than zero ( 𝛾2 < 0) the spectral response has the same 
behavior with zero central pulse for any signs of 𝛽. 

These results clearly show that in the cases of 
experimental; the choices of the spectral filtering and its 
high-order term (𝛽 and 𝛾2) are very crucial according to 
the shape of the spectrum. 

3. Conclusion 
At the end of our study, we have demonstrated, for the 

first time to our knowledge, the stationary dissipative 
solutions of the 2D complex Swift-Hohenberg equation 
with our collective variable approach. Particularly, the 
regions of existence of stationary dissipative soliton in the 
(𝜈, 𝜀)  and  (𝛽,  𝛾2)  planes are shown. It has been also 
shown that the validity of these studies is based on a 
careful selection of the ansatz function. 

Our results reveal the essential character of the spectral 
filtering and its high-order term parameters (𝛽  and  𝛾2 ). 
Our study shows that it is possible to observe the 
stationary dissipative solutions of the 2D complex Swift-
Hohenberg equation, whatever the signs of 𝛽  and  𝛾2 . It 
has been also shown that theses parameters have a real 
impact on the spectral response. 

The collective variable approach is very efficient to 
obtain stable stationary solutions when a suitable trial 
function is chosen. This technique is incomparably 
quicker than direct numerical computations. 

This work can be extensive and we are confident that 
these applications will numerous in the fields of physics, 
chemistry and biology as described by the complex Swift-
Hohenberg equation. 
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1. Preface 
It has always been my desire to better understand 

gravitation. And ever since (that is always) the similarities 
but also the differences between the gravitation and the 
electric force were clear to me. Now, after many years of 
hard work it turns out that gravitation is an electric effect. 
It appears that the task was to better understand the 
qualities of the electric charges and their forces. 

It all started with a more exact analysis of magnetism. It 
turns out that the magnetic field can be represented as an 
angled electric field if the electric force is velocity-
dependent and if, in addition, the electric anti-field exists. 
These two prerequisites can be regarded as two new 
qualities of the electric field (which I will describe in this 
work here in detail). All previous cognitions on 
electrodynamics stay untouched with it, which explains 
why these two qualities haven't stood out yet. However, 
due to these two new qualities we get new insights on 
electrodynamics, such as on the origin of magnetism. 
Therefore, they complete our picture of the 
electrodynamics. 

At next, I have applied the two new qualities to 
gravitation and it turns out that gravitation is an electric 
effect if the energy transfer of the electric field to an 
electric charge is quantized. This last-named prerequisite 
is another quality of the electric field which fits in without 
problems and which further completes our picture. 

Then, I wanted to go to the origins of the three new 
qualities of the electric field, which took me to the early 
quantum mechanics. It turns out that the electric charge 

can be represented as a spacetime wave, in which its 
frequency corresponds to its mass. From this 
representation of the electric charge the three new 
qualities of the electric field can wonderfully be derived 
and used. For example, the deBroglie wavelength can be 
calculated very simply with the help of the anti-field. 

About the sectioning: This work consists of three parts: 
1. On magnetism, 2. On gravitation, and 3. On 
quantization. Every part contains an introduction of its 
own and a closing remark of its own. In addition, there 
also is a general preface (this is this here), and, quite near 
to the end, a general conclusion. 

2. Part 1: Magnetism as an  
Electric Angle-effect 

2.1. Introduction to Part 1 / Motivation 
The magnetic force really is fascinating: Whenever an 

electric charge has a velocity, a magnetic field arises, 
which is both perpendicular to this velocity and 
perpendicular to the electric field of this charge. And 
whenever a charged particle has a velocity perpendicular 
to a magnetic field, a magnetic force arises, which is both 
perpendicular to this velocity and perpendicular to the 
magnetic field. 

Both the source of the magnetic field and the charged 
particle on which the magnetic field exerts the force have 
to be in motion. And the magnetic force is always 
perpendicular to the velocity of the charge on which the 
magnetic field has an effect. 
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This law on magnetism had been discovered soon, and 
as soon as that a problem was discovered: by changing 
into a reference system in which the source or the receiver 
(that is the charged particle on which the magnetic field 
has an effect) doesn't move the magnetic force disappears, 
of course. But a force cannot simply disappear. Einstein 
finally could solve the problem in a brilliant way by 
showing that not only the magnetic force but also the 
electric force depends on the reference system [1]. In his 
solution he famously postulated that the speed of light is 
equal for all inertial observers, or reference systems, 
which means that space and time are relative. 

So, it was understood when a magnetic force arises - 
that is, whenever an electric charge is moving (both the 
one which produces the magnetic field and the one on 
which the magnetic field has an effect). But, how is the 
magnetic force actually being created? How is this 
phenomenon created? In which way does a magnetic force 
arise, when an electric charge is moving? This is still 
unknown. Einstein also had regarded the magnetic force 
simply as given. 

Well, I think, I can explain, how the magnetic force is 
being created. 

To be able to show how the magnetic force arises I will 
define two new qualities for the electric field. As the first 
quality, I will introduce the velocity-dependence of the 
electric force. This quality is valid exclusively under 
consideration of the second quality: the anti-field. 
Therefore, I then introduce the anti-field as the second 
quality. Finally, I show how the magnetic force results and 
can be calculated from these two qualities. 

2.2. Velocity-Dependence of the Electric 
Force 

I will now describe the first of the two qualities of the 
electric field: the velocity-dependence of the electric force 
which is, as said already, valid exclusively under 
consideration of the second quality (the anti-field). 

The electric field always propagates (in a classical 
vacuum) with the speed of light 𝑐𝑐. And while the electric 
field propagates with the speed of light, it exerts an 
electric force on electric charges. So, one can come to the 
assumption that the electric force is directly connected to 
the velocity with which the electric field moves relative to 
an electric charge. The relative velocity between an 
electric field and the electric charge on which the field 
exerts a force (I call this charge receiver) corresponds to 
the vector addition of the speed of light 𝑐𝑐 with the velocity 
𝑣𝑣𝑅𝑅����⃗  of this charge. Therefore, the force of an electric field 
on a charge changes by the velocity of this charge. But, 
though, the force shall be all the grater the grater the 
velocity of the charge is relative to the field. Therefore the 
velocity of the receiver 𝑣𝑣𝑅𝑅����⃗  must be subtracted from the 
speed of light 𝑐𝑐 of the field. Therefore, the force arises by 
(𝑐𝑐 − 𝑣𝑣𝑅𝑅����⃗ ). 

So, the force of an electric field on a charge (a receiver) 
changes by the velocity 𝑣𝑣𝑅𝑅����⃗  of this charge (this receiver). 
This means that an additional force, which is proportional 
to the velocity 𝑣𝑣𝑅𝑅����⃗  of the receiver, arises. This becomes 
particularly clear if the 𝑣𝑣𝑅𝑅����⃗  is perpendicular to the speed of 
light 𝑐𝑐 of the field. 

In an analogous way the force of the field also changes 
if the source of the field has the velocity 𝑣𝑣𝑆𝑆���⃗ . 

The field of a motionless charge also moves with the 
speed of light relative to its source,of course. If the source 
has the velocity 𝑣𝑣𝑆𝑆���⃗ , then the force of the field results by 
the vector addition of 𝑣𝑣𝑆𝑆���⃗  and 𝑐𝑐. But differently as at the 𝑣𝑣𝑅𝑅����⃗ , 
here the strength of the field shall be all the grater the 
smaller the velocity 𝑣𝑣𝑆𝑆���⃗  of the source is relative to the field. 

The 𝑣𝑣𝑆𝑆���⃗ , too, can be perpendicular to the speed of light 
𝑐𝑐of its field. So, an arbitrary 𝑣𝑣𝑆𝑆���⃗  can be decomposed into 
one component parallel to the speed of light of the field 
(this is 𝑣𝑣𝑆𝑆∥�����⃗ ), and one component perpendicular to the 
speed of light of the field (this is 𝑣𝑣𝑆𝑆⊥������⃗ ). The 𝑣𝑣𝑆𝑆∥�����⃗  must be 
added to 𝑐𝑐 so that the strength of the field is all the grater 
the smaller 𝑣𝑣𝑆𝑆���⃗  is. Whereas for the 𝑣𝑣𝑆𝑆⊥������⃗  it is as for the 𝑣𝑣𝑅𝑅����⃗ , 
which means that the 𝑣𝑣𝑆𝑆⊥������⃗  is to be subtracted from the 𝑐𝑐. 
So, the correct and complete change of the strength of the 
field, which yields by the 𝑣𝑣𝑆𝑆���⃗ , corresponds to the vector: 
(𝑐𝑐 + (𝑣𝑣𝑆𝑆∥�����⃗ − 𝑣𝑣𝑆𝑆⊥������⃗ )). 

It is as if the 𝑣𝑣𝑆𝑆���⃗  would be mirrored. Therefore, instead 
of the 𝑣𝑣𝑆𝑆���⃗  the mirrored 𝑣𝑣𝑆𝑆���⃗  is used for the calculation of the 
strength of the field, that is the ∣ 𝑣𝑣𝑆𝑆���⃗ = 𝑣𝑣𝑆𝑆∥�����⃗ − 𝑣𝑣𝑆𝑆⊥������⃗ . 

Therefore, the strength of the field arises from the 
vector (𝑐𝑐+∣ 𝑣𝑣𝑆𝑆���⃗ ). 

Of course, the velocity with which the field propagates 
doesn't change due to ∣ 𝑣𝑣𝑆𝑆���⃗ . But the strength of the field 
changes. In addition, the direction of the force of the field 
also changes, without changing the direction in which the 
field propagates. This means that the ∣ 𝑣𝑣𝑆𝑆���⃗  causes an angle 
𝜑𝜑 between the direction in which the field propagates and 
the direction of the force of the field. This angle is 
calculated by: tan(𝜑𝜑) = −𝑣𝑣𝑆𝑆⊥

∣𝑐𝑐+𝑣𝑣𝑆𝑆∥������⃗ ∣
 (see Figure 2.1). 

 
Figure 2.1. 

If the strength and direction of the field change by the 
velocity ∣ 𝑣𝑣𝑆𝑆���⃗  of the source, then, naturally, the strength of 
the force, which results by 𝑣𝑣𝑅𝑅����⃗ , will also change in a 
proportional way. 

The change of the strength of the field arises from ∣ 𝑣𝑣𝑆𝑆���⃗ . 
However, the field still propagates with the speed of light 
( 𝑐𝑐 ). This means that the force which arises from 𝑣𝑣𝑅𝑅����⃗  
regarding the speed of light 𝑐𝑐  of the field will be 
proportional to that force, which arises by 𝑣𝑣𝑅𝑅����⃗  regarding 
the ∣ 𝑣𝑣𝑆𝑆���⃗ . From this proportionality we can derive, how 
grate the influence of the ∣ 𝑣𝑣𝑆𝑆���⃗  is on the force. If we name 
the part, which the ∣ 𝑣𝑣𝑆𝑆���⃗  has on the force which arises by 
𝑣𝑣𝑅𝑅����⃗ , 𝑣𝑣𝑆𝑆𝑅𝑅������⃗  then we get: 𝑣𝑣𝑆𝑆𝑅𝑅

∣𝑣𝑣𝑆𝑆
= −𝑣𝑣𝑅𝑅

𝑐𝑐
 (see Figure 2.2). 

 
Figure 2.2. 
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We recognize here, in addition, that the force which 
arises from a 𝑣𝑣𝑅𝑅����⃗  is turned by the angle 𝜑𝜑 in respect to −𝑣𝑣𝑅𝑅����⃗ . 
This is always that way, because the 𝑣𝑣𝑅𝑅����⃗  always produces 
its own force, which, independently of the direction of the 
𝑣𝑣𝑅𝑅����⃗  relative to the field, is always proportional to the 
strength of the field. The force which arises from 𝑣𝑣𝑅𝑅����⃗  is: 
−𝑣𝑣𝑅𝑅����⃗ + 𝑣𝑣𝑆𝑆𝑅𝑅������⃗ , as it can be seen at Figure 2.2. 

Before I come to the calculations of the forces it is 
necessary to introduce the second quality of the electric 
field, that is the anti-field, because without taking the anti-
field into account the velocity-dependence of the electric 
force doesn't make sense. 

2.3. The Anti-field 
A velocity-dependence of the electric force, as I have 

described in the previous chapter, has never been observed 
in any experiment. This is due to the second quality which 
I would like to introduce here for the electric field: the 
anti-field. Due to the anti-field, all the electric qualities, 
known from the experiments, remain valid, while at the 
same time the combination of the velocity-dependence of 
the electric force with the anti-field automatically yields 
the magnetic force. 

So, what is the anti-field? The anti-field is a field which 
always appears then when a field exerts a force on a 
charge. It resembles a reflection; this shall mean that the 
anti-field always propagates exactly in the opposite 
direction to the field. The anti-field always appears only 
when the field interacts with a charge. But, taken exactly, 
the field, too, can bee observed only when it interacts with 
a charge. Of the field one assumes in principle that it 
always exists. I make the same acceptance for the anti-
field now. The anti-field shall always exist, too. In this 

sense one then cannot regard the anti-field as a reflection 
either. Here, the anti-field would rather be a field of its 
own which always appears together with the field. The 
anti-field is, just as the field, a quality of space. Both 
qualities, the one of the field and the one of the anti-field, 
always appear together. I am sure that there is a 
connection between the anti-field and the anti-particles or 
the anti-matter [2]. However, the exact connections on this 
are still not quite clear to me - but, though, an interesting 
connection on this yields in part 3 of this work. 

In any case, the anti-field is just as real as the field. This 
means that it exerts an electric force on an electric charge, 
exactly as the field does. So, the electric force on a charge 
always consists of the force of the field plus the force of 
the anti-field. And although the anti-field always 
propagates exactly in the opposite direction to the field, 
the force of the anti-field (on a charge) still always has the 
same sign as the force of the field (on the same charge). 
Therefore, if the force, which arises from the speed of 
light of the field 𝑐𝑐+ (I mark the speed of light of the field 
with a high-ranking "+"), is positive, then the force, which 
arises from the speed of light of the anti-field −𝑐𝑐− (I mark 
the speed of light of the anti-field with a high-ranking "-"), 
must be positive, too. But since it always is 𝑐𝑐+ = −𝑐𝑐−, the 
force of the anti-field must be multiplied with -1. 

One can say that the anti-field behaves exactly 
oppositely to the field. 

At the force of the field the velocity of the source ∣ 𝑣𝑣𝑆𝑆���⃗  
must be taken into account. At the anti-field this is exactly 
the same. But, however, at the anti-field the force must be 
multiplied with -1, therefore the strength of the anti-field 
arises from the vector: −(𝑐𝑐−+∣ 𝑣𝑣𝑆𝑆���⃗ ) = (𝑐𝑐+−∣ 𝑣𝑣𝑆𝑆���⃗ )  (see 
Figure 2.3). 

 
Figure 2.3. 

So we see, that the anti-field changes by −∣ 𝑣𝑣𝑆𝑆���⃗  (while 
the field changes by +∣ 𝑣𝑣𝑆𝑆���⃗ ). 

The angle 𝜑𝜑−  which results from ∣ 𝑣𝑣𝑆𝑆���⃗  between the 
direction in which the anti-field propagates and the 
direction of the force of the anti-field is calculated by: 
tan(𝜑𝜑−) = −(−𝑣𝑣𝑆𝑆⊥ )

∣𝑐𝑐+(−𝑣𝑣𝑆𝑆∥������⃗ )∣
 (in Figure 2.3 the angle for the field 

is correspondingly: 𝜑𝜑+). 
If the strength and direction of the anti-field change by 

the velocity ∣ 𝑣𝑣𝑆𝑆���⃗  of the source, then the strength of the 
force, which arises from 𝑣𝑣𝑅𝑅����⃗  regarding the anti-field, will 
also change in a proportional way, of course. 

The 𝑣𝑣𝑅𝑅����⃗  produces a force at the-anti field which is 
opposite to the force which it produces at the field. At the 
same time, however, the anti-field propagates in the 
opposite direction to the field. This then would turn back 

the direction of the force which arises by 𝑣𝑣𝑅𝑅����⃗ . But since, in 
addition, it must be multiplied with -1, the force of the 𝑣𝑣𝑅𝑅����⃗  
which arises from the anti-field remains exactly opposite 
to the force which arises from the field. 

The part which the ∣ 𝑣𝑣𝑆𝑆���⃗  has of the force, which arises at 
the anti-field by the 𝑣𝑣𝑅𝑅����⃗ , results from the −∣ 𝑣𝑣𝑆𝑆���⃗ , of course. 
The −𝑣𝑣𝑆𝑆∥�����⃗  (of the −∣ 𝑣𝑣𝑆𝑆���⃗ ) is opposite to +𝑣𝑣𝑆𝑆∥�����⃗ . This would 
mean that the force which arises from the 𝑣𝑣𝑅𝑅����⃗  in the 
direction of the 𝑣𝑣𝑆𝑆∥�����⃗  at the anti-field is turned back, so that 
it would have the same direction as the force at the field. 
But, here too, it must be multiplied with -1 again, so that 
the force which arises by the 𝑣𝑣𝑅𝑅����⃗  in the direction of the 𝑣𝑣𝑆𝑆∥�����⃗  
at the anti-field is opposite to the force at the field. For the 
force, which arises by the 𝑣𝑣𝑅𝑅����⃗  in the direction of the 
−(−𝑣𝑣𝑆𝑆⊥������⃗ ) (of the −∣ 𝑣𝑣𝑆𝑆���⃗ ), the −(−𝑣𝑣𝑆𝑆⊥������⃗ ) must be multiplied 
with -1. 
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If we name the part which the ∣ 𝑣𝑣𝑆𝑆���⃗  has on the force, 
which arises from 𝑣𝑣𝑅𝑅����⃗  regarding the anti-field, �⃗�𝑣−𝑆𝑆𝑅𝑅  (and 
that one of the field then correspondingly �⃗�𝑣∓𝑆𝑆𝑅𝑅 ), then the 
force which arises from 𝑣𝑣𝑅𝑅����⃗  at the anti-field is: +𝑣𝑣𝑅𝑅����⃗ +
�⃗�𝑣−𝑆𝑆𝑅𝑅 . Therefore, at the anti-field the force arises by the 
+𝑣𝑣𝑅𝑅����⃗ , while at the field it arises by the −𝑣𝑣𝑅𝑅����⃗ . This also can 
be recognized because of 𝑐𝑐+ = −𝑐𝑐− . Formulated 
differently: by the 𝑣𝑣𝑅𝑅����⃗  the force of the anti-field (which 
arises from −(𝑐𝑐−+∣ 𝑣𝑣𝑆𝑆���⃗ ) ) changes in an exactly opposite 

way to the force of the field (which arises from (𝑐𝑐++∣ 𝑣𝑣𝑆𝑆���⃗ ), 
see Figure 2.3). 

As in the case of the field, the force at the anti-field, 
which arises from 𝑣𝑣𝑅𝑅����⃗  regarding the speed of light 𝑐𝑐−  of 
the anti-field, also is proportional to the force which arises 
by the 𝑣𝑣𝑅𝑅����⃗  regarding the ∣ 𝑣𝑣𝑆𝑆���⃗ . Here we have to paid 
attention particularly to the signs. So the proportionality 
which is valid is: 𝑣𝑣−𝑆𝑆𝑅𝑅

∣−𝑣𝑣𝑆𝑆∥������⃗ −𝑣𝑣𝑆𝑆⊥��������⃗ ∣
= 𝑣𝑣𝑅𝑅

𝑐𝑐−
 (see Figure 2.4). 

 
Figure 2.4. 

The force which an arbitrary 𝑣𝑣𝑅𝑅����⃗  produces at the anti-
field always has the angle tan(𝜑𝜑) = −𝑣𝑣𝑆𝑆⊥

∣𝑐𝑐−+(−𝑣𝑣𝑆𝑆∥������⃗ )∣
to +𝑣𝑣𝑅𝑅����⃗ . 

This corresponds to the magnitude of the angle 𝜑𝜑+. 
I think, that it has got clear what the anti-field is. 

Somehow difficult maybe here the idea that the anti-field 
always propagates towards its source. This has always to 
be taken into account in all considerations. It is easier to 
understand this connection if one considers that, in the end, 
both the electric field and the electric anti-field are 
qualities of the spacetime. This will get even clearer in 
part 3 of this work. 

I think, that the anti-field is more than only a theoretical 
construct. I think, that the anti-field is exactly as real as 
the electric field. But, though, since both always appear 
together, it will be hard to observe them separated - I will 
say more about that in part 2 of this work, in which I treat 
gravitation. Both fields - the field and the anti-field - 
always act together and yield in the sum the forces which 
we know as electric and magnetic forces. 

I cannot prove the existence of the anti-field. But I 
think that the results, which I show in this work, speak for 
themselves. Particularly in part 3 of this work, where I 
carry out the quantum mechanical considerations to part 1 
and part 2, there are strong indications in favour of the 
existence of the anti-field. 

2.4. Calculation of the Magnetic Force 
Now, with the help of the two qualities of the electric 

force just described, I will derive the magnetic force. 
To simplify the representations in the further course, it 

is helpful to look at the electrostatic case: The electrostatic 
force between two charges is calculated by Coulombs law: 
𝐹𝐹𝑆𝑆 = 𝑞𝑞1⋅𝑞𝑞2

𝑟𝑟2⋅𝜀𝜀0 ⋅4⋅𝜋𝜋
 in which 𝑞𝑞1  and 𝑞𝑞2  are the electric charges, 

𝑟𝑟 is the distance between them, and 𝜀𝜀0  is the electric 
constant in the vacuum [3]. 

Now the electric force shall be dependent on the 
relative velocity between the field or the anti-field and the 
charge. In the electrostatic case ( 𝑣𝑣𝑆𝑆���⃗ = 𝑣𝑣𝑅𝑅����⃗ = 0 ), the 
relative velocity between the field or the anti-field and the 
charge is always the speed of light, these are 𝑐𝑐+ and 𝑐𝑐−. 
Thus, the electrostatic force for the field can be represented 
as: 𝐹𝐹𝐸𝐸����⃗ = 1

2
⋅ 𝑞𝑞1⋅𝑞𝑞2
𝑟𝑟2⋅𝜀𝜀0 ⋅4⋅𝜋𝜋

⋅ 𝑐𝑐
+

∣𝑐𝑐∣
= 𝐹𝐹𝑐𝑐 ⋅ 𝑐𝑐+  with 𝐹𝐹𝑐𝑐 = 1

2
⋅ 𝑞𝑞1⋅𝑞𝑞2
𝑟𝑟2⋅𝜀𝜀0 ⋅4⋅𝜋𝜋⋅∣𝑐𝑐∣

. 

The factor ½ arises because the actual (real) electric force 
results respectively half from the field and half from the 
anti-field. And for the anti-field it is: 𝐹𝐹𝐸𝐸����⃗ = −𝐹𝐹𝑐𝑐 ⋅ 𝑐𝑐−. Thus, 
the sum of the field and anti-field is: 𝐹𝐹𝐸𝐸����⃗ = 𝐹𝐹𝑐𝑐 ⋅ 𝑐𝑐+ − 𝐹𝐹𝑐𝑐 ⋅
𝑐𝑐− = 2 ⋅ 𝐹𝐹𝑐𝑐 ⋅ 𝑐𝑐+. 

So, for the calculation of the strength of the field one uses 
for the electric force 𝐹𝐹𝑆𝑆: 𝐹𝐹𝑆𝑆���⃗ = 𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐++∣ 𝑣𝑣𝑆𝑆���⃗ ) − 𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐−+∣
𝑣𝑣𝑆𝑆���⃗ ) = 2 ⋅ 𝐹𝐹𝑐𝑐 ⋅ 𝑐𝑐+ , with 𝐹𝐹𝑐𝑐 = 1

2
⋅ 𝑞𝑞𝑆𝑆 ⋅𝑞𝑞𝑃𝑃
𝑟𝑟2⋅𝜀𝜀0 ⋅4⋅𝜋𝜋⋅∣𝑐𝑐∣

, where 𝑞𝑞𝑃𝑃  is a 
small test charge (probe) and 𝑞𝑞𝑆𝑆  is the charge of the source. 

For the force of the field or anti-field on a motionless 
receiver ( 𝑣𝑣𝑅𝑅����⃗ = 0 ) one simply would replace the test 
charge (𝑞𝑞𝑃𝑃) by the charge of the receiver (𝑞𝑞𝑅𝑅). 

One recognises here very well that the sum of the forces 
of the field and the anti-field on a motionless receiver 
(𝑣𝑣𝑅𝑅����⃗ = 0) is independent from ∣ 𝑣𝑣𝑆𝑆���⃗ . 

If the receiver moves with the velocity 𝑣𝑣𝑅𝑅����⃗ ≠ 0, then 
there is, in addition to the force which is exerted on the 
motionless receiver, the force from the 𝑣𝑣𝑅𝑅����⃗ . 

The additional force which results from the 𝑣𝑣𝑅𝑅����⃗  by the 
field plus the anti-field is: 𝐹𝐹𝑅𝑅����⃗ = 𝐹𝐹𝑐𝑐 ⋅ 𝑣𝑣𝑅𝑅����⃗ − 𝐹𝐹𝑐𝑐 ⋅ 𝑣𝑣𝑅𝑅����⃗ = 0. Plus 
the part which the ∣ 𝑣𝑣𝑆𝑆���⃗  has on the force which results from 
the 𝑣𝑣𝑅𝑅����⃗  by the field plus the anti-field. This part is for the 
field: 𝐹𝐹𝑐𝑐 ⋅ �⃗�𝑣𝑆𝑆𝑅𝑅+ = 𝐹𝐹𝑐𝑐 ⋅ [−𝑣𝑣𝑅𝑅

𝑐𝑐+ ⋅ (+𝑣𝑣𝑆𝑆∥�����⃗ ) + −𝑣𝑣𝑅𝑅
𝑐𝑐+ ⋅ (−𝑣𝑣𝑆𝑆⊥������⃗ )] . And 

for the anti-field: 𝐹𝐹𝑐𝑐 ⋅ �⃗�𝑣𝑆𝑆𝑅𝑅− = 𝐹𝐹𝑐𝑐 ⋅ [𝑣𝑣𝑅𝑅
𝑐𝑐−
⋅ (−𝑣𝑣𝑆𝑆∥�����⃗ ) + 𝑣𝑣𝑅𝑅

𝑐𝑐−
⋅

(−𝑣𝑣𝑆𝑆⊥������⃗ )]. And the sum from the field and the anti-field 
yields in a parallel direction to 𝑣𝑣𝑅𝑅����⃗ : 𝐹𝐹𝑐𝑐 ⋅ [−𝑣𝑣𝑅𝑅

𝑐𝑐+ ⋅ (+𝑣𝑣𝑆𝑆∥�����⃗ ) + 𝑣𝑣𝑅𝑅
𝑐𝑐−
⋅

(−𝑣𝑣𝑆𝑆∥�����⃗ )] = 𝐹𝐹𝑐𝑐 ⋅ [−𝑣𝑣𝑅𝑅
𝑐𝑐+ ⋅ (𝑣𝑣𝑆𝑆∥�����⃗ ) + 𝑣𝑣𝑅𝑅

𝑐𝑐+ ⋅ (𝑣𝑣𝑆𝑆∥�����⃗ )] = 0. And the sum 
from the field and the anti-field yields in a perpendicular 
direction to 𝑣𝑣𝑅𝑅����⃗ : 𝐹𝐹𝑐𝑐 ⋅ (−𝑣𝑣𝑅𝑅

𝑐𝑐+ ⋅ (−𝑣𝑣𝑆𝑆⊥������⃗ ) + 𝑣𝑣𝑅𝑅
𝑐𝑐−
⋅ (−𝑣𝑣𝑆𝑆⊥������⃗ )) = 𝐹𝐹𝑐𝑐 ⋅

(𝑣𝑣𝑅𝑅
𝑐𝑐+ ⋅ 𝑣𝑣𝑆𝑆⊥������⃗ + 𝑣𝑣𝑅𝑅

𝑐𝑐+ ⋅ 𝑣𝑣𝑆𝑆⊥������⃗ ) = 2 ⋅ 𝐹𝐹𝑐𝑐 ⋅
𝑣𝑣𝑅𝑅
𝑐𝑐+ ⋅ 𝑣𝑣𝑆𝑆⊥������⃗ . 

We notice, that by the 𝑣𝑣𝑅𝑅����⃗  here there is a resultant force 
which is perpendicular to 𝑣𝑣𝑅𝑅����⃗ . This force meets exactly the 
conditions of the magnetic force (𝐹𝐹𝑀𝑀�����⃗ ). So we can write: 
𝐹𝐹𝑀𝑀�����⃗ = 2 ⋅ 𝐹𝐹𝑐𝑐 ⋅

𝑣𝑣𝑅𝑅
𝑐𝑐+ ⋅ 𝑣𝑣𝑆𝑆⊥������⃗ . 

The direction of the 𝐹𝐹𝑀𝑀�����⃗  results from the direction of the 
𝑣𝑣𝑆𝑆⊥������⃗  and the sign of the 𝐹𝐹𝑐𝑐 . The 𝐹𝐹𝑐𝑐  is positive at same 
charges and negative at opposite charges. 

I think, that no doubt can be: by the introduction of the 
velocity-dependence of the electric force and by the 
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introduction of the anti-field the magnetic force can quite 
obviously be derived from the electric force. 

2.5. Remarks on the Magnetic Force 
So we see that the 𝐹𝐹𝑀𝑀  corresponds to the magnetic force. 
And the angles 𝜑𝜑+  and 𝜑𝜑−  of the electric field and  

anti-field correspond to the idea of the magnetic field. 
Now, one doesn't have to speak any more about the magnetic 
field, which is regarded as given, but one can speak about 
the angles 𝜑𝜑+ and 𝜑𝜑−, whose way of emergence is known. 
On relativity: 

We know that the magnetic force depends on the 
relative velocities. This means that the magnitude of the 
magnetic force depends on the reference system. And this 
means that the magnitude of the angles 𝜑𝜑+ and 𝜑𝜑− must 
also dependent on the reference system. 

I have described that the angles 𝜑𝜑+ and 𝜑𝜑− result by the 
addition of the vector ∣ 𝑣𝑣𝑆𝑆���⃗  of the velocity of the source and 
the vector 𝑐𝑐+ or 𝑐𝑐− of the speed of light. We know from 
the SRT that the speed of light is equally in magnitude for 
all observers. Of course, the velocity of the source 𝑣𝑣𝑆𝑆���⃗  
depends on the reference system. So, while 𝑣𝑣𝑆𝑆���⃗  changes, 
the speed of light remains constant; this means: the angles 
𝜑𝜑+ and 𝜑𝜑− change (in dependence of the reference system). 

This is actually fascinating: the magnitudes of the 
angles 𝜑𝜑+ and 𝜑𝜑− depend on the observer. The angles 𝜑𝜑+ 
and 𝜑𝜑− aren't an abstract construct. The angles 𝜑𝜑+ and 𝜑𝜑− 
are really existing angles. They are the angles between the 
propagation direction of the field or anti-field 
(respectively with 𝑐𝑐+  and 𝑐𝑐− ) and the direction of the 
force of the field or anti-field. But still, different observers 
will observe different angles. Well, we know such 
phenomena from the SRT. There, e.g., space and time also 
depend very really on the observer. 

Of course, the transformations between inertial 
reference systems are carried out quite normally according 
to the SRT. Not only the angles 𝜑𝜑+ and 𝜑𝜑− but also the 
electric force changes, so that the sum of both forces 
yields the right acceleration. 
On the magnetic force: 

So, I have described the magnetic force as a result of 
the angles 𝜑𝜑+  and 𝜑𝜑−  of the electric field. Therefore, it 
makes sense to want to express the magnetic force by 
means of the electric force. 

The magnitude of the electrostatic force (𝐹𝐹𝐸𝐸����⃗ ) is (as 
described already): 𝐹𝐹𝐸𝐸 = 2 ⋅ 𝐹𝐹𝑐𝑐 ⋅ 𝑐𝑐. Hence, the magnitude 
of the magnetic force (𝐹𝐹𝑀𝑀�����⃗ ) is: 𝐹𝐹𝑀𝑀 = 𝐹𝐹𝐸𝐸 ⋅

𝑣𝑣𝑅𝑅⋅𝑣𝑣𝑆𝑆⊥
𝑐𝑐2 . 

So we see, that we can calculate the magnetic force 
directly through the electrostatic force. We neither must 
calculate a magnetic field, nor the cross product from 𝑣𝑣𝑅𝑅����⃗  
and the magnetic field. 

Therefore, to calculate e.g. the magnetic force of a 
current that flows through a straight homogeneously 
charged conductor on a charge (which can be considered a 
point charge), we proceed similarly as in the case of the 
calculation of the electric field, while we still must, in 
addition, take into account the term 𝑣𝑣𝑅𝑅⋅𝑣𝑣𝑆𝑆⊥

𝑐𝑐2 . The 𝑣𝑣𝑆𝑆⊥ can be 
expressed in dependence of 𝑣𝑣𝑆𝑆 , and if 𝐿𝐿 is the plumb line 
from the charge to the conductor, and 𝜆𝜆  is the linear 
charge density of the conductor, and 𝑞𝑞𝑅𝑅  is the point charge, 
then the integration yields: 𝐹𝐹𝑀𝑀 = 𝑞𝑞𝑅𝑅 ⋅

𝑣𝑣𝑅𝑅⋅𝑣𝑣𝑆𝑆
𝑐𝑐2 ⋅ 𝜆𝜆

8⋅𝜀𝜀0 ⋅𝐿𝐿
. 

In the case that 𝑣𝑣𝑅𝑅 = 𝑣𝑣𝑆𝑆⊥ = 𝑐𝑐, it is: 𝐹𝐹𝑀𝑀 = 𝐹𝐹𝐸𝐸 . At the 
speed of light the magnetic force is equally in magnitude 
to the electric force. In the case that the source and the 
receiver move together parallel with the speed of light the 
magnetic and electric force cancel each other out mutually. 
This means: if charges could move with the speed of light, 
then they wouldn't exert any forces on each other. So such 
charges could move together as a group. Their mass, though, 
could only exist as energy, as in the case of the photons. 
These connections will get even more understandable in 
part 3. One then understands there, too, that electric 
charges can never be faster than their field. 
On the electrodynamics: 

The central statement of the electrodynamics [4] is: A 
changing electric field produces a magnetic field, and vice 
versa. This principle of the electrodynamics is very useful. 
However, it only represents a simplification of the actual 
events. 

Let us consider e.g. the oscillating circuit: according to 
the electrodynamics a growing magnetic field builds up in 
the spool of the oscillating circuit due to the permanently 
faster decreasing current from the capacitor, and the energy 
of this magnetic field then keeps the current flowing due 
to the decreasing magnetic field. At a more exact consideration 
we see that attractive magnetic forces which are vertical to 
the direction of the current have an effect on the free 
charges, which produce the current, and which move parallel 
in the parallel windings of the spool. These magnetic forces 
move the free charges towards the middle of the spool, 
from what a magnetic force results, which slows down the 
current. As the current decreases, the free charges move 
back again, they move therefore in the opposite direction, 
which means, that they then drive the current. This system 
builds-up to the frequency of the oscillating circuit. 

Let us consider as the next example the electromagnetic 
waves (EMW): here, too, the electrodynamics says that an 
ever faster decreasing electric field produces an ever faster 
growing magnetic field, which is the reason for the phase 
displacement of 90°. At a more exact consideration we see 
that at the emergence of the EMW the angles 𝜑𝜑+ and 𝜑𝜑−, 
which have been already described in detail, arise in the 
electric field or anti-field. An EMW arises, if an electric 
dipole oscillates. When the charges are removed from 
each other furthest, the directions of their motions change, 
while they stop for a moment. At this moment the angles 
are 𝜑𝜑+ = 𝜑𝜑− = 0 , while the electric field is at its 
maximum. When they pass each other at the transit point 
then the electric field is (almost) zero for a moment, while 
𝜑𝜑+  and 𝜑𝜑−  are at their maximum (perpendicular to the 
direction of the motion), since the velocities of the charges 
𝑣𝑣𝑆𝑆are at their maximum at this moment. In this way the 
alternating electric and magnetic field arises. So one could 
assume that the electric field and the magnetic field don't 
produce each other but that they spread alternating into 
space due to the way of their creation. 

So one can consider the emergence of the angles 𝜑𝜑+ 
and 𝜑𝜑− as an additional insight on the electrodynamics. 

Regarding the exact nature of the energy quanta of the 
EMW, the photons, I will say some more in part 3 of this work. 

2.6. Closing Remark to Part 1 
I think, that I have been able to describe the emergence 

of the magnetic force much more exactly than this was the 
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case till now. By the two new qualities of the electric field 
- the velocity-dependence of the electric force and the 
electric anti-field - new connections arise, which don´t 
create any contradictions to known experimental facts, but 
which help us to understand the nature of the electric field 
and the emergence of its forces much better. 

I could particularly show that the magnetic field isn't a 
field of its own but that it is only an angled electric field. - 
While, of course, taken exactly, I have shown that the 
field has the angle 𝜑𝜑+ and the anti-field the angle 𝜑𝜑−. 

3. Part 2: Gravitation as an Electric Effect 

3.1. Introduction to Part 2 / Motivation 
The electric forces [5,6] are immensely great compared 

with gravitation. At Bohr's atom model, e.g., the 
gravitational forces of the masses of the electric charges 
can be neglected. The difference of the forces is immense. 
At the hydrogen atom, e.g., which consists of a proton and 
an electron the ratio of the electric force to the 
gravitational force is: ≈ 2,41 ⋅ 1039 . This is a gigantic 
number. These facts are already known for a long time 
and so they seem trivial; nevertheless, I would like to 
show an example here to elucidate them: If the 
gravitational force of the protons were approximately as 
great as its electrical force, then the earth would need to 
have only a diameter of about ≈ 18m to exert the same 
forces on us as it does, and the moon would have only a 
diameter of about ≈ 4m. A man then would only have a 
mass of: ≈ 8,35 ⋅ 10−14𝑔𝑔. 

So, the electric forces of ordinary matter are 
gigantically great compared with the gravitational forces 
of everyday live. However, we notice nothing of these 
immense electric forces since ordinary matter always 
consists of as many protons as electrons so that their 
electric fields cancel each other. And although it is very 
clear that the resulting electric field is zero, still, the 
thought sticks that gravitation could be a result of these 
immense electric forces. Some kind of residual or side 
effect. Something remains. 

I have thought about this problem very, very often, 
again and again, but it never worked out completely. At all 
considerations the problem was that repulsion and 
attraction have always cancelled each other out exactly. 
For any effect, which could somehow be derived from the 
electric charges and their fields, there always were the 
corresponding counter-forces, due to which the overall 
effect became zero. 

Also by applying the velocity-dependence of the 
electric force the problems couldn't be overcome. 

At all considerations, I always assumed that the fields 
of the positive and negative charges exert their forces at 
the same time. Until I understood that the transfer of the 
energy of the electric field to a charge takes place in 
quanta. This means that always only the fields of the 
positive or negative charges exert their forces respectively. 
So the electric fields of the positive and negative charges 
transfer their energy quanta not at the same time but after 
each other. 

By the quantization of the energy transfer of the electric 
field to an electric charge gravitation can now be 

represented easily as an electric effect with the help of the 
velocity-dependence of the electric force. 

I will show this gradually in the following. 

3.2. Basic Idea 
The basic idea with which everything started is 

amazingly simple. We know: same charges repel and 
opposite charges attract. If, now, the repulsion were a little 
weaker than the attraction, or the attraction were a little 
stronger than the repulsion, then, in the result, one would 
have an attraction which could correspond to gravitation. 

But what can weaken the repulsion and strengthen the 
attraction? 

Well, this is actually simple: we find exactly this 
sought-after connection in the velocity-dependence of the 
electric force. 

The electric force of an electric field on an electric 
charge (the receiver) depends on the velocity 𝑣𝑣𝑅𝑅����⃗ of this 
charge. The force is strengthened if the receiver moves 
towards the field (that is, he moves in the opposite 
direction to the field), and weakened if the receiver moves 
away from the field (that is, he moves in the same 
direction as the field). 

Now, we know that there is the anti-field. Due to the 
anti-field the additional forces which arise from the 𝑣𝑣𝑅𝑅����⃗  at 
the field and at the anti-field cancel each other exactly, so 
that only the electric and magnetic forces remain. 

So, how can there be a gravitational effect here, at 
which the attraction is strengthened and the repulsion is 
weakened? 

Well, this results automatically from the quantization of 
the energy transfer of the electric field to an electric 
charge, as I will show in the following. 

3.3. The Quantization of the Energy Transfer 
of the Electric Field to an Electric Charge 

In this chapter, I will describe the quantization of the 
energy transfer of the electric field to an electric charge. 

Usually we ignore the electric fields of the protons and 
electrons if these cancel each other by superposition. But 
even if the forces of fields cancel each other, these fields 
still exist. And since these fields still exist, they still can 
exert their forces, therefore, transfer energy. But, they 
don't make this continuous and simultaneous but in quanta 
and after each other. In combination with the velocity-
dependence of the electric force, a small residual effect 
results: gravitation. 

Here, it is decisive to distinguish between the field and 
the anti-field. Till now, it has sufficed to assume that the 
field and the anti-field exert their forces simultaneously. 
At the quantization instead the field and the anti-field have 
to be distinguished, exactly as the positive and negative 
charges. So there are 4 combinations: positive field, 
positive anti-field, negative field, and negative anti-field. 
The quantization means that always only one of the fields 
can exert a force on a charge. If the fields of many charges 
superimpose, then the forces of the same fields add 
themselves up. This means, in the end, that a charge (as a 
receiver) has 4 different states between which it alters. As 
soon as a certain energy quantity is reached, the charge 
changes its state. I will say some more about this energy 
quantity in part 3 of this work. 
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The force of a field produces a velocity 𝑣𝑣(𝑡𝑡)������⃗  (𝑡𝑡 is the 
time). The fields of the positive and negative charges exert 
their forces on a charge, seen statistically, in a balanced 
way after each other (at electrically neutral matter), so that 
this charge moves around a centre to and fro. 

In addition to the kind of the charge, it also must be 
distinguished between the field and the anti-field. Here, it 
is that the field and the anti-field of one kind of a charge 
always - not only seen statistically - exert their forces after 
each other. 

In part 1, on magnetism, we have seen that the forces 
which arise by a constant velocity (𝑣𝑣𝑅𝑅����⃗ ) from the field and 
the anti-field cancel each other. This, of course, is also 
valid when the field and the anti-field exert their forces 
after each other, since the 𝑣𝑣𝑅𝑅����⃗  is equal in magnitude for the 
field and the anti-field. 

Both the field and the anti-field of one type of a charge 
produce by their forces velocities in the same direction. 
But, though, due to the quantization the forces are not 
exerted simultaneously but after each other. And this 
means inevitably that the velocity relative to the field is 
different from the velocity relative to the anti-field! This, 
of course, concerns only the velocities which result from 
the forces of the field and the anti-field for one type of a 
charge after each other. Already existing, constant 
velocities are equal in magnitude for all fields, as said 
already. 

So: The force of the field and the one of the anti-field 
on a charge produce velocities by which the forces of the 
field and the anti-field on this charge change, since the 
electric forces are velocity-dependent. And since the field 
and the anti-field exert their forces after each other, the 
velocity of the charge relative to the field is different from 
its velocity relative to the anti-field, which means that the 
force of the field and the one of the anti-field change in a 
different way. This difference is finally the gravitation. I 
will carry out the necessary calculations in the following 
chapter. 

The described quantization may seem strange, on the 
other hand, there are numerous quantum phenomena [12] 
at subatomic particles - so, why should the electric charges 
not behave quantized when it is about the energy which 
they get from the electric fields? 

3.4. On the Calculation of Gravitation 
If the quantization shall produce gravitation, then the 

electric repulsion must be weakened and the electric 
attraction strengthened. This is always the case when first 
the anti-field and then the field exerts its force: at the 
repulsion (of same charges) the force of the anti-field 
produces a velocity in the opposite direction to the 
direction into which the anti-field propagates, which 
results in a strengthening of the force of the anti-field. 
Then the force of the field produces a velocity in the same 
direction in which the field propagates, which results in a 
weakening of the force of the field. The velocity produced 
before by the anti-field also has the same direction as the 
field, which causes an additional weakening of the field. 
So the weakening of the field is greater than the 
strengthening of the anti-field. Thus, altogether the 
weakening of the repulsion is greater than the 
strengthening of the repulsion. At the attraction (of 
opposite charges) it is analogous. 

Let us now do the calculations: 
The force of the field and the one of the anti-field each 

cause at a charge a velocity 𝑣𝑣(𝑡𝑡)������⃗ , in the direction of the 
respective force. As we have seen in part 1 of this work, 
the velocity 𝑣𝑣(𝑡𝑡)������⃗  corresponds to a force (in part 1 that was 
the velocity 𝑣𝑣𝑅𝑅����⃗  of the receiver) which also can contain a 
magnetic component. I will regard the magnetic 
component later on. Therefore, for the moment, we 
consider only the component of the 𝑣𝑣(𝑡𝑡)������⃗  which is parallel 
to the speed of light 𝑐𝑐 of the field or anti-field. 

Since we want to integrate, it is easier to only work 
with the magnitudes. If the 𝑣𝑣(𝑡𝑡)������⃗  has the same direction as 
the 𝑐𝑐, then: 

 ( )( ) ,c t R
dvN F c v m
dt

⋅ ⋅ − = ⋅  (3.1) 

where 𝐹𝐹𝑐𝑐  is known from part 1: 𝐹𝐹𝑐𝑐 = 2⋅𝑞𝑞𝑆𝑆 ⋅𝑞𝑞𝑅𝑅
𝑟𝑟2⋅𝜀𝜀0⋅4⋅𝜋𝜋⋅∣𝑐𝑐∣

 - here, we 
are primarily interested in the forces of the fields and the 
anti-fields on one elementary charge unit, this is the 𝑞𝑞𝑅𝑅  
(the R stands for "receiver" again). The 𝑞𝑞𝑆𝑆  (the S stands 
for "source" again) is an elementary charge unit which 
produces a field and an anti-field, which exert their forces 
on 𝑞𝑞𝑅𝑅 . The 𝑁𝑁  is the number of the sources, that is the 
number of the elementary charge units which exert their 
forces with their fields and anti-fields on 𝑞𝑞𝑅𝑅 . And 𝑚𝑚𝑅𝑅 is, 
of course, the mass of 𝑞𝑞𝑅𝑅 . 

The 𝑁𝑁stands for those charges (of the sources) which 
are at the same place. At a spatial distribution of these 
charges an integration must be done over the 
corresponding volume. About, e.g., a homogeneous 
spherical distribution we know that it can be assumed that 
all charges are in the centre. 

In part 1, the 𝐹𝐹𝑐𝑐  still was multiplied with the factor ½ 
since the electric force results half from the field and half 
from the anti-field. Since we have learned now that the 
field and the anti-field exert their forces not at the same 
time but after each other, the factor ½ is not to be used. 
Instead, the field and the anti-field each exert their forces 
only for the half of the time. Furthermore, the charges of 
every type of charge only exert their forces for 
approximately the half of the time, too. Thus, the force 
must be multiplied with the factor 2. This factor 2 can 
formally be assigned  to the field constant 𝜀𝜀0. 

The 𝑣𝑣(𝑡𝑡)������⃗  produces a force in addition to the force which 
arises from the 𝑐𝑐 of the field or anti-field. If we want to 
know how big this additional force is, then we must know 
how big the 𝑣𝑣(𝑡𝑡)������⃗  is in the course of time. From (3.1) we 
get: 

 ( ) ( )0 0

( ) 0

( ) ( )

( )

t v
c c

R t R tt v

t Q
t

N F N Fdv dvdt dt
m c v m c v

v c c v e− ⋅

⋅ ⋅
⋅ = ⇒ ⋅ =

− −

⇒ = − − ⋅

∫ ∫
(3.2) 

with 𝑡𝑡0 = 0 and 𝑄𝑄 = 𝑁𝑁⋅∣∣𝐹𝐹𝑐𝑐 ∣∣
𝑚𝑚𝑅𝑅

. Since the 𝑞𝑞𝑆𝑆  and the 𝑞𝑞𝑅𝑅  have 
signs of their own, here, the absolute value of 𝐹𝐹𝑐𝑐  is used, 
since the signs are already inserted according to the 
respective case. The 𝑣𝑣0 is, of course, the initial velocity; 
that is the velocity which the receiver already has before a 
field or anti-field exerts its force. At the 𝑣𝑣0, as at the 𝑣𝑣(𝑡𝑡), 
we also consider, for the moment, only the component 
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which is parallel to 𝑐𝑐, while, of course, the 𝑣𝑣0 can have the 
same or the opposite sign as the 𝑐𝑐. 

If the 𝑣𝑣(𝑡𝑡)������⃗  has the opposite direction as the 𝑐𝑐, then we 
get: 

 ( )( ) .c t R
dvN F c v m
dt

⋅ ⋅ + = ⋅  (3.3) 

Integrating yields:  

 ( ) 0 .( ) t Q
tv c c v e ⋅= − + + ⋅  (3.4) 

Now we can calculate the force of the fields and anti-
fields of the sources on a charge, the receiver, in the 
course of time (that is 𝐹𝐹(𝑡𝑡)). 

We start with the attraction (between opposite charges). 
At attraction, of course, the sources have the opposite sign 
as the receiver. The anti-fields of the sources exert their 
forces first. At attraction, the anti-fields of the sources 
have the same direction as the forces which they exert on 
the receiver. So it is: 𝐹𝐹(𝑡𝑡)

− = 𝑁𝑁 ⋅ 𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐 − 𝑣𝑣(𝑡𝑡))(the high-
ranking "-" indicates the anti-field). Here, we use (3.2) for 
the 𝑣𝑣(𝑡𝑡) . Thus we get: 𝐹𝐹(𝑡𝑡)

− = 𝑁𝑁 ⋅ 𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐 − 𝑣𝑣0) ⋅ 𝑒𝑒−𝑡𝑡⋅𝑄𝑄 , in 
which 𝑣𝑣0 is the velocity which the receiver already had 
before the anti-fields have exerted their forces. Then the 
fields of the sources exert their forces. At attraction, the 
fields of the sources have the opposite direction as the 
forces which they exert on the receiver. So it is: 𝐹𝐹(𝑡𝑡)

+ = 𝑁𝑁 ⋅
𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐 + 𝑣𝑣(𝑡𝑡))  (the high-ranking "+" indicates the field). 
Here, we use (3.4) for the 𝑣𝑣(𝑡𝑡). Thus we get: 𝐹𝐹(𝑡𝑡)

+ = 𝑁𝑁 ⋅ 𝐹𝐹𝑐𝑐 ⋅
(𝑐𝑐 + 𝑣𝑣0) ⋅ 𝑒𝑒𝑡𝑡⋅𝑄𝑄 . For the 𝑣𝑣0, here, we must use the velocity 
which the receiver has after the anti-fields have exerted 
their forces. (This means, that we must take into account 
the velocity which the anti-fields have produced.) If we 
assume that the anti-fields have exerted their forces for the 
time period 𝑇𝑇, we get the velocity: 𝑣𝑣(𝑇𝑇) = 𝑐𝑐 − (𝑐𝑐 − 𝑣𝑣0) ⋅
𝑒𝑒−𝑇𝑇⋅𝑄𝑄 . Therefore: 𝐹𝐹(𝑡𝑡)

+ = 𝑁𝑁 ⋅ 𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐 + (𝑐𝑐 − (𝑐𝑐 − 𝑣𝑣0) ⋅
𝑒𝑒−𝑇𝑇⋅𝑄𝑄)) ⋅ 𝑒𝑒𝑡𝑡⋅𝑄𝑄 . 

For the moment, we assume that the anti-field and the 
field exert their forces equally for the same time period, 
therefore, that the anti-field and the field each exert their 
forces the half of the time. It is not quite clear if that is to 
be always this way. Whether it also can be different and 
which implications this would have, must be cleared in 
further, following works. 

So, the total time for the field and the anti-field is 2 ⋅ 𝑇𝑇. 
So we can determine the average force from the field and 
the anti-field over the time. And then this average force 
shall correspond to the sum of the electrostatic force plus 
the gravitational force (𝐹𝐹𝐺𝐺). Or said differently: We set the 
sum of the momenta which result by the anti-field and the 
field each in the time 𝑇𝑇equal to the momentum which 
results from the resultant force from the electrostatic force 
and the gravitational force in the time 2 ⋅ 𝑇𝑇. So it is:  
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 (3.5) 

with 𝐾𝐾 = 𝐹𝐹𝐺𝐺
𝐹𝐹𝑐𝑐 ⋅𝑐𝑐

. 

From (3.5), the time 𝑇𝑇can be calculated at which the 
velocity-dependence of the electric force produces, at 
attraction, exactly the gravitational force. 

At repulsion (between same charges) we proceed 
analogously: The anti-fields of the sources exert their 
forces first. At repulsion, the anti-fields of the sources 
have the opposite direction as the forces which they exert 
on the receiver. So it is: 𝐹𝐹(𝑡𝑡)

− = 𝑁𝑁 ⋅ 𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐 + 𝑣𝑣(𝑡𝑡)). Here we 
use (3.4) for the 𝑣𝑣(𝑡𝑡) . Thus we get: 𝐹𝐹(𝑡𝑡)

− = 𝑁𝑁 ⋅ 𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐 +
𝑣𝑣0) ⋅ 𝑒𝑒𝑡𝑡⋅𝑄𝑄 . Then the fields of the sources exert their forces. 
At repulsion, the fields of the sources have the same 
direction as the forces which they exert on the receiver. So 
it is: 𝐹𝐹(𝑡𝑡)

+ = 𝑁𝑁 ⋅ 𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐 − 𝑣𝑣(𝑡𝑡)). Here we use (3.2) for the 
𝑣𝑣(𝑡𝑡). Thus we get: 𝐹𝐹(𝑡𝑡)

+ = 𝑁𝑁 ⋅ 𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐 − 𝑣𝑣0) ⋅ 𝑒𝑒−𝑡𝑡⋅𝑄𝑄 . For the 
𝑣𝑣0, here, too, we must use the velocity which the receiver 
has after the anti-fields have exerted their forces. If we 
assume that the anti-fields have exerted their forces for the 
time-period 𝑇𝑇, we get the velocity: 𝑣𝑣(𝑇𝑇) = −𝑐𝑐 + (𝑐𝑐 + 𝑣𝑣0) ⋅
𝑒𝑒𝑇𝑇⋅𝑄𝑄 . Therefore: 𝐹𝐹(𝑡𝑡)

+ = 𝑁𝑁 ⋅ 𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐 − (−𝑐𝑐 + (𝑐𝑐 + 𝑣𝑣0) ⋅
𝑒𝑒𝑇𝑇⋅𝑄𝑄)) ⋅ 𝑒𝑒−𝑡𝑡⋅𝑄𝑄 . To get the average force, we integrate as in 
the case of the attraction and we finally get: 

 1 (1 ).T Qe T Q K− ⋅⇒ = − ⋅ ⋅ −  (3.6) 

From (3.6), the time 𝑇𝑇can be calculated at which the 
velocity-dependence of the electric force produces, at 
repulsion, exactly the gravitational force. 

Unfortunately, the equations (3.5) and (3.6) can not be 
solved exactly for 𝑇𝑇. So there must be used approximation 
procedures which are not quite trivial. 

For the attraction, that is (3.5), we get: 𝑇𝑇+ = 
1
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Lambert-W function, and the subscript "+" at the 
𝑇𝑇indicates the attraction. 

For the repulsion, that is (3.6), we get: 𝑇𝑇− = 
1

1
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− ⋅

, were the subscript "-" at the 

𝑇𝑇indicates the repulsion. 

3.5. Discussion on the Calculations 
The first, that we notice, is that (3.5) and (3.6), 

therefore 𝑇𝑇+  and 𝑇𝑇− , are independent from the initial 
velocity (𝑣𝑣0). The 𝑣𝑣0 is the velocity which the receiver has 
before the anti-field of a source exerts its force, that is, 
before any source exerts a force on the receiver at all. 
When the time during which the anti-field exerts its force 
is exactly as long as that one of the field (that is 𝑇𝑇for each), 
the 𝑣𝑣0is correctly cancelled. 

At next, we see that 𝑇𝑇+  and 𝑇𝑇−  depend on 𝐾𝐾 . And 
0 4
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R S
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, were 𝐺𝐺 is the gravitational 

constant. I must go into more detail on 𝑚𝑚𝑆𝑆: At equation 
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(3.5), 𝐹𝐹𝐺𝐺 is the gravitational force by whose amount the 
electric force changes. Due to the quantization always 
only one type of a charge (positive or negative) of the 
sources exert their forces on the receiver. But for the 
gravitational force, the masses of both types of a charge 
must be taken into account. In addition, the mass of the 
neutrons also must be taken into account (I will say more 
on that later). So, for electrically neutral matter, 𝑚𝑚𝑆𝑆always 
is the sum of the mass of the proton (𝑚𝑚𝑝𝑝+), the electron 
(𝑚𝑚𝑒𝑒−), and the neutron (𝑚𝑚𝑛𝑛 ), so that 𝑚𝑚𝑆𝑆 = 𝑚𝑚𝑒𝑒− + 𝑚𝑚𝑝𝑝+ +
𝑚𝑚𝑛𝑛 . (The number of the sources (that is 𝑁𝑁) doesn't appear 
in 𝐾𝐾.) So, for electrons and protons as receivers, there are 
two different values for 𝐾𝐾, at electrically neutral matter. 
Therefore, the value of 𝑇𝑇+ or 𝑇𝑇−depends on 𝑚𝑚𝑆𝑆 ⋅ 𝑚𝑚𝑅𝑅 , but 
this had to be expected since the magnitude of gravitation 
is determined here. In the chapter "Gravitational and inert 
mass", I analyse the connection between 𝑚𝑚𝑆𝑆  and 𝑇𝑇+  and 
𝑇𝑇−more detailed. 

Furthermore, we recognise that both 𝑇𝑇+ and 𝑇𝑇− are 

proportional to 1 𝑄𝑄⁄ . And since c

R

N F
Q

m
⋅

= , we get, quite 

generally, for 𝑇𝑇 the proportionality: 
2

Rr mT
N
⋅

∝ . We 

know that, due to the quantization of the electric force, a 
charge moves to and fro in the direction of the force. 
Therefore, the 1 𝑇𝑇⁄  is the frequency with which a charge, 
with the mass 𝑚𝑚𝑅𝑅, oscillates within a gravitational field, 
while, of course, we know now that the gravitational field 
results from the sum of the electric fields of the positive 
and negative charges. The frequency of this electric 
gravitational oscillation is reversed proportional to 𝑚𝑚𝑅𝑅 , 
and, because of 𝐾𝐾, it depends on 𝑚𝑚𝑆𝑆 ⋅ 𝑚𝑚𝑅𝑅. In addition, the 
frequency of the electric gravitational oscillation decreases 
with a growing distance from the source of the 
gravitational field, and it increases with a growing 
gravitational field since 𝑁𝑁 is the number of the sources. 

The grater 𝑁𝑁 is, all the smaller 𝑇𝑇 is. For an object, such 
as the earth, 𝑁𝑁 is inconceivably great. Nearby the earth, 
𝑇𝑇 is correspondingly small. The electric gravitational 
oscillation seems more like a trembling than like a clear 
motion here. On the other hand, one can consider electric 
charges as being approximately dot-like in the first place 
(I will go into more detail on that in part 3 of this work), 
so that there is sufficient space even for the smallest 
motions. 

It also is astonishing that 𝑇𝑇 ∝ 𝑟𝑟2 . Without a 
gravitational field it is 𝑇𝑇 = 0, what also could apply to a 
Lagrange point. Automatically, the question comes up, 
which further consequences the electric gravitational 
oscillation could have, except, of course, that it produces 
gravitation. It could have effects on the processes in an 
atom, influence the interaction behaviour of the electric 
charges, or influence even the life expectancy of electric 
particles - or it may not. 

At next, to better understand 𝑇𝑇 , we regard the 
hypothetical case that the mass of the receiver is equal in 
magnitude at both at the positive and at the negative 
charges, that, therefore, 𝐾𝐾 is always the same. We are 
interested in knowing whether in this case the 𝑇𝑇+ of the 
attraction and the 𝑇𝑇−  of the repulsion are also equal in 
magnitude. Thus, we want to know, whether their 
difference is zero. Inserting yields: 𝛥𝛥𝑇𝑇 = 𝑇𝑇− − 𝑇𝑇+ = 𝑊𝑊− +

𝑊𝑊+ + 2
1−𝐾𝐾2, were 𝑊𝑊− and 𝑊𝑊+ are the Lambert-W functions 

for the repulsion and the attraction respectively. In our 
case it is: 𝐾𝐾 ≪ 1, which means that both 𝑊𝑊− and 𝑊𝑊+ are 
very near to -1. So it is: 𝑊𝑊− + 𝑊𝑊+ ≈ −2. In addition it is: 

2
1−𝐾𝐾2 ≈ 2. And this means that 𝛥𝛥𝑇𝑇 ≈ 0, which means that 
the process of repulsion and the process of attraction are 
nearly identical. A more exact calculation shows that 
𝛥𝛥𝑇𝑇 > 0. Therefore: 𝑇𝑇− > 𝑇𝑇+ , which means that even at 
always equal masses the 𝑇𝑇+ and the 𝑇𝑇− are not exactly the 
same. But this seems quite plausible since, overall, the 
force is weakened at the repulsion while it is strengthened 
at the attraction. The difference, though, is very small. It 
can be seen at the graphic 3.1 (which can be found a little 
below) in the difference of the slopes of the exponential 
functions for the forces in the course of the time. 

After we have calculated 𝑇𝑇, we also can calculate 𝑣𝑣(𝑇𝑇). 
The first that we notice if we insert 𝑇𝑇 into 𝑣𝑣(𝑇𝑇) is that 𝑄𝑄 

is cancelled. Thus, the 𝑣𝑣(𝑇𝑇)  is independent from 𝑁𝑁 and 
from 𝑟𝑟2. So the 𝑣𝑣(𝑇𝑇) is independent from the magnitude of 
the source of the gravitational field, and from the position 
within the gravitational field, which means: the 𝑣𝑣(𝑇𝑇) is 
independent from the strength of the gravitational field. 

Since the 𝐾𝐾  is not cancelled, the 𝑣𝑣(𝑇𝑇)  depends on 
𝑚𝑚𝑆𝑆 ⋅ 𝑚𝑚𝑅𝑅. In addition, it must be distinguished whether the 
𝑣𝑣(𝑇𝑇) has the same or the opposite direction as the 𝑐𝑐of the 
field or anti-field. For electrons and protons, this results in 
six different values for 𝑣𝑣(𝑇𝑇) , which characterize the 
respective type of the interaction. In this sense, the 𝑣𝑣(𝑇𝑇) is 
a quantum quantity for electric charges. 

After we have calculated 𝑣𝑣(𝑇𝑇) , we also can calculate 
easily the change of the energy, which results by the force 
of the anti-field or field: 𝐸𝐸 = 1 2⁄ ⋅ 𝑚𝑚𝑅𝑅 ⋅ (𝑣𝑣(𝑇𝑇)

2 − 𝑣𝑣0
2). At 

small velocities we can calculate non-relativistically. We 
also could have calculated 𝐸𝐸 = 𝐹𝐹𝑐𝑐 ⋅ ∫ (𝑐𝑐 ± 𝑣𝑣(𝑡𝑡))𝑇𝑇

0 ⋅ 𝑑𝑑𝑑𝑑 =
𝐹𝐹𝑐𝑐 ⋅ ∫ (𝑐𝑐 ± 𝑣𝑣(𝑡𝑡))𝑇𝑇

0 ⋅ 𝑣𝑣(𝑡𝑡) ⋅ 𝑑𝑑𝑡𝑡, but one doesn't get any handy 
equations here. 

The energy, calculated here, consists of energy quanta 
whose magnitude results from the way of the respective 
interaction, which, therefore, depends on 𝑚𝑚𝑆𝑆 ⋅ 𝑚𝑚𝑅𝑅 . So, 
there are energy quanta of different magnitude. And so we 
see that, at the quantization of the energy transfer of the 
electric field to an electric charge, the field isn't 
subdivided into quanta, as at first one could assume. The 
quantization rather arises from the quantum levels of the 
receiver. 

Once again, we come back now to our hypothetical case 
at which the masses of the elementary charge units are 
equal in magnitude. We have seen that 𝑇𝑇− > 𝑇𝑇+, while, at 
the same time, the force at the repulsion altogether is 
smaller than at the attraction ( 𝐹𝐹− < 𝐹𝐹+ ). This could 
compensate each other so that in the two cases the same 
amount of energy would be transferred, which, of course, 
may not be, since more energy is transferred at the 
attraction than at the repulsion. To check this, we calculate 
the 𝑣𝑣(𝑇𝑇) for the attraction by adding the 𝑣𝑣(𝑇𝑇)  of the anti-
field to the one of the field, in which, of course, the 𝑇𝑇 of 
the anti-field is equal in magnitude as the one of the field. 
We get: 2c ⋅ (𝑒𝑒𝑇𝑇+ − 1) + 𝑣𝑣0. And for the repulsion we get: 
2c ⋅ (1 − 𝑒𝑒−𝑇𝑇−) + 𝑣𝑣0 . The difference 𝛥𝛥𝑣𝑣 = 2c ⋅ ((𝑒𝑒𝑇𝑇+ +
𝑒𝑒−𝑇𝑇−) − 2) must be bigger than zero. Therefore it must be 
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(𝑒𝑒𝑇𝑇+ + 𝑒𝑒−𝑇𝑇−) > 2. If we call 𝑑𝑑the difference between 𝑇𝑇+ 
and 𝑇𝑇− , than : 𝑇𝑇− = 𝑇𝑇+ + 𝑑𝑑 . And therefore: (𝑒𝑒𝑇𝑇+ +
𝑒𝑒−(𝑇𝑇++𝑑𝑑)) > 2 . Or more general: (𝑒𝑒𝑇𝑇 + 𝑒𝑒−(𝑇𝑇+𝑑𝑑)) > 2 . 
Conversion yields: 2 ⋅ 𝑒𝑒𝑇𝑇 − 𝑒𝑒2⋅𝑇𝑇+𝑑𝑑 < 1. This inequality is 
valid, because for 𝑇𝑇 = 0it is 2 ⋅ 𝑒𝑒0 = 2 and 𝑒𝑒2⋅0+𝑑𝑑 ≈ 1 +
𝑑𝑑, and for 𝑇𝑇 > 0the 𝑒𝑒2⋅𝑇𝑇+𝑑𝑑  increases faster than the 2 ⋅ 𝑒𝑒𝑇𝑇 . 
And therefore it is 𝛥𝛥𝑣𝑣 > 0, as demanded. 

Although we get the correct results it seems strange that 
we get differently grate quanta even if the masses are all 
the same. This shows us that the magnitude of the quanta 
cannot only depend on the masses. The magnitude of the 
quanta rather depends also on the velocity 𝑣𝑣(𝑡𝑡)  of the 
receiver. I will go into that ingrater detail in part 3 of this 
work. 

So we see, that 𝑇𝑇− > 𝑇𝑇+ . However, the difference is 
negligible small, and, of course, it must be very small, 
because the fact that the repulsion lasts longer than the 
attraction means a weakening of the gravitation, which, of 
course, is an attraction. 

I want to go into that in a little more detail now: Since 
𝑇𝑇+  or 𝑇𝑇−  are very small, the exponential function, with 
which we calculate 𝐹𝐹(𝑡𝑡) , can be regarded, in sufficient 
precision, as being straight. For each, for the attraction as 
for the repulsion, we get one such straight for the field and 
one for the anti-field. The slopes of these 4 straights differ 
only very little from each other. These differences 
correspond to the difference between 𝑐𝑐and 𝑐𝑐 ± 𝑣𝑣(𝑇𝑇)  (and 
we know that 𝑣𝑣(𝑇𝑇) ≪ 𝑐𝑐 ). From the differences of the 
slopes, 𝑇𝑇− > 𝑇𝑇+  arises. Approximately, 𝛥𝛥𝑇𝑇(≈ 0)  can be 
neglected. If one must know it more precisely, then, from 
the momentum calculated for the gravitation, the 
momentum 𝑁𝑁 ⋅ (𝐹𝐹𝑐𝑐 ⋅ 𝑐𝑐 + 𝐹𝐹𝐺𝐺) ⋅ 𝛥𝛥𝑇𝑇  must be subtracted, to 
get the momentum of the actual gravitation. 

At 𝑇𝑇− > 𝑇𝑇+ we also recognize that the repulsion of a net 
charge of the sources (which means that the source is not 
electrically neutral) is greater than the attraction, but, 
though, the difference is smaller than the gravitational 
force of these net charges, so it might hardly be 
measurable. 

Alternatively, we could have set 𝑇𝑇− = 𝑇𝑇+ = 𝑇𝑇  in the 
first place, and then calculate 𝑇𝑇 by 𝑁𝑁 ⋅ (∫ 𝐹𝐹+

+𝑇𝑇
0 + ∫ 𝐹𝐹+

−𝑇𝑇
0 +

∫ 𝐹𝐹−+
𝑇𝑇

0 + ∫ 𝐹𝐹−−
𝑇𝑇

0 ) = 𝑁𝑁 ⋅ (𝐹𝐹𝑐𝑐 ⋅ 𝑐𝑐 − 𝐹𝐹𝐺𝐺) . For the 𝑇𝑇 calculated 
in this way, we then expect: 𝑇𝑇− > 𝑇𝑇 > 𝑇𝑇+. But, though, in 
this case, too, the repulsion of a net charge of the sources 
is a little (very little) greater than the attraction. One can 
clarify himself these connections very well at the graphic 
which I show below and which shows the force in the 
course of the time, because there the areas correspond to 
the momenta. 

Altogether, it remains to say that it still could get quite 
thrilling to evaluate the actual values for 𝑇𝑇+

+, 𝑇𝑇+
−, 𝑇𝑇−+, and 

𝑇𝑇−−- particularly by experiments. 
I illustrate in graphic 3.1 the force in the course of the 

time for the attraction, while, to make it better 
recognizable, the values are exaggerated hopelessly: 
𝑣𝑣0 = 0, 𝑐𝑐 = 10, and 𝑇𝑇+ = 0.2. The fat line shows that the 
force decreases exponentially until 𝑇𝑇+ = 0.2, then it jumps, 
and then it increases exponentially until 𝑇𝑇+ = 0.4 , in 
which the slope is smaller when the force decreases than 
when it increases. From this a tiny difference already 
arises between the electrostatic force and the average force 
which results from the field and the anti-field. Therefore, 

regarding the areas B and D it is: D>B. The areas 
represent the respective change of momentum. The area A 
represents the change of momentum which is caused by 
the electrostatic force. But, what we primarily see in the 
graphic, is, that the difference between the average force 
and the electrostatic force is represented mainly by the 
area C. The area C results due to the jump of the force at 
the change from the anti-field to the field. From this, a 
simplified representation can be derived for the emergence 
of gravitation, which I will show in chapter after the next 
chapter briefly. 

 
Graphik 3.1. 

At the end of this chapter, I would like to say something 
about the neutrons briefly: 

I, in principle, assume that the neutrons also participate 
in gravitation. But, gravitation is an electric effect. 
Therefore the neutrons must consist of positive and 
negative electric charges equal in magnitude. Because the 
neutron has a similar mass as the proton, I assume that the 
neutron consists of one positive and one negative 
elementary charge unit. 

Alternatively, it is also possible to assume that the 
neutron is alternately positive and negative. This 
possibility results from the qualities of the field and the 
anti-field, as I will show in part 3 of this work. In any case, 
the neutron takes part in gravitation according to its mass. 

3.6. Gravitational Mass and Inertial Mass 
At the calculation of the 𝑣𝑣(𝑇𝑇)  (through the equation 

(3.1)) I have assumed that 𝑚𝑚𝑅𝑅 is the inertial mass. For the 
calculation of the gravitational force (through the 
equations (3.5) or (3.6)) I have assumed that 𝑚𝑚𝑅𝑅 is the 
gravitational mass. So, I haven't distinguished between 
inertial and gravitational mass. 

Now it is, that, because of the quantization of the 
transfer of the electric energy, always only either the 
positive or the negative charges of the sources exert their 
forces on a receiver. This would mean that, for the time 𝑇𝑇, 
too, always only either the masses of the positive or of the 
negative charges of the sources are taken into account for 
gravitation. And, in turn, this would mean that, in the end, 
the gravitational acceleration of the protons would be 
greater than the one of the electrons. But, there isn't any 
single experiment, that would ever have shown such a 
result. 

For that reason, for the mass 𝑚𝑚𝑆𝑆 of the source both the 
masses of the positive and those of the negative sources 
are taken into account, so that 𝑚𝑚𝑆𝑆 = 𝑚𝑚𝑒𝑒− + 𝑚𝑚𝑝𝑝+ + 𝑚𝑚𝑛𝑛  
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(while the number of the sources still results by the 
multiplicationwith 𝑁𝑁). 

In the first moment, this seems a little strange. Why 
should the masses, whose charges don't exert forces, 
should be taken into account? Let us remember, what the 
𝑇𝑇 is. The time 𝑇𝑇is the time-period of a quantum level of a 
receiver. Actually, it is not very clear, how the magnitude 
of 𝑇𝑇 results. I just calculate how great 𝑇𝑇 must be, so that 
gravitation results. Here now we recognize that the 𝑇𝑇+ of 
the attraction and the 𝑇𝑇−  of the repulsion are not 
independent of each other. 

We know that the electric fields of the positive and 
negative sources still exist, although they cancel each 
other, at electrically neutral matter. They exert equally strong 
attractive as repulsive forces on a receiver. One can regard 
these attractive and repulsive forces also as a state of tension. 

From this way of looking at the state of the receiver, the 
following connection (which I will explain in grater detail 
in part 3 of this work) can be derived: A charge, which 
isn't exposed to any fields, is in the state of equilibrium. 
As soon as the field of a source exerts its force on a 
receiver, a velocity ( 𝑣𝑣(𝑡𝑡) ) which disturbs the state of 
equilibrium arises. As soon as the perturbation exceeds a 
certain extent, the receiver changes his quantum level. The 
velocity 𝑣𝑣(𝑇𝑇) at which the receiver changes his quantum 
level depends both on the masses of the sources whose 
fields cause the state of tension and on the mass of the 
receiver. 

In the end, a receiver can never be in the state of 
equilibrium even if he is within the fields of electrically 
neutral matter. Instead, he will move to and fro, in 
dependence of the strength of the state of tension, while 
the anti-fields and fields of the positive and negative 
charges exert their forces alternately. 

So one can say that the changes of the quantum level of 
the receiver are caused by the anti-fields and fields of the 
sources, while 𝑇𝑇+ and 𝑇𝑇− yield from the state of tension. 

The state of tension for its part obeys 2
N
r

, as it shall be. 

3.7. Simplified (alternative) Representation 
To check in a simple way whether the velocity-

dependence of the electric force and the quantization of 
the energy transfer produce gravitation, I had started with 
a very simple representation. Since this simplified 
representation contains some interesting aspects, I would 
like to describe it briefly here. 

Essentially, I had assumed that an electric charge (with 
mass) doesn't get its velocity (that was in the previous 
chapter the 𝑣𝑣(𝑡𝑡)) continuously by an acceleration but that 
the velocity occurs spontaneously for every quantum (that 
was in the previous chapter the 𝑣𝑣(𝑇𝑇)). The energy for this 
spontaneous 𝑣𝑣(𝑇𝑇) comes temporarily from the mass of the 
charge, while the relativistic change of the mass can be 
neglected since the 𝑣𝑣(𝑇𝑇) is very small. Then the force of 
the field or anti-field acts on the charge and transfers 
exactly that amount of energy to the charge which 
corresponds to 𝑣𝑣(𝑇𝑇) . But, though, this amount of energy 
isn't seen in a change of the velocity of the charge, instead 
the mass of the charge increases until it has reached its 
original magnitude again. Meanwhile, the charge has been 
moving with the velocity 𝑣𝑣(𝑇𝑇) (for the time-period 𝑇𝑇), of 

course. Here, I assume again that for the anti-field and for 
the field 𝑇𝑇+ = 𝑇𝑇− = 𝑇𝑇, since, e.g., there otherwise may be 
problems with the magnetic force. 

Under the prerequisites mentioned, here, the 𝑣𝑣(𝑇𝑇) can be 
calculated very easily by equating the average force from 
the field and the anti-field with the resultant from the 
electrostatic force and the gravitational force, again, as in 
the previous chapter, which means that we equate the 
momenta caused by the forces: 
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were 𝑣𝑣(𝑇𝑇)
−  is the velocity of the anti-field and 𝑣𝑣(𝑇𝑇)

+  the one 
of the field; and at ±  and ∓ the upper signs correspond to 
the attraction and the lower to the repulsion. The 𝑁𝑁 is the 
number of the sources, as in the previous chapter. Doing 
the multiplications yields: 𝑣𝑣(𝑇𝑇)

+ = 2 ⋅ 𝐹𝐹𝐺𝐺
𝐹𝐹𝑐𝑐

. Since the 𝑣𝑣(𝑇𝑇)
−  

doesn't appear in the result (it cancels itself) its value can 
be chosen freely. I choose (more or less arbitrarily): 
𝑣𝑣(𝑇𝑇)
− = 𝑣𝑣(𝑇𝑇)

+ = 𝑣𝑣(𝑇𝑇). 
Now, it is easy to calculate the 𝑇𝑇for the mass 𝑚𝑚𝑅𝑅 of a 

charge (a receiver) since the average force of the field and 
the anti-field shall cause the change of the velocity 2 ⋅ 𝑣𝑣(𝑇𝑇) 
in the time 2 ⋅ 𝑇𝑇: 
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Doing the multiplications yields: 
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2

±  is negligibly small compared with 
( )T

c
v

. 

We immediately recognise that, e.g., at the attraction 
the force of the anti-field 𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐 − 𝑣𝑣(𝑇𝑇)) can by no means 
transfer the same amount of energy as the force of the 
field 𝐹𝐹𝑐𝑐 ⋅ (𝑐𝑐 + 2 ⋅ 𝑣𝑣(𝑇𝑇))  in the same time 𝑇𝑇 . This means 
that the anti-field transfers less energy than necessary for 
the production of 𝑣𝑣(𝑇𝑇) , and the field transfers 
correspondingly more energy, so that the energy balance 
is compensated at the end (at the repulsion it is analogous). 

 
Graphik 3.2. 
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In graphic 3.2 I illustrate, again, the force in the course 
of time for the attraction, while, to make it better 
recognizable, the values are, again, exaggerated 
hopelessly: 𝑣𝑣0 = 0 , 𝑐𝑐 = 10 , and 𝑇𝑇 = 0.2 . The fat line 
shows from 𝑇𝑇 = 0 till 𝑇𝑇 = 0.2 the constant force of the 
anti-field, then the force jumps, and then we see the 
constant force of the field until 𝑇𝑇 = 0.4 . The area A 
represents again the change of the momentum which is 
caused by the electrostatic force. The areas B and D are 
equal in size, so that the difference between the 
electrostatic force and the average force of the field and 
the anti-field is represented exactly by the area C. 

At the end of this chapter we want to see now how big 
𝑣𝑣(𝑇𝑇)  is. For a proton within the gravitational field of 
electrically neutral matter we get 𝑣𝑣(𝑇𝑇)𝑝𝑝+ ≈ 8.8 ⋅
10−28𝑚𝑚𝑑𝑑−1. It is inconceivable to see, how small 𝑣𝑣(𝑇𝑇)is. 
And 𝑇𝑇  isn't less small either. For a proton we get: 

2
28456 10p

rT s
N

−
+ ≈ ⋅ ⋅ . For a proton on the earth's surface, 

𝑟𝑟is the radius of the earth, and 𝑁𝑁  is the number of the 
positive or negative charges of the earth. 

I think that in this chapter the character of the 
quantization gets recognizable very well. 

3.8. The Magnetic Part of Gravitation 
At first, we shall regard the initial velocity 𝑣𝑣0 . It 

corresponds to the velocity 𝑣𝑣𝑅𝑅  of the receiver from part 1 
of this work where we have calculated the magnetic force. 
We had found out that, at motionless sources, the forces of 
the field and the anti-field which arise by the 𝑣𝑣𝑅𝑅  cancel 
each other exactly. This is still valid on temporal average, 
when the fields and anti-fields exert their forces not at the 
same time but after each other. 

If the sources move, therefore, if the fields and the anti-
fields have an angle, then a magnetic force arises by the 
𝑣𝑣𝑅𝑅  (which is here now the 𝑣𝑣0). But, since the fields and 
the anti-fields of the positive and negative charges 
alternate exactly at electrically neutral matter, no magnetic 
force will arise on temporal average here either. (Except 
of some very small effects which can arise by changes of 
the directions, which I will not treat further here.) 

Now, we shall regard 𝑣𝑣(𝑇𝑇). If the sources move (with 
𝑣𝑣𝑆𝑆), as, e.g., the electrons in the atoms do, then there are 
angles between the forces of their fields and anti-fields 
and the directions in which their fields and anti-fields 
propagate. The 𝑣𝑣(𝑇𝑇) for its part has the same direction as 
the force from which it arises. 

We want to find out now which consequences the 
change of the direction of the force has. This time, as 
example, we regard the repulsion. We know that when 
𝑣𝑣𝑆𝑆 = 0 at repulsion always 𝑣𝑣(𝑇𝑇)

− > 𝑣𝑣(𝑇𝑇)
+ , since for the field 

the 𝑣𝑣(𝑇𝑇)
−  is added to the initial velocity, so that it is 

weakened more than the anti-field is strengthened by the 
emergence of the 𝑣𝑣(𝑇𝑇)

− . In Figure 3.1 the case 𝑣𝑣𝑆𝑆 ≠ 0 is 
represented, while only one possible 𝑣𝑣𝑆𝑆  is represented. 
The Figure 3.1 corresponds to the Figure 2.3 from part 1 
of this work. The 𝑣𝑣(𝑇𝑇)

−  and the 𝑣𝑣(𝑇𝑇)
+  for 𝑣𝑣𝑆𝑆 = 0 are 

represented as 𝑣𝑣(𝑇𝑇0)
−  and 𝑣𝑣(𝑇𝑇0)

+  (and they are represented 
far too great, so that they will be recognisable better, 
because in reality 𝑣𝑣(𝑇𝑇0)

−  and 𝑣𝑣(𝑇𝑇0)
+  are negligible small 

compared with 𝑐𝑐+). In Figure 3.1 we can see that 𝑣𝑣(𝑇𝑇)
−  gets 

smaller in the direction of 𝑐𝑐+  (therefore also in the 
direction of 𝑐𝑐−) due to the angle φ−. But exclusively the 
component of the 𝑣𝑣(𝑇𝑇)

−  which is parallel to 𝑐𝑐+  is 
responsible for the weakening of the field, which, of 
course, exerts its force after the anti-field. Therefore, the 
weakening of the field is weakened (for 𝑣𝑣𝑆𝑆 ≠ 0 compared 
with 𝑣𝑣𝑆𝑆 = 0), which means that the repulsion altogether is 
weakened less, so that gravitation is also weakened. 

 
Figure 3.1. 

But, of course, we know that, in the end, gravitation 
isn't weakened all in all; the explanation for that is that the 
𝑣𝑣𝑆𝑆  is, e.g., the velocity of the electrons in the atom. And in 
Figure 3.1 only one possible direction is represented for 
the 𝑣𝑣𝑆𝑆 . At its motion within the atom the electron will 
move also in exactly the opposite direction, and there then 
gravitation is strengthened (by the same amount as it is 
weakened in the opposite direction). 

This then is the conclusion of this chapter: In the end, at 
electrically neutral matter, with no net-currents flowing, 
the magnetic forces of the fields and anti-fields of the 
positive and negative charges compensate each other 
exactly. That is: there is no resultant magnetic force at 
gravitation. More detailed considerations, which are surely 
necessary here, will follow in further works. 

However, one already recognizes how easily the 
equilibrium of the forces can be disturbed. E.g., one only 
would need to assume that the electron doesn't always 
move continuously within the atom, but, that it executes 
something like "quantum jumps". The equilibrium could 
already be disturbed. It isn't clear either yet, how 
accelerations have an effect. 

At the end of this chapter, I still would like to draw our 
attention to such an equilibrium of forces to avoid 
irritations since the connection doesn't immediately 
discloses itself: 

The 𝑣𝑣(𝑇𝑇)  always has the same direction as the force. 
This means that if the sign of the force changes then the 
direction of the 𝑣𝑣(𝑇𝑇)  changes, too, so that the magnetic 
force has the same direction both for the attraction and for 
the repulsion. 

So, here, one could come to the incorrect assumption 
that a resultant magnetic force arises if a charge (a 
receiver) moves to and fro due to the positive and negative 
fields and anti-fields of an electrically neutral object 
(which represents the sources). 

But actually, one must consider that a receiver isn't 
accelerated only positively but that he must also be 
accelerated negatively (therefore slowed down) so that he 
can move at all to and fro. And while the receiver slows 
down he continuous to move in the same direction as 
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when he was accelerated, but here now the force has the 
opposite sign, and this means that the magnetic force has 
the opposite direction when slowing down as when 
accelerating, so that no resultant magnetic force arises. 

So, although gravitation results from the quantization 
for the transfer of the electric energy, there don't seem to 
occur any considerable magnetic effects. 

I nevertheless think that the magnetic part of gravitation 
is most likely to show deviations from classic gravitation - 
if there are any at all. Also a technical influence on 
gravitation seems here more possible then elsewhere - I 
remind the somehow strange results regarding the super-
conductive, rotating plates [33,34,35,36]. In any case, the 
magnetic part of gravitation must urgently be analysed 
more exactly. 

3.9. On General Relativity 
I don't treat general relativity (GR) [7,8,9] here. 

However, I don't see any contradictions any way. 
In GR the principles of special relativity (SR) are 

applied to the gravitational acceleration. The result is the 
description of the gravitational field as curved spacetime. 
The great advantage of this consideration is that the 
changes of spacetime, which arise in accordance with SR, 
can be taken into account here. So, in this way, e.g., the 
planetary orbits [16] are calculated more correctly than 
only by Newton's laws since the conditions of SR, which 
are to be regarded as valid, are applied to gravitation. 

Since we know now that gravitation isn't a force of its 
own, since gravitation is an electric effect, it is necessary 
to apply the conditions of SR to the electric fields and 
anti-fields, or to their forces and accelerations. Here, the 
quantization of the transfer of the electric energy, as it is 
described in this work, is to be taken into account. The 
result of such an procedure must be GR here again, too. 

We can regard the curvatures of spacetime of GR as 
some sort of resultant field. If we look more exactly, then 
we see the electric fields and anti-fields and the quantum 
levels of the electric charges to whose accelerations SR is 
applied. In turn the electric forces yield in their sum the 
conditions of GR. It principally is about two different 
ways of looking at the same thing, and both ways yield the 
same results. 

GR is more general (of course). It describes gravitation 
without going the detour via the electric force. But, though, 
I cannot derive GR from the electric forces yet. This is a 
task for coming works. 

The question, whether the curved spacetime actually 
exists, cannot be answered here either. I merely show that 
in reality the gravitational field reveals to consist of 
electric fields and anti-fields at a more exact consideration. 
For this reason I also can not make any helpful statements 
on the gravitational waves here, although one can suspect 
that the gravitational effects, from which the gravitational 
waves arise, exist quite independently from the existence 
of the curved spacetime. 

3.10. Closing Remark to Part 2 
I think that I could show clearly that gravitation is an 

electric effect. Therefore, a gravitational force of its own, 
without electric forces, cannot exist. 

Apart from the velocity-dependence of the electric 
force, which is known from part 1, I only have assumed 

that electric charges can change between different 
quantum levels if their energy state changes. From this 
then gravitation can be calculated as an electric effect. A 
relativistic calculation of this electric effect then would 
yield GR. 

Being able to present the connection between the 
gravitation and the electric force opens numerous new 
cognitions, particularly regarding the behaviour of electric 
charges. New approaches arise for experiments, and also 
new technical applications will appear hopefully soon, 
particularly regarding the magnetic part of gravitation. 

A new, exciting world opens up, with thrilling 
challenges. 

4. Part 3: On Quantization and on 
Electricity as Alternating Spacetime 

4.1. Introduction to Part 3 / Motivation 
We have seen that gravitation is an electric effect 

between electric charges. And although the electric 
charges exert exclusively electric forces on each other, the 
gravitational force is nevertheless proportional to the 
product of the interacting masses. This means that the 
electric field of a charge and also the charge itself must 
have a quality in which the mass of the charge is disclosed. 
From this quality, the quantization of the transfer of the 
electric energy arises, from which then the 𝑣𝑣(𝑇𝑇)  results, 
and therefore gravitation. 

I will show that the mass of the electric charge is 
substantiated in the fact that the electric charge is a 
spacetime wave. Further interesting connections then arise 
apart from the quantization of the transfer of the electric 
energy. Not least, the emergence of the electric force can 
be understood better here, too. 

4.2. The Electric Charge as a Spacetime 
Wave 

Already deBroglie had used the equation 
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 at his derivation of the matter waves, 

were 𝑚𝑚0 is the rest mass, 𝑣𝑣 the velocity, 𝑓𝑓 the frequency, 
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The first term after the equality sign (that is 𝑚𝑚0 ⋅ 𝑐𝑐2 ) 
was ignored by deBroglie since it is constant and 
deBroglie was only interested in the velocity of the mass-
particle. 

But exactly this first term is particularly interesting for 
us here. 

Because we can write:  
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Here, the frequency 𝑓𝑓𝑚𝑚0  is assigned to a particle with 
the rest-mass 𝑚𝑚0. One generally assumes that there cannot 
be an electric charge without mass. I additionally state that, 
in principle, mass without charge cannot be, either, while I 
always assign two opposite charges equal in magnitude to 
every electrically neutral mass (such as the neutron). So, if 
the frequency 𝑓𝑓𝑚𝑚0  is assigned to a mass 𝑚𝑚0 , then this 
frequency is assigned to an electric charge with the mass 
𝑚𝑚0. 

Here, an electric charge reveals to be an oscillation 
whose frequency is proportional to its mass. This is 
exactly the quality of an electric charge, we were looking 
for: the mass of an electric charge is represented in the 
frequency of the electric charge. 

Therefore, it cannot be distinguished between the mass 
and the electric charge. In this sense, it doesn't make sense 
to distinguish between the electric charge and its field 
either. Much more, the electric charge is the oscillation of 
its field. I will describe this oscillation more exactly now. 

In the first part of this work, I show that the magnetic 
field is an angled electric field, which means that there 
isn't a magnetic field of its own. In the second part of this 
work, I show that gravitation is an electric effect, which 
means that there isn't a gravitational field of its own. It 
almost seems as if the electric field were the most basic of 
all fields. And now we see that the electric field appears to 
be oscillation. 

A field represents a spatial quality. And the most basic 
element of space is space itself. If the electric field is the 
most basic of all fields, then it seems almost compelling 
that the oscillation of the electric field is the oscillation of 
space itself. Of course, space still has, in addition, the 
quality of time. An electric charge is, therefore, oscillating 
spacetime. 

We know from GR, and the gravitational waves derived 
from it, that oscillating spacetime contains energy. In a 
similar way also the oscillating spacetime of the electric 
charges contains energy. This energy can be transferred to 
charges and cause changes of the velocity, according to 
the forces of the electric charges. 

I cannot say much about the exact composition of the 
spacetime and its oscillations of electric charges yet. But, I 
can name some qualities of these oscillations and show, at 
least, in principle, how they cause changes of velocity. 
This is carried out in the coming chapters. 

4.3. Energy / Beat (interference) 
The electric force is proportional to 𝑟𝑟−2  and arises, 

according to the previous chapter, from an oscillation of 
spacetime. If we assume that the force is proportional to 
the amplitude of the oscillation of spacetime, then the 
amplitude of the oscillation of spacetime is proportional to 
𝑟𝑟−2, too. This implies that the charge has a centre towards 
which the amplitude of the oscillation of spacetime 
increaseswith 𝑟𝑟−2. 

Since the electric force (of a motionless charge) is equal 
in all directions, we have to assume, for symmetric 
reasons, that the oscillation of spacetime of an electric 
charge is a spherical oscillation - which corresponds to a 
longitudinal oscillation. This oscillation spreads, starting 
out from the centre, into infinity, with an amplitude 
proportional to 𝑟𝑟−2. 

As we know by now, an electric charge consist of a 
field and an anti-field. All electric qualities applied 
similarly to the field as to the anti-field till now. Thus, I 
assume that the 𝑓𝑓𝑚𝑚  applies both to the field and to the anti-
field. For a motionless charge the 𝑓𝑓𝑚𝑚0 of the field shall be 
equal to that of the anti-field. The field and the anti-field 
propagate with the speed of light in opposite directions. If 
two waves of the same frequency and opposite directions 
superimpose, then a standing wave is made. So, a 
motionless electric charge is a standing spherical wave 
whose amplitude increases towards the centre with 𝑟𝑟−2 , 
while the field moves away from the centre, and the anti-
field moves towards the centre. 

If an electric charge with the mass 𝑚𝑚moves with the 
velocity 𝑣𝑣𝑚𝑚 , then the 𝑓𝑓𝑚𝑚  changes according to the velocity, 
and to be more precise both the 𝑓𝑓𝑚𝑚  of the field and that of 
the anti-field change. For the wave, which propagates in 
the same direction as the charge, the frequency increases, 
and for the wave, which propagates in the opposite 
direction as the charge, the frequency decreases. If the 
frequencies of two waves (which superimpose) are 
different, then beat arises. 

For beat there are two frequencies: the carrier frequency 
and the frequency of the beat. 

We first regard the carrier frequency. The carrier 
frequency is the average frequency of the frequencies, 
which superimpose. Under consideration of the relativistic 
time-dilatation, which arises for a charge which moves 
with the velocity 𝑣𝑣𝑚𝑚 , the carrier frequency of the charge is:  

 0
2

2

,

1

m
m

m

f
f

v
c

=

−

 (4.2) 

were 𝑓𝑓𝑚𝑚0 is the frequency of the standing wave. We begun 
with assigning the frequency 𝑓𝑓𝑚𝑚0  to the rest mass 𝑚𝑚0 . 
Now we see that by the introduction of the anti-field the 
carrier frequency corresponds exactly to the relativistic 

mass. Inserting (4.1) into (4.2) yields: 
2

m
m cf

h
⋅

= . So we 

can retain: The entire energy of the mass is located in the 
carrier frequency. 

The wavelength of the carrier frequency also changes 
according to the relativistic length-contraction and is: 

2

0 21 m
m m

v
c

λ λ= ⋅ − , were 𝜆𝜆𝑚𝑚0 is the wavelength of a rest 

mass. 
Now, we regard the frequency of the beat (𝑓𝑓𝑏𝑏 ). The 

frequency of the beat is the difference of the frequencies 
of the waves, which superimpose. Under consideration of 
the relativistic time-dilatation, which arises for a charge 
which moves with the velocity 𝑣𝑣𝑚𝑚 , the frequency of the 

beat of the charge is: 0 2

2

2 1
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−

. If the 

velocity of the mass is considerably smaller than the speed 
of the light (that is 𝑣𝑣𝑚𝑚 ≪ 𝑐𝑐 ), then the root term is 
approximately 1, so that  

 0 2m m
b

f v
f

c
⋅ ⋅

=  (4.3) 
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is a good approximation. The beat propagates with the 
speed of light. So, if 𝜆𝜆𝑏𝑏  is the wavelength of the beat then:  

 .b bc f λ= ⋅  (4.4) 

Inserting (4.1) and (4.4) into (4.3) finally yields: 

0 2b
m

h
m v

λ =
⋅ ⋅

. This corresponds exactly to the 

deBroglie wavelength which deBroglie calculated for the 
matter-waves of the masses (which are confirmed, e.g., by 
double split-experiments [11]). The 2 ⋅ 𝑣𝑣𝑚𝑚  is the 
difference of velocity, which results for the mass between 
the field and the anti-field. 

It is really remarkable: By introducing the anti-field, the 
deBroglie wavelength can be represented very simply as a 
beat, which arises between the spacetime wave of the field 
and the anti-field if the mass moves with the velocity 𝑣𝑣𝑚𝑚 . 

I regard this as an excellent confirmation (no proof) for 
the existence of the anti-field. I think that the anti-field is 
not a theoretical construct but it is physical reality. 

So, the mass of an electric charge isn't a small object in 
the centre of the charge, as it may has been imagined 
classically. The mass rather corresponds to the frequency 
with which the charge oscillates and can not be 
distinguished from the charge. But, due to 𝑟𝑟−2 , the 
amplitude increases very fast towards the centre, so that, 
at a collision, the intensity of the interaction increases very 
fast as the centres approach, from what a radius can be 
derived for the interaction, which then is likely to be 
assigned to the mass. 

The velocity of a mass corresponds to the motion of the 
centre of an electric charge and arises from the difference 
of the frequencies of the field and the anti-field. So, an 
electric charge has not a mass which is struck but the 
frequencies of the field and the anti-field which alternate. 

4.4. On the Emergence of the Electric Force 
The space-time wave of the anti-field propagates with 

the speed of light towards the centre, while the amplitude 
increases with 𝑟𝑟−2. The increase of the amplitude can be 
represented geometrically: while the anti-field propagates 
towards the centre a spherical surface of this anti-field 
decreases with 𝑟𝑟−2, and the density of the points on this 
sphere increases correspondingly. In this sense, the space 
of the anti-field becomes compressed on its way towards 
the centre. The space compressed into the centre then 
leaves the centre as a field. But, though, the anti-field isn't 
reflected at the centre; instead it goes through the centre. 

So, on its way through the centre the anti-field becomes 
a field. Both move in the same direction. It seems, as if 
they could be one and the same wave, but the field and the 
anti-field have different spacetime parameters. When the 
anti-field goes through the centre its spacetime parameters 
alternate, so that it becomes a field. We can call the 
combination of the wave of the anti-field which becomes 
the wave of the field the continuous wave. Thus, there are 
two continuous waves for every straight that goes through 
the centre which propagate in opposite directions. So, if a 
receiver moves with a velocity (𝑣𝑣𝑅𝑅����⃗ ), then the wavelengths 
of the continuous waves are different in the direction of 
the 𝑣𝑣𝑅𝑅����⃗ . 

The electric force of a field and an anti-field of an 
electric charge, which I call source, on a receiver 
corresponds to the acceleration - that is the change of the 
velocity - of the receiver. This means that the frequencies 
of the continuous waves of the receiver change in the 
direction of the change of the velocity. And this means, 
formulated quite generally, that the frequency of the field 
of the receiver, that is 𝑓𝑓𝑅𝑅+, changes in relation to that one 
of the anti-field, which is 𝑓𝑓𝑅𝑅−. The change of 𝑓𝑓𝑅𝑅+ and 𝑓𝑓𝑅𝑅− is 
caused by the field and the anti-field of the source. Since I 
show in this work here that gravitation is an electric effect, 
it is clear that, in the first place, the force of the electric 
field is independent of the mass of the charge of the 
source. Thus, it is clear that the force of the field and the 
anti-field of the source is independent of the respective 
wavelength (these are 𝜆𝜆𝑆𝑆+  and 𝜆𝜆𝑆𝑆− ). It is an important 
component of this work that the electric force is velocity-
dependent (as it is in part 1 of this work). So we can 
assign to each wave of the field or anti-field of the source 
(which, of course, propagate with the speed of light) a 
certain change of the frequency of the field or anti-field of 
the receiver, which then is 𝛿𝛿𝑓𝑓𝑅𝑅+  or 𝛿𝛿𝑓𝑓𝑅𝑅− , were then, of 
course, 𝛿𝛿𝑓𝑓𝑅𝑅+ or 𝛿𝛿𝑓𝑓𝑅𝑅−are directly proportional to 𝜆𝜆𝑆𝑆+  or 𝜆𝜆𝑆𝑆− . 
In addition, we know that the electric force is proportional 
to 𝑟𝑟−2. From that we have derived that the amplitude of 
the spacetime wave of the field or anti field of the source 
(this is 𝐴𝐴𝑆𝑆+  or 𝐴𝐴𝑆𝑆−) is also proportional to 𝑟𝑟−2 . Here this 
means that 𝛿𝛿𝑓𝑓𝑅𝑅+ or 𝛿𝛿𝑓𝑓𝑅𝑅− is proportional to 𝐴𝐴𝑆𝑆+ or 𝐴𝐴𝑆𝑆−. 

The actual acceleration of the receiver is inverse 
proportional to its inert mass. But, in this representation of 
the connections there isn't a mass as such, neither inertly 
norgravitationally. Here, the inertia corresponds to the 
time-period 𝛥𝛥𝑡𝑡 which is necessary for a 𝛿𝛿𝑓𝑓𝑅𝑅+ or 𝛿𝛿𝑓𝑓𝑅𝑅−. This 
time-period corresponds to the time which one wave of 
the source needs to move along the centre of the receiver, 
by which a 𝛿𝛿𝑓𝑓𝑅𝑅+ or 𝛿𝛿𝑓𝑓𝑅𝑅−arises. Of course, it isn't necessary 
to always consider a whole wave of the source; a fraction 
of one wave of the source causes a correspondingly 
smaller change of the frequency of the receiver. The 𝛿𝛿𝑓𝑓𝑅𝑅+ 
or 𝛿𝛿𝑓𝑓𝑅𝑅−  cause a beat which in turn corresponds to a 
velocity of the receiver (including his centre). The 
frequency of the beat is the difference of the frequencies, 
and here, that is 𝛿𝛿𝑓𝑓𝑅𝑅+ or 𝛿𝛿𝑓𝑓𝑅𝑅−. So, regarding equation (4.3) 
it is 𝑓𝑓𝑏𝑏 = 𝛿𝛿𝑓𝑓𝑅𝑅+ or 𝑓𝑓𝑏𝑏 = 𝛿𝛿𝑓𝑓𝑅𝑅− . The mass of the receiver 
corresponds to the frequency 𝑓𝑓𝑚𝑚0  and the velocity 𝑣𝑣𝑚𝑚  
corresponds to the change of the velocity of the receiver 
(this then is 𝑣𝑣𝑅𝑅). Since the waves of the source produce, in 
the same period 𝛥𝛥𝑡𝑡, always equally grate 𝛿𝛿𝑓𝑓𝑅𝑅+ or 𝛿𝛿𝑓𝑓𝑅𝑅−, we 
see in equation (4.3) that the change of the velocity of the 
receiver is exactly inverse proportional to his mass - 
because then 𝑓𝑓𝑚𝑚0 ⋅ 𝑣𝑣𝑅𝑅  is constant. So, the quality of the 
inertial mass (that is inertia) results quite automatically if 
the changes of the frequency which the waves of the 
source produce on the receiver are independently of the 
mass of the receiver (which corresponds to 𝑓𝑓𝑚𝑚0). 

Here, now it becomes clear how the velocity-
dependence of the electric force arises: due to a velocity 
𝑣𝑣𝑅𝑅����⃗  of the receiver the velocity with which the waves of the 
source move along the centre of the receiver changes, so 
that the time-period 𝛥𝛥𝑡𝑡 for a 𝛿𝛿𝑓𝑓𝑅𝑅+ or 𝛿𝛿𝑓𝑓𝑅𝑅− changes, too. 

If we say, independently of whether it is a field or an 
anti-field, that every wave of the source (this then is 𝜆𝜆𝑆𝑆) 
causes a certain change of the frequency of the receiver 
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(this then is 𝛿𝛿𝑓𝑓𝑅𝑅 ), then it is: R
R

S

f Kδ
λ

= , were 𝐾𝐾𝑅𝑅 is a 

constant still to be defined. In addition, it is: 𝜆𝜆𝑆𝑆 = 𝛥𝛥𝑡𝑡 ⋅
(𝑐𝑐 ± 𝑣𝑣𝑅𝑅(𝑡𝑡)), were 𝑣𝑣𝑅𝑅(𝑡𝑡) is the magnitude of the component 
of 𝑣𝑣𝑅𝑅����⃗ , that is parallel to the speed of light 𝑐𝑐 of the waves 
of the source. By inserting (4.3) and for 𝛥𝛥𝑡𝑡 → 0 we finally 

have: ( )
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⋅
, were, in this case, 𝑓𝑓𝑚𝑚0 is 

the frequency of the rest mass of the receiver. This 
corresponds exactly to the equations (3.1) or (3.3) from 
part 2 of this work. Therefore, by considering (4.1) it is: 
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= . 

The velocity-dependence of the electric force arises 
from the relative velocity between the waves of the source 
and the receiver. By the component of 𝑣𝑣𝑅𝑅����⃗  that is 
perpendicular to the 𝑐𝑐of the waves of the source, the angle 

tan( ) R
r

v
c

ϕ ⊥=  results between the waves of the source 

and the receiver. Due to 𝜑𝜑𝑟𝑟  the 𝛿𝛿𝑓𝑓𝑅𝑅+  or 𝛿𝛿𝑓𝑓𝑅𝑅−  also have a 
corresponding angle so that the beat also has the angle 𝜑𝜑𝑟𝑟 . 
And this means that the change of the velocity of the 
receiver also has the angle 𝜑𝜑𝑟𝑟 , what corresponds to an 
additional force which is proportional to the 𝑣𝑣𝑅𝑅⊥. 

So we see that the velocity-dependence of the electric 
force, as I have represented it in part 1 of this work, and 
which means there that the 𝑣𝑣𝑅𝑅����⃗  produces an additional 
force of its own, can be very well derived from the 
representation of the electric charge as a spacetime wave. 

One important characteristic of electric charges is the 
duality: there are two different types of charges in which 
same charges repel and opposite charges attract each other. 
This duality is mirrored in the duality of the field and the 
anti-field. This duality of the electric charges results when 
the field of the one type of a charge corresponds to the 
anti-field of the other type of a charge, and vice versa. In 
this way, one receives changes of the velocity which 
correspond to the direction of the force. Here, it is decisive 
that there always is only one type of an interaction 
between the source and the receiver: either always only 
the fields interact with the fields and the  
anti-fields with the anti-fields or always only the fields 
interact with the anti-fields. For purely practical reasons, I 
decide that always only the field of the source interacts 
with the field of the receiver and the anti-field of the 
source with the anti-field of the receiver. Another 
difference in the interaction arises from the relative 
direction of the motion: when the receiver and the waves 
of the source move towards each other, then they produce 
exactly the opposite 𝛿𝛿𝑓𝑓𝑅𝑅 as when they move in the same 
direction. 

We first consider the repulsion between same charges. 
The field of the source (𝜆𝜆𝑆𝑆+) interacts with the field of the 
receiver (𝑓𝑓𝑅𝑅+). At repulsion the frequency of the wave of 
the receiver becomes grater when the wave moves towards 
the source (I then call his frequency 𝑓𝑓𝑅𝑅1

+ ), and it becomes 
smaller, when the wave moves away from the source (I 
then call his frequency 𝑓𝑓𝑅𝑅2

+ ). (I draw the connections 
symbolically in Figure 4.1. To not overload the Figure I 
don't represent the amplitude of the waves with 𝑟𝑟−2 , 
instead I draw it just "flat". 𝑀𝑀𝑆𝑆  and 𝑀𝑀𝑅𝑅  are the centres of 

the source and the receiver respectively, while the source 
is in a grate distance from the receiver.) So, if the fields of 
the source and of the receiver move towards each other 
then 𝑓𝑓𝑅𝑅+ gets greater, and vice versa. If, on the other hand, 
the anti-fields of the source and of the receiver move 
towards each other, then exactly the inverse happens: then 
𝑓𝑓𝑅𝑅− gets smaller, and vice versa. So, the frequency of the 
continuous wave which moves towards the source gets 
greater, and the frequency of the continuous wave which 
moves away from the source gets smaller, what 
corresponds to a repulsion. 

 
Figure 4.1. 

We now consider the attraction between opposite 
charges. Here, the field of the one charge is the anti-field 
of the other charge. Thus, the field of the source (𝜆𝜆𝑆𝑆+ ) 
interacts with the anti-field of the receiver (therefore with 
𝑓𝑓𝑅𝑅1
−  and 𝑓𝑓𝑅𝑅2

− ). So, the field of the source corresponds to the 
anti-field of the receiver. Since 𝜆𝜆𝑆𝑆+ moves towards 𝑓𝑓𝑅𝑅2

− , the 
𝑓𝑓𝑅𝑅2
−  becomes smaller and the 𝑓𝑓𝑅𝑅1

−  becomes correspondingly 
greater - very analogous to the anti-fields at the repulsion. 
The 𝜆𝜆𝑆𝑆−, in turn, corresponds to the field of the receiver so 
that 𝑓𝑓𝑅𝑅1

+  becomes smaller and 𝑓𝑓𝑅𝑅2
+  greater. So, the 

frequency of the continuous wave which moves towards 
the source gets smaller, and the frequency of the 
continuous wave which moves away from the source gets 
grater, what corresponds to a attraction. 

As we know, the field and the anti-field of the source 
don't exert their forces at the same time but after each 
other. Therefore, the frequencies of the two continuous 
waves always change only on one side, in which these 
changes of the frequencies spread from the centre of the 
receiver with the speed of light. 

The changes of the frequencies of the receiver arise 
because the wave of the field or anti-field of the source 
causes an oscillation (that is a spacetime wave) in the 
centre of the receiver which spreads from the centre and 
which superimposes the wave of the field or anti-field of 
the receiver. The changed frequencies of the receiver 
correspond to a velocity and yield the beat which 
corresponds to the matter-waves. 

According to this logic, we can assume for the anti-
particles [32] that the field and the anti-field of an anti-
particle are switched compared with a normal particle. 

About the vacuum one can say that it is filled densely 
with the spacetime waves of the positive and negative 
electric charges - only the centres of charges (that are 
particles) are rare there. [13] 

Perhaps it hasn't got as clear by the descriptions up to 
now, but it is remarkable: Electric charges consist 
exclusively of spacetime. The mass corresponds to their 
frequency, and the forces, which they exert on each other, 
result from the changes of their spacetime waves. So, in 
the end, all matter we know only consists of spacetime. 
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4.5. On the Emergence of the Electric 
Quantization 

The quantization of the transfer of the electric energy 
(which I call shorter "electric quantization") leads to 
gravitation. I will show now, how this quantization results. 

The electric quantization means that the receiver can 
only be in certain quantum levels, in which always only 
the fields or the anti-fields of one type of a charge of the 
sources can cause changes of the frequency of the receiver. 
The beat arising in this process corresponds to the velocity 
𝑣𝑣𝑅𝑅(𝑡𝑡). The electric quantization then results by the fact that 
the receiver changes his quantum level as soon as the 
changes of the frequency (and therefore also the 𝑣𝑣𝑅𝑅(𝑡𝑡) ) 
have reached a certain magnitude. If we call the time-
period of a quantum level generalized 𝑇𝑇, then the quantum 
levels change each time when 𝑣𝑣𝑅𝑅(𝑇𝑇) is reached. 

The beat is calculated from the difference of the 
frequencies of the field and the anti-field of the receiver. 
In an analogous way we also can calculate the difference 
of the wavelengths of the field and the anti-field of the 
receiver. Generalized (that is, for the moment, without 
distinguishing between the field and the anti-field, and 
between the positive and negative charges), this difference 
is for each quantum level: 
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were 𝑓𝑓𝑅𝑅0 is the frequency of the rest mass of the receiver. 
(To avoid mistakes: the 𝛿𝛿𝜆𝜆𝑅𝑅  isn't the wavelength of the 
beat). 

In part 2 of this work we have seen that 𝑣𝑣𝑅𝑅(𝑇𝑇)  is a 
somehow complicated exponential function of 𝑇𝑇, in which 
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. But, we know 

that 𝐾𝐾 and therefore also 𝑇𝑇 is very small and for values 
near zero the slope of the exponential function is ≈ 1. So 
we can say, in good approximation, that 𝑣𝑣𝑅𝑅(𝑇𝑇)  is 
proportional to 𝑚𝑚𝑅𝑅 ⋅ 𝑚𝑚𝑆𝑆  and therefore also to 𝑓𝑓𝑅𝑅0 ⋅ 𝑓𝑓𝑆𝑆0 (in 
which the 𝑓𝑓𝑆𝑆0 represents the frequencies of the rest masses 
of the sources.) This means that 𝛿𝛿𝜆𝜆𝑅𝑅  is roughly 
independent of 𝑓𝑓𝑅𝑅0, and approximately proportional to 𝑓𝑓𝑆𝑆0. 
This means that 𝛿𝛿𝜆𝜆𝑅𝑅  results almost exclusively from the 
frequencies of the waves of the sources. The electric 
quantization then arises by the fact that the magnitude of 
the 𝛿𝛿𝜆𝜆𝑅𝑅  at which the quantum level of the receiver 
changes each time is proportional to the frequencies of the 
waves of the sources. Or formulated a little differently: the 
magnitude of the changes of the wavelength of the 
receiver is, for every quantum level, proportional to the 
frequencies of the waves of the sources. 

Here now it may be interesting to realize the 
magnitudes of the quantization: in part 2 of this work, I 
have assessed the time-period of a quantum level of a 
proton on the earth's surface in strongly simplified terms. 

It is: 
2

28456 10p
rT s
N

−
+ ≈ ⋅ ⋅ . The number 𝑁𝑁of the positive 

or negative charges of the earth is 𝑁𝑁 ≈ 3.57 ⋅ 1051 , and 
for the radius of the earth it is 2 133.969 10r ≈ ⋅ , so that 

645 10pT s−
+ ≈ ⋅ . On the other hand, the time-period of 

the frequency of the mass of a proton is: 

244.5 10mpT −
+ ≈ ⋅ . Here we see, despite the only very 

rough estimation, how unbelievably small the change is, 
which a quantum causes at a charge. The reason for that 
could be the condensation of the space in the centre. 

Now, I want to try to find a descriptive interpretation 
for the connections on the electric quantization. We know 
that the fields and the anti-fields of the sources don't exert 
their forces at the same time but after each other, with the 
consequence that the frequencies of the continuous waves 
always change only on one side of the receiver, with 
respect to the centre. From that, the the following 
interpretation arises: the imbalance between the 
frequencies on the one and the other side of the centre 
cannot exceed a certain magnitude, just as if a difference 
in pressure would arise. As soon as the imbalance has 
reached a certain magnitude, the charge alters its quantum 
level. The imbalance corresponds to a difference in the 
wavelengths between the two sides (with respect to the 
centre) of a continuous wave, and this imbalance is 
proportional to the frequencies of the waves of the sources, 
so that, therefore, it can be all the bigger, the bigger the 
frequencies of the waves of the sources are. 

But, in addition, we also know that although always 
only the fields or anti-fields of one type of a charge can 
exert their forces, nevertheless the masses of the 
respective other type of a charge have to be taken into 
account for gravitation, too. For this, there is the following 
interpretation: we know that the field of the one type of a 
charge corresponds to the anti-field of the other type of a 
charge, and we know that always only the ones of the 
same kind interact with each other. So, if, therefore, the 
fields of the one type of a charge of the sources interact 
with the field of the receiver, then the anti-fields of the 
other type of a charge of the sources counteract, but this 
without being able to actually exert their forces. Instead, 
these anti-fields of the other type of a charge of the 
sources will support the receiver, so that the difference of 
the wavelength, which the fields of the sources, that 
interact with the receiver, can cause, gets appropriately 
grater. 

This interpretation is, of course, still very vague, and 
the reason for that is that it still isn't clear at all which 
spacetime parameters the waves of the electric charges 
have. It also isn't clear at all, in which way different 
spacetime waves influence each other. On this topic, I 
have made some general considerations in my work 
"Theory of objects of space" [39]. This work here 
represents a first specification of my considerations then. 
But, there is still a long way to go. However, we already 
receive important notes. So, e.g., we can assume that the 
spacetime parameters of the waves of the electric charges 
must overall fulfil, for gravitation, the parameters of GR. 

4.6. Effects on Gravitation 
In part 2 of this work, we have calculated 𝑣𝑣𝑅𝑅(𝑇𝑇)or 𝑇𝑇only 

for small, non-relativistic velocities, and we can make 
here exactly the same. But, though, these non-relativistic 
velocities are not always to be neglected, since, as we can 
see, 𝛿𝛿𝜆𝜆𝑅𝑅(𝑇𝑇) is proportional to the frequencies of the waves 
of the sources and these frequencies are directly 
proportional to the velocities of the sources and the 
receivers, and this, of course, is also relevant for  
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non-relativistic velocities. This means, in the end, that 
there is a velocity-dependence for gravitation, too (just as 
for the electric force). And as in the case of the electric 
force, also at gravitation, the changes of the field and the 
anti-field cancel each other. And this means that, at 
gravitation, too, we get a force which corresponds to the 
magnetic force [15,26-31]. From this then, among other 
things, the gravitational waves arise! [37,38] 

For grater, relativistic velocities the increase of the 
mass has to be taken into account, of course. Since the 
average frequency from the field plus the anti-field of a 
source changes, not only the inertial mass of a source 
changes but in the same way the gravitational mass 
changes, too. I still cannot say here exactly which 
consequences this has on gravitation since I cannot know 
yet whether I know all the relevant factors. However, for 
the moment, it seems as if the gravitational force of a mass 
increases by its velocity in the direction of the velocity. 

Perpendicular to the velocity of a source the frequencies 
of the field and the anti-field of the source change exactly 
in the same way (so there isn't any beat). Due to the 
relativistic time-dilatation, the average frequency 
perpendicular to the velocity 𝑣𝑣𝑆𝑆  of a source becomes: 

2

0 21 S
S S S

v
f f f

c
+ −= = ⋅ − . For the moment, this means 

that the gravitational force gets smaller perpendicular to 
𝑣𝑣𝑆𝑆 . If this is correct, then, e.g., the velocities of the 
electrons within the atom shells must be taken into 
account, and also the atomic nuclei could have relevant 
velocities, e.g., inside the sun. 

A horizontally rotating mass on the earth's surface also 
should get lighter - but, though, so insignificantly, that it would 
hardly be measurable. There have already been corresponding 
experiments [33,34,35,36] with superconductive rotating 
plates. The results achieved there are considerably bigger 
than the relativistic changes let expect, though. If the 
results would be confirmed, one would need to look for 
other causes. The superconductivity could be relevant. As 
we know by now, electric charges are spacetime waves. 
Some of these spacetime waves could develop resonances 
at superconductivity so that the frequencies and 
amplitudes of the spacetime waves of the charges the 
rotating plate consists of change, so that the weight of the 
plate changes. One could go even so far to assume that the 
resonant spacetime waves of the charges of the plate 
change the spacetime waves, which come from the earth, 
and go through the plate, in such a way that gravitation 
changes above the rotating plate. But all this is very very 
speculative. As far as it concerns the meaning of the 
rotation of the plate, I would suspect that not the rotation 
itself but the cause for the rotation (that is the drive) has 
meaning. 

In this work here, we have already seen multiple times 
that there seem to be different factors which have the 
potential to be able to influence gravitation, and although 
it will need much effort, I believe that a more exact look 
will be worthwhile, because we finally want to better 
understand gravitation, to see how we can use it. 

4.7. The Electromagnetic Waves 
The electromagnetic waves (EMW) [17,18,19,20] 

transfer their energy by energy quanta, the photons [10]. 

We know that photons are influenced by gravitation, and 
since we have understood now that gravitation is an 
electric phenomenon, photons must therefore have electric 
qualities. In addition, we know that photons are not 
influenced by electric fields, therefore, photons must be 
electrically neutral. But photons always move with the 
speed of light, therefore, they cannot consist of opposite 
electric charges equal in magnitude, since beat isn't 
possible for the speed of light. We know that photons can 
collide, similar to mass particles. Therefore, a momentum 
is assigned to the photons, which arises from the speed of 
light multiplied with the mass which corresponds to the 
frequency of the photons. Photons cannot have a rest mass 
since they always move with the speed of light. 

I will design a construct, now, that corresponds to all 
these qualities of a photon, in the hope, that it is as similar 
to the actual photons as possible. 

It finally turns out that a photon resembles very much to 
an electric charge: it is a spherical spacetime wave whose 
amplitude increases towards the centre, and it consists of a 
field and an anti-field. The essential difference compared 
with an electric charge is that the field and the anti-field of 
a photon don't move relatively to the centre, while the 
centre moves with the speed of light. The magnetic part of 
the photon is represented by the angle 𝜑𝜑 of the electric 
field, as I have described in part 1 of this work. 

At a particle with mass, the kinetic energy is the 
increase of its relativistic mass. This increase of the mass 
corresponds to an increase of the average (carrier-) 
frequency of the field plus the anti-field of this mass (see 
equation 4.2). The frequency of a photon corresponds 
exactly to this additional frequency which a particle with 
mass has due to its kinetic energy. The frequency of the 
photon corresponds to a mass, and so this mass 
corresponds to the kinetic energy of the photon. So, if a 
photon looses its complete kinetic energy at an interaction, 
no rest mass is left. The kinetic energy of the photon is: 
𝐸𝐸𝑘𝑘𝑘𝑘𝑛𝑛𝑃𝑃 = 𝑚𝑚𝑃𝑃 ⋅ 𝑐𝑐2 = 𝑓𝑓𝑃𝑃 ⋅ ℎ, were 𝑚𝑚𝑃𝑃 is the mass and 𝑓𝑓𝑃𝑃 the 
frequency of the photon. And the momentum of the 

photon is: P
P P

f hP m c
c
⋅

= ⋅ = . 

EMW, such as radio waves, consist in dependence of 
the amplitude of many photons. The individual photons of 
an EMW are, similar as in the case of a laser, in resonance. 

I will describe now, how it happens that photons are 
effected by a gravitational field but not by an electric (net) 
field. 

At an electric charge, the field and the anti-field 
propagate with the speed of light in opposite directions 
and the differences of their frequencies cause beat, which 
corresponds to a velocity of the electric charge. At a 
photon instead, the field and the anti-field don't propagate 
relative to each other, they are static to each other. 
Correspondingly, at a photon, the beat also will be static. 
This static beat doesn't change the velocity of the centre of 
the photon. So we recognize that changes of the frequency 
of the field and the anti-field of a photon don't cause any 
changes of the velocity at the photon. 

As in the case of an electric charge at a photon, too, 
always only the frequency of the field or the anti-field 
changes, according to its quantum level, in which, each 
time, the frequency on one side of the centre changes in an 
opposite way as on the other side. And, of course, positive 
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and negative charges will cause exactly opposite changes 
of the frequencies at a photon. 

So, the fields and anti-fields of the sources cause a 
static beat at a photon as a receiver. This static beat 
doesn't produce a velocity at the photon. But, we know 
that photons are influenced by gravitation, which means 
that the velocity-dependence of the electric force must be 
valid for photons. We achieve this by saying that the 
velocity which corresponds to the static beat of a photon 
has to be taken into account so at the velocity-dependence 
of the electric force as if it were an actual velocity. This 
can be justified by the fact that the (interaction-) 
behaviour of the photon changes due to the static beat, 
even if its velocity doesn't change. 

For the frequency of a photon, only the average 
frequency from its field plus its anti-field is relevant, 
while the static beat only has meaning for the velocity-
dependence of the electric force. The average frequency 
changes both for positive and for negative charges of the 
sources always by the amount which corresponds to 
gravitation. The static beat instead changes for positive 
and negative charges of the sources exactly oppositely, so 
that it is zero on average. 

Therefore, for a photon, that propagates parallel to the 
gravitational field, the frequency (and therefore the energy) 
of the photon changes according to gravitation. 

At a photon that propagates perpendicular to the 
gravitational field the average frequency changes 
perpendicular to the direction in which the photon 
propagates. According to our assumption, a photon shall 
fall according to gravitation. This means that, for a photon 
that propagates perpendicular to the gravitational field, the 
direction in which it propagates changes. This change of 
the direction results from the change of the average 
frequency (perpendicular to the direction in which this 
photon propagates) and not from the appropriate static 
beat - thus, a resultant average frequency arises in the new 
direction. The fields and anti-fields of one type of a charge 
of the sources always change the average frequency of a 
photon only by the amount which corresponds to 
gravitation (since, as described, the field and the anti-field 
of the photonchange oppositely). Therefore, if a photon 
propagates perpendicular to the electric field of a net 
charge, then its direction will change only by the amount 
which corresponds to the gravitational force of the net 
charge, which will be negligibly small, at least in 
laboratories. But, in addition, the trajectory of the photon 
is shifted parallel, due to the net charges; I still must 
calculate whether this is measurable under laboratory 
conditions. 

Of course, the magnitude of the change of the direction 
in which the photon moves is proportional to the 
component of the speed of light of the photon which is 
perpendicular to the gravitational field. 

At an electric charge as a receiver, the changes of the 
frequency spread with the speed of light, starting from the 
centre. At a photon as a receiver, this isn't possible since it 
already moves with the speed of light. At an electric 
charge as a receiver, the changes of the frequencies arise 
from the superposition with an oscillation which is 
produced by the fields and anti-fields of the sources in the 
centre of the receiver and which spreads from there with 
the speed of light. The changes of the frequencies of a 
photon also arise from the superposition with an 

oscillation which is produced by the fields and anti-fields 
of the sources, but this oscillation, which I call 
superposition-oscillation, does not have to arise in the 
centre of the photon. The superposition-oscillation can 
rather appear in the whole area of the photon at the same 
time. The reason for that is, that the fields and anti-fields 
of the sources, which cause the superposition-oscillation, 
already exist in the whole area of the photon, and they just 
cause a change of the photon when the photon is in the 
corresponding quantum level. But, of course, just because 
the photon has the ability to change as a whole at the same 
time, this doesn't have to happen. Instead, every 
interaction with a photon must be analysed carefully, to 
find out the temporal and spatial sequence in accordance 
with which the frequencies of the photon change. I will 
not do this in this work here, though. This is a task for 
future works. 

Independently of the temporal and spatial sequence in 
accordance with which the frequencies of the photon 
change, even if the whole photon changes at the same time, 
the centre of the photon always moves with the speed of 
light, of course. 

We recognize, here, a striking similarity to the 
entanglement: on the one hand, events can take place 
simultaneously, on the other hand, the centres still move 
with the speed of light. Actually, I wouldn't have taken the 
possibility of the simultaneity into consideration at all if I 
didn't know that entanglement exists [24,25]. Thanks to 
the unbelievable phenomenon of entanglement, now it is 
easy to understand, how it is possible that photons are 
influenced by the fields and anti-fields of the sources 
although they move with the speed of light. But, though, I 
am still far away from being able to convey the 
simultaneity at the change of a photon to the entanglement 
of two photons. My first thought about entangled photons 
would be that they are parts of the same system which can 
always change only at the same time, while, of course, 
they always keep the speed of light - I cannot say much 
more here yet. But it seems very obvious, though, that this 
simultaneity can, if it is possible for photons, happen also 
at electric charges, which, of course, are very similar to 
the photons. 

In principle, the entanglement must be coupled to some 
time phenomenon, perhaps similar as in my description in 
my "Theory of objects of space" [39]. This could mean 
that the field and the anti-field are also connected by a 
time phenomenon - but, really, this is an other building 
site. 

A photon consists, exactly as an electric charge, of a 
field and an anti-field. At the photon, though, the field and 
the anti-field are static to each other. If, now, two identical 
photons meet exactly centrically with exactly opposite 
velocities then this corresponds to the origin of two 
couples, of which each consists of one field and one anti-
field, and which move in opposite directions (with the 
speed of light). And this corresponds, in the end, to the 
creation of two opposite electric charges - but they are at 
the same place, of course, so that they recombine 
immediately again. But, if the two photons, which produce 
the couple of charges, don't have exactly identical 
frequencies, then beat can arise, with the consequence that 
the electric charges have opposite velocities, in which, of 
course, here, it is necessary to consider the conservation of 
momentum and energy, particularly regarding the masses. 
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In addition, there are experiments [21,22] particularly with 
strong magnetic fields [23] which indicate that a couple of 
charges, that may exist for a short moment, can also arise 
from only one photon. I don't know yet, how this happens. 
But, it seems, in principle, to be possible that the field and 
the anti-field of a photon become part of an electric charge 
again. 

4.8. Remarks on Particle Physics 
Although electric charges are spacetime waves, they 

also have, due to the fast increase of their amplitude 
towards the centre, particle character, because the 
intensity of their interactions increases very fast when the 
distance decreases. 

If the distance between two protons becomes very small, 
e.g., inside a sun, their frequencies can get into a kind of 
resonance so that they don't repel any more, and they form 
a unit, an atomic nucleus. At this, the neutrons seem to 
serve as a connection. One can imagine an atomic nucleus 
as a complex assembly of oscillations. To merge a proton 
and an electron seems to be more difficult (then the 
creation of an atomic nucleus), otherwise this would 
happen also inside a sun. The reason for that could be the 
great difference of the frequencies between the proton and 
the electron. Instead, the electrons form the atom shell. At 
this, it is interesting that the deBroglie wavelengths, which 
arise from the velocities which are assigned to the 
electrons in the atom shell, correspond approximately to 
the diameter of the atom shell. Therefore, we can imagine 
that the waves of the beat of the electrons form the atom 
shell. Here, complex superposition patterns arise, from 
which the atomic orbitals of the electrons may result. 

We recognize the strong interaction in these 
considerations. I still can say nothing to the weak 
interaction here. 

Of course, we know that electric charges consist of 
quarks [14]. This could mean that the frequencies of the 
electric charges have sub-structures which correspond to 
the quarks. On the other hand, the existence of the quarks 
is observable only at particle collisions so that it cannot be 
said, whether they exist already before the collision. It is 
very well possible that the quarks arise only at the 
collision. Two particles, which collide with each other, 
don't simply move at straight trajectories with steady 
velocities towards each other. The particles will rather 
oscillate, specially when the distances become very small, 
and they will leave their straight trajectories, while, of 
course, their waves superimpose. At such a process 
complex superposition patterns can arise. A complex 
assembly of oscillating spacetime arises, from which all 
possible particles can result. For reasons, which I don't 
know, many of these particles seem to exist only for a 
very short time. Among others, the quarks also arise. The 
fact, that the elementary particles can be assembled of 
quarks, shows us that the superposition of the waves 
obeys to fixed rules, at the collisions of particles. 

A remark on the Higgs-Boson: In this work here, I have 
defined the mass as a spacetime wave, while the inertia 
results from the time which is necessary for a change of 
the frequency. On the other hand, it makes sense, in the 
context of particle physics, to define the Higgs-Boson. 
Therefore, it is necessary to find out, what corresponds to 
the Higgs-Boson if the mass is understood as a spacetime 

wave. In the end, the Higgs-Boson must be connected 
directly with the frequency of the mass, as it is defined in 
equation (4.1). And at collisions, the Higgs-Boson always 
arises in a way which is connected directly to the 
frequency of the mass. 

A remark on the frequency of the gravitational 
oscillation: we have seen that the electric charges oscillate 
due to gravitation with extremely high frequencies. The 
question is, now: which meaning has this gravitational 
frequency at collisions? Well, I don´t know yet; but, since 
the gravitational frequency is proportional to the mass of 
the electric charge, there could be a connection to the 
Higgs-Boson here, too. 

The graviton, which is mentioned occasionally, is, as I 
would think, most likely to be connected to the 
quantization of the transfer of the electric energy, since 
this, after all, is responsible for gravitation. 

These short remarks on particle physics shall show that 
particle physics is very well compatible with the idea that 
particles are spacetime waves. 

4.9. Closing Remark to Part 3 
We have seen, here, in part 3, that it makes sense to 

regard the electric charge as a spacetime wave whose 
amplitude increases towards the centre with 𝑟𝑟−2, because, 
regarding the charge as a spacetime wave, allows us to 
better understand the qualities of the electric charges and 
their forces. So it turns out that the quality of the 
relativistic mass of an electric charge corresponds to the 
frequency of its spacetime wave, while the deBroglie 
wavelength of the matter-waves turns out to be the beat 
(interference) of the frequencies of the field and the anti-
field of the spacetime waves of an electric charge. The 
velocity-dependence of the electric force, and the 
quantization of the transfer of the electric energy, due to 
which gravitation results, also result to be qualities of the 
spacetime waves of the electric charges, while 
electromagnetic waves are a special manifestation of these 
spacetime waves. 

We finally recognise that, perhaps, even almost all 
forces can be explained by the forces between the 
spacetime waves of which the electric charges consist, and 
which also yield the electric forces. This seems obvious if 
we consider that space and time are the most basic 
quantities of physics. 

But, the cognition that, in the end, all matter, that we 
know, consists of oscillating spacetime is particularly 
fascinating, here. 

4.10. Conclusion 
In this work, we have learned more about the qualities 

of the electric charges and their forces, which helps us to 
better understand magnetism, and to recognize gravitation 
as an electric effect. 

Essentially, it is about three qualities: the velocity-
dependence of the electric force, the electric anti-field, and 
the quantization of the transfer of the electric energy. 

In part 1, I show that the magnetic field isn't a field of 
its own, but that it is only an angled electric field, in 
which the angle of the electric field has to be regarded 
relativistically. 

In part 2, I show that gravitation is an electric effect, 
which means that there cannot be a gravitational force of 
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its own without electric forces. Overall, of course, the 
electric forces, which produce gravitation, yield the 
conditions of GR. 

In part 3, I finally describe the electric charge to be a 
spacetime wave, whose amplitude increases towards the 
centre with 𝑟𝑟−2, from what then the mentioned qualities of 
the electric charges and their forces can be derived. The 
relativistic mass corresponds to the frequency of this 
spacetime wave. 

Besides a better understanding of the electric charges 
and their forces, and a better understanding of gravitation, 
which will hopefully lead to new experiments and 
applications soon (which I point out in this work 
occasionally) I would like to highlight that a new field has 
entered the stage of physics: the electric anti-field. 

Particularly interesting is the cognition, because it has 
not only physical but perhaps also philosophical meaning, 
that, in the end, all matter, that we know, consists of 
oscillating spacetime. 
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1. Introduction 
A detailed understanding of thermal transport and 

management in layered systems is increasingly emerging 
as thrust area in the modern efficient energy technology 
and theorists are interestingly involved to explain this 
phenomenon. The study of heat transport in conventional 
and high temperature superconductors (HTS) emerged as 
an important tool to understand the scenario of phonon 
and electron energy spectrum along with various collision 
events. The thermal conductivity κ  was understood in 
such systems contributed both by electrons and phonons 
in the form of electronic thermal conductivity eκ  [1] and 
phonon conductivity phκ  [2] related by .e phκ κ κ= + At 
fairly low temperatures the Widemann-Franz law often 
breaks down severely and the metallic behavior of solids 
which become superconducting suggests that the 
electronic thermal conductivity starts to disappear and one 
can take 0eκ →  negligibly small with phκ κ  instead of 
the concept of isolated channels [3,4,5]. The layered high 
temperature superconductor structures are highly 
anisotropic in character and thus the in-plane and cross-
plane thermal transport becomes more and more important. 
Some investigations reveal [6,7] that scattering of 
electrons from phonons, impurities and interfacial 
roughness can be used to determine in-plane electron 
transport and resonant tunneling effects and the in plane 
scattering can be used to determine cross-plane transport 
[8,9,10] and this is further supported by the different 
phonon velocities in different directions [9]. Lattice 
vibrations can couple to each other and strongly couple 

with any structural defect, surface boundaries, dislocations 
or point defects [2,4,11,12,13,14,15].  

The thermal conductivity of layered structures based on 
Boltzmann transport equation approach has studied by 
many theorists [16,17,18] using the method of relaxation 
time approximation (RTA). The validity of RTA, however, 
suffers from many adequacies because of its derivation for 
low frequency phonons at low temperatures, additivity of 
lifetimes of individual scattering events and its 
incompatibility to explain inelastic phonon scattering 
processes [18-24]. Adopting the quantum mechanical 
approach these inadequacies have been successfully 
removed from the phenomenological theories of thermal 
conductivity [18,20,21]. The discrepancies involved due 
to the phonon dispersion relation and violation of 
Matthiessen’s rule of additivity of inverse relaxation time 
have been removed by introducing the equivalence 
between relaxation times and line widths [20,21]. The 
electron-phonon and the resonance scattering events are 
found to be highly sensitive in microstructures also, which 
successfully explain the abnormal behavior (dip and rise) 
of thermal conductivity curve at and above the critical 
temperature cT . In this region an utmost care has to be 
taken as the thermal transport takes place in the presence 
of pairons in HTS which do not contribute to thermal 
conductivity.  

In the present work we have investigated the role of 
various scattering processes based on many body quantum 
dynamics and the thermal conductivity is resolved into  
in-plane and cross-plane contributions which addresses the 
possibility of restricting the heat flow in a particular 
direction and allowing it in the another which can be 
exploited to the development of exotic technological HTS 
crystals for industrial use. In the present case in-plane 
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thermal conductivity is observed greater than cross-plane 
thermal conductivity.  

2. Formulation of the Problem 
The anisotropic considerations suggest that the thermal 

conductivity of a layered crystal can be resolved as a 
contribution of in-plane thermal conductivity ||κ  and cross 

-plane thermal conductivity κ⊥ as 

 ||κ κ κ⊥= +  (1) 

where ||κ and κ⊥ can be obtained from Callaway 
expression [2] using relaxation time approximation in the 
following form 
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where Dω  is the Debye Frequency, 1( )Bk Tβ −=  and in 
order to get rid of the inadequacies involved due to 
Matthiessen’s rule the relaxation times 1

|| ( )kτ ω−  and 

( )1
kτ ω−

⊥  are along in-plane and cross-plane directions 
which can be replaced by phonon line widths || ( )k ωΓ  and 

( )k ω⊥Γ  [18,20,21]. The evolution of || ( )k ωΓ  and 

( )k ω⊥Γ  can be obtained with the help of quantum 
dynamics of phonons [20,21,25,26,27,28]. 

3. The Collision Processes 
In order to investigate the many body quantum 

dynamics to explore the various scattering mechanism, let 
us consider the Hamiltonian for a HTS in the form 

 p A e ep DH H H H H H= + + + +  (2) 

where, 
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In the above equations the symbols pH , AH , eH , 

epH  and DH respectively stand for harmonic phonon- 
[25], anharmonic phonon- [26,27,28], electron-[29,30], 
electron-phonon coupling- [29,30,31] and Defect- 
Hamiltonian [26,28,29,30,31]. This Hamiltonian can be 
used to evaluate the double time temperature dependent 
phonon Green’s function  
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here kω is the renormalized phonon frequency and 

( , ', )P k k ω is the self-energy operator or response function 

 
0

( , ', ) ( ) ( )k kP k k Lim i
ε

ω ω ω+→
= ∆ − Γ  (5) 

Where ( )k ω∆  (real part of ( , ', )P k k ω ) is shift in the 
phonon frequency and the imaginary part is the phonon 
frequency line width at the half maximum of the phonon 
frequency peak and can be written in the form 

 ( ) ( ) ( ) ( ) ( )epA D AD
k k k kkω ω ω ω ωΓ = Γ + Γ + Γ  + Γ  (6) 

Here ( )D
k ωΓ , ( )A

k ωΓ , ( )AD
k ωΓ and ( )ep

k ωΓ are the 
individual contributions of line widths (life times) due to 
point defect scattering, phonon-phonon scattering, 
interference scattering and electron-phonon scattering, 
respectively, more details of every term are available in 
the references elsewhere [26,27,28,31] and will be 
discussed in the rest of the paper.  

The relaxation time as per Callaway formalism is given 
by 1 1

i
i

τ τ− −= ∑  for i  type of scattering processes not 

interacting with each other which in general is never 
found in a real system and addresses the wrong 
application of Matthiessen’s rule. The i  type of collision 
events may be described in terms of boundary scattering

1
CBτ − , impurity scattering ( )1

Dτ ω− , phonon-phonon 

collision ( )1
phτ ω− , interference scattering ( )1

ADτ ω− , 

electron-phonon ( )1
e pτ ω−
− , resonance scattering ( )1

Rτ ω−  
events, etc. The problem of use of adequate dispersion 
relations and the inverse additivity of relaxation times can 
be resolved by taking the concept of renormalized and 
perturbed mode frequencies [18,31] and 1 ( )kτ ω− = Γ  
[18,20,21,31] which in accordance with Eq. (1) can be 
resolved in the form  

 1 1 1 ( ) ( ) ( )k k kk kτ τ τ ω ω ω− − −
⊥⊥

= + = Γ + Γ = Γ
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Despite of several serious objections in the numerically 
amenable Callaway model established wide acceptability 
to successfully analyze thermal conductivity by the use of 
the concept of the relaxation times which has convoluted 
dependence on frequency, temperature and various 
distribution functions in a large number of scattering 
processes involved and resorts it as a very sensitive 
quantity. However, this model was greatly modified by a 
large number of authors to shape it up in a physically 
justifiable format [1,4,19,20,21,22,23,35]. A brief account 
of these events for the layered systems is described as 
follows: 

3.1. Combined Boundary Scattering 
The concept of boundary scattering phenomenon 

[15,16,17,18,20,21,31,32] is based on the assumption that 
at low temperatures the long wavelength phonons of low 
frequency get excited and scatters from the crystal 
boundaries at the relaxation rate of 1 /B v Lτ − =  where 

1/2
1 2L 1.22( )l l= is the Casimir length [15] and 1 2,l l are 

cross sectional area of the specimen. Some limitations of 
Casimir theory which enforced to use L  as a parameter in 
most of the work on thermal conductivity and this was 
modified by considering the involvement of crystal micro 
boundaries due to micro scale fluctuations in the internal 
boundaries of the crystal [32] in the form of 

1 /CB p Bv Lτ − = , BL  being the modified Casimir length. 

Here the term 1
CBτ −  can be modified for the layered systems 

as 1 1 1
|| ,CB CB CBτ τ τ− − −

⊥= +  where ( )1
|| || ||/CB pv L Bτ − =  and

( )1 / .CB pv L Bτ −
⊥ ⊥ ⊥= These microscale fluctuations 

incorporated in BL  offer significant resistance for longer 
wavelengths and strong phonon-boundary scattering is 
indeed the reason for increased thermoelectric 
performance of nanostructures and silicon nanowires in 
particular [33]. 

3.2. Impurity Scattering 
The contribution of scattering from defect events starts 

as the temperature starts rising and higher frequency 
phonons begin to excite with shorter wavelengths. 
Phonons get localized around the impurity sites and 
interact with impurities offering much thermal resistance. 
However, the point impurity scattering was described by 
Klemens [4] for mass change parameter but when one 
develops the same problem with the help of many body 
quantum dynamical theory the lifetime can be obtained in 
the following forms [16-21] 
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It is noteworthy here that apart from the Klemens 
expression there arises force constant change term 
depending on square of frequency which of course is 
highly sensitive in the description of heat capacity. This 
result can further be obtained for a layered crystal in the 
form  
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( ,  )jA j = ⊥  being layered system constants. The 
variation of defect scattering rates with temperature and 
reduced frequency for in plane and cross plane cases is 
shown in Figure 1 dissimilar trend for both the cases, i.e., 
for cross plane defects contribute dominatingly as 
compared to in plane scenario heralding that the cross 
plane heat conduction can be limited significantly. 

 
Figure 1. Behavior of 1

Dτ − vs T [ inset 1
Dτ − vs x] for in-plane and cross-

plane references.  

3.3. Phonon-Phonon Processes 
With further rise in temperature more and more 

phonons with higher frequencies get excited and start 
interacting with the cubic and quartic phonon fields of 
each other giving rise to phonon-phonon scattering. In 
HTS the quartic phonon scattering does not take place as it 
is a phenomenon generally operative at high temperatures 
and one can restrict to ( ) ( )3A A

k kω ωΓ = Γ . In the earlier 
work the phonon-phonon scattering relaxation time was 
mostly taken to vary arbitrarily with the powers of 
frequency and temperature and their multiplier 
coefficients which couldn’t justify the physics of the 
problem. This problem was systematically undertaken to 
study quantum dynamically [18,20,21,31] and revealed the 
following exact frequency and temperature dependence: 
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Where ( ,  )jB j = ⊥ are constants for a layered system.  

 
Figure 2. Behavior of 1

3 pτ − vs T [inset 1
3 pτ − vs x] for in-plane and cross-

plane references 

Figure 2 depicts the variation of phonon-phonon life 
times in plane and cross plane references with T  and x . 
Apart from defects this scattering infers that the trend for 
in plane and cross plane cases is similar but the thermal 
resistance offered by cross planes is certainly higher and 
may enable one to technological exploitation of the idea 
that in cross plane direction the system is cold and in the 
in plane scene it is hot giving way for heat transport.  

3.4. Interference Scattering 
At elevated temperatures the phonons of localized 

fields start interacting with those of anharmonic fields 
giving rise to impurity-anharmonicity interaction modes 
and interference scattering [18,20,21,31]. Taking these 
interactions with cubic anharmonicity only the related line 
width takes the form 
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This interaction is portrayed in Figure 3 and well 
prophesied that the cross plane behavior of thermal 
resistance is much more dominant above the transition 
temperature as compared to the in-plane heat transport. 

 
Figure 3. Behavior of 1

3Dτ − vs T [inset 1
3Dτ − vs x] for in-plane and cross-

plane references 

3.5. Electron-phonon Scattering 
Ziman [13] successfully explored the problem of heat 

transport by electrons which was developed later quantum 

mechanically [31] and found it a highly sensitive quantity 
by describing the electron energy line width in the form  
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with / ,Bx k Tω=  / ;  ( , ).j j Bx k T jω= = ⊥  The details 
of various symbols appearing in the above equations are well 
described in the references elsewhere [16,17,18,19,20,28,30,32] 
and needs no reproduction. Electron-phonon interaction 
events are highly sensitive to the frequency variations and 
helps in understanding the fact that the pairons or cooper 
pairs do not contribute to the thermal transport and this 
typical behavior of electron-phonon events is shown in 
Figure 3. 

 
Figure 4. Behavior of 1

e pτ −
− vs T [inset 1

e pτ −
− vs x] for in-plane and 

cross-plane references 

3.6. Resonance Scattering 
Pohl [33] associated the dip just above the maximum 

peak of thermal conductivity with impurity and resonance 
scattering and the related relaxation rate was described by 
him is given by 
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which gives its form for layered systems as follows: 
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where R


, R⊥ are the in-plane and cross-plane 
proportionality constants related to the impurity 
concentration. 0ω



 and 0ω ⊥  are respective resonance 
frequencies and Ω  is the damping constant. 

4. Analysis of Thermal Conductivity 
In order to justify the outcome of the above findings we 

have taken up the numerical analysis of thermal 
conductivity of high temperature oxide superconductor 
La-Sr-Cu-O samples. The experimental results of Uher [5] 
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for the samples La2SrCuO4, La1.8Sr0.2CuO4, and 
La1.85Sr0.15CuO4 have been taken for the purpose of 
analysis for different temperature ranges 0 70 ,K−  
0 100K−  and 0 140 ,K− respectively. The values of 
various constants and parameters used in the analysis of 
in-plane and cross-plane thermal conductivity are 
furnished in Table 1, separately for each sample. The 
numerical estimation has been carried out in the light of 
Eqs. (1), (1a) and (1b) have been portrayed in Figure 5 
through 7, which reveal excellent agreements between 
theory and experimental observations throughout all the 
temperature ranges. The phonon velocity can be replaced 
by the group velocity p gv v≈  which can be further 
resolved via simplest dispersion relation of the form 

2 2 2 2 2 2 2
g gv k v kω ω ω⊥ ⊥⊥

= + = +
 



 with 2 2 2 ,k k k= +
 

 

2 2 2
x yk k k= +



 and zk k⊥ = in the Debye approximation 
[18]. This concept is well supported by Holland’s two 
mode analysis [35]. During the numerical computation it 
is observed that the contribution of combined boundary 
and impurity scattering events is highly effective at low 
temperatures but their significance gradually diminishes 
with the rise of temperature and these processes are 
eventually replaced by the phonon-phonon scattering and 
interference processes. The findings of Kristoffel et al that 
the impurities play a very essential role in the cuprate 
superconductors [36] is well supported in the present work. 

 
Figure 5. Analysis of thermal conductivity of La2SrCuO4 sample 

The phonon-phonon interactions and higher order 
collision events certainly take place in the system when 
the temperature is continuously elevated resulting in the 
excitation of higher and higher frequency phonons with 
considerably smaller wavelength enabling the collisions at 
smaller distances and the thermal resistance continuously 
becomes more and more severe. Obviously, 

 
Figure 6. Analysis of thermal conductivity of La1.8Sr0.2 CuO4 sample 

The situation becomes so intense that the phonons of 
anharmonic phonon fields start interacting with the 
phonons of localized fields giving rise to the interference 
interactions with higher magnitude of thermal resistance. 
The varied frequency and temperature dependence for 
phonon processes by earlier worker at their choice thus 
gets proper justification through phonon-phonon and 
interference processes and work at and above the thermal 
conductivity maxima.  

Table 1. Constants and parameters used in the analysis of thermal 
conductivity of high temperature superconductor La2xSxCuO4 
samples 
Sample La2SrCuO4 La1.8Sr0.2CuO4 La1.85Sr0.15CuO4 

Tc (K) 37 37 37 

θ (K) 410 400 410 

g║ 0.7 0.7 0.7 

g⊥ 1.6 0.6 0.6 

L║(B)(×10-3 cm) 0.155 0.153 0.155 

L⊥ (B)(×10-3 cm) 0.275 0.145 0.145 

Am║ (×10-43 s3) 17.9197 83.6587 53.6597 

Am⊥(×10-43 s3) 20.0659 70.6197 350.6197 

B║ (×10-22 sK-1) 20.8982 20.8972 50.8982 

B⊥ (×10-22 sK-1) 218.6982 20.6972 90.6982 

D║ (×10-45 s3K-1) 7.14134 7.14134 7.84134 

D⊥ (×10-45 s3K-1) 110.4134 7.41344 60.4134 

ν║ (×105 cms-1 ) 6.2 6.4 7.5 

ν⊥ (×105 cms-1) 4.0 6.1 7.5 

A║1e(×102erg-2K-2) 9.89 9.89 9.89 

A⊥1e(×102erg-2K-2) 19.89 2.091 9.89 

A║2e(×102erg-2K-2) 9.8909 9.89 9.89 

A⊥2e(×102erg-2K-2) 19.85 2.07 9.85 

R║ (×1032s3) - - 0.80 

R⊥ (×1032s3) - - 1.41 

||0ω (×1012s-1) - - 3.11 

0ω⊥ (×1012s-1) - - 3.05 

The electron-phonon interactions primarily participate 
in the thermal transport above the conductivity maximum 
in the case of high temperature superconductors where 
conductivity curve shows a cusp like trend near the 
transition temperature. This cusp is more and more 
pronounced in case of YBaCuO superconductors [5,31,37]. 

 

Figure 7. Analysis of thermal conductivity of La1.85Sr0.15CuO4 sample 

Since the pairons are generated as a result of phonon 
mediated effects of electrons and never contribute in the 



111 International Journal of Physics  

 

thermal transport and may be attributed to negative 
thermal resistance (Figure 4 inset) in this region giving 
cusp like behavior. 

Coming to the case of in plane and cross plane thermal 
transport the various parameters used in computation 
show that in plane values are always smaller than those of 
cross plane values. Before going into further details let us 
define the thermal conductivity functions for in-plane ζ



 
and cross-plane ζ ⊥  contributions as  
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The variation of conductivity function for in-plane and 
cross plane have been portrayed with x



, T is depicted in 
Figure 8 and Figure 9. 

 
Figure 8. Variation of in-plane thermal conductivity function

||( , )x Tζ


 versus x


and T for all collision process 

For reduced frequencies between 1jx <  the thermal 
conductivity function shows sharp peak and the behavior 
becomes more pronounced at higher temperatures and as 
is clear from contour lines at the frequencies 1jx > the 
contribution remains almost constant, notably the curve 
flattens very rapidly in case of cross plane reference. 

 
Figure 9. Variation of cross-plane thermal conductivity function

( , )x Tζ ⊥ ⊥  versus x⊥ and T for all collision process 

The curves in Figure 5 – Figure 7 show that the nature 
of κ



 almost follows the nature of experimental curves 
but the behavior of κ⊥  is completely different and 
slightly rising trend at initial low temperatures but 

immediately becomes constant for elevated temperatures 
inferring that it becomes least temperature sensitive.  

5. Conclusions 

Present investigations successfully describe the behavior 
of thermal conductivity of cuprate superconductors and is 
applicable to the all types of high temperatures 
superconductors. Further, the present study supports that 
the thermal conductivity in both directions i.e. parallel to 
the layers and perpendicular to the layers is always 
smaller than that of bulk materials. It is also inferred that 
the thermal transport is quite efficient parallel to the layers 
and along the growth axis or in the cross-plane direction is 
found quite small compared to the in-plane direction of 
La2-xSrxCuO4 superconductors. This idea can be 
technologically exploited in fabrication/design of the 
devices in which the system should not respond to 
temperature in a particular direction whereas shows 
maximum response to temperature in the rest of the 
directions. In other words, the theory concludes that it is 
possible to develop the devices which is hot in the in plane 
direction but cold in the cross plane direction. 
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Abstract  In this study, the experimental results of the concentration of Escherichia coli in water exposed to 
magnetic flux density are presented. Water samples were collected from River Njoro, Nakuru County, Kenya. The 
initial Escherichia coli (E.coli) counts for the samples were obtained using Membrane Filtration techniques. The 
samples were then exposed to different magnetic flux densities (2mT, 6mT and 10mT) at time intervals of 6 hours 
and 18 hours for each magnetic flux. Membrane filtration was also done after magnetic treatment of the samples. 
The data obtained was photographed and presented in tables and bar graphs. The maximum disinfection efficiency 
was 82.2% for bacteria exposed to a magnetic flux of 10 mT for 6 hours. This study proved that magnetic field can 
be used as inhibitory factor against the E.coli. 
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1. Introduction 
Many rivers are reportedly prone to high bacterial 

contamination due to heightened ecological activities and 
may be unsuitable for human consumption when untreated 

[1]. Previous studies have indicated that the microbial 
quality of the River Njoro water sources is poor and 
unacceptable for human consumption due to consistent 
increase in total and fecal coliforms, and also due to 
pathogenic loading downstream [2]. This water is 
contaminated with pathogens which lead to widespread of 
acute and chronic illnesses, which are major causes of 
death and misery among the residents of Njoro. A recent 
report indicates that about 3.41 million people die each 
year from water, sanitation and hygiene-related causes [3]. 
Water and sanitation crisis claim more lives through 
related diseases than wars claim [4,5]. Pathogenic 
microorganism, especially Escherichia coli, was chosen to 
be an experimental model in this study: it is widely 
distributed in the environment such as soil, water and air; 
it causes several diseases such as urinary tract infection, 
wound infection, traveler’s diarrhea, sepsis and meningitis; 
the presence of E.coli in water also indicates recent fecal 
contamination and the possible presence of disease-
causing pathogens, such as bacteria, viruses, and parasites. 

 One of the key cornerstones of public health is access 
to safe water, however, water purification is an expensive 
process and this has hindered the government effort of 
providing majority of the population with treated water 
despite this being one of the requirements of the 
millennium development goals. Moreover, most common 
water purification methods have been shown to have 

serious negative impact to health and the environment. 
Chlorination for instance, which is one of the most widely 
used disinfectants [6] produce chemical compounds 
known as disinfection by-products (DBPs). Of these, 
Trihalomethanes (THMs) and Halo acetic acids (HAAs) 
found in the highest concentrations in chlorine treated 
drinking water are linked to high risks of cancer [7]. There 
has been growing concern over the health effects of 
boiling water as a purification method. This is because 
boiling tends to concentrate harmful inorganic 
contaminants, hence reducing water portability [8]. Again 
in developing countries, the major source of energy for 
cooking and boiling water is firewood which is expensive 
and environmentally unfriendly. Helping people gain 
access to safe drinking water is one of the most important 
health-related infrastructure programs in the world hence 
in the new millennium, there is a growing concern for the 
need to balance the risks of the need to disinfect the water 
to reduce the threat of disease from microorganisms 
against the potential health risks from disinfection 
byproducts that are formed as a result of adding a 
disinfectant. This study therefore intended to address this 
dilemma by establishing a water purification strategy that 
circumvents the health risks associated with the classical 
purification procedures.  

It has been realized that the advantages of using water 
exposed to magnetic field as compared to normal water 
are enormous. Magnetic waste water treatment is a 
process that has been introduced to chemical industries to 
remove heavy metals and organic pollutants from waste 
water [17]. Stimulation of both animal and plant growth 
with magnetic field as a way to increase the quality and 
quantity of yield has caught the interest of many scientists 
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worldwide [16]. For instance, it has been established that 
magnetic treatment of irrigation water can improve 
primary productivity of water resulting to an increased 
crop production, a decrease in plant disease rate and an 
improved taste of agricultural products [16]. It is not 
clearly known how this is achieved but it could be 
attributed to the ability of such water to retain and highly 
dissolve the essential minerals [15]. 

In latest years, several studies have been performed to 
verify direct effects exerted by extremely low-frequency 
(ELF) electromagnetic fields (EMFs) on cell functions. In 
particular, it has been demonstrated that ELF-EMF can 
negatively [14] or positively [18] affect functional 
parameters (cell growth and viability) of a cell. The effects 
of magnetic fields on cells are thus not fully understood 
since some of the results have been inconsistent and have 
in other cases contradicted each other. The aim of this 
study was thus to evaluate the effect of magnetic flux 
density on the population of E.coli in River Njoro water. 

2. Materials and Methods 

2.1. Study Area 
Njoro River is located within the Kenyan Rift Valley in 

Nakuru County and is approximately 60 kilometers (km) 
in length [9]. It has its source on the eastern slopes of the 
Mau Escarpment and its mouth in Lake Nakuru [9]. It is 
the main source of water to people and animals living in 
Njoro area. 

2.2. Experimental Design 
The voltage amount required was controlled by a 

variable transformer with low voltage power unit 022.317: 
0–25 V, 8.5A rms max. This device is manufactured by 
Dexing magnet tech. Co.,Ltd, Fujian, China and 
distributed by UNILAB, Kenya. Magnetic field strength 
for the Helmholtz coils was set at 2 mT with the aid of a 
magnetic flux density unit (PHWE 612.002) and by 
varying the current in the coil. Petri dish 2mT was placed 
in between the two pairs of Helmholtz coils. The 
specifications of Helmholtz coil used are model PHWE 
06990.10; 320 turns, diameter 14 cm. This coil is 
manufactured by San Electrical industries, Mumbai, India. 
For the next 6 hours, water in Petri dish 2mT was exposed 
to the Helmholtz field set at 2 mT. The Petri dish C served 
as a control under the same conditions except for the fact 
that it was not exposed to a magnetic field. The Bacterial 
count was done before and after exposure of the water 
samples to the magnetic flux. The magnetic field strength 
was increased from 2mT to 6 mT and finally 10 mT and 
the above procedure was repeated for each case. Exposure 
time was varied from 6 and 18 hours for each set magnetic 
field. The experiments were repeated three times. The 
Magnetic flux density was measured using a magnetic flux 
density unit (manufactured by Seatrend tech and 
development Company Ltd, Chongqing, China) connected 
to a multimeter model ALDAAVD830B, manufactured by 
Salicon Nano Technology Private Limited in Delhi, India.  

2.3. Bacteriological Analysis 
Membrane filtration was done according to American 

Public Health Association [10]. Appropriate dilutions of 

the water samples were done using distilled water. 100ml 
of the sample or its dilution was aseptically filtered 
through a membrane filter (47mm diameter, 0.45μm pore 
size) on a filtration unit. The filter was then taken off 
using a pair of sterilized forceps and placed on the surface 
of the corresponding culture media. Colony forming units 
(CFU) per 100 ml of the sample or its dilution were 
calculated as described in the United States Department of 
Agriculture, Food Safety and Inspection Services manual 
[11]. Filters were placed on Chromocult agar (merck) 
plates (manufactured by Henan Boom Gelatin Co., Ltd, 
Henan, China) and incubated at 370C for 18-24 hours. 
Typical colonies appearing blue were counted as E.coli 
and expressed as CFU’s /100ml. 

2.4. Statistical Analysis 
All experiments were repeated three times and data was 

presented in tables and graphs. Statistical significance of 
each difference observed among the mean values was 
determined by standard error analysis. All mean data were 
statistically analyzed with a general linear model 
procedure of statistical analysis system. The Statistical 
analysis was done using the Statistical Package for Social 
Sciences (SPSS) software (Version 17.5). Pearson 
correlation analysis was carried out to determine the 
relationship between magnetic field intensity and bacterial 
count. One-way ANOVA with 95% confidence level was 
done to compare the effect of the magnetic field intensities 
with the bacterial count.  

3. Results and Discussion 
Different trends on the densities of E. coli at different 

levels of treatment were noted and results obtained 
indicated in Table 1 and Figure 3, Figure 4, Figure 5 and 
Figure 6. Presence of E.coli was characterized by 
development of blue colonies on the surface of the 
Chromocult culture medium. Figure 1 and Figure 2 (a, b, c, 
d) show E.coli density without B-field exposure (control), 
under a B-field exposure of 2mT, of 6 mT and of 10 mT 
for 6 and 18 hours respectively. 

 
Figure 1. Shows plates a, b, c, d with E.coli Densities (blue colonies) 
after 6 Hours of Exposure: a) Without Magnetic Field; b) Magnetic Field 
of 2mT; c) Magnetic Field of 6 mT; d) Magnetic Field of 10 mT. 
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Figure 2. Shows plates a, b, c, d with E.coli Densities (blue colonies) 
after 18 Hours of Exposure: a) Without Magnetic Field; b) Magnetic 
Field of 2mT; c) Magnetic Field of 6 mT; d) Magnetic Field of 10 mT 

It was observed that the control recorded the highest 
number of CFUs for both 6 and 18hours. Increasing the 
magnitude of magnetic field led to a significant decrease 
in the numbers of E. coli with the least number of CFUs 
given by the highest magnetic flux density. MFD was able 
to decrease E. coli concentration in River Njoro water 
significantly and hence proved to be a possible small scale 
cost-effective method of disinfecting water for domestic 
consumption and reducing incidences of waterborne 
diseases. More time of exposure to radiation for 
disinfection was required for low magnetic fields. This is 
similar to [12] who studied the effect of pulsed magnetic 
field intensity on bactericidal property in sterilization 
fresh watermelon juice and showed that the overall 
bactericidal effect was strengthened as the magnetic field 
intensity increased. 

Table 1. Effect of Different Magnetic Flux Densities on E. coli 
Numbers (CFU/100ml) after 6Hrs and 18Hrs of Exposure (average ± 
standard deviation) 

Time of exposure MFD Mean± Std. Dev 

6hrs control 687.5± 172.31 

 2 mT 337.5± 95.35 

 6mT 237.5± 102.1 

 10 mT 122.5± 42.72 

18hrs control 680±176.3 

 2 mT 542.5± 153.3 

 6mT 225±68.56 

 10 mT 125±51.96 

Results in Table 1 showed that, the highest means of E. 
coli were recorded with the control. The E. coli numbers 
decreased proportionally with the increase in the magnetic 
intensity. The least magnetic intensity of 2mT at 6hrs gave 
a mean number of 337.5 CFU/100ml but after 18hrs the 
number increased to 542.5 CFU/100ml. The magnetic 
intensity of 6mT had more inhibitory effects on E. coli at 
both 6hrs and 18hrs of magnetic treatment, where bacteria 
counts were 225 CFU/100ml and 237.5 CFU/100ml 
respectively. This study showed that the highest magnetic 
intensity of 10mT gave the least mean numbers of E. coli 
as122.5 CFU/100ml and 125CFU/100ml after 6hrs and 
18hrs of exposure respectively.  

The acceptable level of E.coli in any drinking water is 0 
– 100 CFU /100 ml (WHO, 2006). In this study, the 
highest MFD gave a disinfection level of 122.5 CFU/ 
100ml of water which is very close to the WHO maximum 
acceptable contamination level of E. coli in drinking water. 
Looking at the trend of the results obtained in this study, 
this level could be reached by increasing the strength of 
MFD slightly since as the MFD is increased the number of 
CFUs are decreased significantly. 

 
Figure 3. Mean Densities of E. coli (cfu/100ml) Due to Different Strengths of MFD after 6 Hours of Exposure 

Figure 3 and Figure 4 show a strong inverse 
relationship between magnetic flux density and mean 
numbers of E.coli. It is clear that with increasing strength 

of magnetic field, the mean numbers of E.coli decreased 
significantly. The application of electromagnetic pulses 
evidently causes a lethal effect on E. coli cells [13]. 
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Figure 4. Mean Densities of E.coli (cfu/100ml) Due to Different Strengths of MFD after 18 Hours of Exposure 

 
Figure 5. Percentage Decrease in the Mean Number of E.coli in Water after 6 Hours of Exposure to Different Intensities of MFD (2mT, 6mT and 10mT) 

 
Figure 6. Percentage Decrease in the Mean Number of E.coli in Water after 18 Hours of Exposure to Different Intensities of MFD (2mT, 6mT and 
10mT) 
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This study indicates that treatment of water with 
constant magnetic fields always gives rise to a disinfection 
effect. The magnitude of this effect depends on the 
strength of magnetic flux density used as well as the time 
of exposure. Fields of 2mT, 6mT and 10mT caused 
percentage decrease of 50.9, 65.5 and 82.2 respectively in 
the number of E.coli as compared to the control after 6 
hours of exposure (Figure 5) and a percentage decrease of 
20.2, 66.9 and 81.6 respectively after 18 hours of exposure 
(Figure 6). 

The maximum disinfection level for E.coli attained in 
this study was 82.2% with increasing strength of the 
magnetic flux and period of exposure. This could possibly 
imply that with a slight increase in both the MFD and time 
of exposure, the disinfection level could get to at least 
99%. The main damaging role of the magnetic fields 
might be on the cellular membrane that strongly affects, 
not only the cellular physiological functions, but also the 
cell-to-cell communications of the bacteria [14]. 

Table 2. Correlation between MFD (mT) and Mean Number of 
E.coli (cfu/100ml) after 6 Hours of Exposure 

  MFD MEAN 

MFD 

Pearson Correlation 1 -.999(*) 

Sig. (2-tailed) . .026 

N 3 3 

MEAN 

Pearson Correlation -.999(*) 1 

Sig. (2-tailed) .026 . 

N 3 3 

* Correlation is significant at the 0.05 level (2-tailed). 

Table 3. Correlation between MFD (mT) and Mean Number of 
E.coli (cfu/100ml) after 18 Hours of Exposure 

  MFD MEAN 

MFD 

Pearson Correlation 1 -.976(*) 

Sig. (2-tailed) . .024 

N 4 4 

MEAN 

Pearson Correlation -.976(*) 1 

Sig. (2-tailed) .024 . 

N 4 4 

* Correlation is significant at the 0.05 level (2-tailed). 
An inhibitory effect of EMF on the growth of E.coli 

may be due to the interaction between electric charges 
induced by EMF and that of the cytoplasm membrane 
resulting in partial abolishment of electric potential of the 
cytoplasm membrane with a subsequent decrease in the 
macromolecular biosynthesis. Also EMF may cause 
damage of bacterial DNA and inhibition of its replication. 
The cellular membrane of the microorganism could also 
have been affected by the external magnetic field, 
resulting to a disturbance in their metabolic activity and, 
consequently, a change in their cell division. Correlation 
analysis demonstrated that MFD was negatively 
significantly correlated with mean number of CFU  
(r = -.999, p<0.05) and (r = -976, p<0.05) for 6hours and 
18hours of exposure respectively as shown in Table 2 and 
Table 3. 

4. Conclusion  
The findings of this study have met the initial aim of 

this research which was to investigate the effect of 
magnetic field on the concentration of E.coli in River 
Njoro water. The ANOVA significance test (p < 0.05) 
showed that magnetic field has a significant effect on the 
microbiological aspect of river Njoro water. The 
maximum disinfection efficiency was recorded as 82.2% 
for E.coli exposed to 10mT magnetic flux density for a 
period of 6 hours. This proves to be a promising method 
of disinfecting water. 

Arising from the findings of this study, we propose that 
further research on the following areas concerns need to 
be done: 
• A study to show how long the inhibitory effects 

of magnetic field lasts in the treated water after 
withdrawing the field; 

• A study to show effect of magnetic field 
treatment on other strains of bacteria. 
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Abstract  In the present work, we have measured the radon gas concentration in environmental water sample of 
selected regions in Wassit governorate by using alpha-emitters registrations which are emitted from radon gas in 
(CR-39) nuclear track detector. The results of measurements indicate that the highest average radon gas 
concentrations in tap water samples were found in Nuamaniya region, which was equal to (0.820±0.04 Bq/L), while 
the lowest average radon gas concentration was found in Jassan region, which was equal to (0.325±0.02 Bq/L), with 
an average value of (0.563±0.12Bq/L). The highest value of annual effective dose (AED) in tap water samples was 
found in Nuamaniya region, which was equal to (0.08 μSv/y), while the lowest value of annual effective dose (AED) 
was found in Jassan region, which was equal to (0.03μSv /y), with an average value of (0.05±0.01 μSv/y), the tap 
water in Wassit governorate is safe as far as radon concentration is concerned. 
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1. Introduction 
Radon (222Rn) is a radioactive gas with a half- life of 

about (3.825 day) and decay constant of about (0.1812 
day-1). It is produced by the decay of naturally occurring 
radionuclide (radium) (226Ra), which is in turn a decay 
product in the (238U) series [1]. 

Thoron gas (220Rn), which is a decay product in the 
(232Th) series. The half- life is about (55.6 s) which is 
much shorter than that of radon. Because of such a short 
half-life of 220Rn, its emanation from building materials 
such as (soil, brick, gravel,sand, etc…) as well as, its 
infiltration from the ground. Among the other radon 
isotopes, is the actinon (219Rn) which is part of the (235U) 
series, which does not contribute significantly to human 
radiation exposures due to both low natural abundance of 
the (235U) precursor and of its very short half-life of about 
(3.96 s). [2]. 

Radon gas can enter the dwellings through water 
systems. In big cities, in many areas, ground water is used 
as the main water supply for homes and communities. 
Small public water works and private domestic wells often 
have closed systems and short transit times that do not 
remove radon from the water or permit it to decay. This 
radon escapes from the water to the indoor air as people 
take showers, wash clothes or dishes, or otherwise use of 
water [3]. 

 

2. Experimental Setup 
A- Description of Study Area 

Wassit city is located in eastern Iraq, on the border with 
Iran. Wassit shares internal boundaries with the city of 
Diyala, Babil, Baghdad, Thi-Qar, Qadissiya and Missan as 
shown in Figure 1. Wassit is intersected by the Tigris 
River, along which a ribbon of irrigated farmland runs, 
giving way to a dry desert landscape to the northeast. 
Wassit has a dry, desert climate, with temperatures easily 
exceeding 40°C in summer. Rainfall is scarce and 
concentrated in the winter months [4]. 
B- The Detector 

The CR-39 plastic detector used in the present study is 
sensitive to alpha particles of energy up to 40 MeV. It was 
used as integrating detector of α-particles from 222Rn and 
daughters nuclei. 

When an α-particle penetrates the detector, the particle 
causes damage along its path, the damage is then made 
visible by chemical etching. The etching produces a hole 
in the detector along the path of the particle. The hole can 
be easily observed in a light transmission microscope with 
moderate magnification [5]. 
C- The Exposure 

The samples of water were collected (1/4 litter) volume 
of samples of tap water were also collected from the same 
sites in Wassit governorate. The tap water obtained from 
the water networks in sites houses and the detector area 
(1×1 cm2) as shown in Figure 2. 
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Figure 1. Map showing locations of the studied sites in Wassit city 

 
Figure 2. Sealed-cup technique in water sample 

After one month of exposure the detectors were etched 
chemically in NaOH solution for 6.25 N at temperature 
60°C for 6 hours, then with distilled water and finally with  
 
 

a 50% water/alcohol solution. After a few minutes of 
drying in the air, the detector was ready for track counting. 
The tracks were counted using an optical microscope 
having a magnification of 400X. 

3. Radon Concentration Measurement 
The radon gas concentration in the tap water samples 

was obtained by using the relation [6]: 

 
( )Tracks density

Average number of total pits (track) .
Area of field view

ρ

=
 (1) 

The standard water sample which was as shown in fig. 
(3), using the relation [7]: 
 X X S SC (C / )ρ ρ=  (2) 
Where: 
CX : alpha particles concentration in the unknown sample. 
CS : alpha particles concentration in the standard sample. 
ρX : track density of the unknown sample (track/mm2). 
ρS : track density of the standard sample (track/mm2). 

 
Figure 3. the relation between (CRn) and track density in water standard samples 
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3.1. The Annual Effective dose in Water 
The annual effective dose of an individual consumer 

due to intake of radon from tap water is evaluated using 
the relationship [8] 

 w w Rw cwAED C C D=  (3) 

Where AEDw is the annual effective dose (Sv/y) due to 
ingestion of radionuclide from the consumption of water. 
Cw is the concentration of radon in the ingested tap water 
(Bq/L). 
CRw is the annual intake of tap water (L/y) 
Dcw is the ingested dose conversion factor for radon 
(Sv/Bq). As an example: 

9
w Rw cwC 19.5 Bq / L,C 730L / y,D 5 10 Sv / Bq.−= = = ×  

3.2. Radon Exhalation Rate (RER)  
The radon exhalation rate (RER) in units Bq.m-2.h-1 can 

be calculated by [9]: 

 1[ ( 1)]T
CVRER

A T e λ
λ

λ− −
=

+ −
 (4) 

Where: 
C: is the integrated Radon exposure(Bq.m-3). 
V: is the volume of air in the cup (m3) 
λ :is the decay constant for 222Rn (h-1) = 0.1812 day-1 

=0.00755 h-1 
A: is the surface area of the sample (m2) 
T: is the exposure time (h) = 30 day =720 h 

3.3. Calculation of Dissolved Radon 
Concentration 

The dissolved radon concentration tap water in terms of 
(Bq/L) units was obtained using the relation [10]. 

 d wC (Bq / L) C hT / Lλ=  (5) 

Where: 
Cw = the integrated radon exposure (Bq.L-1) 

λ = Decay constant for 222Rn (h-1) = 0.1812 day-1 = 
0.00755 h-1 
h = the distance from the surface of water to detector (m) 
= 0.09 m 
T = the exposure time (h) =30 day = 720 h 
L = the depth of the sample (m) = 0.04m. 

4. Results and Discussion 
This study was to measure the radon concentration (CRn) 

in water sampling, the water samples were taken directly 
from tap water (tap water) in sites houses was carried 10 
samples in Wassit governorate by using the sealed-cup 
technique. 

Table 1 present CRn the water samples from different 
regions in Wassit governorate. It can be noticed that, the 
highest average CRn in tap water samples was found in 
Nuamaniya region which was equal to (0.820±0.04 Bq/L), 
while the lowest average CRn was found in Jassan region 
which was equal to (0.325±0.02 Bq/L), as shown in  
Figure 4, with an average value of (0.563±0.12 Bq/L). The 
highest value of (AED) in tap water samples was found in 
Nuamaniya which was equal to (0.08 μSv/y), while the 
lowest value of (AED) was found in Jassan region which 
was equal to (0.03 μSv/y), with an average value of 
(0.05±0.01 μSv/y), the highest value of (RER) in tap water 
samples was found in Nuamaniya region which was equal 
to (0.95 µBq/m2h), while the lowest (RER) in tap water 
samples was found in Jassan which was equal to (0.38 
µBq/m2h), with an average value of (0.65 ±0.14 µBq/m2h), 
the highest value of (Cd) in tap water was found in 
Nuamaniya region which was equal to (10.03 Bq/L), while 
the lowest (Cd) in tap water samples was found in Jassan 
which was equal to (3.98 Bq/L), with an average value of 
(6.89±1.4 Bq/L). The present results in Wassit 
governorate show that the radon gas concentration in tap 
water samples is below the allowed limit from (EPA, 2000) 
which was equal to (11 Bq/L) [11], while the (AED) in all 
samples study is below the normal limits of world which 
was equal to (1 mSv/y) [12], therefore the tap water in 
Wassit governorate is safe as far as radon concentration is 
concerned. 

Table 1. Regions studied, radon gas concentration CRn (Bq.L-1), annual effective dose (AED), radon exhalation rate (RER), radon concentration 
dissolved in water (Cd), for tap water samples in Wassit governorate 

Regions Studied 
CRn 

(Bq.L-1) Mean of CRn 
(Bq.L-1) 

(AED) 
(μSv/y) 

(RER) 
(µBq/m2h) 

Cd 
(Bq.L-1) 1 2 3 4 

Kut 0.43 0.48 0.39 0.36 0.415±0.04 0.04 0.48 5.08 

Al-Hai 0.42 0.44 0.38 0.47 0.427±0.03 0.04 0.49 5.23 

Badra 0.65 0.72 0.66 0.69 0.680±0.03 0.07 0.79 8.32 

Jassan 0.34 0.33 0.28 0.35 0.325±0.02 0.03 0.38 3.98 

Sheek Saad 0.53 0.51 0.55 0.47 0.515±0.03 0.05 0.6 6.30 

Zorbatya 0.66 0.57 0.63 0.59 0.612±0.03 0.06 0.71 7.49 

Al-Suwira 0.75 0.68 0.77 0.73 0.732±0.03 0.07 0.85 8.96 

Al-Azezia 0.47 0.52 0.55 0.57 0.527±0.03 0.05 0.61 6.45 

Nuamaniya 0.87 0.77 0.79 0.85 0.820±0.04 0.08 0.95 10.03 

Al-Wahda 0.54 0.63 0.58 0.57 0.580±0.03 0.06 0.67 7.09 

 Average 0.563±0.12 0.05±0.01 0.65 ±0.14 6.89±1.4 
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Figure 4. Histogram illustrating the change in (CRn) in tap water samples in all regions studied in Wassit governorate 

5. Conclusions 
The tap water samples in all regions in Wassit 

governorate is lower than the recommended value of (11 
Bq/L) reported by the (EPA), so that the tap water was 
safe for consumption and does not constitute a danger or 
hazard to the citizens 
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Abstract  There exist a new physics model. Real physical world is 5-dimensional space-time. Human world is  
4-dimensional space-time. Human world just is the projection of real physics world. Particle wave is present in  
5-dimensional space-time. So we can derive out Mass-energy equation. So we can derive out all results of Special 
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1. Introduction 
We know. There exist de Broglie wave,or particle 

wave,in Quantum Mechanics. To particle wave,there exist 
two formula, de Broglie formula. 

 
E h

hP

ν

λ

=

=
 

The particle wave concept, is a basic concept in 
Quantum Mechanics. The de Broglie formula is a basic 
principle in Quantum Mechanics. De Broglie formula can 
not be derive out from Quantum Mechanics. De Broglie 
formula can not be derive out from Special Relativity 
Theory also. It is a independent and basic principle in 
current physics theory. It is correct or wrong, only the 
physical experiment can do the judgement. 

In physical history, many scientists, include de Broglie, 
want to find the relationship between de Broglie formula 
and Special Relativity Theory. But not success. 

We know. Special Relativity Theory is rely on light 
speed c strictly. In Special Relativity Theory, space and 
time is symmetry strictly. Once the light speed c is not 
invariant, Special Relativity Theory will be no longer 
valid. In Quantum Field Mechanics, many scientists take 
out the possibility of Lorentz symmetry breaking. So, 

once the Lorentz symmetry breaking evidence has been 
found by experiment, Special Relativity Theory will be 
incorrect, so space and time is not symmetry again, new 
space-time theory will be necessary. So we need to try to 
study any new model about space-time. 

After continuous exploration, author find a very 
interesting result. If we extend the particle wave and the 
de Broglie formula to 5-dimensional space-time, we can 
simply derive out all results of Special Relativity Theory. 
Author have found the relationship between de Broglie 
wave and Special Relativity Theory successfully. By this 
way, author put forward a new 5-dimensional space-time 
theory. The new theory is a equivalent theory with Special 
Relativity Theory. 

At next chapter, author will explain this new theory in 
detail. 

2. Derive out Energy-mass Equation from 
de Broglie Formula 

In the quantum mechanics, the particle wave group 
velocity Vg  is equal with particle velocity V. That is  

Vg =V. 

The phase velocity 
2cVp V

=  
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So we obtain,
2 2cV V V cg p V

= ⋅ =  

So we obtain a equation, 

 2.V V cg p =  (2.1) 

The equation (2.1) is derived. But we think from the 
other side. We suppose this equation is exist at first, not be 
derived out. The physics source will be explained at the 
next chapter. Start from this equation, do some logical 
reasoning, we can obtain very meaningful results. 

From de.Broglie equation, we obtain a equation, 

 ( )
( )

dd dEVg d d dP
ϖϖ

κ κ
= = =





 (2.2) 

Please pay attention to the equation, dEVg dP
= . 

From de.Broglie equation, we can derive out, the phase 
velocity, 

 .h E EVp P h P
λν= = =  (2.3) 

Take (2.3) and (2.2) into (2.1),we obtain, 

 
2 2
2

dE dEEV V cg p P dP dP
= = =  

So we obtain a equation, 

 
2 2
2

dE c
dP

=  (2.4) 

So we obtain, 2 2 2dE dP c= ⋅ . 
So, we obtain, 

 2 2 2 tanE P c cons t= +  (2.5) 
This equation is so familiar. It’s more like energy-

momentum equation in Special Relativity Theory. The 
constant is wait solving. Now we start to solve the 
constant value. 

The group velocity Vg  is equal with particle velocity V. 

That is Vg =V. 

Exist equation, 

 P mV.=  (2.6) 
So, 

 V P / m.Vg= =  (2.7) 

Take (2.3) and (2.7) into (2.1), get, 

 2E P EV V cg p P m m
= ⋅ = =  

So obtain, 

 2.E mc=  (2.8) 
Equation (2.8) is the energy-mass equation in Special 

Relativity Theory. 
Take (2.8) into (2.5), obtain, 

 2 4 2 2 tanm c P c cons t= +  
So we can set the constant is value when P=0. 

We set 2 2 2 2m c m cο=  when P=0.So, 

 2 2 4 2 2 2 4.E m c P c m cο= = +  (2.9) 

This is the energy-mass equation in Special Relativity 
Theory. 

Derive out equation (2.9), so we can derive out all 
results in Special Relativity Theory. From equation (2.9), 
we can derive out this result that the light speed c is the 
maximum speed. 

Summarize the reasoning steps above again. We 

suppose exist the equation 2V V cg p =  at first. Then we 

use de.Broglie formula. Then we obtain equation 
2 2
2

dE c
dP

= . Then use the equation P=mV. So we can 

derive out equation (2.9), and can energy-mass equation. 

We can discover, the equation, 2V V cg p = (
2 2
2

dE c
dP

= ), 

is so much important. But why it is exist? It will be 
explained at the next chapter. 

In fact, the equation, P=mV. It’s usage is that take mass 
concept into this theory. This mass is momentum mass. 
Momentum mass have another name, inertial mass. This 
mass is not gravitational mass. 

From the reasoning steps above, we can see this. Before 
use equation P=mV, from (2.1) to (2.5), reasoning don’t 
have relationship with mass concept. 

Use equation (2.6), we take mass concept into this 
theory. Then we can derive out equation (2.9). (2.9) is the 
energy-mass equation. 

Why Vg =V? In Classical mechanics, dP=Fdt, dE=Fds.So, 

dE/dP=Fds/Fdt=ds/dt=V. From de.Broglie equation, can 
obtain (2.2), Vg=dE/dP. So we obtain Vg =V. 

Reasoning steps above seems only formal changes, it is 
not substantive changes. But, if our thinking is no longer 
been limited by Special Relativity Theory. Then we can 
get new thinking. 

In fact, the 
2 2
2

dE c
dP

= , only is a special case. The wide 

case is  

 
2 2( )
2

dE f P c
dP

=  (2.10) 

When f(P) =constant, we can get 
2 2
2

dE c
dP

= , so we can 

derice out energy-mass equation, so we can derive out all 
results in Special Relativity Theory. This means that the 
new thinking theory is equivalent with Special Relativity 
Theory. 

If we change f(P). f(P) is other form. This will lead to 
many Lorentz-Violating Extension case. To f(P),there 
exist many other form. The (2.10) formula is a theory 
pattern. We can consider that Special Relativity Theory is 
one type of this pattern. About this theory pattern, it is a 
topic worthy of further study. 
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3. New Physics Model, Particle Wave in  
5-dimensional Space-time 

In above chapter, this equation, 2V V cg p = , is a 

hypothesis. So, what is its physical meaning? Thoughts 
two years, author finally found its physics significance. 
This equation’s physical model, will bring a new view of 
physics. 

This equation means that the particle wave is present in 
5-dimensional space-time. The physical process of human 
perception, just is the spatio-temporal projection on the 4-
dimensional space-time. Real physical process happen in 
5-dimensional space-time. 

The physical world of human perception, is in a 4-
dimensional space-time. One dimension is time. Three 
dimension is space. Now we assume that a real physical 
world is in 5-dimensional space-time. There exist 5 
dimensions. One dimension is time. Four dimension is 
space. Real physical world is in 4-dimensional space. 
Humans live in 3-dimensional space. The physical process 
of human perception, is only the projection on the 3-
dimensional space. 

 

The new 4th dimension space, and 3-dimensional space, 
forming orthogonal relationships. Total of 4-dimensional 
space is a Hilbert space. This like 3-dimensional space 
also. The vector operations in 4-dimensional space, follow 
the standard vector arithmetic rules also. 

Because there add a new dimension. And velocity and 
momentum is vectors, not scalars. In the new  
4-dimensional space, particle movement and particle wave 
movement, has very different property, compare with 
movement property in 3-dimensional space.  

However, mass, energy, wavelength, frequency. To 
these physical quantity, because it is a scalar, then there 
not have difference. 

Now, we assume that, in new 4-dimensional,the wave 
particle duality still holds, De.Broglie equation still holds. 

 
E h

hP

ν

λ

=

=
 (3.1) 

Please notice that the frequency and wavelength, are in 
4-dimensional space, not just in 3-dimensional space. 
Energy and momentum are in 4-dimensional space, not 
just in 3-dimensional space. The velocity of the particle, 
particle-wave phase velocity and group velocity, is a 4-
dimensional vector, not a 3-dimensional vector. 

To energy and frequency, in 4-dimensional space, and 
in 3-dimensional space, its value are same. Because it is a 
scalar. 

To momentum and velocity, in 4-dimensional space, 
and in 3-dimensional space, it is not the same. Because it 
is a vector. 

To wavelength, it is a length quantity, is closely related 
with dimensions. It is not a scalar or vector. In 4-
dimensional space, and in 3-dimensional space, it is also 
not the same. 

In the following statements, please reader distinguish 
each physical quantity carefully. It is in 4-dimensional 
space, or it is in 3-dimensional space. 

 

Now, we assume that, in the new 4-dimensional space, 
particle-wave phase velocity and the Group velocity is the 
same, and its numeric value is the speed of light c. And, in 
the new 4-dimensional space, all particles, all particle 
wave, movement speed is light speed c. In 4-dimensional 
space, there not exist static particle, and not exist static 
particle wave. As long as the particle exist, it is in 
movement at the speed of light c necessarily, inevitably 
accompanied by the particle-wave. And, in the new 4-
dimensional space, the Group velocity of the particle-
wave, and particle velocity of the particle-wave , have 
same value, Vg =V. 

So, obtain, 

 
.g

p

V c

V c

=

=
  (3.2) 

So, we obtain this equation, 

 2.V V cg p =  (3.3) 

Please notice that distinction, the phase velocity and the 
Group velocity, is in new 4-dimensional space, is not only 
in 3-dimensional space. 

We can see that, the vast majority of cases, to the 
Group velocity of the particle-wave, its projection speed 
in 3-dimensional space, is no more than a numerical 
vector which in the 4-dimensional space. So, in 3-
dimensional space, particle velocity, which is the Group 
velocity of projection speed, do not exceed the speed of 
light c. Only in extreme cases, the particle velocity 
completely only have the component in 3-dimensional 
space. In the 4th dimension, its velocity component is zero. 
The projection speed in 3-dimensional space, is entirely 
the vector itself values. The particle speed is the speed of 
light c in 3-dimensional space. Photon are examples of 
this status. 

Then, there exist another special case. Particle-wave 
group velocities, complete only have the component in 4th 
dimension. In 3-dimensional space, its projection 
components, completely to zero. This is a what? In fact, in 
this case, is the static object in 3-dimensional space. 
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In 3-dimensional space, the particle is static, not move, 
it was just an illusion. In new 4-dimensional space, the 
particle movement is at the speed of light c. Therefore, the 
particle has energy. Energy is a scalar, not a vector, its 
physical effects in each dimension will show effect. This 
is the physical source that particle have rest mass in the 3-
dimensional space. But the particle velocity and 
momentum is a vector, orthogonal component is zero in 3-
dimensional space, the projection is zero, so it will not 
show effects. This is a proper physical explanation about 
particle rest mass. Why particle-wave have frequency and 
wavelength when particle is static in 3-dimensional space? 
This is its physical explanation. 

To phase velocity, because it involves the wavelength, 
than the Group velocity, is more complex. Obviously, 
lengths is closely associated with dimensions. The length 
in 4-dimensional space, the projection length in 3-
dimensional space, they have what kind of relationship, it 
is not sure. Wavelength in 4-dimensional space, and 
projection of the wavelength in 3-dimensional space, is 
clearly not a simple vector orthogonal relationships. The 
relationships is not clear also. It is still a problem that 
requires careful study. 

Exist a equation: 

 P mV.=  (3.4) 
Its usage is that take mass concept into theory. This 

mass is momentum mass. Momentum mass have another 
name, inertial mass. This mass is not gravitational mass. 
But please notice that the momentum here, is the 
momentum in 4-dimensional space. Here the velocity V, is 
in 4-dimensional space also. But the mass quality is a 
scalar, so in 4-dimensional space, and in 3-dimensional 
space, is same, have same numeric value.  

Because in 4-dimensional space, the particle speed V is 
the speed of light c. And Vg =V. So, (3.4) equation is 

equivalent to this: 

 P mV mc.= =  (3.5) 
But it is correct only in 4-dimensional space. In 3-

dimensional space, it is incorrect. 
The momentum in 4-dimensional space, have an 

orthogonal component in 3-dimensional space. Mark the 
orthogonal component in 3-dimensional space with 
lowercase p. There exist p=mv. Here, p is the 3-
dimensional momentum, v is a 3-dimensional velocity. m 
is a scalar. 

In 4-dimensional space, from (3.1) and (3.2), can obtain: 

 .p
h E EV c
P h P

λν= = = =  

And (3.5), so obtain: 

 2.E Pc mcc mc= = =  (3.6) 
We assume, in 5-dimensional space-time (4-

dimensional space,1-dimensional time),have V=Vg also. 
So obtain, 

 gV V c= =  (3.7) 

To the momentum P in 4-dimensional space, have an 
orthogonal component in 3-dimensional space (mark with 
P1), and have an orthogonal component in new 4th 

dimension(mark with P2). There exist, 2 2 2
1 2P P P= + . 

And (3.6), so obtain: 

 2 2 2 2 2 2 2 2 4
1 2 .P c P c P c E m c= + = =  

When particle is static in 3-dimensional space, P1=0, 
P=P2. Named this mass with rest mass. Mark this mass 
with 0m .So obtain: 

 2
2 0 0 0 .P c m cc E m c= = =  (3.8) 

So obtain: 

 2 2 4 2 2 2 4
0 .E m c p c m c= = +  (3.9) 

Here, p=P1, is the momentum component in 3-
dimensional space. Therefore, the energy-mass equation in 
Special Relativity Theory, is a simple result of this new 
physical view. In the new view, the result of energy-mass 
equation is very direct, not exist complex reasoning 
process in Special Relativity Theory. 

Why the mass-energy equation shows a strict right 
angle triangle relationship, which is a very strange 
phenomenon. This is many people's doubts. On this issue, 
the new physical view, can give a very direct answer. 
Indeed, mass-energy equation, is a vector orthogonal 
relationship performance. 

As can be seen, the momentum of the particle in the 4th 
dimension component values, is a variable that will 
always remain the same. This is the particle rest mass in 3-
dimensional space. Why it is not chang? It need further 
study. 

In 4-dimensional space, there is no static particle. But 
judging from the macroscopic physical, in 3-dimensional 
space, there exist static object. Why? It need further study. 

From the above discussion, we can see that particle 
mass is a human artificial concept. Mass concept is taked 
into physics is by a equation, P=mV. Mass seems to not 
have real physical meaning. Energy, momentum, speed, 
frequency, wavelength, these concepts, have a real 
physical meaning. Therefore, the real physical meaning of 
mass quality, need further study. 

 

From the diagram above, we can see also, the energy-
momentum of the particle increases, showed speed in 3-
dimensional space projection component mounting. In 4-
dimensional space, the real is the rotation of the particle 
velocity vector in the 4th dimension. Greater energy-
momentum particle movement and 3-dimensional 
orthogonal angle is smaller, and the 4th dimension 
orthogonal angles greater. There only exist rotation of 
velocity vector. The value of velocity vector is invariant. 

The photon is the most exceptional circumstances, only 
have motion components in 3-dimensional space 
completely, not have moving components in the 4th 



 International Journal of Physics 127 

 

dimension, so the photon rest mass is zero, so the photon 
speed is equal to the light speed c in 3-dimensional space. 

In 5-dimensional space-time, all particles, including 
photons, its movement speed is the speed of light, is c. 
This is the essence of Lorentz symmetry. Photons are no 
longer in a special place in physics. Ignore particle charge, 
spin, etc property. Only study on kinematics, not inspect 
on kinetics, all particles is same. Particle rest mass in the 
3-dimensional space is different, only because particle’s 
moving components in the 4th dimension space is 
different. This means that, there exist a new particle 
symmetry in 5-dimensional space-time. 

In this new model, the 1-dimensional time, and the  
4-dimensional space, is not symmetry again. The time 
dimension will return back to absolute time dimension in 
Newtonian mechanics. The time dimension in every 
coordinates is synchronous. But, in this new model, the 
space dimensions, is not same with space dimension in 
Newtonian mechanics. In this new model, space 
dimensions will be expanding or contracted when 
coordinates transformation. This will be discussed in 
detail at next chapter. 

This new physics model, have a equivalent relation 
with Special Relativity Theory. Coordinates 
transformation in Special Relativity Theory is a physics 
equivalent effect in the new 5-dimensional space time 
theory. This will be discussed in detail at next chapter. 

4. Coordinates Transformation in  
5-dimensional Space-time 

In 5-dimensional space-time model, particle wave 
speed value is invariant. This speed value is light speed c 
always. So, coordinates transformation of different 
observer, is only a rotate transform of the velocity vector 
in 4-dimensional sapce. The value of velocity vector is 
invariant. The transformation effect is that change 
direction of motion. This effect is that rotate the velocity 
vector only, not change the value of velocity vector. 

Imitate Special Relativity Theory, we take next 
derivation. 

In A coordinates, particle coordinates values is 1x , 2x ,

3x , and 4x . Start from coordinates origin.There exist this 
formula. 

 2 2 2 2 2 2
1 2 3 4( ) ( ) ( ) ( ) .x x x x c t+ + + =  (4.1) 

In B coordinates, particle coordinates values is '
1x , '

2x ,
'
3x , and '

4x . Start from coordinates origin also.There exist 
this formula. 

 ' 2 ' 2 ' 2 ' 2 2 ' 2
1 2 3 4( ) ( ) ( ) ( ) ( ) .x x x x c t+ + + =   (4.2) 

In two coordinates, the time dimension is absolute time. 
Two time value is equal. So exist. 

 '.t t=  (4.3) 
Imitate Special Relativity Theory, change style, can get 

two formula. 

 2 2 2 2 2 2
1 2 3 4( ) ( ) ( ) ( ) 0.x x x x c t+ + + − =  (4.4) 

 ' 2 ' 2 ' 2 ' 2 2 ' 2
1 2 3 4( ) ( ) ( ) ( ) ( ) 0.x x x x c t+ + + − =  (4.5) 

So can get. 

 
2 2 2 2 2 2

1 2 3 4
' 2 ' 2 ' 2 ' 2 2 ' 2
1 2 3 4

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

x x x x c t

x x x x c t

+ + + −

= + + + −
 (4.6) 

The (4.6) formula, is coordinates transformation 
formula in 5-dimensional space-time model. 

Because the time dimension is absolute, its same in all 
coordinates, so exist (4.3) formula. So can simplify (4.6), 
get (4.7). 

 
2 2 2 2

1 2 3 4
' 2 ' 2 ' 2 ' 2
1 2 3 4

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

x x x x

x x x x

+ + +

= + + +
 (4.7) 

(4.7) is a rotate transform of the velocity vector in 4-
dimensional space. The value of velocity vector is 
invariant. The transformation effect is that change 
direction of motion. This effect is that rotate the velocity 
vector only, not change the value of velocity vector. This 
result is very obvious. In different coordinates, will 
observing space expansion or space contraction. 

From (4.6), we can derive out coordinates 
transformation formula of Special Relativity Theory. 

Formula (4.6) is coordinates transformation formula in 
5-dimensional space-time. But human live in 4-
dimensional space-time. Human only can sense the 3-
dimensional space. Human can not sense the 4th 
dimension space. So, to human, in (4.6) formula, there 
don’t exist 4x  and '

4x . But human can’t change the fact 
physics process. The (4.6) formula is the fact physics 
process. How to solve this problem? Key is the time 
dimension. 

Human can’t sense the 4th dimension space . So human 
consider that not exist 4x  and '

4x . So human remove 4x  

and '
4x  from (4.6) formula. So human get (4.8) formula. 

 
2 2 2 2 2

1 2 3
' 2 ' 2 ' 2 2 ' 2
1 2 3

( ) ( ) ( )

( ) ( ) ( ) ( ) .

x x x c t

x x x c t

+ + −

= + + −
 (4.8) 

But in (4.8) formula, the time dimension, t  and 't , is 
not equal again. 

(4.8) formula, is the coordinates transformation formula 
of Special Relativity Theory. 

To human, the 4th dimension space expansion or 
contraction, is replaced by time dimension expansion or 
contraction. This is the mystery of Special Relativity 
Theory. Human observing time dimension expansion or 
contraction, this is only a observation effects. This is not 
the fact physics process. But human can’t distinguish the 
difference between observation effects and fact physics 
process, because human can’t sense the 4th dimension 
space. Human consider that time dimension expansion or 
contraction is fact physics truth. Human consider that 
space and time is symmetry. 

So, from above description, we can get this derivation. 
The coordinates transformation in 5-dimensional space-
time contains the coordinates transformation of Special 
Relativity Theory. 

If there exist another intelligent biology in universe, 
which can sense the 4th dimension space. To this 
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intelligent biology, they observing physics process, they 
will take the (4.6) formula, not take the (4.8) formula. 

This likes the observation question in quantum 
mechanics. Human observing physics process, is equal to 
the fact physics process? To space-time, human observing 
space-time, is equal to the fact physics space-time? 
Human observing results, 100% is equal to fact physics 
process? 

Human can’t distinguish the difference between Special 
Relativity Theory and 5-dimensional space-time theory. 
So, to physics, what significance can take out by the new 
5-dimensional space-time model? The new 5-dimensional 
space-time model is only a duplicate theory with Special 
Relativity Theory? No. the significance taked out by the 
new 5-dimensional space-time theory is that transform to 
Lorentz symmetry breaking smoothly. 

The new 5-dimensional space-time model, is 
integration between particle wave and space-time theory. 
The new model can derive out results of Special Relativity 
Theory also. To the new model, the most important is that 
time and space is separate. The new model contains that 
space and time symmetry in 4-dimensional space-time. 
And the new model contains that space and time is not 
symmetry 5-dimensional space-time also. The new model 
not only is consistent with space-time system of Special 
Relativity Theory, but also can transition to space-time 
system in Lorentz symmetry breaking smoonthly. The 
new model has more wide range adaptation than Special 
Relativity Theory. 

Special Relativity Theory is rely on light speed c 
strictly. In Special Relativity Theory, space and time is 
symmetry strictly. Once the Lorentz symmetry breaking 
evidence has been found by experiment, Special Relativity 
Theory will be incorrect, so space and time is not 
symmetry again. New space-time theory will be necessary. 
In the new 5-dimensional space-time theory, space and 
time is not symmetry. So the new model can transition to 
Lorentz symmetry breaking smoonthly. 

The new 5-dimensional space-time theory can explain 
physics process when space and time is symmetry. The 
new 5-dimensional space-time theory can explain physics 
process when space and time is not symmetry also. This is 
value of the new model. 

The new 5-dimensional space-time theory can explain 
three physics process that Special Relativity Theory can 
not explain. 

1. The source of particle rest mass. In current theory, 
particle rest mass is a property by human set and 
measuring. But human can’t explain the source of 
rest mass. In new 5-dimensional space-time 
theory, particle rest mass just is particle 
movement portions at 4th dimensional space. 
When observing in 5-dimensional space-time, 
particle don’t have rest mass. All particles, 
include photon, have same movement property. 
Obviously, in 5-dimensional space-time model, 
particle will have a new symmetry. This new 
symmetry will take out what influence, this topic 
is worth studying. 

2. In Quantum Mechanics, when particle is static, 
particle have wave movement also. At this time, 
particle wave has limited frequency, but has 
unlimited wavelength. This is a confusing 
question. This is not easy to understand. In fact, 

this is a theory weakness. In new 5-dimensional 
space-time model, this question has been 
explained reasonably. When particle is static in 4-
dimensional space-time system, but particle is 
moving in 5-dimensional space-time system. The 
particle wave is in 5-dimensional space-time. So 
particle has limited frequency and limited 
wavelength. The unlimited wavelength is a 
semblance, not the fact. 

3. Space is relative, time is absolute. This can bring 
logical consistency of theory. Time expansion or 
contraction in Special Relativity Theory, it’s truth 
is frequency and wavelength change of particle 
wave. This only is transform effect, not the 
physics fact. In Quantum Mechanics, all physics 
process is particle wave process. When 
coordinates transformation, all particle wave 
frequency and wavelength will change. So all 
physics process frequency will change. This is 
truth of Time expansion or contraction in Special 
Relativity Theory. But humen live in 4-
dimensional space-time system, can’t distinguish 
the difference between time change and frequency 
change. Human measuring time, must use 
equipment. Measuring time, fact is measuring 
equipment’s frequency. Human explain these 
measuring results, it is frequency change, or it is 
time change, human can’t distinguish it. 

If the new 5-dimensional space-time theory is correct, 
there exist three question need to be study. 

1. Human live in 4-dimensional space-time system. 
But human how to observing the 4th dimensional 
space in 5-dimensional space-time system? 
Human how to break the dimensional limit? 

2. In new 5-dimensional space-time model, all 
particle’s movement speed is light speed c, not 
change. This is a strong constraint conditions. 
But why? What power bring this constraint 
conditions? 

3. In new 5-dimensional space-time model, all 
particle movement speed is light speed c, not 
change. So there not exist acceleration. There not 
exist accelerated process. So the equivalence 
principle in General Relativity Theory, is no 
longer valid. In new 5-dimensional space-time 
system, what changes will be occur to General 
Relativity Theory? In fact, there exist this 
conflict between General Relativity Theory and 
Quantum Field Mechanics also. In Quantum 
Field Mechanics, there not exist particle 
acceleration also. So, this conflict is not a proof 
that the new 5-dimensional space-time theory is 
wrong. Because the new 5-dimensional space-
time theory is extended from particle wave. The 
de Broglie wave, or particle wave, is a basic 
principle in Quantum Mechanics. So the new 5-
dimensional space-time theory is a quantum 
theory. So this conflict is exist in this new theory 
also. But in new 5-dimensional space-time theory, 
this conflict is very obvious, because all particle 
movement speed is light speed c. Particle speed 
is same always, not change. 

In Quantum Mechanics, particle wave and de Broglie 
formula are basic principle. So the new model, also is a 
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new thinking about the relationship between Quantum 
Mechanics and Special Relativity Theory. 

5. Conclusion 
From a new perspectives, author take a new thinking, 

about Special Relativity Theory. The author put forward a 
new theory model. Particle wave is present in  
5-dimensional space-time. In 5-dimensional space-time, 
speed of all particles is the light speed c. In this new 
model, we can derive out all results of Special Relativity 
Theory. This new model is a equivalent theory with 
Special Relativity Theory. The current physics 
experiments, could not deny the new physics model. This 
prove one result. There exist other theory model that can 
explain these physical phenomena. Special Relativity 
Theory is not the only theory that can explain these 
physical phenomena. This take out a new thinking. Does 
there exist a new equivalent model with General Relativity 
Theory? The new equivalent model can be integrated with 

Quantum Mechanics. So we can solve the Quantum 
gravity problem. 

The new 5-dimensional space-time theory, is a  
self-consistent theory. There not exist logical 
contradiction from current physics theory. The new 5-
dimensional space-time theory, meet current physical 
experiment results, and can explain current physical 
experiment results. So the 5-dimensional space-time, no 
longer appears only in science fiction. To 5-dimensional 
space-time, human need to think seriously about it. 
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1. Introduction 
The scanning electron microscope is one of the most 

common instruments for measurement and analysis of 
micro structures with a high degree of accuracy through 
the use source of electron beam with short wavelength less 
than 1nm [1]. 

Classifies scanning electron microscope depending on 
the type electron gun into two types, namely scanning 
electron microscope with a thermal emission and scanning 
electron microscope with field emission, high analysis 
capability prefers to use a electron microscope field 
emission, but because of the high cost and the fact that 
requires a high degree of vacuum up to Torr10 -10 [2,3]. 
As well as high precision in the alignment so it preferred 
to use a thermal emission, which is still Aoudad high 
share in the markets because of the relatively few cost as 
well as being does not require a high degree of vacuum up 
to 10-7 Torr. 

Currently, it has a scanning electron microscope with a 
thermal emission actually analyzed 50 times larger than 
the boundary theory as a result of irregularities in the 
electron source size, aberrations and energy dispersive 
through the optical column and the adoption of precision 
in magnetic lenses and other defects manufacturing and 
engineering industry, so manufacturers have focused 
electron microscopes modern development source the 

electron beam for the degree of high brightness, system 
lenses low aberration and scattering a few energy. 

Using scanning electron microscope, accelerated 
electron beam with a very short wavelength less than 
0.01nm, so to enhance resolving power compared with 
optical microscope, which depends on the visible light 
source wavelength extent with range between 300-700nm. 

To facilitate the design of the electron lens system and 
reduce the time and the loss resulting from the 
manufacture of these lenses and thus proving its failure 
has applied numerical simulation software widely as 
suggested Munro [3] finite element method from first 
order to analysis of the electron lenses. while developed 
Renou et, al. [4] analysis programs for electron gun based 
on the boundary element method. from another side 
applied [5] Zhu and Munro finite element method of the 
second order for the analysis of different kinds of electron 
guns. As display Grella et, al. [6] method of Monte Carlo 
to calculate the scattered electrons. use each Khursheed 
and Osterberg [7] finite element method in the design 
spectroscopy scanning electron microscope. 

2. The Theoretical Side 
Magnetic lens consists generally of a circular coil is 

made of copper wire insulated electrically, coil contains 
(N) of turns When passes a continuous electrical current 
amount (I) in the coil, it generates a magnetic field 
symmetry axially(Bz) along an axis (Z) acts on deviation 
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electrons passers through it towards the coil center 
according to ampers law. [8]. 

 z oB μ NI
zi
zo

dz =∫  

 1
0

7*1 .4 0 .H mµ π − −=  

Vacuum permeability 
Bz Axial magnetic flux density. 

To study the effect of the shape of the poles and the 
distance between them in the condenser magnetic lens  
on the optical performance have to create a small image of 
the first real image composed within the thermal gun, 
which ranges in diameter dG of (20-100) μm were six 
models of condenser magnetic lenses equal in geometrical 
dimensions, internal and external diameter and area of the 
coil but different in shape of the poles and the distance 
between them (Figure 1) shows the illustrate of the six 
designs of the condenser magnetic lens. 

 
Figure 1. shows the condenser magnetic lenses CL1, CL2, CL3, CL4, CL5, CL6 

It is also necessary to study the distribution of the 
trajectory of magnetic flux lines inside the lens to see the 
flux leakage in its structure (Figure 2) shows the trajectory 
of magnetic flux lines within six magnetic lenses, which 
are parallel and regular on the optical axis. 

As has been the distribution of the density of magnetic 
flux axial Bz for condenser magnetic lenses described in 

figure (1) When excitation NI = 1000A.t using a program 
[9] AMAG which is based on the finite element method to 
know the properties of the focus of (focal length f, and 
image position Zi, and the number of times 
demagnification dM ... etc). Figure 3 shows the 
distribution of magnetic flux density Bz along the Z axis. 

Table 1. Bmax values and positions, values of the refraction of the beam Zp, location of the intersection of the beam with the optical axis or the 
focus positions Zf, and the focal length f 

Focal length 
f(mm) 

Location of focus 
Zf (mm) 

location of refraction beam  
Zp (mm) 

Maximum value of 
magnetic flux density  

Bmax (T) 

Location  
Bmax(mm) Sample 

8.19 8.5 -1.72 .08677712 0 CL1 
8.34 8.617 -1.84 .08444092 0 CL2 

8.60 8.88 -1.97 .08181226 0 CL3 
8.26 8.614 -1.71 .08619454 0 CL4 
8.37 8.671 -1.83 .08424169 0 CL5 

8.61 8.905 -1.96 .08193578 0 CL6 
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Figure 2. trajectory of magnetic flux lines within the magnetic lenses CL1, CL2, CL3, CL4, CL5, CL6 

 
Figure 3. shows the distribution of magnetic flux density Bz along the axis Z 
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The electron beam trajectory is calculated by solving 
the axial Ray equation numerically using the method of 
(Rang-Kutta) from fourth order Figure 4 shows trajectory 
of the accelerated electron beam by voltage Vr = 8kV 
when excitation NI = 1000A.t starting from the point of 
intersection of the electron gun at (Zo = -40) to the 

position of the image plan formed by the condenser lens 
Table 1 shows the values and positions Bmax and values 
of refraction of the electron beam position Zp and the 
location of the intersection of the electron beam with the 
optical axis or focus position Zf and focal length of the 
condenser magnetic lens six. 

 
Figure 4. Ray tracing of electron beam accelerated by voltage Vr = 8kV when excitation, NI = 1000A.t 

It was awarded a number of times demagnification and 
beam diameter emerging from condenser magnetic lenses 
d1 on the assumption that dG = 50μm [10] as well as the 
calculate of Spherical aberration coefficient, chromatic 

aberration coefficient and the focal length Table 2 shows 
the demagnification, beam diameter, Spherical aberration 
and chromatic aberration. 

Table 2. demagnification values, electron beam diameter, spherical and chromatic aberration 
Chromatic aberration  

Cc(mm) 
Spherical aberration  

Cs(mm) 
Beam diameter  

d1(nm) 
Value of demagnification  

dM Sample 

6.32 7.46 12345 4.05 CL1 

6.42 7.43 12626 3.96 CL2 

6.60 7.48 13054 3.83 CL3 

6.38 7.60 12500 4 CL4 

6.45 7.49 12658 3.95 CL5 

6.61 7.50 13123 3.81 CL6 

3. Conclusion 
Showing from changes that made on the geometrical 

shape of the magnetic poles and the distance between 
them, its affecting on the focus properties of the condenser 
magnetic lens and electron beam diameter required 
downed on the objective lens that acts in its role on 
increasing demagnification in electron beam diameter and 
bring it down to the desired sample surface study of the 
surface to get a clear image and free of defects and 
deformities. 

Explained the results that we have obtained from the 
study of the six models of magnetic lenses that CL1 model 
has the best focal properties of spherical Cs and chromatic 

Cc aberrations, the magnetic flux intensity Bz, the focal 
length f, as well as the smaller electron beam diameter d1, 
therefore be adopted as the best condenser magnetic lens 
from the six models. 
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1. Introduction 
In quantum field theory scalar field, EM field and Dirac 

field are successfully quantized. However, such 
quantization neglects gravity. In order to include the effect 
of gravity in quantization one is required to express 
Lagrangian and equation of motion (EOM) in 
(gravitational) covariant form. Consequently, equation of 
motion will include an additional perturbation term that is 
due to particle field experiencing spacetime curvature 
(gravity). One can show that the gravitational covariant 
form of EOM will lead to the change in energy-
momentum dispersion of the particle field, although the 
mathematics of quantization will remain unchanged.  

As we shall see, Lagrangian for real scalar field and 
EM field remain invariant under gravitational covariant 
derivative however Dirac Lagrangian will have an 
addition term that can be corrected by introducing 
gravitational gauge field. This is “gravitation symmetry” 
that will make the Dirac Lagrangian invariant under 
gravitational covariant derivative requirement. In this 
endeavor the second degree gravitational tensor behavior 
will not be an obstacle for interactional gauge theory. We 
shall find out that the gravitation gauge and EM gauge 
fields are vector analog of one another.  

2. Quantization of Real Scalar Field in 
Gravity 

Let us recall the free Lagrangian density for the real 
scalar field, ( )xφ  

 ( ) ( ) ( )μ 2 2
μ

1 1x  x m x ,
2 2

L φ φ φ= ∂ ∂ −  (1) 

where, m is the mass. Using Euler-Lagrange equation, the 
equation of motion (EOM) for the above Lagrangian will 
be  

 ( ) ( )μ 2
μ  m  x 0,φ∂ ∂ + =  (2) 

which is known as Klein-Gordon equation. The EOM for 
a real scalar field in curved spacetime will require the 
replacement of 4-derivative into “gravitational covariant 
derivative,” gμD  

  ( ) ( )μ 2
gμ gD  D m  x 0.φ+ =  (3) 

The gravitational covariant derivative in equation (3) 
can be expanded in the form of 

 ( ) ( )μ 2 μν ρ
μ μν ρ m g Γ   x 0,φ∂ ∂ + − ∂ =  (4) 

which does preserve the original Lagrangian along with 
the additional term, ρ

μνΓ  being the affine connection . In 

order to solve Equation (4), we shall express ( )x  φ in 
terms of its Fourier transform 

 ( )
( )

( )
4 μik  xμ

4
d kx  k  e .
2π

φ φ −
= ∫  (5) 

Equations (4) and (5) will give us energy-momentum 
dispersion relation for a real scalar field in gravity 
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 2 2 2 μν ρ
0 μν ρK K  m i g Γ  K .= + +



 (6a) 

In the equation above, 0K is the energy of the particle 

field, K


is the momentum and ρK is the 4-momentum. 
Next, we expand the mass in Equation (6a) in terms of 4-
momentum 

 2 2 μν μν ρ
0 μ ν μν ρK K  g K K i g Γ  K .= + +



 (6b) 

The last two terms in equation (6b) are tensors and can 
be combined together into an “effective mass”  

 ( )2 μν ρ
eff μ ν μν ρm g   K K i Γ  K .= +  (7) 

Assuming the gravitation contribution manifesting as a 
perturbation in mass, therefore 

 
μν ρ

μν ρ
eff

g  Γ  K
m m i .

2 m
≈ +  (8) 

Notice that, [ ]2μν ρ ρ
μν ρ g ρg  Γ  K K K m   = =    , where 

ρ μν ρ
g μνK g  Γ  = is the equivalence of gravitational  

4-momentum. One can then express the energy of the 
particle field 

 2 2
0 eff kK K  m ω .′= + =



 (9) 

We can interpret Equations (8) and (9) such that a 
scalar field particle in gravity will experience perturbation 
in its mass and energy. Perturbation being imaginary is 
perhaps an indication of the decaying nature of particle 
energy in the gravitational field. Therefore, a scalar field 
in gravitational field will experience perturbation in mass 
and energy, with modified energy spectrum of k k ω  ω′→  

 ( )
( )

0i (ω  x k.x3 k

3/2 0i (ω  x k.xkk

â (k)ed kx  .
2π 2ω â (k)e

φ
′− −

′ −+

 
 =  ′  + 

∫












(10a) 

Consequently, the energy operator will be 

 ( ) ( )3 3
k kĤ d kω a (k) a (k) d k ω a (k) a (k) .+ +′= →∫ ∫

   

(10b) 

We note that the real scalar field quantization in gravity 
will remain similar to that of the situation where gravity is 
absent however the Hamiltonian will change due to 
perturbation in energy. The particle-gravitational 
interaction contribution, μν ρ

μν ρ g Γ  K , can further be 
simplified by expanding the affine connection 

 μν ρ μρ
μν ρ , μ ρg Γ  K g k .=  (11) 

According to Equation (11) the gravitational 4-
momentum can now be expressed in terms of derivative of 
metric tensor, ρ μρ

g , μk g  = . Once we know the metric,
μνg  the energy perturbation due to gravity can easily be 

determined. ρ K , also is the 4-momentum of the field 
particle. So perturbation in energy in terms of virtual 
(imaginary) invariant mass is the product of particle field 
4-momentum with gravitational field 4-momentum. Now 

we can express energy-momentum spectrum in terms of 
the metric 

 2 2 2 μν
0 , μ νK K  m i g  K .= + +



 (12) 

Here, the magnitude of the perturbed energy will be 
inversely proportional to the magnitude of the unperturbed 
energy of the scalar field particle 

 
μρ

,μ ρ
0perturbed

k

g  K
K  ,

2ω
≈  (13) 

where, 2 2
kω K m= +



. 

3. Gravitational Symmetry of the Scalar 
Field 

The real scalar field Lagrangian for a free particle 
(Eqn.(1)) with mass m has a non-continuous symmetry 
under 

 ( ) ( )x x .φ φ→ −  (14) 

Once the interaction term ~ ( )4λ xφ−  is added to the 
Lagrangian, it is possible to proceed with symmetry 
breaking. However, we may introduce a new symmetry of 
different sort regarding the interaction with gravity; 
“gravitational symmetry.” If Lagrangian remains constant 
under gravitational covariant requirement, it then will 
have gravitational symmetry; otherwise physics will 
require correction by introducing gravitational gauge. Let 
us take the gravitational covariant derivative form of 
Equation (1) 

 ( ) ( ) ( )μ 2 2
gμ g

1 1D x  D x m x .
2 2

L φ φ φ= −  (15a) 

For a scalar field, ( ) ( )gμ μD x  xφ φ= ∂ . Therefore, real 
scalar field Lagrangian already has symmetry under 
gravity 

 
g

g .L L L→ =  (15b) 

One can say gravitation gauge correction will not be 
required for real scalar field Lagrangian. We also will not 
elaborate on complex scalar field because the physics will 
remain the same as the real scalar field and therefore 
redundant. 

4. Canonical Quantization of the 
Electromagnetic Field 

In order to quantize the EM field in gravity, likewise 
we need to start with the gravitational covariant of the EM 
Lagrangian  

 μν
μν

1 F  F .
4

L = −  (16a) 

It is interesting to notice that the gravitational covariant 
form of the EM tensor will also remain invariant under 
covariant derivative 
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g
μν μ ν ν μ

gμ ν gν μ
ρ ρ

μ ν μν ρ ν μ μν ρ μν

F A A

       D A D A

( A Γ A ) ( A Γ A ) F .

= ∂ − ∂ →

−

= ∂ − − ∂ − =

(16b) 

One can conclude, EM Lagrangian also has symmetry 
in regards to the gravitational requirement. Once more 

 
g

g .L L L→ =  (16c) 

Now, without any further elaboration, we recall the 
gravitational covariant EOM for EM field 

 ( )μ
gμ gD  D  A x 0.σ =  (17a) 

After expansion of the covariant derivative and 
simplification 

( )
σ σ
μσ,ν μσ νμ μν ρ

μ σ σ
νσ μ μν σ

Γ i Γ K
 g  A x 0.

i Γ K i Γ  K

  −
  ∂ ∂ + =
  − +  

(17b) 

Once again, the new EOM does preserve the original 
form with an addition term (in the parenthesis) pertain to 
gravitational contribution. The energy-momentum 
spectrum for the above Lagrangian will be 

 
σ σ
μσ,ν μσ ν2 2 μν 

0 σ σ
νσ μ μν σ

Γ i Γ K
K K  g .

i Γ K i Γ  K

 −
 = +
 − + 



 (18) 

The gravitational contribution in equation (18) can 
actually be further simplified and expressed in terms 
metric. As it is expected since we are dealing with a vector 
filed, the spectrum is gravitationally more complicated, 
although there is no mass. The perturbation does not 
manifest in mass-energy, rather, in momentum-energy as 
should be expect for a photon. The quantization of EM 
field particle in gravity will remain unchanged although 
the photon particle field energy will be perturbed by the 
terms that include affine connection. 

5. Quantization of Dirac Field 
Due to the fact that spinors are not vectors, Dirac field 

can be more subtle to quantize in gravitational field. Let 
us express Lagrangian density for a Dirac field in its 
gravitational covariant derivative form 

 ( )μ
gμΨ i γ  D m  Ψ.L = −  (19a) 

Notice that the above Lagrangian, unlike real scalar and 
EM field is not invariant under gravitational covariant 
derivative as shown below 

 ( ) ( ) ρμ μ ν 1/2
μ μρ ν

Ψ i γ  m Ψ  Ψ  i γ  Γ  Ψ .L = ∂ − + (19b) 

Instead of spinor in the second term of equation (19b), 
if we encountered a second degree tensor the analysis 
would have then been easier. Also note that because there 
is little “affinity” between tensor and the spinor in the 
second term of the above equation, we rather change the 
tensor operation into an invariant scalar, as it will make 

sense later on. Accordingly one has to take the square root 
of the affine connection in order to choose proper units 
(this will also be clear later on) 

We have already seen the real scalar field being passive 
under first gravitational covariant derivative, namely 

 ( ) ( )gμ μD x  x .φ φ= ∂  (20a) 

On the other hand EM vector field can easily be acted 
on by a covariant derivative whereas a spinor field is 
neither scalar nor a vector field and has subtle affinity 
with tensors. The key is that the Lagrangian has to be a 
Lorentz scalar otherwise it will not be a valid Lagrangian. 
In order to resolve this issue we shall contract the last term 
of Equation (19b) by a (1/1) tensor so that the Lagrangian 
will remain invariant under Lorentz transformation. Now, 
not only the Lagrangian is Lorentz invariant, the Dirac 
field will also be multiplied by scalars only 

 ( ) ( )1/2μ μ ν ρ
μ μρ νΨ i γ  m Ψ  Ψ i γ  Γ  T Ψ .L  

= ∂ − +  
 

 (21) 

Again, the half power in the second term is due to unit 
corrections. In order to proceed with quantization, let us 
express EOM for Dirac fields in the expanded 
gravitational covariant form 

 ( ) ρμ μ ν 1/2
μ μρ ν

i γ  Ψ m Ψ i γ  Γ  Ψ 0,∂ − + =  (22a) 

 ( ) ρμ μ ν 1/2
μ μρ ν

i γ  Ψ m Ψ i γ  Γ  Ψ 0.∂ + + =  (22b) 

As far as perturbation is concerned, Equations (22a) 
and (22b) are similar. We would concentrate on Ψ only. 
To make Equation (22a) completely Lorentz invariant we 
likewise introduce a (1/1) tensor ρ

ν T  in the last term 

 ( )1/2μ μ ν ρ
μ μρ νi γ  Ψ i γ  Γ  T   Ψ m Ψ 0.∂ + − =  (23) 

Similarly, the half power is due to unit correction as it 
shall be clear later on. As for scalar and EM fields, the 
above EOM for the Dirac field does contain a perturbed 
term. One way of being able to analyze this equation is to 
express the tensor ρ

ν T  in terms of Dirac field 4-
momentum, by analogy to real scalar and EM fields. Let 

 ( )1/2ρ 1/2 ρ
ν νT K K .=  (24) 

This is a fair assumption because for real scalar and EM 
fields it was the 4-momentum of the field that 
accompanied the affine connection. Simply put, it is the 4-
momentums that interact with one another. It happens that 
for a spinor as compared to a vector, tensor operation is 
null. After all the perturbation term should include 
interaction between gravity (affine connection) and the 4-
momentum (of the particle field). Naturally we can 
combine the first two terms in Equation (23) 

 ( )1/2μ ν ρ
μ μρ νi γ    Γ K K m  Ψ 0.

  
∂ + − =  
  

 (25a) 

We now can retrieve modified form of Dirac equation 
in gravity  
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 ( )μ
gμi γ  m  Ψ 0,′∇ − =  (25b) 

where, ( )1/2ν ρ
gμ μ μρ ν   Γ  K K′∇ = ∂ + . Let us proceed 

with solving the above equation. We should note that the 
perturbed component of the equation is due to the Dirac 
field interacting with gravity. At this point we will express 
Equations (25) in terms of 4-momentum and we can see 
why parenthesis in the second term is in half power 

 ( )1/2μ μ ν ρ
μ μρ νγ  K i γ  Γ K  K m  Ψ 0. 
+ − = 

 
 (26) 

Let us then proceed by expanding the matrices  

( ) ( )
( ) ( )

11/2 1/2ν ρ ν ρ
0ρ ν iρ ν

2
1/2 1/2ν ρ ν ρ

iρ ν 0ρ ν

E-m  -σ. k 

σ. k -(E m)
Ψ

0. Γ K K σ. Γ K K Ψ

σ. Γ K K Γ K K

=
+

+

+

+

−

  
  
               
     













(27a) 

Where, we have used Dirac matrices in the above 
equation. Notice that the second matrix is the perturbation 
due to interaction with gravity. Combining the two 
matrices 

( ) ( )

( ) ( )

1/2 1/2ν ρ ν ρ
0ρ ν iρ ν

1/2 1/2ν ρ ν ρ
iρ ν 0ρ ν

1

2

E Γ K K -m -σ. k- Γ K K  

σ. k- Γ K K -(E Γ K K m)

Ψ
0.

Ψ

+

+

  
+  

  
   + +     
 
  =
  

×









(27b) 

Equations (27) clearly show the perturbation in spinor 
energy while experiencing gravitational field. We 
therefore conclude that the Dirac field quantization in 
gravity similar to that of scalar and EM fields does remain 
unchanged, likewise, with having a perturbation in energy 
spectrum. As a simple example we shall consider a slow 
moving particle field where τ t= , and therefore ν i

0ρ 00Γ Γ= . 
The perturbation term in non-relativistic limit will be 

 ( )

ν ρ i 0 , i 0
0ρ ν 00 i 00 i

0
i i

i 2

i

1Γ K K   Γ K K ( ) h K K2
 φ  K K

 x Em E .
 t  t x

φ

−= =

= ∇

∂ ∂ ∂
≈ ≅

∂ ∂∂

 (28a) 

So the overall perturbation is in the units of classical 
non-relativistic energy transition. Notice that there can’t 
be any ν

0iΓ component of the affine connection. Inserting 
the above term in Equation (27b) will give 

 

( )

( )

0
i i

0
i i

1

2

E  φ  K K -m -σ. k 

σ. k -(E  φ  K K m)

Ψ
0.

Ψ

+

+

 + ∇ 
 

+ ∇ +  
 
 × =
  









(29) 

Equation (29) is the solution to the original Dirac 
equation plus the perturbation term. 

6. Gravitational Gauge Field 
Let us recall Dirac Lagrangian in gravity, Equation (21) 

 ( ) ( ) ρμ μ ν 1/2
μ μρ ν

Ψ i γ  m Ψ Ψ i γ  Γ  Ψ .L = ∂ − +  (30a) 

In order to correct the perturbation term in the above 
Lagrangian we shall introduce a new term that will 
include, gμA  the proposed gravitational gauge field with

gg ′ being a constant 

 
( ) ( )
( )

 ρμ μ ν 1/2
μ μρ ν

 ρμ υ1/2
g ρ gμ υ

Ψ i γ  m  Ψ  Ψ  i γ  Γ  Ψ  

Ψ  g  γ T A Ψ .

L

′

= ∂ − +

+
(30b) 

Combining the last two terms 

 

( )μ
μ

ρ
μ ν1/2 ν 1/2

g ρ gμ μρ
g υ

Ψ i γ  m  Ψ 

1g Ψ γ T A i Γ  Ψ .
g

L

′
′

= ∂ −

  
 + +     

 (30c) 

At this point we also let the gauge transformation 

 ν1/2 ν1/2 ν 1/2
ρ gμ ρ gμ μρ

g

1T A   T A i  Γ ,
g ′

→ −  (31a) 

and multiplying the transformation by ρ1/2
νT from the right 

hand side 

( )1/2ν1/2 ρ1/2 ν1/2 ρ1/2 ν ρ
ρ gμ ν ρ gμ ν μρ ν

g

1T A T T A T i Γ T .
g ′

→ − (31b) 

The Lorentz-gravitational invariant Lagrangian then 
becomes 

  ( )1/2μ ν 2 ρ
μ g ρ gμ νΨ i γ i g T  A  T m Ψ.L ′

  
= ∂ − −  

  
(32a) 

The product of the two tensors ν ρ
ρ νT  T  is an invariant 

constant which can be absorbed into, ν ρ
g g ρ νg g T  T′= . 

However, according to Equation (24)  

 ρ ν
g g ρ ν g a bg g K  K  K  K g m m .′ ′= =  (32b) 

Where, gg , can be defined as the product of strength of 
the gravitational interaction with the invariant masses of 
the two Dirac field. Consequently the Lagrangian will become 

 
( )( )

( )
μ

μ g gμ

μ
gμ

Ψ i γ  i g  A m  Ψ

Ψ i γ m  Ψ.

L = ∂ − −

= ∇ −
 (32c) 

gμ∇  is the proposed gravitational gauge covariant 
derivative for the above Lagrangian. In order to express 
the current in the Lagrangian 
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( ) ( )
( )

μ μ
μ g gμ

μ μ
μ g gμ

Ψ i γ  m Ψ Ψ g  γ A Ψ

  Ψ i γ  m Ψ g j A ,

L = ∂ − +

= ∂ − +
 (33) 

with Dirac current μ μj Ψ γ  Ψ = and the interaction 
strength, gg . Finally, gravitation gauge transformation 
requirement will be as follows 

 ( )1/2ν ρ
gμ gμ μρ ν

g

1A A i  Γ  K K ,
g

′ = −  (34a) 

 gμ μ g gμ i g  A .∇ = ∂ −  (34b)  

Equations (34) are analog of local gauge symmetry in 
QED with EM gauge vector field μA . However, here we 
have introduced gravitational symmetry to generate 
gravitational gauge vector field gμA . It is also interesting 
to note that we were successful to generate a gravitational 
vector field very similar to that of its analog, EM gauge 
vector field. The key determining factor in this case is the 
affine connection due to gravity (caused by particles’ mass) 
interacting with 4-momentum of the particle field. As in 
electro-dynamics where charge e appears in the interaction 
so do masses of the two particles in gravitational 
dynamics between the two particles. 

7. Conclusion 
The quantization of the particle filed in gravity remains 

unchanged however the energy-momentum dispersion 
relation of the particle does change. This change or 

perturbation in energy can be due to interaction of particle 
filed with the gravitational field. Dirac free particle 
Lagrangian will require correction due to additional term 
in Lagrangian caused by external gravity or the gravity of 
the massive fields. This symmetry of gravity will generate 
gravitational gauge field which is an analog to that of the 
EM gauge field. 
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1. Foreword 
The history shows that all theories and sciences evolve 

in such a way, that realness of phenomena visible by eyes 
are gradually changed by realness of phenomena 
perceived mentally. For example, movement of the Sun 
and far stars and immovability of the Earth visible to 
Ptolemy’s eyes after some time were replaced by 
movement of the Earth around the Sun and with respect to 
far stars perceptible by Copernicus’s brain. 

The first stage of any theory or any science therefore is 
based upon seeing any phenomenon by means of eyes. 
And the eye sees only the light – electromagnetic radiation 
with wavelengths between 380 nm (violet color) and 780 
nm (red color). What else do we know about the light? We 
know that the light propagates in vacuum having the 
velocity equal to 299 792 458 m/s. At that this value is 
measured in the stationary inertial reference frame (IRF). 
At what speed the light propagates in any moving IRF we 
can only guess. In order to answer this question we, first 
of all, should form a concept “light speed (or velocity) in 
vacuum of a moving IRF”. Why we must perform this 
task? 

We must perform this task due to todays situation when 
we know only speed of light in a stationary IRF. Because 
it has happened in such a way, that in 1905 Albert 
Einstein [1] defined only speed of light in a stationary IRF 
and introduced two postulates: 

1. A relativity postulate: “The laws, by which the states 
of physical systems undergo change, are not affected, 
whether these changes of state be referred to the one or the 
other of two systems of co-ordinates in uniform 
translatory motion”.  

2. A postulate of light speed independence on the speed 
of a light source: “Any ray of light moves in the 
“stationary” system of co-ordinates with the determined 
velocity 0c , whether the ray be emitted by a stationary or 
by a moving body”. 

Keeping in mind that any of two IRF, moving each with 
respect the other at some specific speed V , may be called 
as a stationary one (at that the other one should be 
considered as a moving one), from these two Einstein’s 
postulates it was concluded, that the speed of light in 
vacuum of all IRF (irrespective of whether each of these 
IRF is considered to be a stationary one or a moving one) 
is equal to the same value 0c = 299 792 458 m/s.  

Such erroneous conclusion was used by Einstein 
himself when he derived Lorentz’s transformation of 
coordinates from one IRF to another IRF, namely he wrote: 
“…Light (as required by the principle of the constancy of 
the velocity of light, in combination with the principle of 
relativity) is also propagated with velocity 0c  when 
measured in the moving system”. 

But neither Einstein in 1905, nor his numerous admirers 
in the past did not take into their minds, that an 
assumption about equality of light speed in a moving IRF 
to the light speed in a stationary IRF results in 
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contradiction between the effect of time dilation in 
Einstein’s special relativity theory (SRT) and the relativity 
principle. 

Indeed, it is well known that a light clock (consisting of 
two parallel mirrors, a photoelectric sensor on one of 
mirrors, a pulse counter connected to the output of the 
photoelectric sensor and a light pulse circulating between 
mirrors) is a physical system, which must comply with the 
relativity principle. 

Because the relativity principle with respect to such 
physical system as the light clock must read: 

The laws, by which the indications of light clock 
undergo change, are not affected, whether these changes 
of indications be referred to the one or the other of two 
systems of co-ordinates in uniform translatory motion. 

That means that time dilation effect existing in the SRT 
according to the relativity principle should be absent. 
Indeed, if we consider that distance between mirrors of a 
stationary light clock is equal to 0L , then the time 
measurement unit for a stationary light clock is equal to 
the value  

 0 0 0T = 2 L /c .⋅  (1) 

And the time measurement unit for the same light clock, 
moving at the speed V  in a direction perpendicular to 
planes of light clock mirrors, in case of an assumption that 
light speed in a moving light clock also is equal to 0c  will 
be equal to the value 

 0
0 0

L LT = + γ T ,
c - V c + V

= ⋅  (2) 

where 2 20
0 0

L
L = = L 1 - V /c

γ
 is the distance (according 

to the SRT) between light clock mirrors, moving at the 
speed V . 

Thus, the assumption that the light speed in a moving 
IRF is also equal to the same value 0c , leading to the 
existence of time dilation effect in the SRT, leads to a 
contradiction with the relativity principle (indications of a 
light clock depend on what IRF these indications are 
referred to). Therefore it is expedient to consider what 
value of the light speed in a moving IRF will not lead to a 
contradiction with the relativity principle that is to 
consider what value of light speed in a moving IRF will 
result in equality of time measurement units for stationary 
and moving light clocks of the precisely similar design. 

2. Introduction of a New Physical 
Concept 

First of all let us form a new concept “light speed in 
vacuum of a moving IRF”. It is unlikely that this concept 
has been considered as having some positive sense up 
until todays time. As opposed to this concept the concept 
“light speed in vacuum of a stationary IRF” was widely 
known because it was included into the Einstein’s second 
postulate (see above) [1]. 

How can we practically perform measurement of the 
“light speed in vacuum of a moving IRF”? We can 
perform such measuring in accordance with Figure 1. 

 
Figure 1. Propagation of light in a light clock in two IRF moving each with respect the other 

а) propagation of light in a “moving” IRF K from a point of view of an observer resting in this “moving” IRF K, where light propagates along straight 
lines A0N, NM at the light speed uc ; 

b) propagation of light in a “stationary” IRF K ′  from a point of view of an observer resting in this “stationary” IRF K ′ , where light propagates at the 
speed 0c . 

Let us consider two IRF ( )x , y′ ′ ′K  and K (x, y) 
moving each with respect to another one at the velocity u  
(see Figure 1). In all points of the unprimed IRF K named 

with letters (points A0, N, M) there are clocks that are 
synchronized (show the same time at any time moment of 
the IRF K). The primed IRF ′K  in Figure 1 is a stationary 
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IRF. That means that an arbitrary light clock with 
stationary mirrors in points 0B and 1B of the primed IRF 
′K  is at rest in this primed IRF ′K  and the moving 

unprimed IRF K is moving in a direction, that is parallel 
to planes of mirrors 0B and 1B . 

At the zero time moment  ′= =0 0t t 0  of the both 
systems, when a point B0 of the IRF ′K  coincides with 
the point A0 of the IRF K, two light sources in the point 
B0 radiate simultaneously two light pulses, one of which 
propagates from the point B0 to a point B1 of the IRF ′K  
and the second pulse propagates from the point B0 to the 
point A0, where a spot on the X axis of the unprimed 
coordinate system K is marked. When the light pulse 
radiated in the point B0 arrives to the point B1, a light 
source in the point B1 radiates a light pulse that puts a spot 
mark in a point N of the IRF K. Simultaneously a pulse 
arrived from the point B0 is reflected by the mirror in the 
point B1 and moves back to the point B0. When the pulse 
reflected from the point B1 arrives back to the point B0 a 
light source in the point B0 puts a spot mark in the point 
M of the IRF K and stops a clock situated in the point M 
(at a time moment tM). 

Then an observer being at rest in the “moving” IRF K 
measures the optical length of light ray path S = A0N + 
NM in the moving IRF K and makes read out of the 
indication tM of the clock being at rest in the point M of 
the IRF K and being stopped at a moment, when the light 
pulse in the IRF ′K  returns back to the point B0 after 
reflection from the mirror in the point B1. Then the “light 
speed in vacuum of the moving IRF” may be calculated 
using the formula  

 u
M

Sс = .
t

 (3) 

So the value “light speed in vacuum of the moving IRF” 
can be rather simply measured and calculated in the 
experiment, if the light in Figure 1 propagates in vacuum. 

By the way, as the time moment tM of the light pulse 
arriving to the point M of the IRF K coincides with a time 
moment of the light pulse returning back to the point B0 in 
the IRF ′K , and the optical length of light pulse path S = 
A0N + NM in the IRF K is greater than optical length of 
the light pulse path 02S L′ =  in the stationary IRF ′K , 
the value of “light speed in a moving IRF” uc  exceeds the 

value of “light speed in the stationary IRF” 0
'

M

Sс
t

= , that 

means that uc > c0. Thus, during the time travel of the 
light pulse from the point B0 to the point B1 and back from 
the point B1 to the point B0 at the speed 0c  in the 
stationary IRF ′K  the same light pulse performs in the 
moving IRF K a travel from the point A0 through the point 
N to the point M at the greater speed uc . So, considering a 
rectangular triangle A0NP in the Figure 1, we have  

 2 2 2
u 0с = c + u  (4) 

or 

 2 2
u 0с = c + u .  (5) 

Now let us consider the same situation from the point of 
view of the SRT in Minkovski’s four-dimensional world 
[[2], p. 12]. 

3. Real Physical Sense of the New Concept 
Terletskiy [[3], p. 53] said “From a point of view of the 

four-dimensional geometry of space-time the real physical 
sense can be ascribed only to four-dimensionally covariant 
values. In mechanics of a particle such values are a four-
dimensional scalar known as a proper mass m, as well as 
four-dimensional vectors of the velocity kU



, the 

acceleration kd(U )/d(t)


and the momentum kP


”. 
First of all we shall consider now a four-dimensional 

vector of the velocity kU


. 
Formation of a four-dimensional vector (4-vector) of 

the velocity is introduced in the SRT similarly to a three-
dimensional vector in the three-dimensional space, where 
position of a particle is specified by a three-dimensional 
radius-vector r  and a three-dimensional vector of the 
velocity v  is defined as a derivative from the three-
dimensional radius-vector V = dr/dt



 . 
To define a 4-vector of the velocity as a time derivative 

(Newton’s fluxion) of the 4-vector R


 is prohibited in the 
SRT. We require a 4-vector of velocity therefore we may 
divide the increment dR



 of a four-dimensional radius R


 
only by a scalar. In the SRT neither the time, nor its 
differential are invariants of the Lorentz’s transformation. 
Therefore in the SRT we can take as an invariant value 
depending upon time either the four-dimensional interval  

 2 2 2 2 2 2 2 2
0 0ds = c dt - dx - dy - dz = c dt ' ,  (6) 

or the proper time  

 2 2
0

0

ds dtdτ = = dt 1-V /c = ,
c γ

 (7) 

where 
2 2

0

1γ =
1 -V /c

 is the relativistic factor and V is the 

velocity of a particle. 
So, let us introduce a 4-vector of a particle velocity 

 dRU= .
dτ





 (8) 

In the coordinate representation this 4-vector of the 
velocity U



 can be written in the following way 

 i
i

dR
u = ,

dτ
 (9) 

where i = 1, 2, 3, 4. 
It is well known that three first derivatives in the 

formula (9) can be written as 

 α α
α α

dx dx
u = = γ = γV ,

dτ dt
 (10) 

where α = 1, 2, 3; /V dx dtα α=  are projections of the 3-

vector V


onto the respective coordinate axes (x, y, z). 
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The values, defined by equalities (10), are the first three 
components of 4-dimensional Galilean vector U



 
changing from zero to infinity (hereinafter the velocity, 
changing from zero to infinity we can name as Galilean 
velocity and designate it with a letter u, in order to 
distinguish it from the Lorentz’s velocity, changing from 
zero to the velocity of light in vacuum of the stationary 
IRF 0c , that we hereinafter will designate using a latter V. 
At that relation between Lorentz’s and Galilean velocities 
are defined by means of equalities [4] 

 
2 2 2 2

0 0

V uu = ,V = .
1 - V /c 1 + u /c

 (11) 

Taking into account that in the SRT 4 0R = c t , as well 
as the equation (7), let us find the fourth component of the 
4-velocity. We obtain 

 04
4 0

d(c t)dR
u = = γ = γc .

dτ dt
 (12) 

As from equalities (7), (11) and (12) it follows that 

 2 2
02 2

0

1γ = = 1 + u /c ,
1 - V /c

 (13) 

then in the moving IRF (if V ≠ 0, γ ≠ 1) we obtain 
4 0u cγ= . 
Consequently, the value  

 2 20
4 0 u 0 02 2

0

c
u = γc = c = = c 1 + u /c ,

1 - V /c
 (14) 

which is the fourth component of the 4-velocity of a 
particle in vacuum of a moving IRF, we define as the light 
speed in vacuum of a moving IRF. 

Physically the light speed uc  in vacuum of a moving 
IRF can be in the SRT not equal to the value 0c  because 
of change of the longitudinal (along direction of 
movement) size of moving vacuum volumes in the result 
of which the values of the dielectric permittivity and 
magnetic permittivity of vacuum volumes can also be 
changed. 

4. New Calculation of a Time Measurement 
Unit of a Moving Light Clock 

Now (after introduction of the definition for the 4-
velocity of light in vacuum of a moving IRF) let us take 
a light clock (two parallel mirrors at a distance each from 
another equal to L0, in the very IRF, where this light clock 
is at rest, between which, alternatively reflecting, a light 
pulse is circulating, on one of mirrors a source of light 
pulse, photo diode and pulse counter are situated).  

The unit of time measurement of this light clock, 
stationary in an immovable IRF, is determined by equality (1). 

Now let this light clock move so that planes of the both 
mirrors of this light clock are perpendicular to the light 
clock direction of movement. 

As we have determined earlier, see equality (14), the 
light in vacuum of a moving IRF propagates at the speed  

 u 0c c ,γ=  (15) 

where 0c  is the speed of light in vacuum of a stationary 
IRF; γ  is the relativistic factor determined by expressions 
(13).  

Then after radiation of the light by a source, situated on 
the backward mirror of the light clock, the velocity of 
light closing with the foremost mirror of the light clock 
will be equal to u(c u)− , and the velocity of light closing 
with the backward mirror after light reflection from the 
foremost mirror will be equal to u(c u)+ , where uc  is the 
velocity of light in vacuum of a moving IRF, u is the 
Galilean velocity of light clock. Therefore the unit of time 
measurement by the moving light clock will be 
determined by the formula: 

 
u u

L LE ,
(c u) (c u)

= +
− +

 (16) 

where 0L
L

γ
=  is the distance between mirrors of the 

moving light clock, measured in the IRF, with respect to 
which this light clock moves at the speed u.  

Having substituted into the formula (16) the values 
0L

L
γ

= , u 0c cγ=  and 2 2
01 u /cγ = + , we shall obtain 

that 

 0

0

2
.

L
E

c
=  (17) 

Thus, using the above stated new physical concept the 
time measurement unit of the moving light clock becomes 
equal to time measurement unit of the stationary clock 
(the right part of the formula (17) coincides with the right 
part of the formula (1)). 

Now let us return to a case, shown in Figure 1, when 
the light clock is situated so that planes of its parallel 
mirrors are parallel to the direction of light clock 
movement. 

A time interval between radiation of a light pulse from 
the point B0 and its return to the same point B0 in the 
stationary IRF ′K  after reflection from the mirror in the 
point B1 is equal to 

 0

0

2 L
t' .

c
⋅

∆ =  (18) 

If we designate with symbols ∆t a time interval in the 
moving IRF K between radiation of the same light pulse 
from the point A0 and a moment of its arrival to the point 
M, then the path passed by this light pulse in the moving 
IRF K can be determined using the Pythagorean theorem 

 
2

2
0

u2 L .
2

tS ∆ = +  
 

 (19) 

But the IRF K moves with respect the stationary IRF 
′K  at the speed u (Galilean speed). Therefore we must 

consider, that speed of propagation of this light signal in 
the moving IRF K along straight lines A0N and NM is 
determined according to the expression (15) (this means 
that it is equal to the speed of light in vacuum of the 
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moving IRF). As a consequence the time interval ∆t = tM – 
t0 (where t0 is a time moment of light pulse emission in 
point A0) can be determined by dividing the light path S, 
determined by the equation (19), by the speed of light in 
the moving IRF K, determined by the expression (15). We 
shall obtain  

 

2
2

0

0

u2 L
2

t .
c

t

γ

∆ ⋅ +  
 ∆ =  (20) 

Solving the equation (20) with respect to the value t∆ , 
we have 

 0
2 2

0 0

2 L
t .

[c (u/c ) ]γ

⋅
∆ =

−
 (21) 

Taking into account the equality (13), the expression 
(21) takes the form 

 0

0

2 L
t .

c
⋅

∆ =  (22) 

The formulas (18) and (22) mean that the time interval 
between some two events in the moving IRF K connected 
with propagation of light is equal to the time interval 
between the same events in the stationary IRF ′K . 

Consequently, introduction of the concept "the speed 
of light in vacuum of a moving IRF" excludes from the 
space-time theory such an effect as time dilation in the 
moving IRF and converts into the unscientific space opera 
the statement about possibility of journey in the future of 
the Earth by means of long traveling in space at large 
speeds (close to the speed of light). 

5. New Space-time Theory and the 
Velocity Addition Laws 

Introduction of the concept "the speed of light in 
vacuum of a moving IRF" excludes from the space-time 
theory such an effect as time dilation in the moving IRF 
and the so called Einstein’s SRT needs to be replaced by a 
new space-time theory, based upon only one relativity 
postulate. Such a theory was developed and published in 
[5]. Main content of the paper [5] is as follows: A new 
relativistic space-time theory (NRSTT) based upon a 
single principle of relativity is considered. A new concept 
of “speed of light in vacuum of a moving inertial reference 
frame” (IRF) is introduced, depending upon speed of the 
IRF motion according to a quadratic formula. This 
dependence provides introduction of a new and uniform 
understanding of such astronomical phenomena as 
microwave background radiation, red shift of far star 
spectrums becoming more shifted as the distance to a star 
increases, novae and supernovae, pulsars, object SS-433 
etc. These astronomical phenomena are considered from a 
point of view of NRSTT with more details in [6].  

Coordinates and time transformations of the NRSTT 
have the form 

 0( ), ( ), , ,u oс t c t x x x c t y y z zγ β γ β′ ′ ′ ′ ′ ′= + = + = =  (23) 

 0 ( ), ( ), , ,u uс t c t x x x c t y y z zγ β γ β′ ′ ′ ′= − = − = =  (24) 

where 0uс cγ= , 
2

1

1
γ

β
=

−
, 

u

u
c

β = , , , ,x y z t  and 

, , ,x y z t′ ′ ′ ′ are coordinates and time of any event in the 
unprimed and primed IRF, respectively, u  is the speed of 
one IRF with respect to another one. 

These transformations provide invariance of the four-
dimensional interval and give a possibility to detect real 
properties of moving bodies: contraction of their 
longitudinal sizes without time dilation, without 
prohibition of superlight speeds, without dependence of 
mass upon the speed, but with dependence of particles 
electrical charge values upon their speeds. A solution of 
the muon-electron universality problem is given and an 
approach to the merchantable method of cold nuclear 
fusion is discussed. 

In the NRSTT there is its own law of speeds addition. It 
can be written in two forms: 1) the first one is 

 s vw = v γ + s γ ,  (25) 

where 
2

s 2
0

sγ = 1 + 
c

; 
2

v 2
0

vγ = 1 + 
c

; v, s are the 

summands; w is a sum of two summands, w is a sum of 
two speeds (v, s, w are Galilean speeds) and the second 
form is  

 u s
w

u s

β + β
β = ,

1 + β β
 (26) 

where u
0 u

uβ =
c  γ

; s
0 s

sβ =
c  γ

; w
0 w

wβ =
c  γ

; u, s, w are 

Galilean speeds (they can vary from zero to infinity). 

6. Conclusion 
The latest and most advanced (simplest) considerations 

of the NRSTT issues are made in a report for the 
Congress-2016 “Fundamental problems of natural 
sciences and engineering” in Saint-Petersburg [7]. 

The report [7] considers self-contradictoriness of 
Einstein’s SRT and a new relativistic space-time theory 
based upon the only relativity principle, without ban of 
superlight speed, without lag of a moving light clock with 
respect to a stationary light clock (without time dilation) 
and with dependence of a particle electrical charge upon 
its speed of motion. A new concept “light speed in a 
moving inertial frame of reference” is considered, which 
provides equality of time measurement units in a moving 
light clock and in a stationary light clock. It is shown in 
the report that experiments on particle accelerators do not 
contradict the new theory, if the known experiment by 
Neddermeyer S.H. and Anderson C.D., earlier considered 
to be experimental confirmation of existence in nature of 
particles with a mass intermediate between the mass of a 
proton and the mass of an electron, is interpreted in favor 
of experimental detection of charge dependence upon 
speed and superlight speeds. 

The content of the report [7] is given below (numbers 
of pages are given in accordance with [7]): 

- Introduction (p. 91), 
1. Self-contradictoriness of Einstein’s SRT (p. 92), 
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2. Derivation of coordinates and time transformations 
of the NRSTT (p. 95), 

3. Absence of prohibition for superlight speeds of 
motion (p. 99), 

4. Transformation of electromagnetic field parameters 
in the NRSTT (p. 100), 

5. New relativistic particle dynamics (p. 103-116), 
6. Alternative interpretation of the experiment by 

Anderson and Neddermeyer in 1938 (p. 117), 
- References (17 items) (p.p. 119-120), 
- Translation into Russian of the paper by Neddermeyer 

S.H., Anderson C.D. “Cosmic-ray particles of intermediate 
mass” (p.p. 120-122). 

So, the answer to a question put in the title of this 
article (why the second postulate is superfluous) is the 
following: Einstein’s second postulate is superfluous 
because it is wrong, the law of light propagation in a 
moving inertial reference frame is a consequence of the 
relativity postulate and the space-time theory can be 
constructed basing upon not two, but only one postulate – 
principle of relativity (according to Occam’s razor 
principle). It is important to underline that the constancy 
of light speed is not necessary now because it is wrong, 
and prohibition of superlight speeds is also wrong. Both 
light and particles are allowed to move at any speed 
whatever great it could be. And Einstein’s second 
postulate is wrong for the reason that the time 
measurement unit for a moving light clock is not equal to 
the time measurement unit of a stationary light clock if the 
second postulate is true. But they should be equal in order 
to prevent determination which of two IRF moving each 

with respect the other uniformly and rectilinearly is at rest 
by measuring a value of the time measurement unit. 
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Abstract  Building materials are one of the potential sources of indoor radioactivity because of the naturally 
occurring radionuclides in them. Radon exhalation rate is one of the most important factors for evaluation of the 
environmental radon level. Radon contributes more than half of the total ionizing radiation dose Indoor radon has 
been recognized as one of the health hazards for mankind because long-term exposure to radon increases the risk of 
developing lung cancer. This study aims at assessing the contribution of destroyed building materials in war 2014 
towards the total indoor radon exposure to the inhabitants of in Gaza. 40 Samples have been collected from common 
destroyed building materials in Jabalia district. The closed-can technique has been employed in this study using solid 
state nuclear track detectors (CR-39). After 124 days of exposure to radon, CR-39 detectors were etched chemically 
by (6 N) NaOH solution at 75°C for three months and then counted under an optical microscope. Results obtained 
from the current study show that radon exhalation rates from concrete and asbestos have relatively high values as 
compared to other building materials while glass, marble and a red brick contribute less to radon exhalation rate. The 
average radon exhalation rate in term of area in the studied samples ranged from (86.506) mBq.m-2.h-1 for glass 
samples to (469.017) mBq.m-2.h-1 for Concrete samples. In general, the annual effective doses from the investigated 
building materials are low and under the global value (from 1 to 5 mSv/y) except for Concrete and asbestos samples 
with average values (9.464) and (9.3528) mSv/y, respectively. 
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1. Introduction 
All building materials contain various amounts of main 

natural radionuclides of the uranium (238U) and thorium 
(232Th) series, and since those radionuclides are sources of 
Radon gas then the knowledge of the natural radioactivity 
of building materials is important for the determination of 
population exposure to radiations. For the aforementioned 
reasons we intend to study the concentration of Radon and 
the exhalation rate from destroyed building materials in 
the 2014 war used in the districts of Jabalia in the northern 
Gaza Strip [1,2,3,4,5]. It will then be compared to results 
obtained with the results of previous studies. Then we will 
study the health risks of radon gas. 

In this study, we present our data concerning 
measurement of the radon exhalation rate from destroyed 
building material samples collected from Jabalia district in 
the Gaza strip in Palestine using close vessel technique. 
The location of this district is shown in Figure 1. Houses 
in this district are mainly constructed from soil, bricks, 
cement, sand, granite and marble. This district is located 
in the northern part of the Gaza strip of Palestine. 

This study was done during the month of March to July 
2015, which includes the following main stages, where the 
samples are collected from destroyed building materials. 

The purpose of this study is to measure the Radon 
exhalation rates from destroyed building materials during 

2014 war against Gaza, Palestine. Our study will include 
samples of a red brick, marble, ceramic, concrete, tiles, 
asbestos, glass and building stones from different origins 
used in the mentioned area of study. 

 
Figure 1. The figure shows the map of the Gaza strip 

In a previous studies, in Egypt, a study on 222Rn 
exhalation rate from Egyptian building materials was 
performed in 2009 and found that the radon exhalation 
rate in the studied samples ranged from (2.2 x 104 ± 7.2 
x102) μBq m-2 s-1, for granite sample, to (3.4x101 ± 
9.0x100) μBqm-2 s-1, for portland cement with an average 
value (1.8x103 ± 6.5x101) μBq m-2 s-1 [6]. In Nablus 
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district, Palestine, They measured Radon exhalation rates 
from granite and marble have relatively high values as 
compared to other building materials followed- in order- 
by cement, ceramic, concrete, building stones, and porcelain, 
while gypsum, sand, gravel and bricks contribute less to radon 
exhalation rate which was found to range from (55.37 ± 
15.01) mBq/m2h for gypsum samples to (589.54 ± 73.24) 
mBq/m2h for granite samples, with a total average value 
of (268.56 ± 166.21) mBq/m2h. The corresponding radon 
concentration, effective radium content, and annual 
effective dose average values were (148.49 ± 91.13) 
Bq/m3, (1.93 ± 1.20) Bq/Kg and (3.74 ± 2.30) mSv/y [7]. 

2. Materials and Experimental Methods 
Different samples of destroyed building materials after 

the 2014 war against Gaza were collected randomly from 

different destroyed buildings, like, houses, commercial 
companies, and factories, all around the area of study 
during the month of March to July. Samples were a red 
brick, marble, ceramic, concrete, tiles asbestos, glass and 
building stones, samples were from different origins, used 
in construction of building in Jabalia district, Gaza Strip, 
Palestine. Samples were then identified and given a 
number and an identifying symbol which identify the 
location of the samples, as in Table 1. 5 kg from each 
sample were collected and dried in a temperature 
controlled furnace (oven) at a temperature100°C for two 
hours to ensure that moisture was completely removed. 
And then the samples were crushed to a fine powder and 
sieved through a small mesh size to remove the larger 
grains size and render them more homogenous. The 
respective net weights of the samples ready for 
measurement were recorded.  

Table 1. List of numbers and codes for samples studied in this research 
Sample NO. Sample code Type Sample NO. Sample code Type 

1 G1 ceramic 21 A1 building stones 
2 G2 ceramic 22 A2 building stones 
3 G3 ceramic 23 A3 building stones 
4 G4 ceramic 24 A4 building stones 
5 G5 ceramic 25 A5 building 
6 F1 red brick 26 D1 marble 
7 F2 red brick 27 D2 marble 
8 F3 red brick 28 D3 marble 
9 F4 red brick 29 D4 marble 

10 F5 red brick 30 D5 marble 
11 B1 concrete 31 H1 asbestos 
12 B2 concrete 32 H2 asbestos 
13 B3 concrete 33 H3 asbestos 
14 B4 concrete 34 H4 asbestos 
15 B5 concrete 35 H5 asbestos 
16 E1 tiles 36 C1 glass 
17 E2 tiles 37 C2 glass 
18 E3 tiles 38 C3 glass 
19 E4 tiles 39 C4 glass 
20 E5 tiles 40 C5 glass 

The close vessel technique was used in this study “can 
technique” or we call them “Dosimeters”. Dosimeters are 
plastic cylindrical vessels of volume (7.93×10-4) m3 with 
cross sectional area of (5.02×10-3 m2) as shown in figure 2. 
The destroyed building material samples were put at the 
bottom of these vessels. About 200 g of each sample was 
placed in a plastic can of dimensions15.8 cm in height and 
8 cm in diameter. 

The use of plastic solid-state nuclear track detectors, 
SSNTDs of type CR-39, which were cut into small pieces, 
2cm×2cm and fixed on the top of inner surface of the can, 
in such a way that its sensitive surface always facing the 
sample. The can was sealed air tight with adhesive tape 
and kept for assessment of radon exhalation for exposure 
evaluation over four months. During the exposure period 
(one hundred and twenty four days), the detector was 
exposed freely to the emergent radon from the sample in 
the can so that it could record alpha particles resulting 
from the decay of radon in the remaining volume of the 
can [3,4,5,6,7,8]. 

 
Figure 2. CR-39 set up for Radon Detection 

After the mentioned period, forty detectors were taken 
out of the dosimeters. The detectors were then chemically 
etched in 6 N-solution of Sodium Hydroxide (Na OH) at a 
temperature of 70 C for four hours and one third of an 
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hour. The etching process was performed at chemistry 
Laboratories at An-Islamic University using the setup. In 
addition, the function of the condenser is to keep the 
concentration of the Na OH solution constant, and the 
function of the thermometer is to make sure that the 
temperature is constant during the whole period of the 
etching process. After four hours and one third of an hour 
detectors were washed by running and distilled water and 
then dried to remove any remaining amount of the etchant 
from the surface of the detectors. By now alpha tracks 
formed on the detectors were ready for scanning and counting. 

A digital optical microscope with 400 times 
magnification was used to count the number of tracks per 
field of view; about ten fields of view were scanned 
randomly for each detector. Tracks of alpha particles 
emitted by radon in a CR-39 detector were scanned by the 
microscope as shown in Figure 3. The area of the field of 
view was calculated by the digital microscope and found 
to be equal about 5.3×10-3 cm2 ; the average number of 
tracks per field of view was used to calculate the track 
density. The calculated track density was converted into 
radon concentrations in Bq/m3 using the calibration factor 
(k) obtained by the standard manufacturer, where every 
track per cm2 per day on the CR-39 detectors corresponds 
to an exposure of 12.5 Bq/m3 for the activity of radon gas 
and its daughters and we use previous calibrations [6,7,8]. 

 
Figure 3. Tracks of alpha particles emitted by radon in a CR-39 detector. 
One viewing field from the microscope has the area of about 0.53 mm2 

Calculations: 
The radon concentrations, radon exhalation rate were 

calculated using the experimental measured average track 
densities according to the following relations from 
previous studies [7,8,9,10].  

2.1. Determination Radon Concentration: 

 Rn
eff

C k
T
ρ

=  (1) 

CRn: is the radon concentration (Bq/m3) 
K: is the calibration factor = 12.5 Bqm-3/tracks cm-2h-1. 
ρ : Is the track density (tracks/ cm2)  
Teff: effective time = [t + (e-λt - 1)/λ] 
t: exposure time 

2.2. Determination Radon Exhalation Rate in 
Area 

The radon exhalation rate (Ex) of any sample is defined 
as the flux of radon released from the surface of material. 

The surface exhalation rate in the building material 
samples was calculated using equation (2), the radon 
exhalation rate in terms of area (surface exhalation rate) in 
units of Bq·m−2·h-1 can be obtained by as [8,9,10,11,12]. 

 
[ ( 1) / ]

x t
CVE

A t e λ
λ

λ−
=

+ −
 (2) 

Where: 
C: is the integrated radon exposure (Bq·m−3·h); 
V: is the volume of air in the cup (m3) = 7.942×10-4m3 
λ: is the decay constant for Rn222 (h−1) = 7.56×10-3h-1 
A: is the surface area of the sample (m2) = 5.0265×10-3m2 
t: is the exposure time (h) = 124 days = 2976h 

2.3. Determination Radon Exhalation Rate in 
Mass 

The mass exhalation rate (Bqkg−1·h−1) in the building 
material samples is calculated using the following formula 3: 

 
[ ( 1) / ]

M t
CVE

M t e λ
λ

λ−
=

+ −
 (3) 

Where EM is the mass exhalation rate in (Bqkg−1·h−1) and 
M is the mass of sample (kg) [8-15].  

2.4. Determination the Annual Effective Dose 
The following equation was used to calculate the annual 

effective dose as in equation 4: 

 Rn y RnDose f T C=   (4) 

Where: 
fRn: is the conversion factor = 9 nSv / (Bq h m-3). 
Ty: is the time spent indoors per year = 7000 hours 
ϵ: is the equilibrium factor (= 0.4) 
CRn : is the radon concentration. 

Substituting the previous parameters in equation (4) we 
can evaluate the annual effective dose simply according to 
the following relation 5 [16,17,18]. 

 ( ) RnDose mSv/y 0.0252xC .=  (5) 

3. Results and Discussion 
Results and discussion for radon concentrations, radon 

exhalation rate in terms of area Ex, and radon exhalation 
rate in term of mass Em for destroyed building material 
samples used in Jabalia city are given in this chapter. 
Equations 1, 2, 3 and 5 respectively were used for 
calculating radon concentrations, radon exhalation rate in 
term of area, Ex, radon exhalation rate in terms of mass, 
Em, and Annual Dose for destroyed building material 
samples used in this study which include a red brick, 
marble, ceramic, concrete, tiles, asbestos, glass, and 
building stones. The results of Radon concentration only 
is shown in Table 2 for all building materials. 

But radon exhalation rate in terms of area Ex, and radon 
exhalation rate in term of mass Em, and annual effective 
dose for Ceramic is shown in Table 3. 

The radon exhalation rate in terms of area Ex, and radon 
exhalation rate in term of mass Em, and annual effective 
dose for each individual sample collected from Jabalia 
area are summarized in Table 3. 
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Table 2. Radon concentration only is shown in Table 2 for all building materials 
NO. code Type CRn Bq/m3 NO. code Type CRn Bq/m3 
1 G1 Ceramic 64.19 21 A1 stones 90.34 
2 G2 Ceramic 80.83 22 A2 stones 145.82 
3 G3 Ceramic 114.12 23 A3 stones 128.38 
4 G4 Ceramic 205.41 24 A4 stones 209.22 
5 G5 Ceramic 73.70 25 A5 stones 186.40 
Average 
107.65 

Average 
152.03 

6 F1 red brick 104.61 26 D1 marble 39.78 
7 F2 red brick 114.12 27 D2 marble 77.98 
8 F3 red brick 99.85 28 D3 marble 76.08 
9 F4 red brick 66.57 29 D4 marble 124.49 
10 F5 red brick 38.04 30 D5 marble 102.23 
Average 
84.63 

Average 
84.11 

11 B1 Concrete 337.60 31 H1 asbestos 267.86 
12 B2 Concrete 274.20 32 H2 asbestos 395.96 
13 B3 Concrete 383.57 33 H3 asbestos 408.93 
14 B4 Concrete 422.24 34 H4 asbestos 492.93 
15 B5 Concrete 460.28 35 H5 asbestos 290.05 
Average 
375.58 

Average 
371.14 

16 E1 Tiles 133.14 36 C1 glass 49.92 
17 E2 Tiles 177.52 37 C2 glass 48.90 
18 E3 Tiles 190.20 38 C3 glass 114.12 
19 E4 Tiles 180.69 39 C4 glass 98.90 
20 E5 Tiles 134.87 40 C5 glass 34.23 
Average 
163.28 

Average 
69.21 

Table 3. Summary of results of the average radon exhalation rate in terms of area Ex, radon concentration, radon exhalation rate in terms of 
mass Em and the annual effective dose from all destroyed building materials used in Jabalia district using standard calibration [6,7,8,9,10] 
Sample Type CRn (Bq/m3) Ex (mBq.m-2.h-1) Em (mBq.Kg-1.h-1) Dose (mSv.y-1) 

Concrete 375.58 469.017 11.799 9.464 

asbestos 371.14 463.895 11.659 9.3528 

Tiles 163.28 204.087 5.129 4.1144 

building stones 152.03 190.025 4.776 3.831 

Ceramic 107.65 133.92 3.57 2.7126 

red brick 84.63 105.945 2.658 2.1324 

Marble 84.11 105.130 2.642 2.1194 

glass 69.21 86.506 2.174 1.744 

Aver. 175.95 219.815 5.550 4.433 

The data listed in Table 1 clearly show that concrete, 
tiles, building stones and asbestos are have high radon 
exhalation rate in terms of area Ex, radon concentration, 
radon exhalation rate in terms of mass Em and the annual 
effective dose. But the glass have low radon exhalation 
rate in terms of area Ex, radon concentration, radon 
exhalation rate in terms of mass Em and the annual 
effective dose. 

The Figure 4 shows the comparison between destroyed 
building materials in terms of the average radon 
exhalation rates in term of area where the concrete have 
the highest value with 469.017 mBq.m-2.h-1 then asbestos 
with 463.895 mBq.m-2.h-1 then (tiles, building stones, ceramic, 
a red brick, marble and glass) with (204.087, 190.025, 
133.92, 105.945, 105.130 and 86.506) mBq.m-2.h-1 

respectively. Note that the glass have the lowest value of 
the materials studied. 

 
Figure 4. This figure shows the Comparing histogram for the average 
radon exhalation rates in term of area. 
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Figure 5. This figure shows the Comparing histogram for the average 
radon concentration rates 

The Figure 5 shows the comparison between destroyed 
building materials in terms of the average radon 
concentration rates where the concrete have the highest 
value with 375.580 By/m3 then asbestos with 371.140 
By/m3 then (tiles, building stones, ceramic, a red brick, 
marble and glass) with( 163.280, 152.030, 107.650, 
84.630, 84.110 and 69.210) respectively. Note that the 
glass has the lowest value of the materials studied. 

The Figure 6 shows the comparison between destroyed 
building materials in terms of the average radon 
exhalation rates in term of mass where the concrete have 
the highest value with 11.799 mBq.kg-1.h-1 then asbestos 
with 11.659 mBq.kg-1.h-1 then (tiles, building stones, 
ceramic, a red brick, marble and glass) with (5.129, 4.776, 
3.570, 2.658, 2.642 and 2.174) mBq.kg-1.h-1 respectively. 
Note that the glass has the lowest value of the materials 
studied. 

 
Figure 6. This figure shows the Comparing histogram for the average 
radon exhalation rates in term of mass 

The Figure 7 shows the comparison between destroyed 
building materials in terms of the average annual effective 
dose for radon gas where the concrete have the highest 
value with 9.464 msv.y-1 then asbestos with 9.352 msv.y-1 
then (tiles, building stones, ceramic, a red brick, marble 

and Glass) with ( 4.114, 3.831, 2.712, 2.132, 2.119 and 
1.744) msv.y-1 respectively. Note that the glass has the 
lowest value of the materials studied. 

 
Figure 7. This figure shows the Comparing histogram for the average 
annual effective dose for radon gas 

 
Figure 8. This figure shows the Comparing histogram for the average 
radon concentrations (CRn Ave.) and exhalation rates (Ex Ave.) from 
building materials used in Jabalia district 

In Figure 8 We notice that, the concrete have the 
highest value of the average radon concentration and the 
average radon exhalation rate in term of area Ex, then 
(asbestos, tiles, building stones, ceramic, a red brick, 
marble and glass ) respectively. 

4. Conclusion 
Using the closed can technique and the solid state 

nuclear track detectors (CR-39), we measured the radon 
exhalation rate from building material samples used in 
Jabalia in order to assess the contribution of individual 
material (e.g. red brick, marble, ceramic, concrete, tiles, 
asbestos, glass, and building stones) to the total indoor 
radon exposure of the inhabitants of Jabalia district. The 
corresponding radon concentration, and the annual 
effective dose were determined and compared with the 
effective dose limit values recommended by the National 
Council on Radiation Protection which (from 1 to 5 
mSv/y). Results obtained from the current study show that 
the radon exhalation rates from asbestos and concrete have 
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relatively high values as compared to other building 
material samples followed red brick, marble, ceramic, tiles, 
glass, and building stones contribute  less to the indoor 
radon. From the results of our study we can conclude that 
the Concrete have the maximum values of radon 
concentrations 375.58Bq/m3, radon exhalation rate in term 
of area469.017mBq.m-2.h-1, radon exhalation in term of 
mass 11.799 mBq.Kg-1.h-1 and the annual effective dose 
9.464 mSv.y-1,also asbestos have maximum values of 
radon concentrations 371.14 Bq/m3, radon exhalation rate 
in term of area 463.895 mBq.m-2.h-1, radon exhalation rate 
in term of mass 11.659 mBq.Kg-1.h-1 and the annual 
effective dose 9.3528 mSv.y-1. But the glass have the 

minimum values radon concentrations 69.21 Bq/m3, radon 
exhalation rate in term of area 86.506 mBq.m-2.h-1, radon 
exhalation rate in term of mass 2.174 mBq.Kg-1.h-1and the 
annual effective dose 1.744 mSv.y-1. In comparison with 
the annual effective dose of Radon by NCRP, we found 
that concrete and asbestos are 9.46 and 9.35 mSv/y, are 
much higher than the proposed limit which is 1 to 5 mSv/y, 
and all other material are below the limit. There are many 
researchers studied radon gas for building materials, 
comparison with previous studies will be shown in 
following tables, the results obtained in Sudan are in Table 4 
[19]: 

Table 4. Results from Sudan ( Elzain) [19] 
Sample Type CRn (Bq/m3) Ex (mBq.m-2.h-1) Em (mBq.Kg-1.h-1) Dose (mSv.y-1) 

Ceramics 128 240 2.84 3.59 
Red brick 190 355 4.21 5.32 

Block 197 369 4.37 5.52 
Ispistos 214 402 4.76 6.01 

The results obtained in Palestine are in Table 5 [7]: 

Table 5. Results from Palestine (Shoqwara) [7]: 
Sample Type CRn (Bq/m3) Ex (mBq.m-2.h-1) Em (mBq.Kg-1.h-1) Dose (mSv.y-1) 

marble 240.55 438.79 3.01 6.06 
ceramic 193.71 347.42 2.59 4.88 
concrete 179.37 325.38 2.46 4.52 

building stones 147.00 268.59 1.95 3.70 
All these results are close to the values we have for the 

building materials we studied. 
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1. Introduction 

Structurally, the most semiconductors consist of a 
network of covalent bonds leading to an open crystal 
structure. The general theory of lattice dynamical model 
[1,2] and in the specific case discussed for phonon 
dispersion curves for various II- VI and III-V compounds 
[3,4,5] exhibit tetrahedral coordination under ambient 
conditions. It gives rise to more dramatic changes in the 
physical properties of semiconductors than can be attained 
through temperature variation alone, including band  
gap closure and metallization. The InSb is a narrow band 
gap (0.18eV) semiconductor material transition. The 
molecular lattice dynamical simulation is the choice of the 
inter-atomic potential, which determines the failure or 
success of a simulation. In consequence InSb is widely 
used in infra-red (IR) detectors, lasers and filters etc. The 
phenomenological models which have been used to 
calculate the frequencies of ZB crystals classified into  
two categories (i) rigid-ion model (RIM) [6,7,8] and (ii) 
rigid-shell model (RSM) [9,10]. The RIM involves the  
ion rigidity hypothesis; whereas the shell model takes  
into account the long-range coulomb interaction and also 
ionic polarizability consideration. The same remarkable 
theory of Kucher and researcher [11,12] in which the 
previously developed polarizable atom method [13] is 
used to calculate the spectrum of diamond type crystals.  
In constructing a model for a lattice with covalent  
bonding there is fundamental difficulty related to the 
introduction of non-central forces [14]. In this usual 
definition of a non-central interaction [15] the 

corresponding force parameters are two-centre parameters, 
while actuality non-central forces cannot be due to 
rotation of one atom about another, but must be due  
to a change in the configuration of the atoms or bonds. 
Hence these force parameters must take into account  
at least two coordination spheres. The rigid ion model  
and its various ramifications [16,17,18,19] have been 
widely used to explain several lattice dynamics properties 
of perfect and imperfect Z-B type crystals. These  
model, although economical in force parameters, ignore 
completely the non-central interaction in the lattice. The 
valance force field model (VFFM) as used by Price et al. 
[20] incorporates bond bending, bond-stretching and point 
coulombic interactions. Later on the original 14 parameter 
VFFM was modified on the lines of shell model by 
Vegelatos et al. [5] and Feldkamp et al. [21]. In addition to 
lattice dynamics by Garg et al. [22], have investigated the 
mechanical properties of zinc-blende semiconductor by 
using three body force shell model [TSM] and derive the 
expressions for the third order elastic constants (TOEC) 
and pressure derivatives of second order elastic constants 
(SOEC) on the way of Singh and Verma [23,24]. Analysis 
of these models RIM [6,7,8]; RSM [9,10]; VFFM [20]; 
TSM [22,23,24]; BCM [25]; DDM [26] and ECM [27] 
reveal that the crystal dynamics study of zinc-blende 
crystals is still not well understood. The present model, 
known as van der Waals three body force shell model 
(VTSM), has 14 parameter computed for each crystal with 
the same input data (physical properties) and VWI has 
been added to short-range repulsive interactions operative 
up to second nieghbour. So, it is obvious that along with 
the TBI, VWI must be taken into consideration in any 
discussion of lattice dynamics of these crystals. This new 

 



153 International Journal of Physics  

model, VTSM, co-operate VWI along with long range 
coulomb interactions, TBI and short range second 
neighbor interactions in the framework of RSM. The 
effect of TBI and VWI is quite significant and plays a 
very important role in the description of the lattice 
dynamics of Indium pnictides (InP, InSb, InAs).  

In this communication, we have mainly discussed a 
theoretical approach of lattice dynamical study of InSb. 
The experimental data of InSb for phonon dispersion 
curves [20], harmonic and anharmonic elastic constants 
[28], Debye temperature variation [16,29,30,31,32], two 
phonon IR spectra [33,34] are available. The second order 
IR spectra of InSb, provides additional information of 
phonon mode frequencies at critical points near the edge 
of the first Brillion zone. The formalism of our model 
VTSM has been given by Pandey et al. [35] and also from 
Dubey et al [36,37,38]. 

The proposed investigations have been carried out by 
adopting a simple method to determine a consistent set of 
14 parameters (i.e. four TBI parameters b, ρ, f(r0), r0fʹ(r0); 
two nearest neighbor short-range repulsive interaction 
parameter parameters A12 and B12; four second-nearest-
neighbour short-range repulsive interaction parameters 
A11, B11, A22, B22; distortion polarizabilities of negative 
and positive ions d1 and d2 and shell charges of the 
negative and positive ions Y1 and Y2, respectively) of 
VTSM. The broad outlines about the theoretical 
framework of present model for calculations have been 
classified in section 2. 

2. Method of Calculation 
The values of the input data Price et al. [20], Banerjee 

and Varshni [16], Slutsky and Garland [39], Kunc et al. 
[40], Hass and Henvis [41] and calculated VTSM model 
parameters have been shown in Table 1. The values of Ai, 
Bi, Ci calculated from the knowledge of b, ρ; the values of 
various order of derivatives of f(r0) and van der Waal’s 
coupling coefficients. The values of VDW coefficients 
used by us in the present study have been determined 
using SKV method [42] as suggested by Singh and Singh 
[43] and reported by Sharma and Verma [44]. Thus our 
model parameters are [b, ρ, f(r0), r0f '(r0), A12, A11, A22, B12, 
B11, B22, d1, d2, Y1 and Y2]. The values of the VDW 
coefficients are shown in Table 2. Our model parameters 
of VTSM used to compute the phonon spectra of InSb for 
allowed 48 non-equivalent wave vectors in the first 
Brillouin zone. The frequencies along the high symmetry 
directions [q00], [qq0] and [qqq] were plotted against the 
wave vector to obtain the phonon dispersion curves 
(PDCs). These curves were compared with measured by 
coherent inelastic neutron scattering technique [45] 
especially TA modes are very much different not only 
from ours but from BCM calculations of Rajput and 
Browne [45] alongwith in Figure 1. Since the neutron 
scattering experiments provide us very few data for the 
symmetry directions, we have also computed CDS and the 
Debye temperature variation for the complete description 
of the frequencies for the Brillouin zone. 

 
Figure 1. Phonon dispersion curves for InSb 
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Figure 2. Combined density of states curve for InSb 

 
Figure 3. Debye characteristics temperatures ΘD (ºK) as a function of temperature T for InSb 

The complete phonon spectra were used to compute the 
combined density of states CDS, N(υj+υj) corresponding 
to the sum modes (υj+υj) following procedure of Smart et 
al. [46]. A histogram between N(υj+υj) and (υj+υj) has 
been plotted and smoothed out as shown in Figure 2. 
These curves show well defined peaks which correspond 
to two-phonon IR spectra. These CDS peaks have been 
compared with the assignments calculated and shown in 

Table 3. The Debye temperature variation for InSb 
measured from [16,29,30,31,32] and those calculated  
by us using VTSM has been compared in Figure 3.  
The measured values of TOEC by Sadao [28] shown in 
Table 4. The measured values of pressure derivatives of 
SOEC by Peresada [47] have also been calculated us 
compared with these calculated by Ford et al. [48] in 
Table 5. 
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3. Results and Discussion 

3.1. Phonon Dispersion Curves 
From Figure 1, our phonon dispersion curves for InSb 

agree well with measured data reported by Price et al. [20]. 
It is evident from PDC that our predictions using present 
model VTSM are better than those by using BCM [25]. 
Our model has successfully explained the dispersion of 
phonons along the three high symmetry directions. From 
Figure 1 and Table 6, it is clear that: there are deviations 
of 5.26% along LO(X), 2.98% along TO(X), 1.16% along 
LA(X), 5.36% along TA(X), 1.87% along LO(L), zero% 
along TO(L), 3.94% along LA(L), 5.10% along TA(L) 
and 0.57% along LO(Δ), 1.72% along LA(Δ), zero% 
along TA(Δ) from experimental results. From BCM, 
deviations are 5.26% along LO(X), 4.27% along TO(X), 
1.16% along LA(X), 7.14% along TA(X), 2.49% along 
LO(L), 0.19% along TO(L), 4.20% along LA(L), 7.14% 
along TA(L) and 0.95% along LO(Δ), 1.72% along LA(Δ), 
zero% along TA(Δ). From Table 6 it is clear that VTSM 
has very small deviation from experimental data. Our 
model, VTSM has 5.26% along LO(X), 5.36% along 
TA(X) and 5.10% along TA(L) improvement over BCM 
due to inclusion of TBI and VDWI coefficients. Thus, our 
VTSM model has better agreement with experimental data 
over BCM [25]. 

3.2. Combined Density of States 
The present model is capable to predict the two phonon 

IR spectra [33,34]. The results of these investigations for 
CDS peaks have been presented in Figure 2. The 
theoretical peaks are in good agreement with both 
observed IR spectra for InSb. The assignments made by 
the critical point analysis have been shown in Table 3. The 
interpretation of IR spectra achieved from both CDS 
approach and critical point analysis is quite satisfactory. 
This explains that there is an excellent agreement between 
experimental data and our theoretical results. 

Table 1. Input data and model parameters for InSb [Cij and B (in 
1011 dyne/cm2), υ (in THz), r0 (in 10-8 cm),αi (in 10-24 cm3), b (in 10-12 
erg), ρ (in 10-8 cm)] 

Input Data Model Parameters 
Properties Values Parameters Values 

C11 6.67a b 1.790 
C12 3.65a ρ 0.576 
C44 3.02a f(r0) -0.260 
B 4.51b r0 f '(r0) 1.263 
r0 2.80b A12 15.199 

υLO (Γ) 5.90c B12 -8.052 
υTO (Γ) 5.54c A11 50.731 
υTO (X) 5.38c B11 -12.341 
υTA (X) 1.12c A22 −8.434 
υLO (L) 4.82c B22 −42.125 
υLA (L) 3.81c d1 0.219 

α1
 0.22d d2 3.843 

α2
 13.25d Y1 −0.476 

ε0
 17.88e Y2 −1.633 

    
a-( Slutsky [39]); b- (Banerjee [16]); c- (Price [20]); d- (Kunc et al. [40]) ]); 

e- (Hass [41]) 

Table 2. van der Waal’s Interaction Coefficients for InSb (Cij and C 
in units of 10-60 erg cm6 and dij and D in units of 10-76 erg cm8) 

Parameters Numerical Values 

C+ - 956 

C+ + 431 

C- - 2286 

d+ - 748 

d+ + 227 

d- - 2067 

C 5200 

D 3341 

Table 3. Assignments for the observed peak positions in Combined 
Density of States in terms of selected phonon frequencies at Γ, X and 
L critical points for InSb 

CDS Peaks (cm-1) 

I.R Active 

Observed I. R. Peaks Present Study 

Exp. [33] [34] Values (cm-1) Assignments 

73 83 - 80 2TA (∆) 
87 84-87 86 80 2TA (∆) 
- 115 - - - 

- 117 - - - 

134 124 134 137 LA + TA (∆) 
- 127 - - - 

163 161 - - - 

190 - - 193 2LA(∆) 
205 208 - - - 

212 211 - - - 

- 214 - 213 TO + TA (L) 

- 214 - 213 TO + TA (∆) 
218 219 - 217 LO + TA (L) 

- 220 - - - 

- 225 - - - 

240 240 - - - 

- 246 - - - 

- - - 267 TO + LA (L) 

270 - - 270 TO + LA (∆) 
- - - - LO + LA (L) 

- 273 274 273 LO + LA (∆) 
- 278 - - - 

296 299 297 - - 

301 305 - - - 

- 320 - - - 

- 322 - - - 

- 326 - - - 

338 - 336 - - 

- 345 - 346 2TO (∆) 
- 349 - 350 LO + TO (∆) 

357 356 - 353 2LO (∆) 
- 359 361 - - 

- 363 - - - 

- 367 - - - 

- 370 - - - 

- 375 - - - 

- 384-388 - - - 
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Table 4. Third Order Elastic Constants (in the unit of 1011dyne/cm2) 
for InSb 

Property Present Study Experimental  Results [28] 

C111 −3.79 −3.56 
C112 −2.54 −2.66 
C123 −0.92 −1.00 
C144 +0.12 +0.16 
C166 −1.24 −1.39 
C456 −0.015 −0.004 

Table 5. Values of pressure derivatives of SOEC (in dimensionless) 
for InSb 

Properties 
Values 

Present Study Experimental [47] Other [48] 

dK'/dP 3.94 4.58 4.19 

dS'/dP 0.53 0.47 1.23 

dC'44/dP 0.42 0.47 1.23 

Table 6. Comparison of frequencies from various sources (X and L points) for InSb 

Expt. [20] (THz) 
BCM [25] VTSM (Present Study) 

% Improvement Over BCM (a ~ b) 
Value (THz) (±) Deviation % (a) Value (THz) (±) Deviation % (b) 

4.75 4.50 0.25 5.26 4.75 0.00 0.00 5.26 
5.38 5.15 0.23 4.27 5.30 0.08 1.49 2.98 
4.30 4.25 0.05 1.16 4.30 0.00 0.00 1.16 
1.12 1.20 0.08 7.14 1.10 0.02 1.78 5.36 

 

3.3. Third Order Elastic Constants (TOEC), 
Pressure Derivatives of Second Order 
Elastic Constants (SOEC)  

Our calculations on TOEC are reported in Table 4 and 
compared with measured data of Sadao [28] on TOEC of 
InSb. Further, pressure derivatives of SOEC for InSb 
have also been compared with the calculated results of 
Ford et al. [48] and measured data of Peresada [47] as 
shown in Table 5. The results are in good agreement. 

3.4. Debye Temperature Variation 
From Figure 3, our study shows a better agreement with 

the measured data of Banerjee, Gultyaev, Cetas, Piesbergen 
and Passler [16,29,30,31,32] and the theoretical results 
reported by Rajput and Browne [45] using BCM. To conclude, 
we can say that our present model gives a better interpretation 
of the Debye temperatures variation for InSb. 

4. Conclusion 
The inclusion of VDWI with TBI has influenced both 

the optical branches and the acoustic branches. Another 
striking feature of present model is the excellent 
reproduction of almost all branches. Hence the prediction 
of PDC for InSb using VTSM may be considered more 
satisfactory than from other models BCM [45]. The basic 
aim of the study of two phonon IR spectra is to correlate 
the neutron scattering and optical measured data of 
InSb. In this paper, we have systematically reported 
phonon dispersion curves, combined density of states, 
Debye temperature variation and a part of harmonic and 
anharmonic properties of InSb. On the basis of overall 
discussion, it is concluded that our VTSM is adequately 
capable of describing the crystal dynamics of InSb. This 
model has also been applied equally well to study the crystal 
dynamics of other compound of this group InP and InAs.  
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1. Introduction 

Since the Theory of Relativity (including special 
relativity and general relativity) was proposed more than 
one hundred years ago, there are still some basic problems 
without scientific explanation or even with no explanation. 

1.1 Many people don’t understand the time 
transformation. Due to special relativity, A and B 
relatively move at the speed v , then A determines that the 
time of B Bt (the running speed of time, namely the speed 
of the clock) is smaller than the time of A At , that is, 

2 21B At t v c= − . However, B also determines 

2 21A Bt t v c= − , namely At  is smaller than Bt . 
Obviously the judgment of A and B are contradictory, so 
we do not know which one is smaller. 

There are many objects 1m , 2m , 3m …, whose 
respective time is expressed as 1t , 2t , 3t …, whose 
velocity relative to the object m  is respectively expressed 
as 1v , 2v , 3v …. According to special relativity, 1m  

deduces the time of m  as 2 2
1 1 11mt t v c= − , 2m  

deduces the time of m  as 2 2
2 2 21mt t v c= − , 3m  

deduces the time of m  as 2 2
3 3 31mt t v c= − . Obviously, 

1 2 3m m mt t t≠ ≠ , that the real time of m is impossible to be 
equal to 1mt , 2mt , 3mt … at the same time. This example 
shows that, according to special relativity, it is not 
possible for arbitrary object to deduce the real time of 
another object from the relative velocity. 

Through an imaginary experiment, it is proved that the 
real time of arbitrary object is independent of the relative 
motion of the other object. Launch a spacecraft A in a 
place on the Earth to revolve around the Earth in elliptical 
orbit, whose rotation cycle is T. After a period of 2T , 
launch spacecraft B in the same place to resolve around 
the Earth in elliptical orbit, whose rotation cycle is also T. 
If the people on Earth see the movement velocity of A and 
B at the speed v , spacecraft A or B both see the opposite 
spacecraft moving at the speed 2v . According to special 
relativity, A and B both confirm that the time B and A is 

shortened. A concludes 2 21 4B At t v c= −  while B 

concludes 2 21 4A Bt t v c= − . After a period of time, A 
and B will return to the Earth at 2T  intervals. As A and 
B have exactly the same flight process, if there is a 
reduction process for At  and Bt , the reduction extent of A 
and B must be the same. After return to the Earth, the time 
difference of A and B must be exactly the same as that 
before they were launched. This shows that based on 
special relativity, A and B in relative motion to deduce the 
conclusion that the time of the other one is shortened than 
its own time is wrong.  
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From the above analysis, let’s discuss the twin paradox. 
In this problem, the twin A escapes from the Earth by 
spaceship. In the view of twin B, A moves relatively to B, 
and the time of A must be decreased, therefore B deduces 
that A must be younger than B when A returns to the 
Earth. However, A also sees that B moves relatively to A, 
A also deduces that the time of B is decreased, and finds 
out that B is younger than A when A returns to the Earth. 
Obviously, the judgment of A and B are contradictory. 

Our previous analysis shows that for the two objects in 
relative motion, the conclusion of the time decrease of 
each other is not realistic, that is to say, the twin A and B 
could not determine whether the other is younger 
according to the relative velocity, namely there is no twin 
paradox. However, satellite time experiments show that 
the satellite clock is indeed slower than the Earth's clock, 
that is, t  is decreased. This shows that, according to 
special relativity, it can deduce by the relative velocity 
that the time decrease in the satellite is in accord with the 
actual situation; on the other hand it also shows that it is 
wrong for people on the satellite to deduce the time 
decrease on Earth by the relative velocity. How to explain 
this phenomenon? The popular explanation currently is 
that the starting and accelerating process for the satellite to 
escape from the Earth leads to the time decrease of the 
satellite, that is, it makes twin A younger than twin B. 
Through the analysis, this explanation is not scientific, 
because for a satellite returning to Earth in one day, and a 
satellite returning to Earth after ten years, the starting and 
accelerating process is exactly the same. Does the satellite 
flying one day and flying ten years have the same effect? 
So, this explanation is not scientific, not to mention the 
following notes that the time of the clock on the flying 
aircraft can not only be decreased, but also increased (the 
clock goes faster). This can completely negate the explanation 
that the starting and accelerating causes the time decrease.  

From the above analysis, we can see that the time 
transformation of special relativity has two basic problems 
that could not be explained: 1) the logical reasoning can 
draw the conclusion that it is not correct for an arbitrary 
object to deduce the real time of another object according 
to the relative velocity. If the conclusion is true, does it 
mean that the time transformation of special relativity 
does not fully meet the actual?, and 2) since people on 
Earth and people in the satellite have the same relative 
velocity, then, why it is realistic for the people on Earth to 
deduce the time decrease of satellite according to the 
relative velocity, while it is not consistent with the actual 
for the people in the satellite to deduce the time decrease 
of the Earth according to the same relative velocity 
(actually the time is relatively increased)? 

1.2 Special relativity points out that there is a constant 
rest mass for any object. The rest mass is the mass of the 
object when the object is stationary relative to the Earth. 
However, the Earth is different from Mars, Saturn and the 
Moon and other celestial bodies. It may well be asked that 
whether the rest mass of the same object detected on Mars, 
Saturn and the Moon is different from the rest mass 
detected on the Earth. If the rest mass detected on each 
celestial body is different, then how to deduce the 
difference? 

1.3 The mechanism has four basic physical quantities as 
length, quality, time and force. Now special relativity has 

identified transformation formula of the relation between 
the object’s length, quality, time and movement velocity, 
but whether there is a relationship between the acting 
force and movement velocity is uncertain. If there is a 
relationship, how to transform has not been clearly 
explained, therefore, to determine the relationship between 
the acting force and movement velocity of the object is 
very necessary. 

1.4 When analyzing some physical phenomena based 
on special relativity, we often get some wrong analysis 
results, for example: 

The elliptical orbit of the planets revolving around the 
Sun basically is constant. An observer moving at high 
velocity relatively to the Sun sees that the Sun and the 
planets move at the same velocity relatively to him 
(without considering the slow movement of planets 
relative to the sun), but it does not change the motion of 
planetary orbits. However, according to special relativity, 
the mass of the Sun and planets at high speed should have 
obvious changes, for instance the mass of the Sun 
represented by M, the mass of the planet represented by 

.m  According to the principle of equivalence, 
gravitational mass is equal to inertial mass. The inertial 
mass and gravitational mass of the Sun and planets in 
high-speed motion will be transformed to 

2 21M M v c′ = −  and 2 21m m v c′ = − . Because 
the universal gravitation between the Sun and the planets 

is proportional to M ′ ( )2 21 1 v c− , that is, proportional 

to ( )2 21 1 v c− , while the centrifugal force of the planets 

to the Sun is only proportional to inertial mass 
2 21 1 v c− , that is, proportional to 2 21 1 v c− . 

Obviously, ( )2 2 2 21 1 1 1v c v c− −＞ , the universal 

gravitation of the Sun to the planets is larger than the 
planets’ centrifugal force, then the planets will be attracted 
to the sun. Apparently it does not conform to the fact that 
special relativity's judgment seems to be wrong code. If 
the equivalence principle is false that gravitational mass 
has nothing to do with the movement velocity, the 
observer should deduce that the gravitation of the Sun to 
the planets is independent of the velocity. However, the 

inertial mass of planets must be 2 21m m v c′ = − , so 
the centrifugal force of the planets to the Sun is larger than 
the universal gravitation of the Sun to the planets, then the 
planets will fly away from the sun, which is also 
inconsistent with the facts. From the above analysis, we 
conclude that according to special relativity, the universal 
gravitation of the Sun to the planets and the centrifugal 
force of the planets to the Sun in high-speed motion 
relatively to the Sun are not correct.  

For another example, the fact shows that the 
displacement distance of object A with mass m , force F , 
through the time of t  on object B must be 2 2S Ft m= . 
However, according to special relativity, in the view of the 
observer in motion at the velocity v  parallel to F relative 
to B, m  of A should be transformed to 

2 21m m v c′ = − , t should be transformed to 
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2 21t t v c′ = − , so the displacement distance of A on B 

should be ( )3 22 2 21 2S Ft v c m′ = − . But according to 

the length transformation formula of special relativity, the 
actual distance on B S  should be transformed to 

2 2 2 2 21 1 2S S v C Ft v c m′′ = − = − , obviously, S S′ ′′≠ . 
That is to say, the inference of special relativity is self 
contradictory. 

The above analysis shows that, according to the general 
analysis method of special relativity, the deduction of 
some basic physical phenomena does not accord with the 
actual conclusion. 

1.5 The equivalence principle of general relativity 
assumes that gravitational mass is equal to inertial mass. 
For hundreds of years, in order to determine the 
relationship between gravitational mass and inertial mass, 
Galileo, Newton et al made a lot of experiments which 
show that, in general, the gravitational mass and inertial 
mass of an object have a constant ratio. Therefore, as long 
as select the appropriate proportion units, it can conclude 
that gravitational mass of the object is equal to inertial 
mass. But through the analysis of their experiments, it can 
be seen that all experiments obtained the results under the 
condition of low movement velocity of the object. No one 
has made the experiments about the ratio of gravitational 
mass and inertial mass under the condition of high 
movement velocity. Under the condition of high 
movement velocity, the object’s inertial mass is obviously 
increased. According to special relativity, the inertial mass 

1m  of the object in motion at high speed ν increases to
2 2

1 1 1m m v c′ = − . Numerous experiments have 
confirmed the conclusion undoubtedly. Set the object's 
gravitational mass as 2m . If gravitational mass and 
inertial mass are equal, there must be 

2 2
2 2 1m m v c′ = − . So far, no experiment has 

confirmed this conclusion, on the contrary, based on the 

simple logic analysis, it can prove 2 2
2 2 1m m v c′ ≠ − . 

According to Figure 1, the object is composed of the 
cube A and B with the same mass m  up and down, which 
is connected together with two springs. In our view of the 
inertial system Z , the shape of this object is constant. But 
in the view of people in motion at high speed V  of the 
inertial system Z ′  relatively to Z , regarding the 
movement at high speed V− , the mass and length of the 
object are both changed. We do not discuss the changes of 
the length of the object, but only analyze the changes of 
the mass which is divided into two aspects of inertial mass 
and gravitational mass. According to special relativity, the 
inertial mass 12m  of the object (without considering the 
spring mass) should be increased to 

2 2
1 12 2 1m m v c′ = − . Its momentum is transformed to

12m V′ . The experiments show that such inference is 
consistent with the actual. The equivalence principle 
points out that gravitational mass and inertial mass are 
equal, therefore, gravitational mass should also be 

increased to 2 2
22 1m v c− . Gravitational mass of 

object A and B must be increased to 
2 2

2 2 1m m v c′ = −  respectively. Since there is 
universal gravitation between A and B, which is in direct 
proportion to the product of gravitational mass of A and B, 

2 2 2 2m m m m′ ′  is equal to ( )2 21 1 v c− , therefore, the 

people in Z ′  must deduce that the universal gravitation 

between A and B is increased by ( )2 21 1 v c− . When V

is very large, there will be significant compression for the 
spring. When V  is approaching the speed of light, A and 
B should fit in one piece. Z sees that the spring cannot be 
deformed, Z ′  also cannot see the same spring 
deformation (the length vertical to V does not change), 
therefore, according to special relativity Z ′ can deduce 
that, gravitational mass cannot be in direct proportion to 

2 21 1 v c−  when the object moves at the velocity V . 
That is to say, gravitational mass and inertial mass are not 
equal, so, it can be judged that the equivalence principle is 
false. As we all know, if the equivalence principle is not 
true, does general relativity also have problems? 

The above part discussed from several aspects about 
some problems and defects may arise in the analysis of 
problems based on the relativity theory. Do these defects 
indicate that the theory of relativity is wrong? I don't think 
the relativity is wrong, but the deviations arise when use 
the relativity theory to analyze problems. The reasons for 
these deviations are the wrong analysis methods. 
Therefore I think that, in order to use the correct methods 
to apply the relativity theory, it is necessary to add some 
new analytical principles. Below I will describe some 
basic principles which should be added. 

2. Invariance Axiom of Force 
Equilibrium  
Place an object of 1 kilogram on the spring scale, the 

pointer of the spring scale will fix on the position of 1kg. 
The position of 1kg is not only the position of 1kg for the 
people who are relatively static to the spring scale, but 
also for other people in any motion. This fact shows that 
for a group of force in equilibrium in a reference frame, 
the observer of any other reference frames can also 
observe the group of force in equilibrium. In other words, 
a group of force in equilibrium will never change the state 
of equilibrium along with the different reference frames 
where the observer stays. This is the fact recognized by 
people in daily life. I call this fact as equilibrium invariance 
axiom. We can derive the formula of force transformation 
according to the force equilibrium invariance axiom. 

2.1. Deduction of Force Transformation 
Formula 

Figure 2a represents three forces AF , BF , CF  in a state 
of equilibrium. These three forces can be the electric  
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field force, also the universal gravitation or the spring 
force and so on. In the figure, the length of OA, OB, OC 
respectively represents the size of AF , BF , CF , CF  is 
parallel to the X axis, AF  is equal to BF , the angle 
between them and X axis are θ (not considering the 
positive or negative of θ). Due to the three forces in 
equilibrium, there will be cos cosA B CF F Fθ θ+ = . 
Because of the equal size of AF  and BF , to make the 
derivation simple, let A BF F F= = , there will be 
2 cos CF Fθ = . 

Figure 2b represents the three forces in Figure 1a to 
move parallel to X axis at the velocity ν . According to 
special relativity, the length of direction ν  (direction X) 
should be shortened, while CF  in Figure 1a should be 
shortened to CF ′ , AF  and BF  should be shortened to AF ′ , 

BF ′  respectively. According to the force equilibrium 
invariance axiom, CF ′  and AF ′ , BF ′  are still in a state of 
equilibrium, AF ′  and BF ′  are naturally equal. Let 

A BF F F′ ′ ′= = , similarly there will be 2 cos CF Fθ′ ′ ′= . 
We infer the relationship between CF  and CF ′  

according to the changes of the electric field force in 
motion.  

Figure 3a indicates that the charge Q is in a uniform 
electric field generated by the "infinite" charged flat plate; 
E  indicates the electric field strength, AB represents a 
section of the charged plate. Obviously, the force of Q  is 

QF . Figure 3 indicates that after AB  moves parallel to E 

at the velocityν , AB becomes A B′ ′ . According to special 
relativity, the length vertical to direction ν  maintains the 
same size after movement, therefore there will be
A B AB′ ′ = , naturally there will be the electric field 

strength of A B′ ′ E E′ = . Therefore, the force of A B′ ′ in 
the electric field Q  is Q QF E Q EQ F′ ′= = = . From this 

fact, it is known that the force QF  will not change after 

the movement in the direction parallel to ( C QF E= ). For 

the force of Figure 2, there must be C CF F′ = . Due to 
2 cosCF F θ′ ′ ′= , 2 cosCF F θ= , there must be 

cos cosF θ F θ′ ′ = . 

 cos
cos

F F θ
θ

′ =
′
 

 
Figure 1. Spring compressed neither in Z nor in Z ′  

 
Figure 2. Changes of force in motion 

 
Figure 3. the electric field in motion parallel to the electric field strength line E  
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It can be seen in Figure 1 that 

 
2 2 2

cos ,cosOD O D

OD AD O D A D
θ θ

′ ′
′= =

′ ′ ′ ′+ +
 

Because the length vertical to direction ν  maintains the 
same size, there will be A D AD′ ′ = . While the length 

O D′ ′  in the direction ν  has 2 21O D OD v c′ ′ = −  
according to the length transformation formula of special 
relativity, based on the equation of A D′ ′ and O D′ ′ , 
cosθ ′  can be transformed to 
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Substitute 2 2cosθ OD OD AD′ = +  to the above 
formula and conclude that 
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Due to cos cos ;F F θ θ′ ′=  cos cosF Fθ θ′ ′=  
concludes  
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The above formula (1) and (2) are the transformation 
formula of force in motion at the speedν . The formula, 
like the transformation formula of length, time, mass, 
should be the basic transformation formula of special 
relativity. 

2.2. Electric Field Distribution of Charged 
Particles in Motion Deduced by Force 
Transformation Formula 

The positively charged particle Q in Figure 4 moves at 
the velocity ν , the length l  in static state will be 

contracted to 2 21l l - v c′ =  after movement. The height 
h  vertical to direction ν  maintains the same before and 
after movement. r in static state will be contracted to r′  after 
movement. It can be known by the figure that cosl r θ= , 

2 2 2 21 cos 1l l - v c r v c′ = = − , sinh r θ=  have  
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2 2 2

cos 1 sin

1 cos .

r l h r v c r

r v c

θ θ

θ

′ ′= + = − +

= −

 (3) 

Due to sin sinh r rθ θ′ ′= =  with sin sin r rθ θ′ ′= , 
substitute formula (3) and conclude that  

 2 2 2sin sin 1 cos .v cθ θ θ′ = −  (4) 

The acting force of Q in the electric field with the 
electric field strength E is F=EQ, that is, the electric field 
strength E and the acting force F is directly proportional, 
so the force transformation type (1) can also be written as 
the electric field strength transformation type: 
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−
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Transform formula (5) to  
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Due to ( )2 2 2 2 2 21 1 sin cosv c v cθ θ− = − + , the 

above formula can be transformed to 
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Substitute formula (3) 2 2 21 cos v c r rθ ′− =  and 

formula (4) 2 2 2sin sin 1 cos v cθ θ θ′ = −  to this 
formula and conclude  
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Figure 4. When the charged particles move with the velocity ν , r 
becomes 
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Due to 2E k Q r= , substitute to the this formula and 
conclude 

 
( )

2 2

3 2 22 2 2

1 .
1 sin

v c QE K
rθ v c

−′ = ⋅
′′−

 (6) 

Formula (6) is the electric field distribution formula of 
the charged particles in motion at the speed ν . By 
comparison, this formula is the same as the formula 
deduced by electrodynamics. 

When the object moves, the force should be 
transformed with the length, time and mass. For example, 
when the charged particles move in a magnetic field, the 
Lorentz force of particles will be transformed. Detailed 
analysis is shown in references 3. 

3. Correlation Analysis Law 

Figure 5a, in the reference frame Z , the movement 
speed and the carrying capacity of the two positive 
charges are 1V , 2V  and 1Q , 2Q  respectively. According 
to the former formula (6), the electric field strength of 2Q
generated in 1Q  is (in the following formulas 0Y  
represents the unit vector of direction Y ). 
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Therefore, the force of 1Q  will be 
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The electric field strength of 1Q  generated in 2Q  will 
be: 
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The force of 2Q  will be:  

 ( )1 2
2 2 2 02 2 2

1

F E Y .
1

Q QQ
V C r

′= =
− ⋅

 

Obviously, the action and reaction force between 
2 1F F≠ , 1Q and 2Q  are different,  that is, the law of 

reaction is false. 
If there is another observer in motion at the speed u  

relative to Z , in Figure 4b he will observe that the 
velocity of 1Q  is 1 1V V uv = − , the velocity of 2Q  is 
transformed to 2 2V V uv = − . It can be seen in Figure 5b 
that 1V v  and 2V v  are different and opposite, obviously 
the result is still 2 1F F≠ , namely the law of reaction is 
false. 

Because the law of reaction is recognized by the law, 
the law is also interrelated with the law of conservation of 
energy and other laws, its correctness is undoubted, and 

therefore, we can be sure that the analysis method above is 
wrong. Under the conditions not in violation of the law of 
reaction, how to analyze the interaction of 1Q  and 2Q  in 
Figure 5? Firstly we should take the law of reaction as the 
inevitable result, that the action and reaction are constant 
to be equal and opposite. Another form of equilibrium 
state of the force must be independent of the observer of 
any reference frames according to the force equilibrium 
invariance axiom, namely the interaction between 1Q  and 

2Q  is independent of any observers. 1Q  is only related to 

2Q , while 2Q  is only related to 1Q , that is to say, the 
physical function of 1Q  by 2Q  is only related to the 
physical quantities related to 2Q , which has nothing to do 
with any other observers. Of course, the physical function 
of 2Q  by 1Q  is only related to the physical quantities 
related to 1Q . Regarding Figure 5a, the force of 1Q  by 

2Q  is only related to the movement velocity, distance of 

2Q  relative to it, and the amount of electricity of 2Q . 1Q  
observes that the movement velocity of 2Q  relative to it is 

21 2 1V V V= − , while 2Q  observes that the movement 
velocity of 1Q  relative to it is 12 1 2V V V= − . Obviously, 

12 21V V= − [see Figure 5b]. 1Q  observes that the electric 
field direction of 2Q  is in the direction 0Y−  (unit vector 
in 0Y Y=  direction), the distance from 2Q  to it is r. 

 
Figure 5. Interaction force of two moving charges 

 
Figure 6. Respective physical parameters of 1Q  and 2Q  
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1Q  observes the electric field strength of 2Q  to it as: 

( )
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 ( 1θ see Figure 6) 

1Q  force 
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Similarly, 2Q  observes the electric field strength of 1Q  
to it as:  
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2Q  force  
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Since the direction of 12 21V V= −  21E′  (direction 0Y− ) 
and 12E′  (direction 0Y ) is opposite, there must be 2 1θ θ=  

and 2 2
12 21V V= −  must have  

 2 1F F= −  

That is to say, the acting force and reactive force of 1Q  
and 2Q  are the same in the opposite direction, conforming 
to the law of reaction. 

The former explains that, for an arbitrary observer 
moving at the velocity u  relatively to Z , the movement 
velocity of 1Q  is 1 1V V uu = − , the velocity of 2Q  is 

2 2V V uu = − . 1Q observed the movement velocity of 2Q  
as 21 2 1 21V V V Vu u u= − = [see Figure 5b] while 2Q  
observed the movement velocity of 1Q  as 

12 1 2 12V V V Vu u u= − = . The relative velocity of 1Q  and 

2Q  are still 21V  and 12V , the interaction force of 1Q  and 

2Q  1F  and 2F  are still expressed by formula (9) and (10), 
namely still 2 1F F= − . 

The above analysis shows that when the observer of 
any reference frame in accordance with the relevant 
physical quantity of 1Q  and 2Q  deduce the action and 
reaction between each other, the results are exactly the 
same, which is consistent with the law of reaction. 

Generalize the reaction analysis results above to all 
physical phenomena, the conclusion is that the physical 
interactions of any two objects can only be analyzed by 
the physical quantity of two objects related to each other, 
which have nothing to do with any object outside the two 
objects. Define this conclusion as the correlation analysis 
law. 

It should be pointed out that the former formula (7) and 
(8) are not the wrong formulas. According to the 

correlation analysis law, formula (7) is the correlation 
analysis between the observer in Z  and the two related 
objects in 2Q , which is the real electric field distribution 
of 2Q  observed by the observer in Z . But this 
observation is not the observation of 1Q , the two cannot 
be confused. Similarly, formula (8) is the real electric field 
distribution of 1Q  observed by the observer in Z . 

According to the correlation analysis law, it is easy to 
make explanation to the incorrect inferences on planetary 
orbits by the observer in motion at high speed relative to 
the Sun in the example in 1.4. According to this law, the 
observer’s deduction of mass increase to the Sun and 
planets is just the relevant deduction result of the observer 
to the Sun and planets. Although this is a correct 
deduction, it is has nothing to do with the deduction of the 
Sun to the planets or the planets to the sun. The interaction 
between the Sun and planets is only related to the physics 
quantities related to each other. The rotation velocity, 
distance of the planets to the sun, the centrifugal force 
generated by its mass are equal to the universal gravitation 
of the Sun mass to the planets, therefore, the two are in a 
state of equilibrium. 

For the example in 1.4, it is easy to explain the 
incorrect inferences on the displacement distance of A on 
B by the observer in motion at the speed V  relatively to 
AB. According to the correlation analysis law, the 

observer’s deduction of 2 21S S v C′′ = −  is correct, but 
this deduction is just the correlation analysis between the 
observer and B, which is independent of the analysis of A 
to B. Similarly the observer’s deduction of 

2 21m m v c′ = −  and 2 21t t v c′ = −  is also correct, 
but this is just the correlation analysis between the 
observer and A, which is independent of the analysis of B 
to A. The displacement distance of A on B is only related 
to the relevant physical quantities of the two. 

The correlation analysis law can not only deduce the 
problem correctly, but also simplify the problem. 

For example, in Figure 7, ball A moves at high speed 
1V , through the analysis of ball B’s movement velocity 

2 1 1 2cos cosV V θ θ= , it can be known that, the 
displacement distance of ball A and B in direction X are 
the same within the limited time (without considering the 
gravity of the Earth). For the time 

( )2 2 1 1sin sint s V Vθ θ= − , the two balls will definitely 
collide. In order to deduce the collision results of the two 
balls in accordance with the general analysis methods, it 

needs to deduce ball A’s 2 2
11A Am m v c′ = −  and ball 

B’s 2 2
21B Bm m v c′ = − , the momentum of ball A and 

B, the angle for the two to be equal etc.. The problem is 
complicated, and the result is not consistent with the 
actual. But to analyze this problem according to the 
correlation analysis law is very simple. It is easy to see 
that the relative velocity of AB is 2 2 1 1sin sinV V Vθ θ= − . 
Then this problem is reduced to the head-on collision of 
AB at the relative speedV , and due to the relatively small 
V , there is no need to calculate Am′  and Am′ . 
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Figure 7. The collision results of the analysis of A and B 

4. Absolute Velocity Principle  

4.1. Relative Velocity and Absolute Velocity 
In daily life, we often observe some relative motions; 

for example, we catch sight of another train in motion 
outside the window of our train, and this train may be in 
motion or may not be in motion, the reason for which is 
that our train is moving along the opposite direction; this 
is referred to as relative motion. Relative motion velocity 
is related to observer; if we sit in a motionless train and 
the motion velocity of the opposite train we get a sight of 
is V , then our train is moving at a velocity of V−  along 
the opposite direction; therefore, the motion velocity of 
the opposite train within our sight is 2V ; if our train and 
the opposite train keep pace with each other at V , then 
the opposite train we saw is motionless. 

It is observed from the above mentioned example that 
relative motion velocity is the motion velocity of both 
parties in relative motion; however, a person in motion at 
a different velocity is to have a different result of 
measurement for the motion velocity of the same object; 
accordingly, it is impossible for us to deduce true motion 
velocity of any object based on relative motion velocity. 
Since there is only relative velocity between straight-line 
motions, we are unable to properly deduce the true 
velocity of any object in straight-line motion.  

In addition to straight-line motion, objects may also be 
in curvilinear motion and any curve has radius of 
curvature; consequently, long-time curvilinear motion 
may certainly be circular motion that takes radius of 
curvature as a circle; the circular motion is the most 
common motion; the most familiar and obvious circular 
motion includes rotation of cabins around the ferris wheel 
center in amusement park and rotation of artificial satellite 
and Moon around the Earth. It is observed from in-depth 
analysis that all objects in universe are in circular motion 
(the ellipse is also taken as circle), with the exception of 
fixed stars likely to be motionless, e.g. the motion of the 
Earth around the Sun. Any object on the Earth is in 
motion around the Earth axis (motion of object relative to 

the ground is transitory, being additional motion to 
circular motion), which is to say that circular motion is the 
only form of motion of lasting object. Straight-line motion 
is impossible to be a type of lasting motion but a motion 
gone forever; as time goes on, all objects in straight-line 
motion will eventually fall into an infinite abyss. 

Other than straight-line motion, circular motion 
velocity is an acknowledged motion velocity; for example, 
persons at ferris wheel center and persons motionless 
relative to ferris wheel center consider that the cabins of 
Ferris Wheel are rotating around the ferris wheel center, 
and persons inside the cabins of ferris wheel also think 
that they are rotating around the ferris wheel center, so the 
circular motion of the cabins of ferris wheel is an 
acknowledged motion rather than a relative motion. In 
addition, the motions including the Earth’s rotation around 
the Sun and artificial satellite and Moon rotation around 
the Earth are also acknowledged motions. The analysis 
shows that any object has only one circular motion 
velocity, without a second different circular motion 
velocity; thereby we can determine the only circular 
motion velocity of object in order to express absolute 
velocity of object in true motion; the circular motion 
velocity of object is defined as true motion velocity of 
object, being absolute velocity principle. 

4.2. Calculation of Absolute Velocity  
Since there is no difference in top, bottom, left, right, 

front and back in universe, we may suppose that the fixed 
stars with their mutual positions unchanged by and large 
are motionless; namely the motion velocity of fixed stars 
is zero. In the solar system, the Sun’s motion velocity is 
zero (since the Sun is in rotation and in fact the Sun’s 
rotation axis motion velocity is zero) and the average 
rotational velocity of the Earth around the Sun is 
29.78km/s, then the absolute velocity of the Earth axis is 
29.78km/s; similarly, the absolute velocities of the planets 
including Venus, Mars, Mercury and Saturn can be 
obtained. However, the ground in every position on the 
Earth is rotating around the center of the Earth. The Moon 
and artificial satellite are also rotating around the center of 
the Earth; if the Moon has satellites rotating around the 
Moon, these objects do not rotate around the Sun in a 
direct way, then how to figure out their absolute velocity? 

Let the motion velocity of Earth axis be V , the 
rotational velocity of artificial satellite and Moon or 
certain place on the Earth surface around the center of the 
Earth be mV  and the rotational velocity of the Moon’s 
satellite around the Moon be nV , we are able to determine 
the absolute velocity relevant to mV  and nV  based on time 
change formula given in the special relativity.  

Let the time motion velocity of the Sun clock be 0t , then, 
according to time change formula given in the special 
relativity, the rotational velocity of the Earth axis around the 

Sun is V and its time t  is 2 2
0 1t t V c= − ; if the rotational 

velocity of the Moon relative to the Earth is mV , then the 

Moon’s time 2 2 2 2 2 2
01 1 1m m mt t V c t V C V C= − = − − . 

Let the Moon’s absolute velocity be mV ′ , then there will 
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be 2 2
0 1m mt t V c′= − . It is observed from comparison 

between the two mt formulae that  

 
2 2 2 2 2 2

2 2 2 2 2 2 4

1 1 1

1

m m

m m
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Since V and mV  are very small relative to C, 2 2 4
mv v c

is extremely small and can be ignored; accordingly, it is 
observed from the above mentioned formula that  

 2 2 2 2, .m m m mV V V V V V′ ′= + = +  (11) 

The rotational velocity of the Moon’s satellite around 
the Moon is nV , and the time for the Moon’s satellite is: 
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Let the absolute velocity of the Moon’s satellite be nV ′ , 

then, there will be 2 21n nt V C′= − and the following 
expressions can be obtained:  

 
2 2 2 2 2 2

2 2 2 2

n m n m n

n m n

V V V V V V

V V V V
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′ = + +
 (12) 

We are able to calculate the absolute velocity of any 
object in universe based on above mentioned expressions. 

4.3. Absolute Time  
Length, mass, time and force are fundamental physical 

quantities for analysis of object motion and interaction. 
On the premise of invariable position, the length, mass, 
force and time motion velocity have constant values. 
However, since the clock for time measurement is not 
only used to measure time motion velocity but also to 
record total amount of time accumulated as time goes on, 
this total amount is to increase as time goes on, being an 
increasing physical quantity. Accordingly, if an object 
moves from certain point on the Earth to other position 
(such as Mars) and then returns to this original point on 
the Earth after a period of time, although the object 
remains unchanged in length, mass, force and time motion 
velocity before and after moving, the total amount of time 
recorded by clock has increased substantially; we draw a 
comparison between increment of the total amount of time 
recorded by the clock and the increment of total amount of 
time recorded by other clock without moving at the point 
so as to calculate the time motion velocity of the object in 
other position (such as Mars) based on the difference 
between the two increments, and figure out the absolute 
velocity of the other position. It can be seen that time is 
the only physical quantity available for us to determine 
change in position and motion velocity of object, given 
such a key role time plays, so we need to explain it in 
detail. 

Since every point in universe is different in time and 
clock motion velocity, we need a standard clock as a 

reference for comparison of clock motion velocity. The 
Sun’s absolute velocity is zero, so the Sun clock should be 
a standard clock, but as the Sun’s temperature is too high, 
it cannot serve as a standard clock; therefore, for the sake 
of convenient comparison and analysis and consideration, 
the Earth clock should be the most suitable standard clock.  

It is observed from the motion velocities V , mV  and 

nV  of the above mentioned Earth, Moon and Moon’s 
satellite that if we let the Earth’s pole (Earth axis) clock 
time t  be standard time, then the Moon’s time:  

 2 21 .m mt t V C= −  (13) 

The Moon’s satellite time: 
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n m n m n

m n
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t V V C
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Given that the rotational velocity of terrestrial equator 
ground relative to Earth axis is 0.464km/s, the rotational 
velocity of the ground with any latitude θ  on Earth is 

0.464cosVθ θ= km/s. Vθ  is the velocity of any point on 
Earth’s surface relative to mV .  

 2 21 0.2156cost t Cθ θ= −  (15) 

Given that the Sun’s time is 0t , the Earth’s rotational 

velocity isV  and 2 2
0 1t t V C= − , then there is  

 2 2
0 1t t V C= −  (16) 

Let the rotational velocity of any planet around the Sun 
be xV , then the planet’s time:  

 2 2 2 2 2 2
0 1 1 1x x xt t V C t V C V C= − = − −  (17) 

As mentioned above, the absolute velocities of the 
Moon and its satellite are not mV  and nV but mV ′  and nV ′ , 
then are mt  and nt  in expressions (13)(14) also true times 
relative to the true absolute velocities mV ′  and nV ′ of the 
Moon and its satellite? As long as we substitute 

2 2
0 1t t V C= − into expressions (13) and (14), there 

will be: 

 2 2 2 2 2 2
0 01 1 1m m mt t V C V C t V C′= − − = −  (18) 

 

( )

2 2 2 2 2 2

2 2 2 2 2 2
0

2 2 2 2 2 2
0 0

1 1 1

1 1 1

1 1 .

n m n m n

m n

m n n

t t V C t V C V C

t V C V C V C

t V V V C t V C

= − = − −

= − − −

′= − + + = −

 (19) 

It is observed from comparison between expressions 
(13)(14) and expressions (18) (19) that mt and nt  obtained 
by calculation based on true absolute velocities mV ′  and 

nV ′  of object are mt and nt  obtained by calculation based 
on mV  and nV  of object and Earth clock standard. It can 
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be seen that the times t , mt , nt  and xt  are the intrinsic and 
true times of object. Relative to absolute velocity, we 
define true time of object as absolute time. 

Given absolute time, we may take all places with same 
absolute time as one equal time zone; for example, all 
places with the same latitude are taken as one equal time 
zone. 

According to the above mentioned analysis results, we 
can figure out the due absolute time process of an object 
having experienced various motions. For example, take h  
representing 1 hour of time on Earth axis as reference, put 
a clock in a place with latitude 45° on Earth for 1n h , and 
then put it on the Moon for 2n h , and then put it on a 
certain X planet of the Sun for 3n h ; if the time spent in 
traveling from the Earth to the Moon and then from the 
Moon to X planet is not taken into consideration, then the 
absolute time of the accumulative motion of the clock 
(where 2cos 45 1/ 2= ) is: 

 
2 2 2

1 2

2 2 2 2
3

1 0.2153 / 2 1
 .

1 1

m

x

n C n V C
h

n V C V C

 − + − 
  + − − 

 

4.4. Experimental Verification of Absolute 
Velocity 

J·C·Hafele and R·E·Keating made an experiment on 
relation between time change and object motion velocity 
in 1971. They put four caesium atomic clocks on plane 
over equator; when the plane flies around the Earth from 
east to west along equator, it is found that the four 
caesium atomic clocks on the plane gained 273×10-9 
second in terms of average counting as compared with the 
caesium atomic clocks on the ground; namely the absolute 
time of atomic clock increased; when the plane flies 
around the Earth from west to east along equator, it is 
found that the four caesium atomic clocks on the plane ran 
59×10-9 second behind in terms of average counting as 
compared with the caesium atomic clocks on the ground; 
namely the absolute time of atomic clock decreased (as 
shown in reference document 1). The reference document 
1 points out that it is universally accepted that based on 
special relativity theory, the clock on the object flying 
above the Earth is certain to run slower than the clock on 
the ground; namely, the absolute time is short. However, 
the above mentioned experiment shows that the clocks on 
the plane flying towards west did not only run behind but 
also gain time; namely the absolute time increased. Of 
course, the experiment also shows that the clock on the 
plane flying toward east runs behind in deed and the 
absolute time has decreased. The question is why the 
absolute time of clock on the plane flying toward west 
increased and why the absolute time of clock on the plane 
flying toward east decreased.  

The above mentioned experiment result can be 
explained by absolute velocity principle. The foregoing 
indicates that the rotational velocity of object and any 
point on the ground relative to Earth axis is mV  given in 
expression (13), suppose the rotational velocity of the 
ground along equator is υ and the travel velocity of plane 

is u , when plane flies toward east, the flying direction of 
the plane is identical to the rotational direction of 
equatorial ground around Earth axis; thus, the actual 
rotational velocity of the plane around Earth axis is 

mV uυ′ = + . When the plane flies toward west, the flying 
direction of the plane is opposite to direction of rotation of 
the Earth; accordingly, the actual velocity of the plane is 

mV uυ′′ = − . It is observed from the above mentioned 

expression (13) 2 21m mt t V C= − that the absolute time 

of equatorial ground is 2 21t t Cυ υ= − , the absolute 
time when plane flies towards east is 

( )2 21t t u Cυ′ = − + and the absolute time when plane 

flies toward west is ( )2 21t t u Cυ′′ = − − . It is obvious 

that when t′′ is larger than tυ , the clock on the plane 
flying toward west gains time, and when t′ is smaller than
tυ , the clock on the plane flying toward east runs behind, 
with time dilated.  

J·C·Hafele and R·E·Keating figured out that the 
caesium atomic clock on the plane flying toward west 
should be 275×10-9 seconds faster than the caesium atomic 
clock on the ground along equator based on such 
difference, being consistent with actual reading by and 
large. They calculated that the caesium atomic clock on 
the plane flying toward west should be 40×10-9 seconds 
slower than the caesium atomic clock on the ground along 
equator, although the result seems to be different from 
actual reading of 59×10-9 seconds to a greater extent. But 
this is only the difference in comparison rather than true 
error in calculation; for example, the wall height is 300cm, 
tree height is 301cm and the tree is 1cm higher than wall, 
but the calculated tree height is 304cm, resulting in that 
tree is 4cm higher than wall, big difference between 4 and 
1. However, this is the difference in comparison rather 
than error of calculation. The error in calculation is error 
between 304 and 301, within 1%. In a similar way, the 
difference between 59×10-9 and 40×10-9 in comparison is 
19×10-9 seconds; if this difference is compared with the 
flight time of plane for more than 105 seconds, the error 
should be tiny; therefore, we may consider that the result 
of experiment by J·C·Hafele and R·E·Keating is consistent 
with the result of analysis of absolute velocity principle by 
and large.  

Only one test result is not adequate to confirm that 
absolute velocity principle is correct, so we also need to 
carry out some other tests to further verify the principle. 
There are two simple and practicable tests available as 
follows:  

1. We selected caesium atomic clocks with the same 
time operation velocity by and large in Singapore at 1 09′  
north latitude: one clock is kept motionless in Singapore 
and the other one clock is transported to Reykjavik, the 
capital of Iceland at 64 09′  north latitude. Since the 
absolute velocity of Reykjavik is much smaller than 
absolute velocity of Singapore, the caesium atomic clock 
in Reykjavik is much faster than the caesium atomic clock 
in Singapore according to absolute velocity principle. 
When these two caesium atomic clocks are brought into 
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comparison in terms of reading by internet, the longer 
time will result in bigger difference between them 
according to absolute velocity principle. 

2. Synchronous satellite is motionless relative to the 
Earth. Synchronous satellite is about 36000km away from 
the ground in height, and the Earth radius is about 6370 
km. According to absolute velocity principle, the absolute 
velocity of synchronous satellite’s rotation around the 
center of the Earth is 6 times larger than that of the 
ground’s rotation around the center of the Earth; therefore, 
the clock on synchronous satellite should be slower than 
that on the ground; namely the absolute time is short, 
which can be verified by testing without difficulty.  

And now, we can explain twin paradox in a simple way. 
The foregoing indicates that whether clock gains time or 
runs behind is dependent on absolute velocity of clock; 
therefore, if twin A is higher than twin B in absolute 
velocity, the mt  of twin A should be short, indicating that 
it is younger than twin B; otherwise, twin B is younger 
than twin A. For example, twin A taking the plane flying 
toward east is younger than twin B on the ground, and it is 
not when taking the plane flying toward west. 

5. Correspondence Principle 

Special relativity indicates that for an object moving at 
a velocity of V , its length l  should be shortened to be 

2 21l l V C′ = − , its mass m  should be increased to be

2 21m m V C′ = − , its time t  should be shortened to be

2 21t t V C′ = − . Namely l , m and t  of object in motion 
be transformed to l′ , m′ and t′  at the same time; in other 
words, for every velocity V of an object in motion, l  will 
transform to a unique l′ , m  will transform to an unique 
m′ , and t  will transform to an unique t′ . According to 
foregoing absolute velocity, as every absolute velocity has 
one unique absolute time, they are certain to have 
corresponding absolute mass and absolute length. It is 
obvious that the absolute mass is rest mass, and the 
absolute length is rest length. Accordingly, our conclusion 
is that the rest mass, rest length, rest time and rest force of 
every object in universe are in one-to-one correspondence 
with absolute velocity of such object. The conclusion is 
defined as the correspondence principle. 

According to the correspondence principle, for an 
object with rest mass of m  in the South Pole or North 
Pole of the Earth, the absolute velocity of its rotation 
around the Sun is 30km/s; if it is moved to the Mars 
whose absolute velocity of rotation around the Sun is 
about 24km/s, as the mass is directly proportional to

2 21 1 V C− , its rest mass on the Mars is to decrease to

2 2 2 2
0 1 (30) 1 (24)xm m C C= − − . If it is moved to 

the moon, given that the rotational velocity of the Moon’s 
rotation around the Earth is about 1km/s, it is observed from 
the previous expression (11) that the absolute velocity of 

the Moon is 2 2 21 (30) 901m mV V V′ = + = + = , and  

the rest mass of the object is to increase to 
2 2 21 (30) 1 901mm m C C= − − . 

6. Relative Transformation and Absolute 
Transformation 
Regarding to above mentioned flight experiment by 

J·C·Hafele and R·E·Keating, the experiment proved  
that t as clock time on the plane flying toward west  
along equator increased, which means the clock gained 
time, and that t as clock time on the plane flying  
toward east along equator decreased, which means the 
clock ran behind. We explained this experiment result  
by absolute velocity principle. However, the result 
observed by person on the ground along equator is 
different from the result of experiment; in his or her  
view, the flight velocity of the plane should be the same 
velocity u , no matter whether the plane flies to east  
or to west. According to Lorentz transformation in  
special relativity theory, one and the same velocity  
u  should have identical length transformation

2 21l l u C′ = − , time transformation 2 21t t u C′ = − , 

mass transformation 2 21m m u C′ = −  and vertical 

force transformation 2 21F F u C′ = − . 
This indicates that for the result observed by person on 

the equatorial ground, time t  of the clock on the plane 
flying toward east and time t  of the clock on the plane 
flying toward west are one t ; it is different from the true 
time t  of plane, so we wonder whether special relativity 
theory is wrong. Of course not, it is certain that special 
relativity theory is correct, and many experiments 
including µ  particle life experiment, high velocity 
particle mass increase experiment, contraction experiment 
on electric field with electron in motion at high velocity 
have verified l′ , m′  and t′  deduced by special relativity 
theory. The only conclusion we drew based on these 
experimental results is that l′ , m′  and t′  of object in 
motion observed by person on the ground are different 
from the true l , m  and t  of object in motion. 

It is observed from analysis that the result is inevitable. 
For example, we observe that length of an object in 
motion is reduced, with its mass increased and time 
shortened; however, the true length, mass and time of an 
object remain unchanged, just like a train in motion at a 
velocity of V  on the ground, its velocity observed by a 
motionless person relative to the ground is V ; its velocity 
observed by a person in motion at a velocity of V relative 
to the ground is 0; its velocity observed by a person in 
motion at a velocity of V− relative to the ground is 2V . 
These results of observation are true, but they are not true 
absolute velocity of the train. 

According to the above mentioned analysis, an 
inevitable conclusion we draw is that the transformed 
values of time, mass, length and force of the object 
deduced based on special relativity theory and absolute 
velocity of the object are true values of the object itself,  
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being the result of observation by a motionless person 
relative to the object, and the transformed values of time, 
mass, length and force of the object deduced by relative 
velocity between observer and object according to special 
relativity theory are a reference system and the true result 
of observation of time, mass, length and force in another 
reference system in relative motion; one of them is 
observation at rest and another one is observation in 
motion; therefore, it is inevitable that results of 
observation are different. 

We define Lorentz transformation deduced according to 
absolute velocity of the object as absolute transformation 
and Lorentz transformation deduced according to relative 
velocity of the object as relative transformation. The result 
of absolute transformation expresses true physical quantity 
of the object itself, and the result of relative 
transformation expresses true result of observation of the 
object in motion. 

7. Field Similarity Principle 

According to Coulomb’s law, the acting force between 
two point charges in vacuum is in direct proportion to 
product of their electric quantities 1Q  and 2Q  and in 
reverse proportion to square of r as the range between 
them, with direction of acting force along their connecting 
line. The law’s expression is as follows: 

 1 2
2

Q QF k
r

=  (a) 

Where, k is proportional constant, also referred to as 
electrostatic force constant  

According to the law of universal gravitation, all 
objects in university are in mutual attraction and the 
magnitude of gravitation between two objects is in direct 
proportional to product of 1m  and 2m as their mass and in 
reverse proportional to square of the range between them. 
The law’s expression is as follows: 

 1 2
2

m mF G
r

=  (b) 

Where, G is constant of universal gravitation  
Obviously, G and K are also proportional constants; 

therefore, expression (a) and expression (b) are completely 
similar.  

Electricity points out that F as force of Coulomb’s law 
is electric field force, the electric field strength at 1Q  and 

2Q  is 2
1E kQ r= , the electric field is source to exert 

force on 2Q . And so, the force of universal gravitation is 
gravitational field force, the gravitational field strength at 

1m  and 2m  is expressed by D, 2
1D Gm r=  gravitational 

field is the source to exert a force on 2m .  
Given that the generation of electric field is due to 

electric quantity of electric charge, in fact, it is as a result 
of electric quantity of negative electron or positive 
electron. An electric charge or a charged body has 
constant number of negative electrons or positive 
electrons, a charge or charge body will have constant 
number of electrons (negative or positive) regardless of 

motion and velocity, since electron is constant in electric 
quantity, therefore, the electric quantity of charge or 
charged body is unrelated to velocity. 

Electric field is matter, gravitational field is certain to 
be matter. Electric field is due to negative electron or 
positive electron, it is certain that gravitational field is also 
as a result of source, it is obvious that the source is certain 
to be in atom of object, since there is only repulsion 
between negative electrons or between positive electrons, 
accordingly, it is impossible that there is repulsion and 
attraction between them at the same time, therefore, we 
suppose that gravitational field of object is unrelated to 
negative electron and positive electron in object, this 
gravitational field is only related to proton with negative 
electron removed and neutron with positive and negative 
electrons eliminated, according to existing noun, we 
define proton free of electron and neutron free of positive 
and negative electrons as graviton, graviton is source of 
gravitational field. Since negative electron and positive 
electron have mass, therefore, the mass of graviton in 
object is about millesimal smaller than total mass of object. 

Since object in any motion and at any velocity has 
constant number of gravitons inside, namely object is 
unchanged in gravitational capacity, the gravitational mass 
of universal gravitation is derivable from gravitational 
capacity. Therefore, our conclusion is that the 
gravitational mass of object is unrelated to motion of 
object and gravitational mass is constant.  

To say the least, supposing that there is attraction 
between negative electrons as well as between positive 
electrons, namely the entire atoms are graviton and object 
motion cannot change number of atoms, namely it cannot 
change gravitational capacity by and large, the conclusion 
is that gravitational mass of object is unrelated to motion 
of object, gravitational mass is constant. 

The above mentioned analysis indicates that 
gravitational field and electric field have completely 
similar action pattern, the two fields are also derivable 
from certain field source matter. When electric field is in 
motion, the number of negative electrons or positive 
electrons in its field source matter keeps unchanged, 
namely, electric quantity is unchanged; when gravitational 
field is in motion, the number of gravitons in its field 
source matter is also unchanged, namely gravitational 
capacity is unchanged; by further deduction, when 
electron is in accelerated motion, its form of motion is to 
propagate from the near to the distant at light velocity and 
form electric wave in its electric field, quite as much, 
when graviton is in accelerated motion, its form of motion 
is also to propagate from the near to the distant at light 
velocity and form gravitational wave in its gravitational 
field; electric field has energy, gravitational field should 
also have energy, in other words, gravitational field and 
electric field are completely similar in physical property, 
which is referred to as field similarity principle. 

Field similarity principle determines that gravitational 
mass of object is a constant unrelated to motion of object; 
however, experiment verifies that inertia mass of object is 
on the increase with the increase of its motion velocity; 
therefore, gravitational mass (in fact it is gravitational 
capacity) and inertial mass are two different physical 
quantities in terms of property, they are different in 
property and there is no comparison between them, just as 
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there is no comparison between velocity and displacement; 
therefore, the supposition that gravitational mass is equal 
to inertial mass is unscientific; in other words, strictly 
speaking, the equivalence principle is invalid.  

We may also further explain that gravitational mass and 
inertial mass are different physical quantities in terms of 
property in the following respects:  

Gravitational mass and inertial mass are equally 
derivable from elevator effect, when elevator suddenly 
goes up, person therein will feel that his or her weight is 
increased. Its seems that there is no difference between 
such weight increase and gravity increase; namely there is 
no essential difference between inertial force and 
universal gravitation, and then the deduction that 
gravitational mass is equal to inertial mass came into 
being; however, it is observed from further analysis that 
inertial force is energy transfer force, and universal 
gravitation is unrelated to energy transfer; because; if A 
exerts force F  to move object B whose mass is m for a 
space S within time t , the energy output from A is FS , 
while object B is in motion at an acceleration of a  under 
the action of F . Its motion space .S  

As a result, 2 2FS Fat= . B is to get velocity V at=  

within time t , the energy it gets is ( )22 2 2mV m at= , it 
is certain that the energy outputted from A and energy B 
gets is identical, therefore, 2 2 22 2Fat ma t=  with 
eliminated on both sides at the same time will be inertial 
force equation F ma= , indicating there is inertial force, 
with energy obtained by object, which is to say that 
inertial force is a type of energy transfer force, whereas, 
universal gravitation may act on motionless object forever, 
in other words, universal gravitation is not energy transfer 
force. It is obvious that energy transfer force and non 
energy transfer force are different in terms of property, 
namely, inertial force as energy transfer force is 
impossible to equal to universal gravitation as non energy 
transfer force, namely, inertial mass is impossible to equal 
to gravitational mass.  

In addition, inertial force is force to move object, 
namely inertial force is in motion state forever, and 
universal gravitation may in stationary state forever, 
inertial force in motion may remain unchanged; since 
there is no absolutely uniform gravitational field for 
universal gravitation, universal gravitation in motion is 
certain to change all the time, the essential difference 
between inertial force and universal gravitation also 
indicates that inertial mass is not equal to gravitational 
mass.  

In addition, if inertial mass is equal to gravitational 
mass and when object whose mass is m in motion at a 
velocity ofV , according to special relativity theory, m  is 

certain to increase to 21m m v c′ = − . Gravitational 
mass is to increase from m  to m′ , its gravitational field 
strength is certain to increase accordingly. However, the 
gravitational field is a matter and it is impossible to 
generate or vanish matter by any means in universe; 
accordingly, total capacity of gravitational field is 
impossible to increase, the source of gravitational field 
namely gravitational mass is also impossible to change, 

indicating that 21m m v c′ = −  is not applicable to 
gravitational mass, namely gravitational mass is not equal 
to inertial mass.  

In addition, the foregoing article 1.5 points out that if 
gravitational mass is equal to inertial mass of object, just 
like the object in motion at high velocity as shown in 
Figure 1. The spring will be compressed substantially, and 
it is obvious that this is not the fact, proving that 
gravitational mass is not equal to inertial mass. 

The above mentioned analysis shows that gravitational 
mass is impossible to equal to inertial mass, namely 
equivalence principle fails to hold water in principle. We 
know that equivalence principle is theoretical basis for 
general relativity theory; equivalence principle is invalid 
in principle, naturally, general relativity theory is 
impossible to be a perfect truth. 

When object is in motion at a velocity ofV , being a 
tiny velocity compared with light velocity C , for example 

V ＜ 1000km/s, there is 21 1v c− ≈ ， under such 
condition, there will be m m′ ≈ , namely inertial mass of 
object is approximately equal to rest mass of object, 
indicating that inertial mass is constant, since gravitational 
mass is also constant; therefore, if we select suitable 
constant of proportionality to make inertial mass equal to 
gravitational mass, which are two different physical 
quantities in terms of property, just like a proportional 
constant may make length equal to pressure. 

When the motion velocity of object is tiny compared 
with light velocity, inertial mass may be considered to be 
equal to gravitational mass, namely equivalent principle 
may be considered to hold water; therefore, when the 
motion velocity of object is tiny compared with light 
velocity, the deduction by general relativity theory is 
supposed to be correct. Since the motion velocity of every 
celestial body is tiny compared with light velocity, the 
general relativity theory is applicable to all celestial bodies 
in universe. 

8. No Black Hole 

8.1. Double Equilibrium Principle of 
Universal Gravitation 

Figure 8a shows a planet whose mass is m is rotating 
around a fixed star M at a velocity of V , the range 
between m  and M is l , physics points out universal 
gravitation between m and M is 2

0F GMm l= , 
centrifugal force generated by planet’s rotation around M 
is 2

mF mV l= , for ; since its centrifugal force mF  and 
its universal gravitation 0F  from M are equal and they are 
contrary in direction, m  is in equilibrium state, whether M 
is also in equilibrium state? 

The physics fails to analyze it. It is observed from 
Figure 8a that universal gravitation 0F  to M is the only 
force on M, according to Newton second law, there will be

0F Ma= , namely there will be M which is to dash 
against m  at an accelerated velocity of a , obviously, 
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such phenomenon has not occurred, therefore, it is certain 
that M will have a force MF  identical to 0F  in magnitude 
but opposite to 0F  in direction, reaching equilibrium with 
universal gravitation 0F  of m . It is certain that this force 
is not external; it must be generated by M, in additional to 
universal gravitation, and M is also to generate centrifugal 
force MF  by rotational motion; therefore, centrifugal 
force MF  by M through rotational motion is the only 
possibility for M to reach equilibrium. Our conclusion: for 
a fixed star M, it is certain to generate centrifugal force 

MF  to reach equilibrium.  
Supposing that rotational velocity of M is MV , since l  

as connecting line between m  and M is constant; 
therefore, the only motion direction of MV  is contrary to 
direction of mV ; otherwise, MV and mV  along the same 
direction will turn into M and m in parallel motion. 

Figure 8b shows motion of M and m , since mV  and 

MV  are normal to l ; therefore, centers of rotation of m
and M are on l  as connecting line between m and M. 
Since l is an invariable straight line, therefore, when 
motion of M and m rotates l  to an angle θ , this θ  will be 
rotation angle of m and M, if center of rotation of m  and 
that of M are not on one point, then m and M cannot keep 
moving in a straight line at the same rotation angle, 
therefore; it is certain that m and M will have one center 
of rotation and that the center of rotation will be on l  as 
connecting line between m and M, point O shown in 
Figure 8b indicates center of rotation of mV  and MV , the 
range from point O to m is mr , the range between point O 
and M is Mr , supposing that rotation angle of l  is ω , 
there will be m mV r ω= ; M MV r ω= . Since universal 

gravitation for m and M is one force, 2
m mmV r  as 

centrifugal force of m  will be identical to M 2
M MMV r as 

centrifugal force of M in terms of magnitude but they are 
contrary in terms of direction. Therefore, there will be: 

 ( ) ( )2 2
m M

m M

m r M r
r r
ω ω

=  

The equation is simplified as follows: 
 m Mmr Mr=  (20) 

It is observed from equation (20) that M mr r m M= ，
since m Mr r l+ = , therefore, there is: 

 ( )1m M m m mr r r r m M r m M l+ = + = + =  

 
1m

l Mlr
m M M m

= =
+ +

 (21) 

 M m
mlr l r

M m
= − =

+  
(22) 

Centrifugal force generated by m  in motion at a 
velocity of mV  

 ( ) 22
mm

m
m

m M m VmV
F

r Ml
+

= =  (23) 

Given that motion velocity of M is M MV r ω= , and 

m mV r ω= , therefore, 

 M
M M m m m m

m

r mV r V r V V
r M

= = =
 

(24) 

Centrifugal force generated by M in motion at a 
velocity of MV  

 ( )
( )

( )2 22
m mM

M
M

M V m M M m mVMVF
r ml M m Ml

+
= = =

+
 

It is obvious that centrifugal force of M is certain to 
equal to that of m , namely M mF F= . Since centrifugal 
force of m and M is certain to equal to universal 
gravitation of m and M, therefore, there is 

 ( ) 2

2
mM m mVMmG

Mll

+
=  (25) 

 
Figure 8. m and M are in force balance state 

 



 International Journal of Physics 172 

 
Figure 9. Relation between size proportion and motion of M and m  

Equation (25) expresses acting force of both parties 
related to universal gravitation, being equilibrium 
equation in equilibrium state. We call such acting force of 
both parties related to universal gravitation in equilibrium 
state as double equilibrium principle for universal 
gravitation.  

It is observed from comparison that there is obvious 
difference between equation (25) and 2 2

mGMm l mV l=  
given in physical text book. It is observed from equation 
(25) that the actual velocity of planet m ’s rotation around 
fixed star M is as follows: 

 
( )

2

m
GMV

l M m
=

+
 (26) 

It is observed from equation (22) and equation (24) that 
actual velocity of fixed star M is as follows: 

 
( )

2
.M m

m GmV V
M l M m

= =
+

 (27) 

It is worth mentioning that the previous equation (21) 
( )mr Ml M m= +  and equation (22) ( )Mr ml M m= +  

are one equation in fact; one is to indicate the range from 
m to center of rotation of M and m  and the other is to 
indicate the range from M to O; they are equation to 
calculate position of O. According to these two equations, 
we may estimate motional orbit of m and M based on 
their size proportion. 

Figure 9 shows relation between size proportion and 
motion orbit of M and m . According to Figure 9a, when 
m ＜＜M, it may be taken as m ’s rotation around M; 
according to Figure 9b, when m =M, m Mr r= , M and m
have same radius of rotation; according to Figure 9c, when 
m＞＞M, Mr  is much larger than nr , it may be taken as 
fixed star’s rotation around planet.  

The above mentioned analysis is carried out on the 
premise that fixed star M has only one planet m , if M has 
two m, with two m located on both sides of M 
symmetrically, then the universal gravitation of two m to 
M will cancel out, therefore M is in equilibrium state; if 
two m is asymmetrical to M, or just like the Sun has many 
planets, it is necessary to analyze the result of composition 
of all universal gravitations of all planets to fixed star. 

The foregoing equation (22) ( )Mr ml M m= +  indicates 
radius of circle of fixed star M in circular motion. It is 
observed from the equation that when the Sun has only 
one planet namely the Earth, the radius of rotation of the 
Sun is about 448.7km, this radius is tiny as compared with 
695000km as the radius of the Sun but the radius of 
rotation of the Earth is large relative to the moon, the 
Earth 81times the Moon in terms of mass, by calculation, 
the Earth’s Mr ≈ 4687.8km, compared with 6371km as 
the radius of the Earth, the Mr  is about 73.6% of the 
radius of the Earth, namely the center of rotation for the 
Moon and Earth is only 1683.3km away from the Earth’s 
surface, therefore, the Earth’s circular motion relative the 
Moon will substantially influence the orbit of the Earth’s 
rotation around the Sun (it is necessary to take the change 
in universal gravitation from the Sun to the Earth into 
consideration when we calculate the change of the Earth 
orbit, the orbit change should not be considerate as simple 
composition of small circle and great circle), making the 
orbit of the Earth’s rotation around the Sun cease to be a 
smooth elliptical curve. 

Taking rotational velocity of the Moon as an example 
to explain why there is difference between our feeling  
and actual condition, the actual length from the Moon to 
the Earth l = 384402km, the actual angular velocity  
of the Moon is ω , the rotational velocity of the  
Moon we observed is V lω= = 1020m/s, however, 
according to the previous equation (22), the actual radius 
of rotation of the Moon is ( ) 379714mr ML M m= + = km, 
the actual rotational velocity of the Moon should be 

1008m mV r ω= =  m/s. Why is the actual mV  different 
from V we observed? Because the Earth has a  

MV  opposite to mV  in direction, the Earth radius of 
rotation 4687.8Mr = km, 12M MV r ω= = m/s. V as the 
rotational velocity of the Moon we observed is certain to 
be the sum of mV  and MV , namely m MV V V= + =
1008m/s+12m/s=1020m/s.  

8.2. Black Hole is Impossible to be Object in 
Motion 

Supposing that there is black hole and that black is an 
object in motion, and then what kind of motion the black 
hole is likely to go through? It is obvious that the motion  
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is not a straight line motion, since straight line motion is 
to go forward and never go backward, it will go into the 
infinite abyss, therefore, black hole will only go through 
motion in cycles, supposing that the black hole’s mass is 
m  and that the radius of circular motion is r  and that the 
rotational velocity is ν , it is certain that black hole will 
generate centrifugal force 2

mF mv r= . In order to 
balance the force, black hole will need a force identical to 

mF  in magnitude but contrary to mF  in direction, this 
force will only be universal gravitation. Supposing that 
there is a fixed star with a mass of M to balance the 
centrifugal force of black hole, the length from M to m  is 
l , and then the universal gravitation generated by M to 
black hole is 2F GMm l= , the equilibrium between M 
and m  is expressed by the previous equation (25). 

Given that the largest fixed star A1 in universe is 150 
times the Sun in terms of mass, supposing that there is a 
fixed star whose mass is identical to that of A1 to balance 
the centrifugal force of black hole. The existing data show 
that the smallest diameter of black hole is 24km, but the 
black hole theory points out that the mass of a black hole 
whose size is similar to that of a football court (to 
calculate based on sphere whose diameter is 120m) is 
about the mass of 4 suns. It is observed from the 
calculation that m as the mass of the minimum black hole 
is 213000 times the M as the mass of the largest fixed star, 
namely m=213000M. It is observed from the foregoing 
equation (21) ( )Mr Ml M m= +  and equation (22) 

( )mr ml M m= +  that the radius of rotation of fixed star 
M is Mr l≈ . 

However, the radius of rotation of black hole is
64.6 10mr l−= × , indicating that if we adopt the universal 

gravitation from largest fixed star M to the smallest black 
hole m  to balance centrifugal force generated by 
rotational velocity of black hole, the only possibility is 
that the fixed star is to rotate around the black hole and 
that the black hole is motionless by and large. It is obvious 
that there will be no such fixed star rotating around the 
black hole, and there will be no black hole in rotary 
motion. Therefore, our conclusion is that black hole is 
impossible to be an object in motion, namely the motion 
velocity of black hole is 0. It is observed from the 
conclusion that even if equivalence principle is valid, on 
the premise that the motion velocity of black hole is on, 
no one could make a deduction that black hole is existent, 
namely, under the condition of 0V = , block hole theory is 
invalid, we will verify that black hole is not an actual 
matter in terms of matter structure of black hole as follows:  

8.3. Black Hole is Impossible to be Matter 
Composed of Atom 

Black hole theory points out that a spherical black hole 
with a diameter of 120m is equal to four suns in terms of 
mass, being equivalent to the mass of 1.32 million Earths, 
and the volume of the Earth is 1015 times larger than the 
sphere with a diameter of 120m, indicating that the density 
of black hole is 1021 times larger than that of the Earth, 
according to calculation based on such proportion, the one 

thousand times of the total mass of 7 billion people 
(according to 50kg per person) on Earth is also smaller 
than the mass of a block hole whose size is equivalent to a 
grain of rice. 

It is known that every matter in universe is composed of 
several elements in 118 elements. Up to now, there has 
been no exception in celestial bodies. However, according 
to the above mentioned calculation of black hole matter 
density, the size of atom of black hole is only 1021 that of 
the Earth. Obviously, this is impossible, the reason for 
which is that if we suppose that black hole is composed of 
atom, as black hole theory says that the black hole atoms 
have collapsed, with electrons around atom falling onto 
protons and turning into neutrons. These neutrons box up 
to become a large neutron; it is observed from calculation 
that such large neutron is also one million times larger 
than theoretical volume of black hole; if atoms of black 
hole do not collapse, it will be ten trillion times larger than 
theoretical volume of black hole, so it is impossible for 
actual atom; therefore, we conclude that black hole is 
impossible to be composed of actual atoms, namely, black 
hole is not an actual matter. 

Why did black hole theory make such an impractical 
deduction? It is observed from analysis that black hole 
theory is derivable from general relativity theory, and the 
theoretical basis for general relativity theory is 
equivalence principle. The foregoing has shown that 
equivalence principle is invalid in principle; only if 
object’s motion velocity is tiny as compared with light 
velocity, the equivalence principle may be considered to 
be approximately valid. Black hole theory takes 
equivalence principle as absolute truth; misunderstanding 
of equivalence principle resulted in the improper 
conclusion that it is applicable to any velocity and that 
visional black hole is existent.  

The above mentioned shows that black hole is 
impossible to be actual matter, and black hole theory is 
invalid under the condition of 0V = , indicating that the 
black hole is not only visionary but also inexistent in theory. 

9. It is Impossible for Human to Realize 
Significant Time Travel  
The foregoing indicates that time is significant, being 

the time operation velocity. The higher time operation 
velocity means clock gains time; to be specific, the time 
quickens. The low time operation velocity means clock 
runs behind, to be specific, the time dilates. It is obvious 
that time dilation to more vivid to express low time 
operation velocity compared with that time decreases, but 
it is improper to say that increase in time operation 
velocity is time dilation. We will only discuss the issue 
about time decrease, and we will use time dilation to 
express the issue as follows: 

Human is able to accelerate the absolute velocity of 
particle to the velocity approximate to light velocity by 
synchrocyclotron so as to prolong the life of particle by 
tens of times; however, for an object with certain mass, 
even if the mass is only 1g, up to now, human cannot 
accelerate its velocity to the velocity approximate to light 
velocity. It is observed from calculation that it is more 
difficult to accelerate the velocity of an object of 1g in 
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mass to 0.1C than to send a heavy of 1000kg into the 
moon. However, we cannot eliminate the possibility that 
human can accelerate the velocity of heavy to the velocity 
approximate to light velocity by advanced technology; it is 
possible for human to take spaceship at a velocity of being 
approximate to light velocity to achieve time travel to 
prolong human life by several times, but the in-depth 
analysis shows that it is impossible for human to achieve 
time travel to prolong human life by several times.  

The foregoing shows that only the object in circular 
motion will have absolute velocity and absolute time, and 
only circular motion will have motion state in cycles, such 
as planets of the Moon and the sun, whose motions are 
eternal. Straight-line motion is transient motion, having 
relative velocity and relative dilation, being the motion to 
go forward and never to return; in other words, straight 
line motion is unrelated to human’s time travel, 
accordingly. We discuss time dilation only by analysis of 
circular motion.  

Synchrocyclotron is able to accelerate the motion 
velocity of particle to the velocity approximate to light 
velocity, but the spaceship for human cannot achieve 
motion at high velocity by similar synchrocyclotron, the 
reason for which is that human cannot bear the centrifugal 
force due to circulation motion at high velocity other than 
difficulty in production of great accelerator for spaceship. 
It is observed from calculation that if human is in motion 
at a velocity of ten thousandth of light velocity in 
cyclotron, namely velocity is V=30km/s, given that human 
mass is 50kg and supposing that radius of cyclotron is 
50km, the centrifugal force human bear is up to 900000 
Newton, being about 1800 times the gravity of human 
(about 500 Newton), and such huge centrifugal force 
cannot be borne by human, let alone velocity further 
accelerated by 10000 times.  

Since universal gravitation of celestial bodies in 
universe (their mass is expressed by M) can balance out 
the centrifugal force in circular motion, human in 
spaceship’s rotation around celestial body in universe 
means that human obtain absolute velocity, absolute time, 
being an practical approach to achieve actual time dilation. 
Suppose human’s mass is m , and radius of rotation of m
around M is r , rotation velocity is V , then, when m ’s 
rotation around M is in stable state, there will be 
centrifugal force 2mV r  equal to universal gravitation 

2GMm r , as shown in foregoing modified equilibrium 
equation between universal gravitation and centrifugal 
force; 

 ( ) 2

2
M m mVMmG

Mrr

+
=  

m at the left end of the above mentioned equation is 
gravitational mass, being a constant and m at the right end 
thereof is inertial mass; in case of highV , m  is to become 

2 21m m V C′ = − , accordingly , the above mentioned 
equation will become: 
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Since the m of spaceship is tiny compared with M of 
celestial body, even if 100m′ = m, m′  is still tiny as 
compared with M; therefore, there will be

2 21M m V C M + − 
 

approximate to 1, and the 

above mentioned equation can be simplified as: 
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After elimination of m r  from both ends of equation, there 

will be 2 2 21GM r V V C= − , 2 2 21V GM V C r= − , 
to solve the equation to obtain: 
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   = + +     

 (28) 

It is observed from the equation (28) that the solution to 
select large M and small r as radius of rotation will be 
adopted to improve velocity of spaceship’s rotation 
around celestial body.  

The above mentioned analysis is based on the premise 
that black hole with super huge mass is eliminated. 
Therefore, the only way is to look for a celestial body with 
huge mass and medium radius (large radius will lead to 
large r ) in universe. celestial observation only found 
fixed star A1 is huge in mass and medium in radius; its 
mass is 150 times that of the sun and its diameter is 114 
times that of the Sun, (reference documents 6); suppose 
there is human living on the planet adjacent to it and that 
spaceship can rotate around the fixed star surface, 
according to calculation by equation (28), the spaceship 
velocity is up to 510km/s. It is obvious that 510km/s is 
limit flight velocity for human and human flight for one 
year at this limiting velocity will prolong life for 
271seconds. It is observed that the life prolonged by 
spaceship is limited, falling short of the goal to prolong 
life for several times; therefore, it is insignificant travel. 

10. Conclusion 
The analysis in the paper shows that up to now, there 

has been no comprehensive elucidation about special 
relativity theory and general relativity theory in books and 
data. As they ignored some key and necessary explanation, 
the relative velocity and absolute velocity have not been 
properly understood, and there has been no clear 
understanding about actual time operation velocity of 
object and observed time operation velocity of object, nor 
has there been idea about whether there is relation 
between rest mass, rest length and reference system, 
failure to understand that Lorentz transformation should 
be differentiated based on relative velocity and absolute 
velocity. In addition, human is accustomed to analysis 
based on subjective standpoint, making a false deduction 
in analysis of physical phenomena unrelated to 
observation according to relativity theory; general 
relativity theory takes energy transfer force and acting 
force of various fields as one type of force, so it puts 
forward unscientific equivalence principle. 
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In order to solve the above mentioned problems, the 
paper puts forward axiom of equilibrium and invariability 
to deduce Lorentz transformation equation and proposes 
the correlation analysis method, stating that analysis on 
physical interaction between two objects will only be 
carried out according to physical quantities related to the 
two objects to avoid problem as a result of subjective 
analysis based on special relativity theory, that every 
object in universe will have unique circular motion 
velocity unrelated to reference system, that circular 
motion velocity is absolute velocity and presenting 
calculation method for absolute velocity, that the time of 
Lorentz time transformation deduced based on absolute 
velocity is absolute time, and that experiment on relation 
between velocity and time conducted by J·C·Hafele and 
R·E·Keating can verify the absolute velocity is valid.  

This paper puts forward correspondence principle, 
determines that rest mass and rest length is associated with 
reference system, presents relevant calculation methods as 
well as concept about relative transformation and absolute 
transformation, points out that Lorentz transformation 
based on absolute velocity is absolute transformation and 
Lorentz transformation based on relative velocity is 
relative transformation, raises field similarity principle, 
points out that gravitational field and electric field are 
completely similar in terms of physical property and that 
the electric quantity of electric field is unrelated to 
velocity, and the gravitational capacity of gravitational 
field is also unrelated to velocity so as to deduce that 
gravitational mass is constant unrelated to motion velocity 
of object and that equivalence principle is invalid in 
principle.  

It makes a deduction that only when the motion 
velocity of object is tiny as compared to light velocity, 
may the equivalence principle be approximately valid. The 
general relativity theory will have proper analysis 

conclusion, present double equilibrium principle of 
universal gravitation, and point out that two celestial 
bodies having universal gravitation will be in equilibrium 
state. According to the principle, in case that black hole is 
existing, it will not be in motion state; namely, the motion 
velocity of black hole is zero, and 0V = , indicating that 
black hole theory is invalid. 

The density of black hole is calculated in detail, 
pointing out that if all atoms of black hole collapsed and 
became neutrons, the density of these neutrons will still be 
one million times smaller than theoretical density of black 
hole. A deduction is made that black hole is not composed 
of atoms; namely, black hole is not existent as an actual 
matter. In the end, the issue on time travel is discussed, 
pointing out only circular motion may have actual time 
dilation and spaceship for human is only to rotate around 
fixed star to eliminate centrifugal force to be borne by 
human. The calculated limiting velocity of spaceship for 
human is 510km/s; this limiting velocity is much smaller 
than light velocity; therefore, it is impossible for human to 
achieve significant time travel. 
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Abstract  Soils and earth-derived building materials contain radioactive materials provide external exposure to 
nearby individuals and result in detrimental health effects including cancer. The risk of cancer incidence (morbidity) 
and mortality to individuals in Al-Basrah’s population (south of Iraq) related to external exposure to ambient gamma 
radiation is evaluated in this study. The risk estimations include delayed radiation effects (cancer morbidity, 
mortality and hereditary genetic damages). Radiation exposure rates were measured using BGS-4 gamma-ray 
scintillation (Scintrex, Canada) for the period 2012-2013. Absorbed dose rates in air and in human tissues are 
determined by applying typical conversion factors available in the literature. Age-dependent radiation dose is 
calculated for infants, children, and adults. Dose-to-risk conversion factors are applied to estimate potential risk to 
various body organs and tissues as a result of exposure to ambient gamma radiation. The findings of this study report 
that about 0.26% of Al-Basrah population are expected to be diagnosed with radiation-induced cancer over there 
lifetime. The lifetime fatal cancer probability (mortality) is found to be occurs at a rate of 0.19%. The risk of 
developing fatal stomach cancer is found to be occurs at a largest extent in comparison with other exposed body 
organs and tissues. Children and infants are found to be at a greater radiation risk than adults due to lower body 
weight. Other consequences of radiation injury such as genetic effects transmitted to succeeding generations are 
expected to occur at a rate of 0.03% in the offspring of Al-Basrah population as a result of changes transmitted via 
the genetic mechanisms due to irradiation of gonads. 
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1. Introduction 

Al-Basrah city, located to the south of Iraq, has been 
widely contaminated by depleted uranium (DU) particles 
during the 1991 and 2003 Gulf wars. Cancer, birth defects, 
hereditary genetic effects and other radiation-derived 
biological diseases have been widely observed among the 
population of Al-Basrah city. 

Gamma energy is a high-energy electromagnetic 
radiation that can penetrate most substances. Because of 
its high energy, gamma radiation can penetrate the human 
body from the outside and damage cells, which would lead 
to cancer later in life [1]. Humans are exposed to many 
sources of radiation in the environment of which natural 
sources are the most important ones [2]. Natural sources 
deliver the highest radiation dose that people normally 
receive. The average annual dose from natural sources is 
2.4 mSv, which is a reference level representing the 
average 1-5 mSv, and in extreme cases to 1 Sv or more [3]. 

The term natural radiation background is used to designate 
naturally occurring radioactive materials and high-energy 
radiations. The various members of the uranium and thorium 
families and a radioactive isotope of potassium are the 

most important naturally occurring radioactive materials. 
Naturally occurring radiations are due partly to these 
natural radioactive materials and partly to the cosmic 
radiation. The total background radiation levels to which 
people may be exposed are of considerable interest. 
Measurements are usually made with ionization chambers 
and the results expressed in milli-roentgens per year, i.e. in 
terms of the rate of energy absorption. The sea-level value 
is about 0.01 mR/h (88 mR/y) in regions of low background 
but will be considerably higher in many places [4]. 

The aims of this study are:- 
(1) Make quantitative estimations of the biologically 

damaging effects associated with exposure of Al-Basrah 
inhabitants to natural background radiation by using a 
hypothetical linear no threshold (LNT) statistical model. 
The specific risks concerned in this study focus on the 
ionizing radiation as the cause, cancer morbidity, 
mortality (an abnormal process in which cells begin a 
phase of uncontrolled growth and spread) and genetic 
effects transmissible to progeny as the response. The 
assessed harmful consequences of ionizing radiation 
include somatic effects (risk of cancer, leukemia, sterility, 
cataracts, reduction in lifespan) and genetic damage 
(increasing the mutation rate in chromosomes and genes, 
affects future generations). 
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(2) Investigate the effect of the type of dwellings 
(single family house or flat) and materials of construction 
on the dose received by its occupants. 

(3) To determine which population group (infants, 
children or adults) should be the primary target for 
radiation protection. 

2. Materials and Methods 

The exposure rates were measured 1m above the 
ground by using BGS-4 survey instrument. The measuring 
instrument utilized in this study is owned by Ministry of 
Science and Technology/ Hazardous Materials and 
Environmental Researches Directorate. The display in 
counts per second (c.p.s) was converted to exposure rates 
in µ R/hr using equation below [5]: 

 1. . / .
8.27

c p s R hrµ× =  (1) 

One roentgen (R) of exposure dose to a specific volume 
of air at standard conditions results in the absorbed dose of 
0.87 rad. One rad (radiation absorbed dose) is equivalent 
to 0.01 Gray (Gy). A coefficient of 0.7 Sv/Gy is used to 
convert absorbed dose rate in air to effective dose 
equivalent. UNSCEAR 1993 report provides coefficients 
for exposure to terrestrial gamma rays for adults (0.72 Sv/Gy), 
children (0.80 Sv/Gy) and for infants (0.93 Sv/Gy) [6].  

The standard error of the arithmetic mean S.E ( )x  for 
the exposure rate readings is estimated by using equation 
below [7]: 

 . ( ) xS
S E x

n
=  (2) 

where Sx is the standard deviation of the exposure rate 
readings of size (n).  

Exposure is defined as contact of an organism, such as 
humans or endangered species with a contaminant. Exposure 
assessment is the estimation of the magnitude, frequency, 
duration, and route of exposure [8]. The purpose of 
exposure assessment is the estimation of the contaminant 
concentrations and dosages to the population at risk [9].  

Observed radiation affects (or effects the other types of 
noxious agents) may be broadly classified into two 

categories, stochastic and non-stochastic effects. In the 
context of radiation protection, the main stochastic effects 
are cancer and genetic effects. The results of exposure to a 
carcinogen or to a mutagen are an increase in the 
probability of occurrence of the effect with the increase in 
probability being directly proportional to the size of the 
dose. Radiation doses to exposed individuals in Al-Basrah 
population are estimated by using equation below: 

 3ER 10 0.87 0.01 0.7 24 365iH −= × × × × × ×  (3) 

Where iH represent radiation dose rate in mSv/y, ER 
represent exposure rate in µR/h, 10-3, 0.87 rad/R, 0.01 
Gy/rad, 0.7 Sv/Gy, 24 hr/day, and 365 day/y are 
conversion factors. 

The collective effective dose equivalents SE (human-Sv/y) 
were assessed according to the following expression [10]: 

 . ( )E i iS H N H=  (4) 

where iH  is the effective dose equivalent and ( )iN H  is 
the number of individuals in population subgroup i 
receiving dose equivalent of iH . 

3. Risk Characterization 

Toxicity Assessment is the acquisition and evaluation 
of toxicity data for each contaminant, a procedure that is 
performed for both non-carcinogens and carcinogens. The 
final step in a risk assessment is to bring the various 
studies together into an overall risk characterization. 
Public health risk for individual members in Al-Basrah 
population is modeled in this study as a linear function of 
radiological dose: 

 
( )

3Risk Dose 10

Lifetime y Risk Factor

mSv Sv
y mSv

Risk
Sv

−   = ×   
  
 × ×  
 

 (5) 

where Risk = the probability of carcinogenic risk 
(dimensionless), lifetime exposure is taken to be 70 y 
(standard exposure duration for an adult exposed to a 
carcinogen) [11]. 

Table 1. Risk factors to various body organs and tissues (1 Sv=100 rem) [14] 

Cancer Radiation mortality (risk per rem) Radiation inecidence (risk per rem) Lethality 

Bladder 0.00003 0.00006 0.5 

Bone surface 0.000005 0.00001 0.7 

Breast 0.00002 0.00004 0.5 

Colon 0.000085 0.00015 0.55 

Leukemia (Bone marrow) 0.00005 0.00005 0.99 

Liver 0.000015 0.00002 0.95 

Lung and Bronchus 0.000085 0.00009 0.95 

Oesophagus 0.00003 0.00003 0.95 

Ovary 0.00001 0.00001 0.7 

Skin 0.000002 0.001 0.002 

Stomach 0.00011 0.00012 0.9 

Thyroid 0.000008 0.00008 0.1 

Remainder 0.00005 - - 
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Estimation of the potential risk from low levels of 
ionizing radiation requires application of dose-to-risk 
conversion factors to the estimation of the dose. For 
external sources of linear energy transfer (LET) radiation 
that provide nearly uniform irradiation of the body, the 
risk of cancer incidence (morbidity) and mortality as a 
function of external dose can be closely approximated 
using the conversion factors of 8×10-2 and 6×10-2 risk per 
sievert (Sv), respectively [12]. Morbidity and mortality 
risks to specific body organs and tissues can be estimated 
by means of the risks factors listed in Table 1. The risk 
coefficient for genetic effects in all generations following 
the radiation exposure of adults is 0.01 Sv-1 [13]. 

The genetic injury or damage to Al-Basrah population 
from radiation exposure is estimated in this study from the 
total number of human-sieverts delivered to the gonads. It 
is thought that in the majority of cases the inherited 
change will have a deleterious effect on the individual. 
This may be premature death, inability to produce 
offspring, susceptibility to disease, or any number of 
changes of lesser or greater importance [13]. The genetic 
risk coefficient for gonads is taken to be 4×10-3 Sv-1 for 
the first 2 generations (Cember, 1987) and 0.01 Sv-1 for all 
generations [14]. 

4. Results and Discussion 

Multi-step risk assessment process is used in this study 
to predict the biologically damaging effect of public 
exposure to ambient background radiation. The 1st step is 
making quantitative measurements of the ability to 
produce ionization in air or the exposure dose to 
individuals in Al-Basrah population living in the area of 
the study by using BGS-4 Gamma-ray Scintillation 
Counter (SCINTREX, Canada) and the results are 
expressed in micro roentgen per hour ( / )R hrµ . Extensive 
measurements of the natural γ-radiation background in the 
outdoor air spaces are made. The 2nd step is estimation of 
the absorbed dose rate in air (in µrad/hr) and biological 
dose in human tissues and organs (in mSv/y) for local 
inhabitants by using a series of conversion factors 
available in the literature. The last step is making a 
correlation between the dose administered and the 
radiation injury produced by using a linear, no-threshold 
(LNT) dose-response statistical model.  

Results of gamma exposure rates measurements are 
presented in Table 2. All field measurements were 
conducted in the period 2012–2013. The standard error of 
the exposure rate readings listed in Table 2 for outdoor 
exposure is estimated to be 0.33 µR/h. Step-by-step 
computation of the effective dose equivalent from the 
exposure rates is shown in Table 3. The natural 
background γ-radiation level in Al-Basrah City (8.87 µR/hr) 
is comparable to that in the USA (8 µR/hr) ersity, 2003]. 
The whole-body effective dose equivalent inferred from 
measurement (0.472 mSv/y) is found to be greater than the 
annual effective dose equivalent of 0.01 mSv, which 
corresponds to the National Council on Radiation Protection 
and Measurement (NCRP) concept of negligible individual 
risk level [15,16]. This result indicates that public exposure 
to natural background radiation causes considerable possible 
long term bioeffects include increased incidence of somatic 

and hereditary genetic effects (increased incidence of 
genetic abnormalities in humans) to a large number of 
individuals in Al-Basrah population. 

Effective dose equivalent to infants, children, and 
adults arising from external exposure to indoor and 
outdoor gamma radiation are listed in Table 4. Infants are 
at greater risk than adults and children due to lower body 
weight.  

The likelihood or probability of radiation risk to Al-
Basrah population is evaluated in Table 5 by using a linear, 
no-threshold (LNT) dose-response model (Eq.(5)) and the 
risk factors listed in Table 1. The biological effects of 
natural background radiation are expressed in statistical 
terms due to biological variability accounts for a difference in 
sensitivity among individuals and a wide variation in 
susceptibility to radiation damage exists among different 
types of cells and tissues. The probabilities of cancer risks 
to various body organs and tissues are calculated and the 
results are listed in Table 5. The results of quantitative risk 
assessment are written in Table 5 in the following form 
(Risk = Number of injuries or deaths per number of 
people exposed to hazard). The risk of developing blood 
cancer (leukemia) as a result of the irradiation of the bone 
marrow is calculated to be 1 in 6060 exposed individuals, 
while the risk of developing bone cancer is evaluated to be 
1 in 62500. The fatality rate in Al-Basrah population owing 
to natural γ-radiation exposure is evaluated at 28 extra 
fatal cancer case/million people/year. The gonad dose of 
0.472 mSv/y is found to be less than the population dose 
limit for genetic effects of 1.7 mSv/y proposed by the 
National Council on Radiation Protection and 
Measurements (NCRP) [17] and less than the dose limits 
for gonads of 5 mSv/y recommended by the International 
Commission on Radiological Protection (ICRP) [18]. 

Table 2. Results of gamma exposure rates measurements 

No. Location/district Mean exposure rate 
(µR/hr) 

1 Al-Tameemiya (Al-Robat Youth Center) 9.12 
2 Al-Jamhuriya (near football stadium) 10.48 
3 Al-Barakhiya (near educational hospital) 8.2 

4 Bab Al- Zubair (near economic and 
management college) 9.7 

5 Al-Zubair (near Al-Zubair hospital) 11.2 
6 Al-Zubair 12 
7 Al-Basrah University (Karmat Ali) 7.8 
8 Karmat Ali (center) 8 
9 Al-Ma'aqal (near rain station) 8.0 
10 Al-Tanoma 6.8 
11 Al-Seba 7.6 
12 Abi-Al-khasib 6.6 
13 Hamdan 9.12 
14 Safwan (center) 10.25 
15 Safwan (farms) 10.95 
16 Safwan (Salam mountain) 11.40 
17 Al-Hartha (center) 7.5 
18 Al-Deer (center) 9.4 
19 Al-Kurna (center) 7.8 
20 Al-Huwair (center) 7.2 

21 Talha (near petroleum wells, west of Al-
Kurna) 10.0 

22 Ahmad Ebn-Ali (Talha center) 7.8 
23 Al-Mdayna (center) 7.1 

Mean ± standard deviation 8.87 ± 1.61 
Range 6.6 - 12 
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Table 3. Exposure rates, effective doses, morbidity and mortality 
risks from lifetime (70 year) external exposure to indoor and 
outdoor ambient γ-radiation level in Al-Basrah city 

Parameters Value 

Ambient γ-radiation level, outdoor (μR/hr) 8.87 (6.6 – 12) 

Absorbed dose rate in air (µrad/hr) 7.71 

Absorbed dose rate in air (µGy/hr) 0.0771 

Effective dose equivalent (mSv/y) 0.472 
Lifetime morbidity health risk (extra cancer case 
per no. of exposed individuals) 1 per 377 

Lifetime mortality health risk ((extra fatality 
case per no. of exposed individuals)) 1 per 503 

Table 4. Ranking of exposed groups in Al-Basrah population on the 
basis of the radiation dose administered (mSv/y) (age-dependent 
radiation dose) 

Rank Group Radiation dose (mSv/y) 

1 Infants (1<age(y)<2) 0.628 

2 Children (2<age(y)<18) 0.540 

3 Adults (age(y)>18) 0.472 

Table 5. Lifetime (70 years) cancer mortality and morbidity risks to 
various body organs and tissues as a result of external exposure to 
indoor and outdoor gamma radiation 

No. Body organ or tissue Mortality risk Morbidity risk 

1 Bladder 99 per million 198 per million 

2 Bone surface 16 per million 33 per million 

3 Breast 66 per million 132 per million 

4 Colon 280 per million 495 per million 

5 Leukemia (Bone marrow) 165 per million 165 per million 

6 Liver 49 per million 66 per million 

7 Lung and Bronchus 280 per million 297 per million 

8 Esophagus 99 per million 99 per million 

9 Ovary 33 per million 33 per million 

10 Skin 6 per million 3304 per million 

11 Stomach 363 per million 396 per million 

12 Thyroid 26 per million 264 per million 

13 Remainder 165 per million – 

5. Conclusions 

(1) Al-Basrah City is situated in an area of low 
background radiation since the ambient γ-radiation level is 
found to be <10 µR/hr. The environmental γ-radiation 
background level in Al-Basrah City is classified as "unhealthy" 
since the mean γ-radiation exposure rate inferred from 
measurement (8.87 µR/hr) is found to be between 33 and 
66% of the EPA's external gamma radiation criterion of 20 
µR/hr for habitable structures [20,21]. 

(2) The effective dose equivalent is found to be less 
than the recommended dose limit to the public (1 mSv/yr) 
[22]. However, the results indicate that population exposure 
to natural background radiation causing considerable 
carcinogenic risks and genetic damage to a large number 
of people. 

(3) Population exposure to natural background radiation 
is found to be causing considerable carcinogenic risks and 
genetic damage to a large number of people. The lifetime 
fatal cancer risk to a person receives 0.472 mSv/y is 0.19% 
(about 2 chances in a thousand exposed individuals, or 

there is one additional death in a group of 503 people if 
they would all receive 0. 472 mSv/y instantaneously). 

(4) The chronic excess cancer risk estimates attributed 
to external exposure to natural background γ-radiation 
level is found to be exceed the EPA’s 1×10-5 risk level of 
concern [21] for all receptors evaluated. 

(5) The various body organs and tissues differ in their 
sensitivity to the ionizing radiation emitted from natural 
sources. 

(6) Possible long-term bioeffects related to exposure of 
Al-Basrah population to natural background radiation 
include increased incidence of hereditary genetic 
abnormalities in humans at a rate of 0.03% due to 
irradiation of gonads. 

(7) Children and infants are at greatest risk than adults 
(Riskinfant>Riskchild>Riskadult) (Table 4) due to lower body 
weight. 

(8) The appearance of cases such as cancer, inability to 
produce offspring, premature death, susceptibility to 
disease, and abnormal offspring among residents of Al-
Basrah City is an evidence of the harmful consequences 
and biologically damaging effects associated with chronic 
doses of natural background ionizing radiation and public 
exposure to other carcinogens. 

6. Recommendation 

(1) The radioactivity of local and imported building 
materials needs to be monitored in Iraq to prevent 
dwellings from becoming a major source of radiation 
hazard.  

(2) National radiation protection guides or criteria 
system for radioactive materials content in local and 
imported building materials are need to be established in 
Iraq in order to protect the public health from harmful 
consequences associated with exposure to natural 
background radiation and to maintain the radiological 
exposure of the public at the lowest practicable value (as 
low as reasonably achievable). 
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1. Introduction 

Among the motions of a ship at sea, roll motion is the 
most important one. The accelerations due to wave-induced 
roll motions negatively influence on a fishing vessel 
performances by making limitation in comfort, workability 
and safety. The roll stabilization systems have been 
widely studied for more than three decades and various 
types of anti-rolling devices have been introduced to 
reduce the undesirable roll motion [1,2]. The active fin 
stabilizer has been considered as the most effective  
anti-rolling technique for ships which normally operates 
above certain speeds. It reduces roll motion by controlling 
the mechanical angle of the fin according to the ship roll 
angle and roll rate [3]. 

The studies of the nonlinear roll motion model have 
been done by Taylan [4]. In those models, nonlinear 
restoring terms were considered as a third order 
polynomial; likewise, nonlinear damping was regarded as 
a second-order polynomial. In research of Surendran et. al. 
[5], the roll dynamics of a Ro–Ro ship taking into account 
the many types of combinations of loads in linear and 
nonlinear forms. A lift feedback fuzzy-PID control 
method was developed to better deal with these problems, 
and this lift feedback fin stabilizer system was simulated 
under different sea condition [6]. The roll amplitude of the 
fishing vessel under the wave effect was analyzed using 
the nonlinear mathematical model in Alarçin’s paper [7]. 

The PID controller has mainly been used in the ship fin 
stabilizers. The results of using a combined neural 
network and PID for roll control of ship with small 
draught were presented [8]. Modified PID control design 
was presented for roll fin actuator of nonlinear modeling  
 

of the fishing boat [9], roll damping characteristics of a 
trimaran displacement ship [10]. However, because of 
difficulty, non-linearity, and constriction of fin stabilizers 
in this method, attaining the optimal performance for 
control system is very intricate [11]. A multi-input multi-
output (MIMO) optimal control system that has two 
control inputs such as fin stabilizers and pod propellers is 
designed. The linear quadratic regulator (LQR) control 
algorithm is applied to reduce the roll motion of cruise 
ships in regular waves [12]. A robust fin controller based 
on L2 gain design is proposed, in order to reduce the roll 
motion of surface ships. The plant consists of the ship roll 
dynamics and that of the fin actuator [13].  

The purpose of this paper is the nonlinear modeling and 
its coefficients extraction as well as designing constrained 
controller for fin-roll stabilizer in a fishing vessel. To 
achieve this goal, the active fin stabilizer with NACA0015 
section is used as the fin-roll stabilizer. Also, CFD method 
is used for the flow analysis so that the lift coefficient 
would be extracted which, in turn, is validated by use of 
empirical formulas. The roll motion model is derived in 
the presence of irregular waves. In this model, the 
nonlinear restoring moment is considered as a 3rd order 
polynomial and its coefficients are calculated by the GZ 
curve and the empirical formulas. A nonlinear term is also 
considered for the roll damping moment. Furthermore, the 
linear damping coefficient, mass moment of inertia and 
added mass moment of inertia are calculated by using the 
Free Roll decay test and empirical formulas. 

Finally, the constrained LQR is designed as optimal 
stabilizer to control the roll motion. In order to fortify the 
results of this study, the performance of this controller is 
compared with a conventional PID controller. Simulation 
results, demonstrated in time domain, are presented to 
show the effectiveness of the constrained LQR.  
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2. Nonlinear Modeling 

It is assumed that the fin stabilizer is approximately 
located in amidships close to the center of gravity and 
there is a minimum coupling with the other motions. 
Consequently, the coupling with other motions can be 
regarded and just one degree of freedom can be 
considered. The model of roll motion can be represented 
as 

 xx d f hI

p

φ τ τ τ

φ

= − −

=





 (1) 

where ϕ, p, Ixx , τf , τh  and τd  are roll angle, roll rate, roll 
moment of inertia, moment created by fins, hydrodynamic 
moment and wave excitation moment, respectively. The 
moment due to the fins and the hydrodynamic moment are 
calculated for a fishing vessel with characteristics which 
presented in the Table 1 and the body plane illustrated in 
the Figure 1. 

Table 1. The specifications of the fishing vessel 

Value Item 
20 Length (m) 

5.714 Breadth (m) 
2.854 Draft (m) 
2.4 Vertical center of gravity (m) 

0.57 Metacentric height (m) 

12.5 Service speed (m/s) 
0.457 Block coefficient 

 
Figure 1. Fishing vessel at roll angle 

2.1. Fin Data 
The coefficients of fin stabilizer which conisdered in 

this study are presented in Table 2. 

Table 2. Characteristics of the fin  

Value Item 

3.7 Fin area (m2) 

1.4 Fin span (m) 
2.2 Mean chord (m) 
5.8 Fin lever (m) 

0.72 Aspect ratio 

NACA0015 Fin section 

 
Figure 2. Lift coefficient of the fin 

The fins moment can be determined by the Eq. (2). 

 2 ( )f f f L eV A R Cτ ρ α=  (2) 

where ρ, V, Af , Rf  and CL(αe) are the density of the flow, 
ship speed, fin area, fin lever, and lift coefficient 
respectively. It should be noted that lift coefficient is a 
function of the effective angle of attack between the flow 
and the fin (Figure 2).  

2.2. The Hydrodynamic Moment 
The hydrodynamic moment due to the interaction 

between fluid and ship is defined by Eq. (3). 

 1 2( , ) ( )h pK p f fτ φ φ φ= + +




  (3) 

where Kp ṗ regards a hydrodynamic moment in roll due to 
pressure variation that is proportional to the roll 
accelerations and the coefficient Kp, called roll added 
mass. The 1( , )f φ φ  is damping term and it can be 
represented as Eq. (4). 

 1( , ) p p pf k kφ φ φ φ φ= +    (4) 

where kpϕ is a linear damping term which includes forces 
due to wave-making and linear skin-friction. Besides, the 
coefficient kp  is denoted a linear damping coefficient. The 
kp|p|ϕ̇�ϕ̇�  is a nonlinear damping term, which contains 
moments due to viscous effects, alike nonlinear skin 
friction and eddy making due to flow separation. Also, the 
coefficient kp|p|  is denoted a nonlinear damping 
coefficient. the kp|p|  is about 60% of kp  at an advance 
speed of zero knots, kp|p| is reduced to 5% of kp  at an 
advance speed of 15 knots, and kp|p| is practically zero at 
an advance speed of 30 knots. The 2 ( )f φ is the restoring 
moment term due to gravity and buoyancy and it can be 
specified as Eq. (5). 

 2 ( ) ( )f GZφ φ= ∆  (5) 

where 𝛥𝛥  is the ship's displacement and 𝐺𝐺𝐺𝐺(𝜙𝜙)  is the 
restoring moment arm that it is function of the roll angle. 
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Figure 3. GZ curve of fishing vessel  

The GZ curve is an odd function and therefore 
represent with odd order polynomial. Meanwhile, GZ 
curve of the fishing vessel is shown in Figure 3. The  
GZ-curve for the restoring moment arm has been defined 
by the following polynomial formula 

 3 5
1 3 5( )GZ c c cφ φ φ φ= + +  (6) 

where the coefficients 𝑐𝑐1, 𝑐𝑐3, and 𝑐𝑐5 defined by Taylan [4]: 
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where 𝐺𝐺𝐺𝐺, 𝜙𝜙, and 𝐴𝐴𝜙𝜙𝜙𝜙  are, respectively, the metacentric 
height, angle of vanishing stability, and undersurface the 
𝐺𝐺𝐺𝐺 curve. 

2.3. Calculation of Hydrodynamic 
Coefficients 

The non-dimensional damping coefficient can be 
calculated as follows: 

 1 2ln( )
.

2φ
φ φ

ζ
π

≅  (8) 

Based on the results above and the following standard 
relationships, the hydrodynamic coefficients may be 
calculated by the following formulas  

 2
Tφ
φ

πω =  (9) 

 2xx p
GMI K
φω

∆
+ =



 (10) 

 2 ( )p xx pk GM I Kφζ= ∆ +


 (11) 

The wave exciting moment is defined by 

 2
max cos( )d xx e eI tτ ω α ω=  (12) 

where 𝛼𝛼𝑚𝑚𝑚𝑚𝑚𝑚  the maximum wave slope and 𝜔𝜔𝑒𝑒  is the wave 
encounter frequency that is described as 

 ( 1 )e V cos
g
ωω ω µ= −  (13) 

where 𝜔𝜔  and 𝜇𝜇  are the wave frequency and the wave 
encounter angle. 

2.4. Fin Dynamic Model 
Block diagram of the fin-roll closed loop control system 

is summarized in Figure 4. The roll angle and roll rate are 
measured by gyroscope. The active fin is actuated by 
Electro-Hydraulic Servomechanism which is called fin’s 
actuator. Fin’s actuator has a first order dynamic model as 
Eq. (14). 

 e m m dc cT Kα α α+ =  (14) 

where, 𝐾𝐾𝑑𝑑𝑐𝑐  is dc gain of the actuator and 𝑇𝑇𝑒𝑒  is time 
constant due to the delay between 𝛼𝛼𝑐𝑐  and 𝛼𝛼𝑚𝑚 .  

The relationship between mechanical and effective 
angle of attack is as Eq. (15). 

 
tan ( )

e f m

f f
f

R p R p
arc

V V

α α α

α

= − −

= ≈
 (15) 

where 𝛼𝛼𝑓𝑓  is flow angle which derived by the combination 
of the local roll-induced velocity together with the forward 
velocity of the fishing vessel. 

+ -Controller

Gyro

 Fin’s actuator

Ref.

Fishing boat

Magnitude saturationSlew rate saturation

 
Figure 4. Block diagram of the fin-roll closed loop control system 
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2.5. State Space Model 
According to Eqs. (1) and (15), the nonlinear model of 

roll motion can be summarized as following equation: 

 

( )
( )3 5
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α α
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+∆ + + = −

= − −

+ =


   

 (16) 

Also, based on the assumptions listed in section 2.3, it 
is considered linear model roll motion. A linear state space 
model to describe the dynamic of the roll motion can be 
presented by 
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 (17) 

where x(t) = [x1(t), x2(t), x3(t)]T  is [ϕ(t), p(t),αm (t)]T  
and u(t) is αc(t). As well as 𝑘𝑘1 = 𝑘𝑘𝑑𝑑𝑘𝑘 𝑇𝑇𝑒𝑒⁄  and 𝑘𝑘2 = 1 𝑇𝑇𝑒𝑒⁄ . 
Also, the operational constraints should be considered  
as: 

• Input constraints which reflect the saturation of the 
mechanical fin angle: 

 c satα α≤  (18) 

• State constraint that is used in order to preventing the 
dynamic stall: 

 .f
e m stall

R
P

V
α α α= + ≤  (19) 

3. Controller Design 

In this section, a constrained LQR as an optimal controller 
for stabilizing the ship in roll motion was designed. The 
aim of controller is regulating the state variables with 
minimum control action. Therefore, it is considered the 
continuous-time linear time-invariant system as: 

 ( ) ( ) ( ).c cx t A x t B u t= +  (20) 

And it is sampled discrete-time version as Eq. (21). 
 ( 1) ( ) ( )x t Ax t Bu t+ = +  (21) 

where 3x Rε and u Rε . 
The optimal control input, u(t), should minimize the 

cost function, J. 

 
( ) ( ) ( )( )

( ) ( ) ( ) ( )τ τ

τ t

J u t , u t 1 , , x t

x τ Qx τ u τ Ru τ
∞

=

+ …

= +∑
 (22) 

Also, it is subjected to the linear constraints as Eq. (23). 

 
( 1)
( ) .

G x g
H u h

τ
τ
+ ≤
≤

 (23) 

For all τ ≥ t , where 0R > , 0Q ≥ and 1 3G Rε × and
H Rε . The pair (A, B) is controllable, and it is assumed 
that , 0g h >  to ensure that the origin is an interior point 
in the acceptable region. The optimal cost function is 
defined as 

 
( ), ( 1),...

( ( )) min ( ( ), ( 1),..., ( ))
u t u t

F x t J u t u t x t
+

= +  (24) 

where the minimization is subject to the dynamics of the 
system (Eq. 21), and the constraints (Eq. 23) are imposed 
at every time { }, 1, 2,...t t tτ ε + + on the trajectory. There 
are different methods for solving these kinds of problems. 
It has been done the constrained LQR design using 
Sequential Quadratic Programming (SQP) methodology 
with quadratic objective functions that is an effective 
algorithm. 

4. Simulation Results and Discussion 

The sailing condition is assumed for a random sea and 
beam sea condition at the forward speed 20 knots. Such a 
profile corresponding to a regular wave with period of 10s 
with a steepness of 1/60 is assumed for the calculation of 
exciting moment. The exciting moment was derived from 
a MATLAB code, and is depicted in Figure 5. 

 
Figure 5. Plot of exciting moment 

Table 3. The calculated coefficients of the vessel 

Value Item 

0.73 ( ) 

-0.0504 ( ) 

0.1912 ( ) 

8.75 ( ) 

53.65 ( ) 

0.4375 ( ) 

1c 2 2kg m s −

3c 2 2kg m s −

5c 2 2kg m s −

pk 2 1kg m s −

xx pI k+


2kg m

p pk 2kg m
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According to the empirical formulas and the 
specifications of the fishing vessel, with fin and in the 
linear region of the lift curve, obtained values are 𝐶𝐶𝐿𝐿 = 0.61, 
𝑑𝑑𝐶𝐶𝐿𝐿/𝑑𝑑𝛼𝛼𝑒𝑒 = 1.762 (𝑟𝑟𝑚𝑚𝑑𝑑−1) and 0.62 ( )stall radα = . Also, 
the fins moment is 2047.83 ( . ).c N mτ =  By using of the 

roll decay test, the first two peaks are 1 8φ =   and 

2 5.7φ =  . The non- dimensional damping coefficient and 
roll natural period obtain 𝜁𝜁𝜙𝜙 = 0.054

 
and Tϕ = 5.5 sec. by 

using Eq. (8). The calculated restoring and damping moment 
coefficients for the fishing vessel are expressed in Table 3. 
Some other data are given as follows: Sea water density: 

31025 ( / )kg mρ = , Gravity constant: 29.81( / )g m s= , 
kp|p|: 5% of kp , Added mass moment of inertia: 20% of 
displacement. 

The open loop roll system is simulated using MSS 
toolbox. The roll responses for two state linear and 
nonlinear models for initial roll angle 5° are shown in 
Figure 6 and Figure 7. The results show the nonlinear 
terms cause deviation of linear model but the amplitude of 
these deviations, in order to design controller, is 
negligible. 

 
Figure 6. Comparison of open loop response for linear and nonlinear 
models with initial roll angle 5° 

 
Figure 7. Comparison of open loop response for linear and nonlinear 
models 

The closed loop fin-roll system is simulated by 
employing the constrained LQR controller with fin for 
initial roll angle 5° . Simulation results were compared 

with the results of the PID controller presented by [14] and 
the uncontrolled system. Figure 8 and Figure 9 show that the 
amplitude of the roll angle and roll rate in the constrained 
LQR controller is smaller and smoother than PID 
controller. 

 
Figure 8. Comparison of roll angle response for the constrained LQR, 
PID controller and uncontrolled with initial roll angle 5  

 
Figure 9. Comparison of roll rate response for the constrained LQR, PID 
controller, and uncontrolled 

 
Figure 10. Variations of the fin regarding to the two controllers, a) 
Constrained LQR, b) PID controller 

The mechanical angles of the fin in the simulations for 
two LQR and PID controller have been shown in Figure 10. 
The characteristics of simulation results for two controllers 
are summarized in table (4) which shows roll angle and roll 
rate, by using constrained LQR control are improved about 
50% in comparison with the results of PID controller. 
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Table 4. Comparison of the controller’s performance 

Max. roll rate 
(deg./s) 

Max. roll angle 
(deg.) Controller 

8 6.5 Uncontrolled 

2.5 2 PID Controller 

0.7 1 Constrained LQR 

5. Conclusion 

In this paper, the nonlinear modeling was derived for 
the fin-roll motion. The coefficients of nonlinear model, 
the nonlinear damping, and restoring terms were 
computed by means of the empirical formulas and 
numerical calculations by using the CFD method and 
MATLAB software. By considering the NACA0015 
section, flow analysis and lift coefficient computation are 
presented by CFD method. Also, a constrained LQR was 
designed to satisfy the operational constraints of the roll 
motion including the mechanical fin angle and the 
dynamic stall saturations in order to achieve the desired 
performance. The simulation results for two constrained 
LQR and PID controllers were presented and compared in 
the presence of irregular wave. All in all, the simulation 
results showed that the constrained LQR reduced the RMS 
value of the roll motion. 
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