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Dark Matter May be a Possible Amplifier of Black Hole 
Formation in the Context of New Functional and Structural 
Dynamics of the Cosmic Dark Matter Fractal Field Theory 
(CDMFFT)          

By T. Fulton Johns DDS 
Abstract- It is possible that as the dominate component of our cosmos, dark matter/dark energy, 
could be a driving force behind black hole(BH) formation at all scales in our universe. There is 
reason to believe that the extreme density of baryonic matter/gravity that produces stellar 
formation throughout our universe and its end of life transition explosion seen in supernova 
produces enough outward pressure it pulls in dark matter/dark energy (DM/DE) into the stellar 
core. This extreme event seen throughout our universe could conceivably produce enough 
negative pressure at its core to “suck-in” DM/DE from the other side of the baryonic 
matter/cosmic dark matter fractal field/interface(BM/CDMFF/I); creating a super massive injection 
of dark matter derived gravity within the collapsing star core fueling the extreme gravity 
conditions and the resulting implosion believed to occur in black hole (BH) formation of massive 
Chandra limit stars of all types. The Cosmic Dark Matter Fractal Field theory as described in the 
book “The Great Cosmic Sea of Reality” has given science a new paradigm to consider when 
examining our reality in a very different way.  
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Dark Matter May be a Possible Amplifier of 
Black Hole Formation in the Context of New 
Functional and Structural Dynamics of the 
Cosmic Dark Matter Fractal Field Theory

(CDMFFT)
T. Fulton Johns DDS

Abstract- It is possible that as the dominate component of our 
cosmos, dark matter/dark energy, could be a driving force 
behind black hole(BH) formation at all scales in our universe. 
There is reason to believe that the extreme density of baryonic 
matter/gravity that produces stellar formation throughout our 
universe and its end of life transition explosion seen in 
supernova produces enough outward pressure it pulls in dark 
matter/dark energy (DM/DE) into the stellar core. This extreme 
event seen throughout our universe could conceivably 
produce enough negative pressure at its core to “suck-in” 
DM/DE from the other side of the baryonic matter/cosmic dark 
matter fractal field/interface(BM/CDMFF/I); creating a super 
massive injection of dark matter derived gravity within the 
collapsing star core fueling the extreme gravity conditions and 
the resulting implosion believed to occur in black hole (BH) 
formation of massive Chandra limit stars of all types. The 
Cosmic Dark Matter Fractal Field theory as described in the 
book “The Great Cosmic Sea of Reality” has given science a 
new paradigm to consider when examining our reality in a very 
different way.  Such a shift in understanding our cosmos 
should lead us to question many conventional theories and so 
called “natural laws” that fit well in the Newtonian worldview 
but like many other scientist the advent of quantum field theory 
has required that we rethink some of these still closely held 
explanations of how our cosmos is structured and functions at 
all scales.

I. Introduction

ur reality is indeed illusory when taken into full 
context as a part of an expanse that sits almost 
exactly in the middle of a scalar continuum from 

the Planck scale to the vast visible universe and the 
super-massive objects known to exist there. Even more 
illusory when we consider that all of the matter that we 
can perceive through scientific inspection and even our 
individual sensory perceptions make up only 4% of our 
entire cosmos. The presence of dark matter and dark 
energy accounting for the other 96% leaves quite a void 
in our pretense to understand the cosmos. However, 
there are significant clues that lead to clarity when the 
body of scientific research is considered across multiple 
disciplines.  That is what I have done for most of my 
professional years as a perpetual student of the 
sciences and have discovered a common thread that 
encompasses all forces of nature including the 
neglected life force. So it is not as an authority on any 
one subject that I bring this theory forward for your 
consideration but as a student who has uncovered a 
concept that keeps answering questions I have 
pondered for decades.

Figure 1

Author: e-mail: tfjohns@gmail.com
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II. Black Hole Dynamics

This is a quote from an article from Space.com 
"Astronomers know of two "flavors" of black holes: 
"stellar-mass," which are up to a few dozen times the 
mass of Earth's sun, and "massive," which can be 
billions of times the sun's mass — nearly the mass of all 
the stars in the entire Milky Way galaxy. Stellar-mass 
black holes are known to be the remains of dead stars, 
but it remains a mystery how the far-more-massive black 
holes formed. [Photos: Black Holes of the Universe]. 

There is a relatively new focus in astrophysics 
and astronomy using the vast array of both land based, 
space based telescopes and gravity wave detectors in a 
collaborative network to study BH dynamics in deep 
space. This announcement from Space.com concerning 
the detection of gravity waves from the Light 
Interferometer Gravity Observatory (LIGO) “On Sept. 14, 
2015, LIGO made the first-ever direct detection of 
gravitational waves, more than 100 years after Einstein 
first predicted them. (The detection was announced in
February 2016.)   The space-time ripples were coming 
from two black holes that had been orbiting each other, 
growing gradually closer and closer together until they 
finally collided. All five of the black-hole merger events 
detected by LIGO have involved so-called stellar-mass 
black holes, which have masses of between about five 
and 100 times that of Earth's sun.” This event gives 
evidence that the fabric of space-time model given to us 
by Albert Einstein and the “wave like” bending of space-
time action predicted by his theory of General Relativity 
(GR) has been verified with this new type of cosmic 
detector/observatory instrument.  There are now three of 
these LIGO installation locations across the globe 
separated by thousands of miles and on two continents. 
The two LIGO locations in the United States and the 
VIRGO installation in Italy act as comparison 

Black holes (BH) appear to be the incinerator of 
baryonic matter (BM) as they sit at the center of all 
galaxies and exist elsewhere at different scales known 
as rogue solo black holes (RSBH).  The black hole at the 
center of our galaxy is estimated to be 3 billion solar 
masses. Our Milky Way galactic center is not the largest 
of the BH family in our universe any two colliding BH’s 
seem to always produce a larger one. However, there 
are limits to stellar derived BH’s and it is the influx of 
DM/DE into this process that could solve the mystery as 
to the massive and supermassive BH’s common to 
galactic centers. This produces extreme density of 
mass/gravity and larger and larger BH’s, therefore 
producing ever growing extreme gravity along with what 
is known as an event horizon also known as the

Schwarzschild radius. The Schwarzschild radius is a 
zone around the BH that is the point of no return once 
BM crosses this theorized line. The BM will be 
consumed within the core space-time singularity and 
according to the CDMFF theory changed to something
else that conserves and carries the information 
contained within into this great vortex of immense 
energetic gravity and recycled as the memory of 
morphic fields at the Planck scale at the BM/CDMFF/I of 
all BH’s.

See Possible Origin of Virtual Particles:-  

https://globaljournals.org/GJSFR_Volume17/1-Possible-
Origins-of-Virtual.pdf. 

This highly energetic thermodynamic zone 
seems to exhibit reverse entropy as Planck Virtual Black 
Holes (PVBH) produce cyclical energy/information as 
BM is consumed, conserved, and recycled through WH 
dynamics creating a memory of nature through a 
feedback loop process I call biomorphic transradiation.

The White Hole or Interface?
The CDMFFT predicts that white holes are more 

like an interface (WH/I) with wormhole dynamics within 
the foam-like Planck interface as described by the late 
Prof. Steven Hawking in his work on (BH) dynamics at 
the Planck scale (October 6, 1994 paper entitled ‘Virtual 
Black Holes’).

“It seems that topological fluctuations on the 
Planck scale should give space-time a foam-like 
structure. The wormhole scenario and the quantum 
bubbles picture are two forms this foam might take. 
They are characterized by very large values of the first 
and second Betti numbers respectively. I argued that 
the wormhole picture didn’t really fit with what we know 

© 2018   Global Journals1
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Dark Matter May be a Possible Amplifier of Black Hole Formation in the Context of New Functional and 
Structural Dynamics of the Cosmic Dark Matter Fractal Field Theory. (CDMFFT)

confirmation of observed data to these cosmic events, 
as well as, triangulation locators of the event for cosmic 
navigational positioning of BH’s and other supermassive 
collisions which produce a now measurable splash in 
what I call “The Great Cosmic Sea of Reality”.

However, the real source of this gravity injection 
would theoretically be white holes(WH).  It is very 
possible that (WH)’s exist there at the BM/CDMFF/I as 
well, both are predicted to exist from Einstein’s General 
Relativity Theory (GR). “The possibility of the existence 
of white holes was put forward by Russian 
cosmologist Igor Novikov in 1964. White holes are 
predicted as part of a solution to the Einstein field 
equations known as the maximally extended version of 
the Schwarzschild metric” according to Wikipedia.  
Working in a quantum field dynamic of Planck-foam 
interconnected black hole/wormholes, these enigmatic 
(GR) derived organs of Planckian origin, could 
conceivably create the cyclical flux of the 
energy/information of baryonic matter (BM) across the 
baryonic matter/dark matter membrane barrier of two 
different worlds; while possibly creating the virtual 
particles required for organic as well as inorganic reality.

https://globaljournals.org/GJSFR_Volume18/1-Entropy-
is-Not-a-One.pdf

https://www.space.com/31-black-holes-universe.html�
https://www.space.com/31900-gravitational-waves-discovery-ligo.html�
https://www.space.com/31900-gravitational-waves-discovery-ligo.html�
https://en.wikipedia.org/wiki/Igor_Dmitriyevich_Novikov�
https://en.wikipedia.org/wiki/Einstein_field_equations�
https://en.wikipedia.org/wiki/Einstein_field_equations�
https://en.wikipedia.org/wiki/Einstein_field_equations�
https://en.wikipedia.org/wiki/Kruskal%E2%80%93Szekeres_coordinates#The_maximally_extended_Schwarzschild_solution�
https://en.wikipedia.org/wiki/Schwarzschild_metric�
https://globaljournals.org/GJSFR_Volume17/1-Possible-Origins-of-Virtual.pdf�
https://globaljournals.org/GJSFR_Volume17/1-Possible-Origins-of-Virtual.pdf�


 

 

 
 

 

 

 

 

 

 

 

 
 

 
 

   

 
 

  
  

 
 

  
  

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

one can interpret S2×S2 topological fluctuations as 
closed loops of virtual black holes”.

More recently this Black Hole/White Hole 
/Wormhole model has been given more plausibility from 
such evidence as seen in this paper:

Hal M. Haggard∗ and Carlo Rovelli† Aix-Marseille 
Universit´e and Universit´e de Toulon, CPT-CNRS,
Luminy, F-13288 Marseille (Dated: Fourth of July, 
2014)

“We show that there is a classical metric 
satisfying the Einstein equations outside a finite space-
time region where matter collapses into a black hole and 
then emerges from a white hole. We compute this metric 
explicitly. We show how quantum theory determines the 
(long) time for the process to happen. 

A black hole can thus quantum-tunnel into a 
white hole. For this to happen, quantum gravity should 
affect the metric also in a small region outside the 
horizon: we show that contrary to what is commonly 
assumed, this is not forbidden by causality or by the 
semi-classical approximation, because quantum effects 
can pile up over a long time. This scenario alters 
radically the discussion on the black hole information 
puzzle.”

They further state this:
“Surprisingly, we find that such a metric exists: it 

is an exact solution of the Einstein equations 
everywhere, including inside the Schwarzschild radius, 
except for a finite— small, as we shall see—region, 
surrounding the points where the classical Einstein 
equations are likely to fail. It describes in-falling and then 
out-coming matter.”

This seems to be describing a Planck singularity 
within PVBH’s.  The zone where classical general 
relativity and Einstein equations break down and a 
reverse singularity emerges as does reverse entropy. 
Furthermore, this is evidence that a cosmic scale BH 
singularity is the same as a Planck level PVBH 
singularity. Which makes perfect sense because even 
the largest object in the universe has a Planck scale. 
They conclude:

III. Relation With A Full Quantum 
Gravity Theory

We have constructed the metric of a black hole 
tunneling into a white hole by using the classical 
equations outside the quantum region, an order of 
magnitude estimate for the onset of quantum 
gravitational phenomena, and some indirect indications 
on the effects of quantum gravity. This, of course, is not 
a first principle derivation. For a first principle derivation 
a full theory of quantum gravity is needed. However, the 

metric we have presented poses the problem neatly for 
a quantum gravity calculation. The problem now can be 
restricted to the calculation of a quantum transition in a 
finite portion of space-time. The quantum region that we 
have determined is bounded by a well defined classical 
geometry. Given the classical boundary geometry, can 
we compute the corresponding quantum transition 
amplitude? Since there is no classical solution that 
matches the in and out geometries of this region, the 
calculation is conceptually a rather standard tunneling 
calculation in quantum mechanics. Indeed, this is 
precisely the form of the problem that is adapted for a 
calculation in a theory like covariant loop quantum 
gravity [26, 27]. The spin-foam formalism is designed for 
this. Notice that the process to be considered is a 
process that takes a short time and is bounded in 
space”.

“Loop quantum gravity (LQG) is a theory 
of quantum gravity, merging quantum mechanics  and
general relativity. Its goal unifies gravity in a common 
theoretical framework with the other three fundamental 
forces of nature, beginning with relativity and adding 
quantum features. It competes with string theory that 
begins with quantum field theory and adds gravity” Also 
this “In 2014 Carlo Rovelli  and Francesca Vidotto 
proposed that there is a Planck star inside a black 
hole.[19] This theory, if correct, would resolve the black 
hole firewall and black hole information paradox. This 
idea is based on loop quantum gravity” this definition 
according to Wikipedia.

It is conceivable from the model of the baryonic 
matter/cosmic dark matter fractal field/interface that the 
sudden instantaneous implosion followed by an
explosion of a star, when the gravity dynamics produce 
supernova that a substantial gravity shift might occur.  
This gigantic energy producing display may internally 
produce large fluid dynamic motion through this BM/DM 
zone injecting this mysterious dark matter into the core 
of the newly formed BH.

Dark Matter May be a Possible Amplifier of Black Hole Formation in the Context of New Functional and 
Structural Dynamics of the Cosmic Dark Matter Fractal Field Theory. (CDMFFT)
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of black holes. On the other hand, pair creation of black 
holes in a magnetic field or in cosmology is described 
by instantons with topology S2 ×S2. This shows that 
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Figure 2

IV. Conclusions

our reality predicts that all animate and inanimate 

There is now much scientific attention and 
investigation occurring throughout high energy 
astrophysics and astronomy concerning these illusive 
gravitational giants and the energy dynamics at work in 
our cosmos. The level of black hole/white hole functional 
dynamics seem to be much more at work according to 
CDMFF theory in the Planck scale than first thought and 
now with the advances made in multiple 
electromagnetic frequency detection across the visual 

and nonvisual spectrum as well as gravity wave 
detection much more will be learned at a faster pace to 
discover the mysteries of the black hole dynamics.
See this report of the October 2017 KIlovova event:

https://www.space.com/38471-gravitational-waves-neutron-
star-crashes-discovery-explained.html

The recent collaborative efforts by astronomers 
of all persuasions called multi-messenger detection 
which has been greatly enhanced by the more recent 
LIGO/VIRGO gravity wave detectors has led our new 
ability of multiple observational study and verification of 
the massive energy/mega-gravitational events occurring 
in our cosmos using data collected in the visual land-
based telescopes, radio telescopes, as well as, space-
based satellite telescopes of all spectrums of the 
electromagnetic spectrum have confirmed such 
collisions and greatly increased the knowledge of BH 
mega-energy dynamics. 

Space-time is neither smooth nor- 
homogeneous; it is highly energetic and dynamical in 
ways we have not yet even considered. We should 
explore our reality not just by its pieces and parts but as 
a holographic fractal whole. You cannot understand the 
complex life of a butterfly by only looking at the cocoon 
from which it emerged an atom at a time. Therefore, with 
this in mind my experience tells me that the cosmos 
makes more sense in the context of a fractal derived 
model as described in the cosmic dark matter fractal 
field theory.  The injecting of multiple zones of high 
energy focal points in space-time, we call black holes,
with dark matter/dark energy has amazing implications 
and gives science a new context to explore the 

Dark Matter May be a Possible Amplifier of Black Hole Formation in the Context of New Functional and 
Structural Dynamics of the Cosmic Dark Matter Fractal Field Theory. (CDMFFT)

© 2018   Global Journals1

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V
III  

 I
ss
ue

  
  
  
er

sio
n 

I
V

IV
Y
ea

r
20

18

4

  
 

( A
)

There is a prediction of the Cosmic Dark Matter 
Fractal Field theory that is easily missed. This model of 

objects are held in formation by morphic resonate 
coherent domains, which is the vast majority, have a 
Baryonic Matter/Cosmic Dark Matter Fractal Field/
Interface. (Fig2) This interface is likely to be a zone of 
very high energy production due to the dynamo-like 
action that occurs there secondary to the high velocity 
and constant motion of our planet moving through 
space-time engulfed in the Great Cosmic Sea. The best 
way to envision how this new concept of black hole birth 
occurs is to see this dynamic occurring at that 
membrane of baryonic matter/dark matter/dark energy 
within the dying star, merging Neutron stars or merging 
black holes called kilonova. This new model of black 
hole creation can now explain the almost limitless 
source of high energy activity/mega-gravity events 
observed in and around all black holes especially and 
including colliding neutron stars with black holes and 
supper massive black hole (SMBH) galaxy collisions as 
well as PVBH/wormhole dynamics at work at the Planck 
scale throughout The Great Cosmic Sea. 



  

 
 

 
 

 
 
 

functional and structural nature of these ubiquitous 
massive and super massive objects.

The link below takes you to a documentary that 
you will see more information on mulit-messenger 
detection of the October 2017 Kilonova event!
https://www.amazon.com/Star-Crash-Explosion-Transformed 
Astronomy/dp/B078YHMMZ7/ref=sr_1_2 ?ie=UTF8&qid=15-
20705270&sr=8-2&keywords=Star+crash

Dark Matter May be a Possible Amplifier of Black Hole Formation in the Context of New Functional and 
Structural Dynamics of the Cosmic Dark Matter Fractal Field Theory. (CDMFFT)
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 I.

 

Concept

 

of

 

Emission

 

in

 

the

 

Classical

 Electrodynamics

 ny

 

field

 

is

 

this

 

field,

 

which

 

can

 

be

 

revealed

 

with

 

the

 
aid

 

of

 

the

 

meters.

 

If

 

there

 

is

 

a

 

charged

 

parallel-
plate

 

capacitor

 

(Fig.

 

1),

 

consisting

 

of

 

two

 

flat

 
plates,

 

the

 

electric

 

field

 

between

 

them

 

it

 

is

 

easy

 

to

 
reveal,

 

introducing

 

between

 

these

 

plates

 

trial

 

charge.

 

By

 
the

 

force,

 

which

 

acts

 

on

 

this

 

charge,

 

and

 

is

 

revealed

 

the

 
electric

 

field?

 

By

 

the

 

characteristic

 

property

 

of

 

this

 

field

 
is

 

the

 

fact

 

that

 

it

 

presents

 

the

 

continuous

 

homogeneous

 
medium,

 

which

 

possesses

 

specific

 

energy,

 

proportional

 
to

 

the

 

square

 

of

 

electric

 

field.

 

Of

 

this

 

easily

 

it

 

will

 

be

 
convinced

 

with

 

the

 

aid

 

of

 

the

 

simple

 

experiment.

 

If

 

we

 
begin

 

to

 

separate

 

the

 

plates

 

of

 

capacitor,

 

then

 

in

 

this

 
case

 

it

 

will

 

be

 

necessarily

 

spend

 

the

 

specific

 

work.

 
 

d

S

E

 Fig.

 

1:

 

Capacitor,

 

which

 

consists

 

of

 

the

 

plane-parallel

 
charged

 

plates

 

If the surface density of charges on its plates is 
equal σ , that the tension of the electric field between its 
plates is equal  

02E σ
ε= . 

Without taking into account edge effects the 
electric force, which acts on the plates of capacitor is 
determined by the relationship 

2
0

1
2F E Sε= . 

If in this case plates are moved apart up to the 
distance d , that in this case the mechanical work will be 
perfected  

2
0

1
2W E Sdε= . 

But energy of electrical pour on also it will be 
equal to the same value. But if plates converge, then, on 
the contrary, electrical energy will be converted into the 
mechanical. These examples show, as mechanical 
energy it can be converted into the electrical and vice 
versa. 

It is well known that near the wires, along which 
flows alternating electric current, are formed the 
electrical induction fields, which can be connected with 
the alternating magnetic field. Magnetic field was 
introduced by ampere by phenomenological way on the 
basis of the observation of power interaction between 
the conductors, along which flows the current.  

The Ampere law, expressed in the vector form, 
determines magnetic field at the point [1]: 

3
1

4
I dl r

H
rπ

  = ∫

 


, 

where I  - current in the element dl


, r


- vector, directed 

from dl


to the viewpoint (Fig. 2). 
It is possible to show that 

3
[ ] 1dlr grad dlrr

  =     

 
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And, besides the fact that 

1 1dlgrad dl rot rotdlr r r
    = −       


 

. 

r
I

dl

HA

  
The

 
formation

 
of

 
vector

 
potential

 
by

 
the

 
element

 

of
 
the

 
conductor dl, along

 
which

 
flows

 
the

 
current I  

But the rotor of dl


 is equal to zero and therefore is final 

4 H

dlH rot I rot Arπ
 

= =∫  
 




,
 

where 

                                 
4H
dlA I rπ

 
=∫  

 




.                   (1.1)                                       

The remarkable property of this expression is 
the fact that the dependence of vector potential is 
inversely proportional to distance to the observation 
point, which is characteristic for the emission laws. 
Specifically, this property makes it possible to obtain 
emission laws. 

Since I gv= , where g  the quantity of charges, 
which falls per unit of the length of conductor, from (1.1) 
we obtain: 

4H
gv dlA rπ=∫




. 

If the size of element dl

 , along which flows 

current, it is considerably less than distance to the 
observation point, then this relationship takes the form: 

4H
gv dlA rπ=




. 

From this relationship follows interesting fact. 
Even on the direct current the dependence of vector 
potential on the distance corresponds to emission laws. 
And, it would seem, that, changing by jumps current in 
the short section of wire, and measuring the vector 
potential at the remote point, it is possible to transfer 
information into this point by the emission laws. But this 
interferes with the circumstance that the direct-current 
circuit is always locked to the local power source and 

therefore always there is both straight and return 
conductor. This special feature leads to the fact that in 
this situation the vector potential in the distant zone 
occurs inversely it is proportional to the square of 
distance to the observed point. This is easy to show 
based on the example of two parallel elements of 
conductor, located at a distance d  (Fig. 3), in which 
flow the opposite currents.  

r
dl

U

HAI

d

 

Fig. 3: Two conductors with the opposite currents 

In this case vector potential in the remote zone 

is defined as the sum of the vector potentials, created in 

the distant zone individually by each current element.  
When considerably more than we obtain: 

24 4 ( ) 4H
gv dl gv dl gv dl dA r r d rπ π π

= − ≅
+

  


.
 

To
 
avoid

 
these

 
difficulties

 
is

 
possible

 
by

 
the

 
way

 

of
 
using

 
alternating

 
currents.

 
Since

 
the

 
electric

 
field

 
and

 

vector
 
potential

 
in

 
the

 
free

 
space

 
are

 
connected

 
with

 
the

 

relationship  
 

0
AE tµ ∂

=−
∂




,
 

where
 

0µ -
 

magnetic
 

permeability
 

of
 

vacuum,
 

the
 

electric
 

field,
 

created
 

in
 

the
 

distant
 

zone
 

by
 

current
 

element
 

gvdl


,
 

will
 

depend
 

on
 

the
 

acceleration
 

of
 

charges
 
in

 
this

 
element  

 

                 

         
0
4
ga dlE r

µ
π=−




,

 

                       (1.2)

 

where
dva dt=

 

-

 

acceleration

 

of

 

charge.

 

It

 

is

 

known

 

from

 

Maxwell's

 

equations

 

that

 

the

 

electric

 

fields

 

are

 

extended

 

in

 

the

 

free

 

space

 

with

 

the

 

speed  

 

                                0 0

1c
ε µ

= ,

 

                 

 

     (1.3)

 

where

 

0ε

 

-

 

the

 

dielectric

 

constant

 

of

 

vacuum.
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Fig. 222 :



Therefore, if the current elements are arranged 
at a distance equal to half the wavelength and create 
multidirectional currents in them, then in the far zone, 
due to the delay, the electric fields from the individual 
current elements will add up and the total electric field 
will be doubled: 

0

2
ga dlE r

µ
π∑ =−




. 

If we in the relationship (1.2) consider that the 
fields are extended with the final speed and to consider 

delay 
rt c

 − 
 

 , that we will obtain taking into account 

(1.3) relationship: 

2
0

( )

4

rga t dlcE
c rπε

−
=−∫




 .(1.4) 

When the acceleration of charges changes 

according
 

to
 

the
 

harmonic
 

law
 

0 sin ra a t cω = − 
 

Relationship  (1.4)  takes  the  form   

                

0

2
0

sin

4

rga t dlc
E

c r

ω

πε

 − 
 =−∫




.                   (1.5) 

In the case, when the size of current element is 
considerably lower than the distance to the observation 
point, we obtain: 

                    

0

2
0

sin

4

rga t dlc
E

c r

ω

πε

 − 
 =−




.            (1.6)                                       

Relationships (1.4-1.6) it shows that the electric 
fields in the distant zone for the case examined depend 
on the acceleration of charges. Examining the electric 
fields of parallel-plate capacitor, we saw that such fields 
possess the specific energy, which they will transfer with 
their propagation. 

But in this examination metal of the place for the 
magnetic field, which is located in the electromagnetic 
wave. This field can be introduced as purely 
mathematical concept from the second equation of 
Maxwell  

0
ErotH tε ∂

=
∂




 . 

We have for the case of the smallness of current 
element in comparing with the distance to the 
observation point: 

               

0

2

cos

4

rga t dlc
rotH

c r

ω ω

π

 − 
 =−




.          (1.7) 

From these relationships it follows that the 
magnetic field is the gradient of electric field. 

If there is a single charge e , that relationship 
(1.6), (1.7) they will be rewritten as follows: 

                   

0

2
0

sin

4

rea t kc
E

c r

ω

πε

 − 
 =−




,                (1.8) 

              

0

2

cos

4

rea t kc
rotH

c r

ω ω

π

 − 
 =−




,            (1.9) 

where k


- unit vector in the direction of the motion of 
charge. 

Let us write down these relationships in the 
Cartesian coordinate system, by considering that 

direction of propagation is the axis y , and vector E


 it 
is directed along the axis z  (Fig. 4). 

x

z

y
zE

xHe
a

Fig.

 

4:

 

Diagram

 

of

 

shaping

 

of

 

magnetic

 

field

 

From

 

relationship

 

(18.2)

 

we

 

obtain

 

        

0

2

cos

4
x

yea t cH
y c y

ω ω

π

 − ∂  = −∂ ,

 

                  
(1.10)

 

One

 

should

 

consider

 

with

 

the

 

integration

 

of

 

this

 

relationship

 

that

 

with

 

the

 

wavelength

 

considerably

 

smaller

 

than

 

distance

 

to

 

the

 

observation

 

point,

 

harmonic

 

derivative

 

on

 

the

 

coordinate

 

is

 

considerably

 

more

 

than

 

derivative

 

of

 

the

 

reverse

 

value

 

of

 

coordinate.

 

Therefore

 

coordinate

 

in

 

the

 

numerator

 

of

 

the

 

right

 

side

 

of

 

the

 

relationship

 

(1.10)

 

can

 

be

 

considered

 

constant.

 

We

 

obtain

 

with

 

this

 

condition

 

from

 

(1.10)

 

the

 

relationship

  

                     

0 sin

4x

yea t c
H cy

ω

π

 − 
 =−

 

.             

 

(1.11)
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This value of magnetic field is obtained with the 
condition for existence z  of the component of the 
electric field  

                     

0

2
0

sin

4z

rea t c
E

c r

ω

πε

 − 
 =− .              (1.12)                                        

After dividing (1.12) on (1.11) we obtain 

0

0
0

z
x

E ZH
µ
ε= = , 

where 0Z   - the wave drag of vacuum. 

The carried out examination showed that in the 
free space can be extended the so-called 
electromagnetic wave, whose vectors of electrical and 
magnetic field are cophasal. Let us emphasize again 
that the introduction of the vector of magnetic field is the 
purely mathematical formality, which is not the 
necessary for the construction theory of emission. 

Thus, relying on the phenomenological concept 
of magnetic field, are obtained the laws of the 
propagation of electromagnetic waves. These laws 
exclude the need of using Maxwell's equations, since all 
laws of propagation can be obtained from them, and 
Maxwell's equations with respect to these equations are 
the special case, when distance from the emitter to the 
observation point is great.  

There remains only to ask, why electrodynamics 
is not banal along this way immediately after the 
introduction of the concept of magnetic field. Answer 
lies in the fact that then no one knew about existence of 
electromagnetic waves and only experiences of Hertz 
confirmed this.  

Thus, the physical basis of this approach is not 
thus far clear, since it is not understandable that the 
vector potential represents from a physical point of view 
and why it is connected with the motion of charges. In 
connection with the incomprehension of these 
questions, but vector potential is critical not only for the 
emission, but also for the power of interaction of the 
current carrying systems, the classical electrodynamics 
and it is divided up to now into two those not connected 
with each other of part. Its one parts this of Maxwell's 
equation, the determining wave processes in the 
material media. Another part, which determines power 
interaction of the current carrying systems, is based on 
the experimental postulate about the Lorentz force.  

From the relationships (8) and (11) it is evident 
that the electrical and magnetic fields of electromagnetic 
waves in this posing of the question depend only on the 
second the derivatives of coordinate on the time, and in 
this case as yet there is no answer apropos of that, can 
these fields depend on higher derivatives. 

This question is examined from a formal 
phenomenological point of view by the way of the 
introduction of the concept of magnetic field and vector 
potential, and the obtained results well correspond with 
the experiment. However, basic problem today consists 
in the fact that physical nature of this potential until is 
known. 

Further development of phenomenological 
approaches to questions of the propagation of 
electromagnetic waves. 

a) Laws of the self-induction  
To the laws of self-induction should be carried 

those laws, which describe the reaction of such 
elements of radio-technical chains as capacity, 
inductance and resistance with the galvanic connection 
to them of the sources of current or voltage [2-4]. These 
laws are the basis of the theory of electrical chains.  The 
motion of charges in any chain, which force them to 
change their position, is connected with the energy 
consumption from the power sources. The processes of 
interaction of the power sources with such structures are 
regulated by the laws of self-induction. 

To the self-induction let us carry also that case, 
when its parameters can change with the presence of 
the connected power source or the energy accumulated 
in the system. This self-induction we will call parametric. 
Subsequently we will use these concepts: as current 
generator and the voltage generator.  By ideal voltage 
generator we will understand such source, which 
ensures on any load the lumped voltage, internal 
resistance in this generator equal to zero. By ideal 
current generator we will understand such source, which 
ensures in any load the assigned current, internal 
resistance in this generator equally to infinity. The ideal 
current generators and voltage in nature there does not 
exist, since both the current generators and the voltage 
generators have their internal resistance, which limits 
their possibilities. 

If we to one or the other network element 
connect the current generator or voltage, then 
opposition to a change in its initial state is the response 
reaction of this element and this opposition is always 
equal to the applied action, which corresponds to third 
Newton's law. 

If the capacity C  is charged to a potential 
difference U , then the charge Q , accumulated in it, is 

determined by the relationship  

                                 
  ,C UQ CU= .                      (2.1.1)

 

The
 

charge
 

,C UQ ,
 

depending
 

on
 

the
 

capacitance
 
values

 
of

 
capacitor

 
and

 
from

 
a

 
voltage

 
drop

 

across
 

it,
 

we
 

will
 

call
 

still
 

the
 

flow
 

of
 

electrical
 

self-
induction.
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When speech goes about a change in the 

charge, determined by relationship (2.1.1), that this 

value it can change with the method of changing the 

potential difference with a constant capacity, either with 

a change in capacity itself with a constant potential 

difference, or and that and other parameter 

simultaneously. 

If capacitance value or voltage drop across it 

depend on time, then the current strength is determined 

by the relationship: 

,C UdQ dU dCI C Udt dt dt= = + . 

This expression determines the law of electrical 

self-induction. Thus, current in the circuit, which contains 

capacitor, can be obtained by two methods, changing 

voltage across capacitor with its constant capacity either 

changing capacity itself with constant voltage across 

capacitor, or to produce change in both parameters 

simultaneously. 

For the case, when the capacity 1С  is constant, 

we obtain known expression for the current, which flows 

through the capacity: 

                                
1

dUI C dt= .                         (2.1.2) 

When changes capacity, and at it is supported 

the constant voltage 1U , we have: 

                                 
1

dCI U dt= .                         (2.1.3) 

This case to relate to the parametric electrical 

self-induction, since the presence of current is 

connected with a change in this parameter as capacity. 

Let us examine the consequences, which 

escape from relationship (1.1.2). 

If we to the capacity connect the direct-current 

generator 0I , then voltage on it will change according to 

the law: 

                                  

0
1

I tU C= .                          (2.1.4) 

Thus, the capacity, connected to the source of 

direct current, presents for it the effective resistance 

                                         1

tR C=                         (2.1.5) 

linearly depending on the time.  The it should be 

noted that obtained result is completely obvious; 

however, such properties of capacity, which customary 

to assume by reactive element they were for the first 

time noted in the work [1]. 

This is understandable from a physical point of 

view, since in order to charge capacity, source must 

expend energy. 

The power, output by current source, is 

determined in this case by the relationship: 

                             
( )

2
0

1

I tP t C= .                          (2.1.6) 

The energy, accumulated by capacity in the 

time t  we will obtain after integrating relationship (2.1.6) 

with respect to the time: 

2 2
0

12C
I tW C= . 

Substituting here the value of current from 

relationship (2.1.4), we obtain the dependence of the 

value of the accumulated in the capacity energy from 

the instantaneous value of voltage on it: 

2
1

1
2CW C U= . 

Using for the case examined a concept of the 

flow of electrical induction, which is the charge, we 

obtain 

                             ( )1UФ CU Q U= =                   (2.1.7)
                                              

and
 
using

 
relationship

 
(2.1.2),

 
let

 
us

 
write

 
down:

 

                            

( )
0

U dQ UdФI dt dt= = ,               (2.1.8)
                                      

i.e.
 
if
 
we

 
to

 
a

 
constant

 
capacity

 
connect

 
the

 
source

 
of

 

direct
 
current,

 
then

 
the

 
current

 
strength

 
will

 
be

 
equal

 
to

 

the
 
derivative

 
of

 
the

 
flow

 
of

 
capacitive

 
induction

 
on

 
the

 

time.
 

Now
 
we

 
will

 
support

 
at

 
the

 
capacity

 
constant

 

voltage
 

1U ,
 
and

 
change

 
capacity

 
itself,

 
then

 

                              
1

dCI U dt= .                           (2.1.9)
 

It
 
is

 
evident

 
that

 
the

 
value

 

                               

1

C
dCR dt

−
 = 
 

                     (2.1.10)
 

plays
 
the

 
role

 
of

 
the

 
effective

 
resistance.

 
This

 
result

 
is

 

also
 
physically

 
intelligible,

 
since

 
with

 
an

 
increase

 
in

 
the

 

capacitance
 
increases

 
the

 
energy

 
accumulated

 
in

 
it,

 
and

 

thus,
 
capacity

 
extracts

 
in

 
the

 
voltage

 
source

 
energy,

 

presenting
 
for

 
it
 
resistive

 
load.

 
The

 
power,

 
expended

 
in

 

this
 
case

 
by

 
source,

 
is

 
determined

 
by

 
the

 
relationship:
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( ) 2

1
dCP t Udt= .                  (2.1.11) 

From relationship (2.1.11) is evident that 
depending on the sign of derivative the expendable 
power can have different signs. When the derived 
positive, expendable power goes for the 
accomplishment of external work.  If derived negative, 
then external source accomplishes work, charging 
capacity. 

Again, introducing concept the flow of the 
capacitive induction 

( )1CФ CU Q C= = , 

we obtain 

                                   
CФI t

∂
=

∂
.                        (2.1.12) 

Relationships (2.1.8) and (2.1.12) indicate that 
regardless of the fact, how changes the flow of electrical 
self-induction (charge), its time derivative is always 
equal to current. 

Let us examine one additional process, which 
earlier the laws of induction did not include; however, it 
falls under for our extended determination of this 
concept. From relationship (2.1.7) it is evident that if the 
charge, left constant (we will call this regime the regime 
of the frozen electric flux), and then voltage on the 
capacity can be changed by its change. In this case the 
relationship will be carried out: 

0 0CU C U const= = , 

where С ,U - instantaneous values, and 0C , 0U - initial 

values of these parameters, which occur with turning off 
from the capacity of the power source. 

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

                                  
0 0C UU C= ,                      (2.1.13)                                         

( )20 01
2C

C U
W C=  . 

It is natural that this process of self-induction 
can be connected only with a change in capacity itself, 
and therefore it falls under for the determination of 
parametric self-induction. 

Thus, are located three relationships (2.1.8), 
(2.1.12) and (2.1.13), which determine the processes of 
electrical self-induction. We will call their rules of 
capacitive flow. Relationship (2.1.8) determines the 
electrical self-induction, during which there are no 
changes in the capacity, and therefore this self-induction 

can be named simply electrical self-induction. 
Relationships (2.1.3) and (2.1.9-2.1.11) assume the 
presence of changes in the capacity; therefore the 
processes, which correspond by these relationships, we 
will call electrical parametric self-induction. 

Let us now move on to the examination of the 
processes, proceeding in the inductance. Let us 
introduce the concept of the flow of the inductive self-
induction 

,L IФ LI= . 

If inductance is shortened outed, and made 
from the material, which does not have effective 
resistance, for example from the superconductor, then 

, 1 1L IФ L I const= =  , 

where 1L  and 1I - initial values of these parameters, 
which are located at the moment of the short circuit of 
inductance with the presence in it of current. 

This regime we will call the regime of the frozen 
flow. In this case the relationship is fulfilled: 

                                    
1 1I LI L= ,                          (2.1.14) 

where I  and L  - the instantaneous values of the 
corresponding parameters. 

In flow regime examined of current induction 
remains constant, however, in connection with the fact 
that current in the inductance it can change with its 
change, this process falls under for the determination of 
parametric self-induction.  The energy, accumulated in 
the inductance, in this case will be determined by the 
relationship 

( )2 2
1 11 1 ( )

2 2L
L I constW L L= = . 

Voltage on the inductance is equal to the 
derivative of the flow of current induction on the time: 

dФ dI dLU L Idt dt dt= = + . 

Let us examine the case, when the inductance 
of is constant 

                                   
1

dIU L dt=                         (2.1.15) 

designating 1IФ L I= , we obtain  

IdФU dt= . 

After integrating expression (2.1.15) on the time, 
we will obtain: 
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                                    1

UtI L=   .                        (2.1.16) 

Thus, the capacity, connected to the source of 
direct current, presents for it the effective resistance 

                                     
1LR t= ,                         (2.1.17) 

which decreases inversely proportional to time. 
The power, expended in this case by source, is 

determined by the relationship: 

                                
( )

2

1

U tP t L=   .                     (2.1.18) 

This power linearly depends on time. After 
integrating relationship (2.1.18) on the time, we will 
obtain the energy, accumulated in the inductance  

                             

22

1

1
2L

U tW L= .                    (2.1.19)                                                    

After substituting into expression (2.1.19) the 
value of voltage from relationship (2.1.16), we obtain: 

2
1

1
2LW L I= .  

This energy can be returned from the 
inductance into the external circuit, if we open 
inductance from the power source and to connect 
effective resistance to it. 

Now let us examine the case, when the current

1I , which flows through the inductance, is constant, and 
inductance itself can change. In this case we obtain the 
relationship  

                                
1

dLU I dt=                           (2.1.20) 

Thus, the value 

                                
( ) dLR t dt=                           (2.1.21)

 

plays
 
the

 
role

 
of

 
the

 
effective

 
resistance.

 

As
 

in
 

the
 

case
 

the
 

electric
 

flux,
 

effective
 

resistance
 
can

 
be

 
(depending

 
on

 
the

 
sign

 
of

 
derivative)

 

both
 

positive
 

and
 

negative.
 

This
 

means
 

that
 

the
 

inductance
 
can

 
how

 
derive

 
energy

 
from

 
without,

 
so

 
also

 

return
 
it
 
into

 
the

 
external

 
circuits.

 

Introducing
 

the
 

designation
 

1LФ LI=
 

and,
 

taking
 
into

 
account

 
(2.1.20),

 
we

 
obtain:

 

                                 
LdФU dt= .              

 
         (2.1.22)

 

The relationship (2.1.14), (2.1.19) and (2.1.22) 
we will call the rules of current self-induction, or the flow 
rules of current self-induction. From relationships 
(2.1.19) and (2.1.22) it is evident that, as in the case with 
the electric flux, the method of changing the flow does 
not influence eventual result, and its time derivative is 
always equal to the applied potential difference. 
Relationship (2.1.19) determines the current self-
induction, during which there are no changes in the 
inductance, and therefore it can be named simply 
current self-induction. Relationships (2.1.20-2.1.21) 
assume the presence of changes in the inductance; 
therefore we will call such processes current parametric 
self-induction. 

b) Work presents the new method of obtaining the wave 
equation for the long lines 

The processes, examined in two previous 
paragraphs, concern chains with the lumped 
parameters, when the distribution of potential 
differences and currents in the elements examined can 
be considered uniform. However, there are chains, for 
example the long lines, into which potential differences 
and currents are not three-dimensional uniform. These 
processes are described by the wave equations, which 
can be obtained from Maxwell's equations or with the 
aid of the telegraphic equations, but physics of 
phenomenon itself in these processes to us is not clear. 
          

       
          
        

        
             

          
          

          
          

        
        

           
      

0 0( )C t zC vt C= = , 

0 0( )L t zL vt L= = . 

The source of voltage 1U  will in this case 

charge the being increased capacity of line, for which 
from the source to the charged line in accordance with 
relationship (2.1.9) must leak the current: 

                           
1 1 1 0

( )dC tI U vU Cdt= = .           (2.2.1)                                          

This current there will be the leak through the 
conductors of line that possess inductance. But, since 
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We will use the results, obtained in the previous
paragraph, for examining the processes, proceeding in
the long lines, in which the capacity and inductance are
the distributed parameters [5-7]. Let us assume that
linear (falling per unit of length) capacity and inductance
of this line are equal 0C and 0L . If we to this line

connect the dc power supply 1U , then its front will be
extended in the line some by the speedv and the
moving coordinate of this front will be determined by the
relationship z vt= . In this case the total quantity of the
charged capacity and the value of the summary
inductance, along which it flows current, calculated from
the beginning lines to the location of the front of voltage,
will change according to the law:



the inductance of line in connection with the motion of 
the front of voltage, also increases, in accordance with 
relationship (2.1.20), on it will be observed a voltage 
drop: 

2
1 1 01 0 0

dLU I vI L v U C Ldt= = = . 

But a voltage drop across the conductors of line 
in the absolute value is equal to the voltage, applied to 
its entrance; therefore in the last expression should be 
placed 1U U= . We immediately find taking this into 
account that the rate of the motion of the front of voltage 
with the assigned linear parameters and when, on, the 
incoming line of constant voltage of 1U  is present, must 
compose 

                                 0 0

1v
L C

= .                          (2.2.2)                                          

This expression corresponds to the signal 
velocity in line itself. Consequently if we to the infinitely 
long line connect the voltage source, then in it will occur 
the expansion of electrical pour on and the currents, 
which fill line with energy, and the speed of the front of 
constant voltage and current will be equal to the velocity 
of propagation of electromagnetic vibrations in this line. 
This wave we will call electric current wave. It is 
interesting to note that the obtained result does not 
depend on the form of the functionU , i.e. to the line can 
be connected both the dc power supply and the source, 
whose voltage changes according to any law. In all 
these cases the value of the local value of voltage on 
incoming line will be extended along it with the speed, 
which follows from relationship (2.2.2).  This result could 
be, until now, obtained only by the method of solution of 
wave equation, but in this case he indicates the physical 
cause for this propagation, and it gives the physical 
picture of process itself. Examination shows that very 
process of propagation is connected with the energy 
processes of the filling of line with electrical and current 
energy. This process occurs in such a way that the wave 
front, being extended with the speed v , leaves after 
itself the line, charged to a potential difference 1U , 
which corresponds to the filling of line with electrostatic 
electric field energy.  However, in the section of line from 
the voltage source also to the wave front flows the 
current 1I , which corresponds to the filling of line in this 
section with energy, which is connected with the motion 
of the charges along the conductors of line, which 
possess inductance. 

The current strength in the line can be obtained, 
after substituting the values of the velocity of 
propagation of the wave front, determined by 

relationship (2.2.2), into relationship (2.2.1). After making 
this substitution, we will obtain 

0
1 1

0

CI U L= , 

where 0
0

LZ C=  - line characteristic. 

In
 
this

 
case

 

1
LdL dФU I dt dt= = . 

So
 
accurately

 

1 1
CdФdCI U dt dt= = . 

It
 

is
 

evident
 

that
 

the
 

flow
 

rules
 

both
 

for
 

the
 

electrical
 
and for

 
the

 
current

 
self-induction

 
are

 
observed

 

also
 
in

 
this

 
case.

 

Thus,
 

the
 

processes
 

of
 

the
 

propagation
 

of a 
potential

 
difference

 
along

 
the

 
conductors

 
of

 
long

 
line

 

and
 

current
 

in
 

it
 

are
 

connected
 

and
 

mutually
 

supplementing
 
each

 
other,

 
and

 
to

 
exist

 
without

 
each

 

other
 

they
 

do
 

not
 

can.
 

This
 

process
 

can
 

be
 

called
 

electric
 
current

 
spontaneous

 
parametric

 
self-induction.

 

This
 
name

 
connected

 
with

 
the

 
fact

 
that

 
flow

 
expansion

 

they
 
occur

 
arbitrarily

 
and

 
characterizes

 
the

 
rate

 
of

 
the

 

process
 

of
 

the
 

filling
 

of
 

line
 

with
 

energy.
 

From
 

the
 

aforesaid
 
the

 
connection

 
between

 
the

 
energy

 
processes

 

and
 
the

 
velocity

 
of

 
propagation

 
of

 
the

 
wave

 
fronts

 
in

 
the

 

long
 
lines

 
becomes

 
clear.

 
Since

 
with

 
the

 
emission

 
of

 

electromagnetic
 

waves
 

the
 

free
 

space
 

is
 

also
 

transmission
 

line,
 

similar
 

laws
 

must
 

characterize
 

propagation
 
in

 
this

 
space.

 

That
 
will

 
be,

 
if
 
we

 
in

 
the

 
considered

 
case

 
as

 
one

 

of
 
the

 
conductors

 
of

 
long

 
line

 
take

 
spiral,

 
or

 
to

 
as

 
is

 

customary
 
call,

 
long

 
solenoid.

 
Obviously,

 
in

 
this

 
case

 

the
 
velocity

 
of

 
propagation

 
of

 
the

 
front

 
of

 
voltage

 
in

 
this

 

line
 
will

 
decrease,

 
since

 
the

 
linear

 
inductance

 
of

 
line

 
will

 

increase.
 
This

 
propagation

 
will

 
accompany

 
the

 
process

 

of
 
the

 
propagation

 
not

 
only

 
of

 
external

 
with

 
respect

 
to

 

the
 
solenoid

 
pour

 
on

 
and

 
currents,

 
but

 
both

 
the

 
process

 

of
 
the

 
propagation of

 
magnetic

 
flux

 
inside

 
the

 
solenoid

 

itself
 
and

 
the

 
velocity

 
of

 
propagation

 
of

 
this

 
flow

 
will

 
be

 

equal
 
to

 
the

 
velocity

 
of

 
propagation

 
of

 
electromagnetic

 

wave
 
in

 
line

 
itself.

 

Knowing
 
current

 
and

 
voltage

 
in

 
the

 
line,

 
it
 
is

 

possible
 
to

 
calculate

 
the

 
specific energy,

 
concluded

 
in

 

the
 
linear

 
capacity

 
and

 
the

 
inductance

 
of

 
line.

 
These

 

energies
 
will

 
be

 
determined

 
by

 
the

 
relationships:

 

                            
2

0 1
1
2CW C U= ,                         (2.2.3)
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2

0 1
1
2LW L I= .                          (2.2.4) 

It is not difficult to see that C LW W= . 

Now let us discuss a question about the 

duration of the front of electric current wave and about 

which space will occupy this front in line itself. Answer to 

the first question is determined by the properties of the 

very voltage source, since local derivative U
t

∂
∂

 at 

incoming line depends on transient processes in the 

source itself and in that device, with the aid of which this 

source is connected to the line. If the process of 

establishing the voltage on incoming line will last some 

time t∆ , then in the line it will engage section with the 

length v t∆ . If we to the line exert the voltage, which is 

changed with the time according to the law ( )U t , then 

the same value of function will be observed at any point 

of the line at a distance z relaunch. Of beginning with 

the delay
zt v= .  Thus, the function 

      

       
( ), zU t z U t v

 = − 
 

.                   (2.2.5)
                                      

       
       

        
         

           
          

        
          

( ) 1 ( )U z U t
z v t

∂ ∂
=

∂ ∂

 

.

 

Is

 

important

 

to

 

note

 

that

 

very

 

process

 

of

 

propagation

 

in

 

this

 

case

 

is

 

obliged

 

to

 

the

 

natural

 

expansion

 

of

 

electric

 

field

 

and

 

current

 

in

 

the

 

line

 

and

 

it

 

is

 

subordinated

 

to

 

the

 

rules

 

of

 

parametric

 

self-induction.

 

In

 

the

 

second

 

place,

 

for

 

solving

 

the

 

wave

 

equations

 

of

 

the

 

long

 

lines

  

                                

2 2

2 2 2

2 2

2 2 2

1

1

U U
z v t

I I
z v t

∂ ∂
=

∂ ∂

∂ ∂
=

∂ ∂

           

  (2.2.6)

                                            

Obtained

 

from

 

the

 

telegraphic

 

equations

 

U I
Lz t

I U
Cz t

∂ ∂
= −∂ ∂

∂ ∂
= −∂ ∂

the knowledge second derivative voltages and currents 
are required. 

But what is to be done, if to incoming line is 
supplied voltage, whose second derivative is equal to 
zero (case, when the voltage of source it does change 
according to the linear law)? Answer to this question 
equation (2.2.6) they do not give. The utilized method 
gives answer also to this question. 

With the examination of processes in the long 
line figured such concepts as linear capacity and 
inductance, and also currents and voltage in the line. 
However, in the electrodynamics, based on Maxwell's 
equations, there are no such concepts as capacity and 
inductance, and there are concepts of the electrical and 
magnetic permeability of medium. In the carried out 
examination such concepts as electrical and magnetic 
fields also was absent. Let us show how to pass from 
such categories as linear inductance and capacity, 
current and voltage in the line to such concepts as 
dielectric and magnetic constant, and also electrical and 
magnetic field. For this let us take the simplest 
construction of line, located in the vacuum, as shown in 
Fig. 5.  

 

Fig. 5: The two-wire circuit, which consists of two ideally 
conducting planes 

We will consider that b >> a and edge effects 
it is possible not to consider. Then the following 
connection will exist between the linear parameters of 
line and the magnetic and dielectric constants: 

                                
00

aL bµ= ,                         (2.2.7) 

                                 
00
bC aε= ,                          (2.2.8) 

where 0µ , 0ε  - dielectric and magnetic constant of 

vacuum. 
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Can be named propagation function, since it establishes
the connection between the local temporary and three-
dimensional values of function in the line. Long line is
the device, which converts local derivative voltage on
the time on incoming line into the gradients in line itself.
On the basis propagation function (2.2.5) it is possible
to establish the connection between the local and
gradients in the long line. It is obvious that



The phase speed in this line will be determined 
by the relationship: 

0 00 0

1 1v c
L C µ ε

= = = , 

where
 
c -

 
velocity

 
of

 
propagation

 
of

 
light

 
in

 
the

 
vacuum.

 

The
 
wave

 
drag

 
of

 
the

 
line

 
examined

 
will

 
be

 
equal

 

0

0
0

a aZ Zb b
µ
ε= = ,

 

where

 

0

0
0Z µ

ε=

 

-

 

wave

 

drag

 

of

 

free

 

space.

 

Moreover

 

with

 

the

 

observance

 

of

 

the

 

condition
a b=

 

we

 

obtain

 

the

 

equality 00L µ= . 

 

This means that magnetic permeability

 

0µ
 

plays the role of the longitudinal specific inductance of 
vacuum. In this case is observed also the equality

 

00C ε= . This means that the dielectric constant 0ε
 

plays the role of the transverse specific capacity of 
vacuum. In this interpretation both 0µ  and 0ε  acquire 
clear physical sense and, just as in the long line, ensure 
the process of the propagation of electromagnetic wave 
in the free space. 

The examination of electromagnetic wave in the 
long line can be considered as filling of space, which is 
been located between its conductors, special form of 
material, which present the electrical and magnetic 
fields. Mathematically it is possible to consider that 
these fields themselves possess specific energy and 
with their aid it is possible to transfer energy by the 
transmission lines. But if we examine the processes, 
which take place with the emission of electromagnetic 
waves with the aid of any antenna, then it is possible to 
examine also as the filling of free space with this form of 
material.  However, pour on geometric form and 
currents in this case it will be more complexly, since they 
will always be present both transverse and longitudinal 
component pour on. This approach excludes the need 
for application, for describing the propagation of 
electromagnetic waves, this substance as ether. 

If we to the examined line of infinite length, or of 
line of that loaded with wave drag, connect the dc power 
supply U , and then the field strength in the line will 
comprise: 

y
UE a= , 

and the current, which flows into the line from the power 

source, will be determined by the relationship: 

                                

yaEUI Z Z= =                        (2.2.9) 

Magnetic field in the line will be equal to the 
specific current, flowing in the line 

y
x

aEIH b bZ= = . 

Substituting here the value Z , we obtain 

                                  0

y
x

E
H Z= .                        (2.2.10) 

The same connection between the electrical 
and magnetic field exists also for the case of the 
transverse electromagnetic waves, which are extended 
in the free space. 

Comparing expressions for the energies, it is 
easy to see that the specific energy can be expressed 
through the electrical and magnetic fields 

                            
0 0

2 21 1
2 2x yH Eµ ε= .              (2.2.11)                                   

This means that the specific energy, 
accumulated in the magnetic and electric field in this line 
is identical. If the values of these energies are multiplied 
by the volumes, occupied by fields, then the obtained 
values coincide with expressions (2.2.3-2.2.4). 

Thus, it is possible to make the conclusion that 
in the line examined are propagated the same 
transverse plane waves, as in the free space. Moreover 
this conclusion is obtained not by the method of solution 
of Maxwell's equations, but by the way of examining the 
dynamic processes, which are related to the discharge 
of parametric self-induction. The special feature of this 
line will be the fact that in it, in contrast to the free space, 
the stationary magnetic and electric fields can be 
extended, but this case cannot be examined by the 
method of solution of Maxwell's equations. 

Cconsequently, conditionally it is possible to 
consider that the long line is the device, which with the 
connection to it of dc power supply is filled up with two 
forms of the energy: electrical and magnetic. The 
specific densities of these energies are equal, and since 
and electrical and magnetic energy fill identical volumes, 
the general energy, accumulated in these fields is 
identical.  The special feature of this line is the fact that 
with the flow in the line of direct current the distribution 
of electrical and magnetic pour on in it is uniform. It is 
not difficult to show that the force, which acts on the 
conductors of this line, is equal to zero. This follows 
from relationship (2.2.11), in which its right and leftist of 
part present the force gradients, applied to the planes of 
line. But electrical and magnetic forces have different 
signs; therefore they compensate each other. This 
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conclusion concerns the transmission lines of any other 
configuration. 

If we to the line exert the voltage, which is 
changed in the course of time according to any law

( ) ( )yU t aE t= , the like of analogy (2.2.5) it is possible 

to write down 

                         
( )y y

zE z E t c
 = − 
 

.                (2.2.12)                                   

Analogous relationship will be also pouring on 
for the magnetic. 

Is obvious that the work ( ) ( )I t U t represents 

the power P , transferred through the cross section of 
line in the direction z . If in this relationship current and 
voltage was replaced through the tensions of magnetic 

and electrical pour on, then we will obtain y xP abE H= . 
The work y xE H  represents the absolute value of 
Pointing’s

 
vector,

 
which

 
represents

 
the

 
specific

 
power,

 transferred
 
through

 
the

 
cross

 
section

 
of

 
the

 
line

 
of

 
single

 area.
 

Certainly,
 

all
 

these
 

relationships
 

can
 

be
 

written
 down

 
also

 
in

 
the

 
vector

 
form.

 
Thas all conclusions, obtained on the basis of 

the examination of processes in the long line by two 
methods, coincide. Therefore subsequently, without 
risking committing the errors of fundamental nature, it is 
possible for describing the processes in the long lines 
successfully to use such parameters as the distributed 
inductance and capacity. Certainly, in this case one 
should understand that 0C  and this 0L some integral 

characteristics, which do not consider structure, pour 
on. It should be noted that from a practical point of view, 
the application of the parameters 0C  and 0L  has 

important significance, since can be approximately 
solved the tasks, which with the aid of Maxwell's 
equations cannot be solved. This, for example, the case, 
when spirals are the conductors of transmission line. 

II. New Approaches to Questions of 

Emission and Propagation of the 

Electromagnetic Waves 

a)
 

Dynamic
 

potentials
 

and
 

the
 

field
 

of
 

the
 

moving
 

charges  
With

 
the

 
propagation

 
of

 
wave

 
in

 
the

 
long

 
line

 
it
 

is
 

filled
 

up
 

with
 

two
 

forms
 

of
 

energy,
 

which
 

can
 

be
 

determined
 

through
 

the
 
currents

 
and

 
the

 
voltages

 
or

 

through
 
the

 
electrical

 
and

 
magnetic

 
fields

 
in

 
the

 
line.

 

And
 
only

 
after

 
wave

 
will

 
fill

 
with

 
electromagnetic

 
energy

 

all
 
space

 
between

 
the

 
generator

 
and

 
the

 
load

 
on

 
it
 
will

 

begin
 
to

 
be

 
separated

 
energy.

 
I.e.

 
the

 
time,

 
by

 
which

 

stays
 
this

 
process,

 
generator

 
expended

 
its

 
power to

 
the

 

filling
 

with
 

energy
 

of
 

the
 
section

 
of

 
line

 
between

 
the

 

generator and the load.  But if we begin to move away 
load from incoming line, then a quantity of energy being 
inflated on it will decrease, since the part of the energy, 
expended by source, will leave to the filling with energy 
of the additional length of line, connected with the 
motion of load. If load will approach a source, then it will 
obtain an additional quantity of energy due to the 
decrease of its length. But if effective resistance is the 
load of line, then an increase or the decrease of the 
power expendable in it can be connected only with a 
change in the voltage on this resistance. Therefore we 
come to the conclusion that during the motion of the 
observer of those of relatively already existing in the line 
pour on must lead to their change. 

Being located in assigned inertial frame of 
reference [IFR], we interest those fields, which are 
created in it by the fixed and moving charges, and also 
by the electromagnetic waves, which are generated by 
the fixed and moving sources of such waves [7-10]. The 
fields, which are created in this IFR by moving charges 
and moving sources of electromagnetic waves, we will 
call dynamic. Can serve as an example of dynamic field 
the magnetic field, which appears around the moving 
charges. 

As already mentioned, in the classical 
electrodynamics be absent the rule of the conversion of 
electrical and magnetic pour on upon transfer of one 
inertial system to another. This deficiency removes STR, 
basis of which are the covariant conversions of Lorenz. 
With the entire mathematical validity of this approach the 
physical essence of such conversions up to now 
remains unexplained. 

In this division will made attempt find the 
precisely physically substantiated ways of obtaining the 
conversions pour on upon transfer of one IFR to 
another, and to also explain what dynamic potentials 
and fields can generate the moving charges. Next step, 
demonstrated in the works [11-15], was made in this 
direction a way of the introduction of the symmetrical 
laws of magneto electric and electromagnetic induction. 
These laws are written as follows: 

                 

BE dl ds v B dlt
DH dl ds v D dlt

∂  ′ ′ ′=− + ×∫ ∫∫  ∂

∂  ′ ′ ′= − ×∫ ∫ ∫  ∂


  

 


  

 

,        (3.1.1)                            

or 

                

B
rotE rot v Bt

D
rotH rot v Ddt

∂  ′ = − + × ∂

∂  ′ = − × 


 


 

.             (3.1.2)                           

For the constants pour on these relationships 
they take the form: 
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E v B

H v D

 ′ = × 

 ′ = − × 

 

  .                   
(3.1.3)

 

In relationships (3.1.1-3.1.3), which assume the 
validity of the conversions of Galilei prime and not prime 
values present fields and elements in moving and fixed 
IFR respectively. It must be noted, that conversions 
(3.1.3) earlier could be obtained only from the 
conversions of Lorenz. 

Of relationships (3.1.1-3.1.3), which present the 
laws of induction, do not give information about how 
arose fields in initial fixed IFR. They describe only laws 
governing the propagation and conversion pour on in 
the case of motion with respect to the already existing 
fields. 

Of relationship (3.1.3) attest to the fact that in 
the case of relative motion of frame of references, 

between the fields of E


 and H


 there is a cross 
coupling, i.e., motion in the fields of H


 leads to the 

appearance pour on E


 and vice versa. From these 
relationships escape the additional consequences, 
which were for the first time examined in the work [16]. 
The electric field

 2
gE rπε=

 
outside the charged long 

rod, per unit length of which there is a charge g , 

decreases according to the law 
1
r , where r

 
is the 

distance from the central axis of the rod to the 
observation point.

 If
 
we

 
in

 
parallel

 
to

 
the

 
axis

 
of

 
rod

 
in

 
the

 
field

 
of

 E
 
begin

 
to

 
move

 
with

 
the

 
speed

 
of

 
v∆

 
another

 
IFR,

 then
 

in
 

it
 

will
 

appear
 

the
 

additional
 

magnetic
 

field
H E vε∆ ∆= . If

 
we

 
now

 
with

 
respect

 
to

 
already

 
moving

 IFR
 

begin
 

to
 

move
 

third
 

frame
 

of
 

reference
 

with
 

the
 speed v∆ , then

 
already

 
due

 
to

 
the

 
motion

 
in

 
the

 
field

H∆
 

will
 

appear
 

additive
 

to
 

the
 

electric
 

field
 ( )2E E vµε∆ ∆= . This

 
process

 
can

 
be

 
continued

 
and

 further,
 
as a result

 
of

 
which

 
can be

 
obtained

 
the

 
number,

 which
 

gives
 

the
 

value
 

of
 

the
 

electric
 

field
 

( )vE r′
 

in
 moving

 
IFR

 
with

 
reaching

 
of

 
the

 
speedv n v∆= , when

 0v∆ → , and
 
n→∞ .  In

 
the

 
final

 
analysis

 
in moving

 
IFR

 the
 
value

 
of

 
dynamic

 
electric

 
field

 
will

 
prove

 
to

 
be

 
more

 than
 

in
 

the
 

initial
 

and
 

to
 

be
 

determined
 

by
 

the
 relationship:

 

( ), 2

vgch vcE r v Echr cπε

⊥

⊥
⊥′ = = . 

If speech goes about the electric field of the 
single charge e , then its electric field will be determined 
by the relationship: 

( ) 2,
4

vech cE r v
rπε

⊥

⊥′ = , 

where v⊥ - normal component of charge rate to the 
vector, which connects the moving charge and 
observation point. 

Expression for the scalar potential, created by 
the moving charge, for this case will be written down as 
follows [1-4]: 

           
( , ) ( )4

vech vcr v r chr cϕ ϕπε

⊥

⊥
⊥′ = =                 (3.1.4) 

where ( )rϕ - scalar potential of fixed charge. 
The potential of can be named scalar- vector, 

since it depends not only on the absolute value of 
charge, but also on speed and direction of its motion 
with respect to the observation point. Maximum value 
this potential has in the direction normal to the motion of 
charge itself. Moreover, if charge rate changes, which is 
connected with its acceleration, then can be calculated 
the electric fields, induced by the accelerated charge. 

During the motion in the magnetic field, using 
the already examined method, we obtain: 

( ) vH v Hch c
⊥

⊥′ = , 

where v⊥ - speed normal to the direction of the 

magnetic field. 

If we apply the obtained results to the 

electromagnetic wave and to designate components 

pour on parallel speeds IFR as E↑ , H↑ , and E⊥ , H⊥
as components normal to it, then conversions pour on 
they will be written down: 

   

0

0

,

,

1
,

,
Zv v

E E ch v H shc v c

H H

v v
H H ch v E shc vZ c

E E↑ ↑

⊥⊥ ⊥

↑ ↑

⊥⊥ ⊥

 ′ = + × 

′ =

 ′ = − × 

′ =
  

 

  

 

 

   

(3.1.5)
          

           
          

where

 

0

0
0Z µ

ε=  - impedance

 

of

 

free

 

space,

 

0 0

1c µ ε=  - speed

 

of

 

light.
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Conversions pour on (3.1.5) they were for the 
first time obtained in the work [16-18] they are called 
Mende conversions. 

b) Phase aberration and the transverse Doppler effect 
Of the aid of relationships (3.1.5) it is possible 

to explain the phenomenon of phase aberration, which 
did not have within the framework existing classical 
electrodynamics of explanations.  

We will consider that there are components of 
the plane wave zH  and xE , which is extended in the 

direction y , and primed system moves in the direction 

of the axis x  with the speed xv . Then components pour 

on in the prime coordinate system in accordance with 
relationships (3.1.5) they will be written down: 

,

,

.

x

x

x x

y z

z z

E E

vE H sh c
v

H H ch c

′ =

′ =

′ =

 

Thas is a heterogeneous wave, which has in the 
direction of propagation the component vE′ . 

Let us write down the summary field E′  in moving IFR: 

            
( ) ( )

1
2 22 .x

x y x
vE E E E ch c

 ′ ′ ′= + =  
       (3.2.1)                                   

If the vector H ′


 is as before orthogonal the axis
y , then the vector E′


 is now inclined toward it to the 

angleα , determined by the relationship: 

                             

v vshc cα≅ ≅.                           (3.2.2) 

This is phase aberration. Specifically, to this 
angle to be necessary to incline telescope in the 
direction of the motion of the Earth around the sun in 
order to observe stars, which are located in the zenith? 

The vector of Pointing is now also directed no 
longer along the axis y , but being located in the plane 
xy , it is inclined toward the axis y  to the angle, 
determined by relationships (3.2.2). However, the 

relation of the absolute values of the vectors E′


 and 
H ′


 in both systems they remained identical. However, 
the absolute value of the very vector of Pointing 
increased. Thus, even transverse motion of inertial 
system with respect to the direction of propagation of 
wave increases its energy in the moving system. This 
phenomenon is understandable from a physical point of 
view. It is possible to give an example with the rain 
drops. When they fall vertically, then is energy in them 

one. But in the inertial system, which is moved normal to 
the vector of their of speed, to this speed the velocity 
vector of inertial system is added. In this case the 
absolute value of the speed of drops in the inertial 
system will be equal to square root of the sum of the 
squares of the speeds indicated. The same result gives 
to us relationship (3.2.1). 

Is not difficult to show that, if we the polarization 
of electromagnetic wave change ourselves, then result 
will remain before. Conversions with respect to the 

vectors E


 and H


 are completely symmetrical, only 
difference will be the fact that to now come out the 
wave, which has to appear addition in the direction of 
propagation in the component vH ′ . 

Such waves have in the direction of its 
propagation additional of the vector of electrical or 
magnetic field, and in this they are similar to E  and H
of the waves, which are extended in the waveguides. In 
this case appears the uncommon wave, whose phase 
front is inclined toward the vector of Pointing to the 
angle, determined by relationship (3.2.2). In fact 
obtained wave is the superposition of plane wave with 

the phase speed
1c µε=  and additional wave of plane 

wave with the infinite phase speed orthogonal to the 
direction of propagation. 

The transverse Doppler effect, who long ago is 
discussed sufficiently, until now, did not find its 
confident experimental confirmation. For observing the 
star from moving IFR it is necessary to incline telescope 
on the motion of motion to the angle, determined by 
relationship (3.2.2). But in this case the star, observed 
with the aid of the telescope in the zenith, will be in 
actuality located several behind the visible position with 
respect to the direction of motion. Its angular 
displacement from the visible position in this case will be 
determined by relationship (3.2.2). But this means that 
this star with respect to the observer has a radial velocity 
component, determined by the relationship  

sinrv v α= , 

since
 
for

 
the

 
low

 
values

 
of

 
the

 
angles

 sinα α≅ , and
v
cα= , Doppler frequency shift will compose 

                              

2

0 2d
v
c

ω ω⊥= .                       (3.2.3) 

This result numerically coincides with results 
special theory of relativity (STR), but it is principally 
characterized by relaunch. Of results fact that it is 
considered into STR that the transverse Doppler effect, 
determined by relationship (3.2.3), there is in actuality, 
while in this case this only apparent effect. If we 
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compare the results of conversions pour on (3.1.5) with 
conversions STR, then it is not difficult to see that they 
coincide with accuracy to the quadratic members of the 
ratio of the velocity of the motion of charge to the speed 
of light. 

Of conversion STR, although they were based 
on the postulates, could correctly explain sufficiently 
accurately many physical phenomena, which before this 
explanation did not have. With this circumstance is 
connected this great success of this theory. 
Conversions (3.1.4) and (3.1.5) are obtained on the 
physical basis without the use of postulates and they 
with the high accuracy coincided with STR. Difference is 
the fact that in conversions (3.1.5) there are no 
limitations on the speed for the material particles, and 
also the fact that the charge is not the invariant of 
speed. The experimental confirmation of the fact 
indicated can serve as the confirmation of correctness 
of the proposed conversions. 

c) Laws of the electro-electrical induction  
Since pour on any process of the propagation 

of electrical and potentials it is always connected with 
the delay, let us introduce the being late scalar- vector 
potential, by considering that the field of this potential is 
extended in this medium with a speed of light [19-20]: 

                  0
( , ) 4

rv t c
g ch cr t rϕ π ε

⊥
 − 
 

= ,                 (3.3.1) 

where
rv t c⊥

 − 
 

 - component of the charge rate g , 

normal to the vector r  at the moment of the time
rt t c

′= − , r -the distance between the charge and the 

point at which the field is determined at the time t. 
But does appear a question, on what bases, if 

we do not use Maxwell’s equation, from whom does 
follow wave equation, is introduced the being late 
scalar- vector potential? This question was examined in 
the thirteenth paragraph, when the velocity of 
propagation of the front of the wave of the tension of 
magnetic and electric field in the long line was 
determined. There, without resorting to Maxwell's 
equations, it was shown that electrical and magnetic 
field they are extended with the final speed, which in the 
vacuum line is equal to the speed of light. 

Consequently, such fields are late to the period 
r
c . The 

same delay we introduce in this case and for the scalar- 
vector potential, which is the carrier of electrical field. 

Using relationship ( , )E grad r tϕ=−


, let us 
find field at point 1 (Fig. 6) 

( )yE t
g

xx

r

y

( )yv t

(1)

 

Fig. 6: Diagram of shaping of the induced electric field 

The gradient of the numerical value of a radius 
of the vector of is a scalar function of two points: the 
initial point of a radius of vector and its end point (in this 
case this point 1 on the axis of and point 0 at the origin 
of coordinates). Point 1 is the point of source, while 
point 0 - by observation point.  With the determination of 
gradient from the function, which contains a radius 
depending on the conditions of task it is necessary to 
distinguish two cases:  

1) The point of source is fixed and is considered as the 
function of the position of observation point. 

2) Observation point is fixed and r  is considered as 
the function of the position of the point of source. 

We will consider that the chargee  
accomplishes fluctuating motion along the axis y , in the 
environment of point 0, which is observation point, and 
fixed point 1 is the point of source and r  is considered 
as the function of the position of charge. Then we write 
down the value of electric field at point 1: 

0

( , )

(1) 4 ( , )

y

y

r y tv t ceE chy r y t cπε

 − ∂  =−
∂

, 

when the amplitude of the fluctuations of charge is 
considerably less than distance to the observation point, 
it is possible to consider a radius vector constant. We 
obtain with this condition: 

0
( , ) 4

y y

y

x xv t v tc ceE x t shcx y cπε

   ∂ − −   
   =−
∂  ,   (3.3.2)                               

where x  - some fixed point on the axis x . 
Taking into account that  

1y y y

y

x x xv t v t v tc c ct
y t y t xv t c

     ∂ − ∂ − ∂ −     ∂     = =
∂ ∂ ∂ ∂  − 

 

, 
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we obtain from (3.3.2): 

0

1( , ) 4

y

y

y

y

x xv t v tc ceE x t shcx t cxv t c
πε

   ∂ − −   
   =
∂ − 

 

 . (3.3.3)                          

This is a complete emission law of the moving charge. 
If we take only first term of the expansion 

y
xv t c

sh c

 − 
  , then  we  will  obtain  from  (3.3.3):  

                      2
0

( , )
4

y

y

xea t c
E x t

c xπε

 − 
 =−   ,            (3.3.4) 

                                         
 

where y
xa t c

 − 
 

 - being
 
late

 
acceleration

 
of

 
charge.

 

This
 
relationship

 
is

 
wave

 
equation

 
and

 
defines

 both
 
the

 
amplitude

 
and

 
phase

 
responses

 
of

 
the

 
wave

 
of

 the
 
electric

 
field,

 
radiated

 
by

 
the

 
moving

 
charge.

 If
 

we
 

as
 

the
 

direction
 

of
 

emission
 

take
 

the
 vector,

 
which

 
lies

 
at

 
the

 
plane xy, and

 
which

 
constitutes

 with
 
the

 
axis

 
y

 
the

 
angle α , then

 
relationship

 
(3.3.4)

 takes
 
the

 
form:

 

               
2

0

sin
( , , )

4

y

y

xea t c
E x t

c x

α
α

πε

 − 
 =− .         (3.3.5)

                                       

Relationship
 

(3.3.5)
 

determines
 

the
 

radiation
 pattern.

 
Since

 
in

 
this

 
case

 
there is axial

 
symmetry

 relative
 

to
 

the
 

axis y, it
 

is
 

possible
 

to
 

calculate
 

the
 complete

 
radiation

 
pattern

 
of

 
this

 
emission.

 
This

 diagram
 
corresponds

 
to

 
the

 
radiation

 
pattern

 
of

 
dipole

 emission.
 Since  

4

z

H

xev t c xA tx cπ

 −    = − 
 

 
there

 

is the

 

being

 

late

 

vector

 

potential,

 

the

 

relationship

 (3.3.5)

 

can

 

be

 

rewritten

 

2
0

sin
( , , )

4

y

y

xea t c
E x t

c x

α
α

πε

 − 
 =− , 

 
or

 

0( , , )
H

y

xA t c
E x t tα µ

 ∂ − 
 =−
∂

. 

      
         

       
          

        
      

         
      

Let

 

us

 

demonstrate

 

the

 

still

 

one

 

possibility,

 

which

 

opens

 

relationship

 

(3.3.5).

 

Is

 

known

 

that

 

in

 

the

 

electrodynamics

 

there

 

is

 

this

 

concept,

 

as

 

the

 

electric

 

dipole

 

and

 

the

 

dipole

 

emission,

 

when

 

the

 

charges,

 

which

 

are

 

varied

 

in

 

the

 

electric

 

dipole,

 

emit

 

electromagnetic

 

waves.  Two

 

charges

 

with

 

the

 

opposite

 

signs

 

have

 

the

 

dipole

 

moment:

 

                                    p ed=


,                          

 

(3.3.6)

 

where

 

the

 

vector d


is

 

directed

 

from

 

the

 

negative

 

charge

 

toward

 

the

 

positive

 

charge.

 

Therefore

 

current

 

can

 

be

 

expressed

 

through

 

the

 

derivative

 

of

 

dipole

 

moment

 

on

 

the

 

time  

d pev e t t
∂ ∂

= =
∂ ∂

 


. 

Consequently

 

1 pv e t
∂

=
∂




, 

and

 

2

2
1v pa t e t

∂ ∂
= =
∂ ∂

 


 . 

Substituting

 

this

 

relationship

 

into

 

expression

 

(3.3.5),

 

we

 

obtain

 

the

 

emission

 

law

 

of

 

the

 

being

 

varied

 

dipole.

 

                      

2

2 2
0

( )1
4

rp t cE
r c tπ ε

∂ −
=−

∂


.           (3.3.7)

      

                               This

 

is

 

also

 

very

 

well-known

 

relationship

 

[21].

 
In the

 

process

 

of

 

fluctuating

 

the

 

electric

 

dipole

 
are

 

created

 

the

 

electric

 

fields

 

of

 

two

 

forms.

 

Firs,

 

these

 
are

 

the

 

electrical

 

induction

 

fields

 

of

 

emission,

 
represented

 

by

 

equations

 

(3.3.4),

 

(3.3.5)

 

and

 

(3.3.6),

 
connected

 

with

 

the

 

acceleration

 

of

 

charge.

 

In

 

addition

 

to

 
this, around

 

the

 

being

 

varied

 

dipole

 

are

 

formed

 

the

 
electric

 

fields

 

of

 

static

 

dipole,

 

which

 

change

 

in

 

the

 

time

 
in

 

connection

 

with

 

the

 

fact

 

that

 

the

 

distance

 

between

 

the

 
charges

 

it

 

depends

 

on

 

time.

 

However,

 

the

 

summary
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value of field, around this dipole defines as the
superposition of those obtained pour on.

Is again obtained complete agreement with the
equations of the being late vector potential, but vector
potential is introduced here not by phenomenological
method, but with the use of a concept of the being late
scalar-vector potential. It is necessary to note one
important circumstance: in Maxwell's equations the
electric fields, which present wave, vortex. In this case
the electric fields bear gradient nature.



         
      

Laws

 

(3.3.4),

 

(3.3.5),

 

(3.3.7)

 

neither

 

are

 

the

 

laws

 
of

 

the

 

direct

 

action,

 

in

 

which

 

already

 

there

 

is

 

neither

 
magnetic

 

pour

 

on

 

nor

 

vector

 

potentials.

 

I.e.

 

those

 
structures,

 

by

 

which

 

there

 

were

 

the

 

magnetic

 

field

 

and

 
magnetic

 

vector

 

potential,

 

are

 

already

 

taken

 

and

 

they

 

no

 
longer

 

were

 

necessary

 

to

 

us.

 
Using

 

relationship

 

(3.3.5)

 

it

 

is

 

possible

 

to

 

obtain

 
the

 

laws

 

of

 

reflection

 

and

 

scattering

 

both

 

for

 

the

 

single

 
charges

 

and,

 

for

 

any

 

quantity

 

of

 

them.

 

If

 

any

 

charge

 

or

 
group

 

of

 

charges

 

undergo

 

the

 

action

 

of

 

external

 
(strange)

 

electric

 

field,

 

then

 

such

 

charges

 

begin

 

to

 
accomplish a forced

 

motion,

 

and

 

each

 

of

 

them

 

emits

 
electric

 

fields

 

in

 

accordance

 

with

 

relationship

 

(3.3.5).

 
The

 

superposition

 

of

 

electrical

 

pour

 

on,

 

radiated

 

by

 

all

 
charges,

 

it

 

is

 

electrical

 

wave.

 
If

 

on

 

the

 

charge

 

acts

 

the

 

electric

 

field

 0 siny yE E tω′ ′= , then

 

the

 

acceleration

 

of

 

charge

 

is

 determined

 

by

 

the

 

equation  

0 siny
ea E tm ω′=− . 

Taking

 

into

 

account

 

this

 

relationship

 

(18.5)

 
assumes

 

the

 

form

 

         

2

2
0

0
sin( , , ) sin ( )

4y y
e xE x t E t cc mx

αα ω
πε

′= −  ,   (3.3.8)

                             
where

 
the

 
coefficient  

2

2
0

sin
4
eK

c m
α

πε
= , 

where
 
the

 
coefficient

 
of

 
can

 
be

 
named

 
the

 
coefficient

 
of

 scattering
 
(re-emission)

 
single

 
charge

 
in

 
the

 
assigned

 direction, since
 
it
 
determines

 
the

 
ability

 
of

 
charge

 
to

 
re-

emit
 
the

 
acting

 
on

 
it
 
external

 
electric

 
field.

 The
 

current
 

wave
 

of
 

the
 

displacement
 accompanies

 
the

 
wave

 
of

 
electric

 
field:

 
2

2 2
sin( , )

4

y

y

xv t cej x t
c x t
α

π

 ∂ − 
 =−
∂

. 

If charge accomplishes its motion under the 
action of the electric field 0 sinE E tω′ ′=  , then bias 
current in the distant zone will be written down as 

          

2

2 0( , ) cos
4y y

e xj x t E t cc mx
ω ω

π
 ′=− − 
 

.    (3.3.9)                                 

The sum wave, which presents the propagation 
of electrical pour on (3.3.8) and bias currents (3.3.9), 
can be named electric current wave. In this current wave 
of displacement lags behind the wave of electric field to 

the angle equal 2
π

.  For the firth time this term and 

definition of this wave was used in the works [2,3]. 
In parallel with the electrical waves it is possible 

to introduce magnetic waves, if we assume that 

                      
0

Ej rotHtε ∂
= =

∂




,
            (3.3.10)                                        

 

0divH =


. 

Introduced thus magnetic field is vortex. 
Comparing (3.3.9) and (3.3.10) we obtain: 

2

2 0
( , ) sin cos

4
z

y
H x t e xE tx cc mx

ω α ω
π

∂  ′= − ∂  
. 

Integrating this relationship on the coordinate, 
we find the value of the magnetic field 

         

2

0
sin( , ) sin4z y

e xH x t E tcmx c
α ωπ

 ′= − 
 

.   (3.3.11) 

Thus, relationship (3.3.8), (3.3.9) and (3.3.11) 
can be named the laws of electrical induction, since they 
give the direct coupling between the electric fields, 
applied to the charge, and by fields and by currents 
induced by this charge in its environment. Charge itself 
comes in the role of the transformer, which ensures this 
reradiation. 

The magnetic field, which can be calculated 
with the aid of relationship (3.3.11), is directed normally 
both toward the electric field and toward the direction of 
propagation, and their relation at each point of the 
space is equal o 

0

0 0

1
21y

z

E
Z H c

µ
ε ε

 = = = 
 

, 

where Z  - wave drag of free space. 
Wave drag determines the active power of 

losses on the single area, located normal to the 
direction of propagation of the wave: 

2
0

1
2 yP ZE= . 

Therefore electric current wave, crossing this 
area, transfers through it the power, determined by the 
data by relationship, which is located in accordance with 
by Pointing’s theorem about the power flux of 
electromagnetic wave. Therefore, for finding all 
parameters, which characterize wave process, it is 
sufficient examination only of electric current wave and 
knowledge of the wave drag of space. In this case it is in 
no way compulsory to introduce this concept as 
“magnetic field” and its vector potential, although there 
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is nothing illegal in this. In this setting of the 
relationships, obtained for the electrical and magnetic 
field, they completely satisfy Helmholtz's theorem. This 
theorem says, that any single-valued and continuous 
vectorial field F


, which turns into zero at infinity, can be 

represented uniquely as the sum of the gradient of a 
certain scalar function ϕ  and rotor of a certain vector 
function C


, whose divergence is equal to zero: 

F grad rotCϕ= +


, 

0divC=


. 

C consequently, must exist clear separation pour on to 
the gradient and the vortex. It is evident that in the 
expressions, obtained for those induced pour on, this 
separation is located. Electric fields bear gradient 
nature, and magnetic - vortex. 

Thus, the construction of electrodynamics 
should have been begun from the acknowledgement of 
the dependence of scalar potential on the speed. But 
nature very deeply hides its secrets, and in order to 
come to this simple conclusion, it was necessary to 
pass way by length almost into two centuries. The grit, 
which so harmoniously were erected around the magnet 
poles, in a straight manner indicated the presence of 
some power pour on potential nature, but to this they 
did not turn attention; therefore it turned out that all 
examined only tip of the iceberg, whose substantial part 
remained invisible of almost two hundred years. 

Taking into account entire aforesaid one should 
assume that at the basis of the overwhelming majority of 
static and dynamic phenomena at the electrodynamics 
only one formula (3.3.1), which assumes the 
dependence of the scalar potential of charge on the 
speed, lies.  From this formula it follows and static 
interaction of charges, and laws of power interaction in 
the case of their mutual motion, and emission laws and 
scattering. This approach made it possible to explain 
from the positions of classical electrodynamics such 
phenomena as phase aberration and the transverse 
Doppler effect, which within the framework the classical 
electrodynamics of explanation did not find. After entire 
aforesaid it is possible to remove construction forests, 
such as magnetic field and magnetic vector potential, 
which do not allow here already almost two hundred 
years to see the building of electrodynamics in entire its 
sublimity and beauty. 
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Abstract-

 

Considering gravitation as magnetic binding of (e-p) 
pairs, galactic systems are

 

described in a fundamental theory 
based on a QED like Lagrangian with fermions

 

coupled to 
boson fields. In this formalism severe boundary conditions 
have to be

 

fulfilled, related to geometry, momentum and 
energy-momentum conservation. In

 

this way all needed 
parameters are determined; thus giving rise to a description

 

based on first principles.

 

The primary process is magnetic binding of (e-p) 
pairs, leading to a very small

 

binding energy of about 3 10−38

 

GeV and a first-order equivalent coupling constant,

 

which is in 
agreement with Newton’s gravitational constant GN. 

Systems of magnetic binding of 10~100 (e-p) pairs (or 
hydrogen atoms) are related

 

to galaxies. Their rotation 
velocities are well described, yielding information on the

 

mass, 
the average particle density and the damping of coherent 
rotation. Different

 

from the mass estimate     
derived from gravitation theory, the

 

deduced galaxy masses 
show a rapid fall-off to smaller radii, which can be understood

 

by the finiteness of these systems.

 

No evidence has been found for galactic dark matter 
contributions.

 

Keywords:

 

description of gravitational systems as 
magnetic binding of many (e-p) pairs. quantitative 
account of the rotation profiles of galaxies, giving rise to 
masses in agreement with gravitation theory by including 
the finite size of these systems.

 I.

 

Introduction

 lementary bound or stationary states may be 
considered as the building blocks of nature,

 

since 
they give rise to stability of matter over long 

periods of time. These systems require

 

an equilibrium 
between binding and kinetic energy, governed by the 
virial theorem. Their

 

description in form of atoms, 
hadrons, and leptons has been discussed recently 

            
[1, 2].

 
Galactic systems have also the important 

property of stability over long time scales.

 

However, it 
appears to be difficult to consider these systems as 
bound states, since it

 

is known that the universe is not of 
static structure: starting from a cosmic system,

 

in which 
all matter had been confined in a small volume of high 
density, it expands

 

permanently. In addition, for a 

realistic description of galaxies the origin of gravitation

 

has to be understood.
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Gravitation has been mostly described by 
Newton’s gravitation theory, often complemented by 
Einstein’s theory of general relativity [3]. In the latter, 
gravitation is considered as a deformation of space-time 
caused by massive objects. However, this theory is not
satisfactory from a fundamental point of view: by 
eliminating gravity by the equivalence principle the real 
physical origin of the gravitational attraction rests 
unknown. Differently, in a (first-order) quantum theory 
similar to those applied to other fundamental forces, the 
extremely weak interaction has been tentatively 
interpreted [4] as tensor-exchange of “gravitons”, but 
such spin=2 particles have not been found. Further, 
serious attempts have been made to describe gravity in 
high-dimensional string-type models [5], in which the 
notion of point particles is replaced by one-dimensional 
strings. However, these models have a very complicated 
structure with too many parameters to be adjusted. Also
it is not clear, whether (and eventually how) curved 
space-time has to be included in a quantum description 
of gravity.

Important to note that all known theories applied 
to fundamental forces have been constructed
empirically and need external parameters, which have to 
be fixed in some way. Also general relativity is an 
empirical theory, in which space-time parameters 
related to curvature, expansion, etc. have to be adjusted 
to astrophysical observations. But this does not allow 
absolute predictions, which can be tested 
experimentally. The requirement of an adequate 
fundamental theory can be expressed by the theorem: If 
in a theory adjustable parameters are needed, which 
cannot be determined from basic constraints, a (more) 
fundamental theory has to exist, in which all parameters 
can be deduced from first principles.

During the last years, such a self-contained 
theory has been developed [1, 2], in which atoms, but 
also hadrons and leptons can be understood without 
employing external parameters. One can also expect 
that such  a  fundamental  theory  can  describe  systems
bound by gravitation. Indeed, in the study of magnetic 
bound states, a solution of two hydrogen atoms has 
been found [2], which has a tiny binding energy and a 
first order equivalent coupling constant in agreement 
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large number of such (e-p) pairs. In this way a complete 
and self-consistent description of galaxies is obtained. 

II.  Theoretical Background and 
Constraints on Magnetically   ound 

States  
The present description is based on field theory, 

with a Lagrangian similar to that of quantum 
electrodynamics (QED), in which the fermions                 
Ψ+ and   Ψ − are accompanied by boson fields  

(1)

 

The reduced mass 

 

is given by , where 

 

are the masses of

 

the participating 
   

    

  
 

 

This framework has been discussed in detail

 

in refs. [1, 2]. It leads to a theory of finite

 

structure for radii 

 

                   
→

 

0

 

and →

 

∞, giving rise to matrix elements, which can be

 

described by fermion and boson wave functions 

 
 

and 

 

(of scalar and vector

 

structure) connected by bosonic interaction potentials. For fermions this 
results in two

 

matrix elements

 

  

(2)

 

with n=2,3 and potentials of the form

 

(3)

 

with s=0 for scalar and s=1 for vector states, and

 

  

(4)

 

The boson matrix element is of the form

 

(5)

 

The geometric boundary conditions [1, 2] are satisfied by using 

  

, with

 

 (6)
 

and
 

(7) 

The normalization of 
 

and 
 

is 
obtained by requiring 4

Further, ) is a
 
boson-exchange interaction, which has 

a radial form similar to ). In addition, for
 
magnetically 

bound systems ( ) is the relative velocity of different 
fermion and boson

 
components, see the details in                 

ref. [2].
 

An important point is that a consistent 
description (in which about 10 constraints have

 
to be 

fulfilled) can be obtained only [1], if the energy Eo

 
in eq.

 

(3) is set to zero. This

 

indicates a coupling of the theory 
to the (absolute) vacuum of fluctuating boson fields,

 

which allows creation of massless fermion-antifermion 
pairs during overlap of boson fields.

 

These particles are 
immediately bound to  form simple 

 

mesons, 

 

indicating massless

 

fermions (quantons).

 

The binding and kinetic energies have been 
calculated as given in refs. [1, 2]. The mass

 

is defined 
by the absolute binding energies 

 

where 2g

 

and 3g

 

are the

 

binding energies in 

 

and 
, respectively.

 

Aµ

L =
1

m̃2
(Ψ̄−Dν) iγ

µDµ (DνΨ+) −
1

4
FµνF

µν .

m̃ m=m1m2/(m1+m2

(˜ mi

particles. The vector boson fields with coupling g to fermions are contained in the covariant derivatives 
. Further, the second term of the Lagrangian represents the Maxwell term with Abelian field 

strength tensors given by , which gives rise to both electric and magnetic coupling 
(magnetic effects arise from the motion of fermions).

Aµ
Dµ= ∂µ − igAµ

F µν F µν=∂µAν−∂νAµ

r r
s,v (r

(
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ws,v(r𝜓𝜓 (

 

   Mf
ng(r)

 

= s̄,v(r) Vng(r) s,v(r) (v/c)
2 ,𝜓𝜓 𝜓𝜓

V2g(r) =
α2(h̄c)2(2s+ 1)

8m̃

(d2ws(r)

dr2
+

2

r

dws(r)

dr

) 1

ws(r)
+ Eo

V3g(r) =
α3(h̄c)

m̃

∫

dr′ ws,v(r
′) vv(r − r′) ws,v(r

′) .

Mg(r) =
α3(h̄c)

m̃
ws,v(r) vv(r) ws,v(r) (v/c) .

s,v(r) ∼ ws,v(r𝜓𝜓 (

ws(r) = wso exp{−(r/b)κ}

wv(r) = wvo [ws(r) + βR
dws(r)

dr
] .

s,v(r𝜓𝜓 (

ws,v(r

(

π
∫

r2dr ψ 2
s,v(r 2π

∫

w2
s,v(r) =1 and βR=−

∫

r2 ws(r)/
∫

r2dr[dws

) =1, rdr
(r)/drdr

v/c

qq̄ q

M = |E2g |+ |E3g|,
E E V2g(r

(

V3g(r

(

BFirst, we give a brief discussion of the 
theoretical framework with emphasis on basic boundary 
conditions. Then, a magnetic bound state composed of 
(e-p) pairs is discussed in detail, in which the parameter 
ambiguities could be removed by requiring a consistent
account of the rotation velocity. Based on this 
fundamental system we describe galactic systems by a 

type of binding could be the origin of gravitation. To test 
this conjecture, in the present paper this formalism has 
been applied to the description of galactic systems.

vv (r
wv r(

with Newton’s gravitational constant GN. Therefore, this 

].



In addition to the geometric boundary 
conditions [1, 2] we require momentum matching 
between fermions and bosons 

= 0                 (8) 
as well as energy-momentum conservation

 

 
(9)

 

where and is taken as positive. 

The momenta are given by  
and , but for vector

 
particles 

, 

Fourier transformed quantities

 

are given by 

                  
  

Further, a mass-radius condition has been 
derived from the potential 

(10)

 

Finally it is important to note that magnetically 
bound vector states (with radial node)

 

are not stable. 
Nevertheless, energy-momentum

 

conservation should 
be fulfilled for all

 

states.

 

a)

 

Existence of a complex magnetic bound state

 

A solution for magnetically bound hydrogen 
atoms (H-H) has been discussed in ref. [2],

 

which led to 

a first-order equivalent coupling constant in agreement 
with Newton’s gravitational constant . Therefore, this 
type of bound state could be the origin of gravitation. 
However, in more detailed work it has been found that 
the boundary conditions are also satisfied, if both - the 
slope parameter and the relative velocity factor ( )  - 
are multiplied with the same factor. This indicates that 
an extra constraint is needed to obtain an unambiguous 
solution. 

Such a constraint can be defined by requiring 
that the velocity ( ) is related to the kinetic energy by 

(11)
 

where is the total mass of the 
diatomic H-H or (e-p)2

 

state. By imposing

 

this constraint, 
an unambiguous solution is obtained, in which all 
boundary conditions

 

are satisfied, see table 1. Even for 
the s-state energy-momentum conservation is fulfilled

 

for bosons and fermions separately. Important to note 
that also in this case the first-order

 

equivalent coupling 
constant

 

(12)

 

 

Table 1:

 

Solution of a (e-p)2

 

state bound magnetically, using = 1.35 and = 2.14. All

 

dimensional quantities are in 
GeV or fm.

 

  

 

is in good agreement with Newton’s gravitational 
constant This result 
may be taken as convincing evidence that the origin of 
gravitation is magnetic

 

binding of many atoms.

 

The deduced scalar density and potentials are 
shown in fig. 1. In the upper part, the

 

present interaction 
is compared to a gravitational potential  1/r, which 

shows

 

the difference between a finite interaction and a 
divergent one. Below, the scalar density and the 
potentials are given. One can see that 

                     
 

, as required

 

from a second geometric 
boundary condition [1, 2]. In the lower part of the figure 
the

 

potential is displayed, which stabilizes the 
system. This potential has the same

 

radial form as the 
“confinement” potential in hadrons and leptons.

 

This solution shows a fermion root-mean-
square (rms) radius of 0.40 fm, indicating that

 

the 
protons and electrons come close to each other (giving 
rise to a (e-p)2

 

rather than a

 

diatomic H-H state). This is 
consistent with the general observation from hadrons 
and

 

leptons that magnetically bound systems have 
smaller radii than those bound electrically.

 

Another point 
of interest, the ambiguity between b

 

and without 
applying the

 

condition (11) - indicates that the first-order 
equivalent coupling constant 

 

is the same - and thus 
universal - for all gravitational systems with increased or 
decreased central

 

density relative to the basic (e-p)2

 

state.
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< q2g >
1/2
rec + < q2f >

1/2
rec

[< q 2

g>
1/2+< q2f >

1/2 ] (v/c) +Eg− x Mf= 0,

x=
√

2m̃/Mf v/c( (

2
g>=

2
g>rec<q <q

< q2fs >=< q2fs >rec

< q2fv >=
∫

q4dq ψv(q)V
v
3g(q)/ < q0fv > where the

v, V
v
3g)

(q) = 4π
∫

r2dr j 2
1 (qr)( v, V

v
3g)(r).

𝜓𝜓
𝜓𝜓

(

V2g(r)

(h̄c)2 (v/c)2

m̃(Ms/2) < r2
s

>
= 1 .

GN

b v/c 2

v/c

(v/c) =

√

2Ekin

Mtot

,

Mtot = 2me+2mp

αgr =

∫

V s
3g(r) dr

∫ h̄c
r
dr

κ α

system ˜ bm (v/c)2 < r2
s

>1/2 Ms Rat2g αgr

(ep)2 1.51 100.34250.469 −38 2.6 100.40 −38 5.9 101.0 −39

s < q2g >
1/2 (v/c) < q2f >

1/2 (v/c)
∑

< q2g,f >
1/2 (v/c) Eg xMf xMf − Eg

0 1.6±0.1 10−19 1.6±0.2 10−19 3.2±0.3 10−19 -1.6 10−19 1.6 10−19 3.2 10−19

1 2.2±0.2 10−19 -2.6 10−19

GN = 6.707 10−39(h̄c)GeV −2.

∼

w2
s (r) 

V s,v
3g (r) 

V v
3g(r) ∼ w2

s (r ) 

V2g (r) 

v/c)2(

α

 

 Rat2g

 

=
ψ

4.2±0.3 10−19 6.4±0.5 10−19 3.4 10−19 6.0 10−19

gr

vv(r)



 
 

 

(13)

 

where are the fermion and boson rms-radii 
of the composite systems and

 

the 
corresponding radii of the basic (e-p) pair. Further, 
momentum matching

 

(14)

 

as well as energy-momentum conservation should be 
satisfied. For bosons this reads

 

(15)

 

and for fermions

 

(16)

 

where Ngal

 

is the average number of basic (e-p)2

 

states 
in r-direction, which can be

 

different from 

 

obtained from the geometrical relation (13), ( ) the 
relative fermion

 

velocity of the (e-p)2

 

bound states, 

                 
 

the boson binding energy, 

 

the mass and

                  
  

, where m̃ is the reduced mass.

 

For a composite system of many particles the 
relation between potential and kinetic

 

energy is non-
trivial: an acceleration term for individual particles can 
be derived [6] from

 

the Lagrangian (1), which allows to 
drive the random motion of the single particles to a

 

coherent rotation of the whole system. In this case the 
kinetic energy will be lowered, the

 

virial theorem is 
violated and leads to a collapse of the system1

                                                            
 

1

 

The collapse of gravitational systems has been worried about already 
by I. Newton after formulating the gravitational potential, see also 
Bentley’s paradox [7].

 
 

. 
However, formation of a stable system is 

possible under the special condition that also the

 

magnetic (gravitational) attraction is reduced by the 
same amount. Such a lowering of the

 

binding energy 
may be explained by assuming that a repulsive potential 
has been built

 

up by the annihilation of matter during the 
former high density phase of the universe,

 

from

 

which all 
galactic matter originates.

 

The radial dependence of the rotation velocity of 
galactic systems may be calculated from

 

a relation 
similar to eq. (11) by replacing the kinetic energy 

                

   and the (total) mass 

by . In addition, we have to introduce a 

damping factor , which takes a reduction of 
coherent rotation into account. This yields

 

(17)

 

where 

 

is the radial derivative of the kinetic 
energy of the magnetic state in

 

sect. 2. a  given by

 

 

 

(18)

 

 
 

  
 

 

 

 

 

 

 

 
  

 

A second condition requires that the maximum 
rotation velocity of galaxies is related to of the 
fundamental state by

 

 

(19)

 

By the geometric relation (13) and eqs. (17) and 
(19) the parameters and 

 

are

 

fixed, leading to 
an unambiguous determination of the galaxy masses, 
see eq. (16).

 

Finally, galaxy masses have been estimated 
using an (empirical) relation between maximum

 

rotation 
velocity and galaxy mass - derived from gravitation 
theory

 

(20)

 

where R is the radius at . A comparison of the 
deduced masses with this estimate

 

will be made below.

 

III.

 

Rotational Velocities of Galactic 
Systems

 

Although many aspects of gravitation can be 
well understood within Newton’s theory of

 

gravitation, 
the observation of galactic rotation velocities has led in 
the past to misleading

 

interpretations. In the solar 
system, the orbital velocities of the different planets 

follow

 

closely a Keplerian

 

behavior, which can be 
derived directly from Newton’s law V  1/r. 
However, such a rapid fall-off of the velocity as a 
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< r2f >
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gal∼< r2g >

1/2
gal∼ N r

gal < r2g,f >
1/2
s

< r2f,g >
1/2
gal

< r2g,f >
1/2
s

< q2g >
1/2
gal=< q2f >

1/2
gal

Eg
gal ∼ (Ngal)

3 < q2gs >
1/2 (v/c) = (Ngal)

3Eg
s ,

M f
gal∼(Ngal)

3< q2fs >
1/2 (v/c)/x= (Ngal)

3M f
s ,

N r
gal

v/c

Eg
gal M f

gal

x =
√

2m̃/M f
s

E kin
gal

by N gal (dE
kin
s (r )/dr )rs

N r
gal Ms

fdamp

vrot(rgal)

c
=

√

√

√

√

2 dEkin
s (r) rs

dr Ms

Ngal

N r
gal

fdamp ,

dE kin
s (r)/dr

dEkin
s (r)

dr
= 2πψ2

s(r)r
3 (
dV2g(r)

dr
+
dV3g(r)

dr
) .

vmax
c

= (v/c)
√

Ngal fdamp .

δgal fdamp

M gr = v2maxR/GN ,

vmax

√

1/r
grav ∼

b) Description of magnetic (gravitational) states of many
(e-p) pairs

The ratio can be understood as 
the  average  rms - radius of the basic (e-p) pairs in the 
galaxy divided by the rms-radius of the free (e-p)2 state. 
But can be considered also as the normalized 
central density of the galaxy with respect to that of the 
free (e-p)2 state. For the average density is 
smaller than the basic magnetic state, whereas 
would indicate a system of higher density. In this respect 
it is important to mention that also for systems with 

1 all constraints (13) - (16) have to be satisfied, and 
also the first-order equivalent coupling constant is 
unchanged (universality of ). Finally it is important to 
note that for 1 the vi rial theorem is not 
fulfilled, for < 1 the system will be driven to 
increased radii.

δgal=Ngal/N
r
gal

δgal

< 1δgal
> 1δgal

δgal
= 6

GN
fdamp = 6

fdamp

In the following, systems composed of many   
(e-p) pairs are discussed. These objects have to fulfill 
also boundary conditions concerning geometry, 
momentum and energy-momentum conservation. The 
geometry requires similar radii of the boson and fermion 
distributions

v/c( )



[8], in which an empirical modification of

 

Newtonian 
dynamics has been employed.

 

In the present formalism the rotation velocity 
has to go to zero for r →

 

0, a physical

 

necessity for a 
system of finite density and interactions. This fact 
indicates clearly

 

that the r-dependence of the

 

velocity 

, see eq. (20), can be only an

 

approximation of the rotation velocities at larger radii.

 

In the upper part of fig. 2 the particle density 
and the potentials are shown for a galactic

 

system with 
arms- radius of 3.2 kpc. The derived rotational velocity is 
given in the second

 

part. One can see that the rotation 
curve starts from zero at r = 0 and reaches a maximum

 

at a radius somewhat smaller than the rms-radius, then 
falls again to zero. A Keplerian

 

dependence is 
shown by dot-dashed line, which shows an unphysical 
divergence for

 

r

 

→

 

0 and r

 

→

 

∞. 

a)

 

Fit of various galaxies with different radii and rotation 
velocities

 

 

profile of the galaxy F583-1, which is typical of many low 
surface brightness

 

galaxies [9]. By scaling the rotation 
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vrot (r)∼
√

GNM/r

√

1/r

curve in radius to the outside region, a reasonable fit is 
obtained with a rms radius of about 13 kpc (the 
deviations at smaller radii could indicate another 
galactic component of smaller radius). The results of the 
present analysis are given in table 2. The deduced mass 
of about 8 107 solar masses is two orders of magnitude 
smaller than estimated with the mass formula (20). 
Further, the deduced value of of 0.015 indicates an 
average galactic density of about 70 times smaller than
of the fundamental state. The damping factor of the 
rotation 0.1 may indicate that about 90 % of 
the kinetic energy is in the form of random motion, 
whereas only 10 % of contributes to the 
coherent rotation of the galaxy.

Rotation profiles for three other galaxies are 
shown in fig. 3, the two dwarf galaxies Draco and 
Fornax, and the elliptic galaxy NGC 3379, with data from 
refs. [10, 11]. Both, Draco and Fornax have rather small 
radii of about 0.4 and 1.3 kpc, respectively, whereas 
NGC 3379 shows a rms-radius of about 9 kpc. Apart 
from an increase of the rotation curves at small radius, 
the data are well described with the parameters given in 
table 2.

Table 2: Results for the galaxies in figs. 2-4, with root mean square radii in kpc, maximum rotation 
velocities in km/s and masses in units of solar masses (M =1.11574 10 ). In the last column, the 
masses are given using the gravitational mass formula (20).

System < r2gal >
1/2 vmax Ngal δgal fdamp Mgal (Msol) Mgr (Msol)

F 583-1 13.0 78 1.5 1034 1.5 10−2 0.099 8.0 107 6.6 109

Draco 0.37 12.6 1.2 1031 4.2 10−4 0.034 4.2 10−2 4.9 106

Fornax 1.25 14.5 1.4 1032 1.4 10−3 0.090 6.3 101 2.2 107

NGC 3379 8.5 230 4.8 1033 7.3 10−3 0.032 2.7 106 2.9 1010

UGC 128 40.0 135 1.4 1035 4.5 10−2 0.026 6.7 1010 6.1 1010

NGC 2403 15.2 136 2.0 1034 1.7 10−2 0.017 2.0 108 2.4 1010

NGC 5371 16.0 200 3.0 1034 2.4 10−2 0.010 6.4 108 7.1 1010

” (2) 65.0 200 3.7 1035 7.4 10−2 0.009 1.2 1012 2.2 1011

Rotation velocities of three further galaxies, 
UGC 128, NGC 2403 from ref. [9] and NGC 5371 with 
data from ref. [12], are given in fig. 4. These have rather 
large radii of about 40 kpc and 20 kpc, respectively, with 
results given also in table 2. For all three galaxies there
are indications for inner-galactic contributions with a 
rms-radius smaller by a factor 5. For the galaxy NGC 
5371 the deduced velocities do not decrease for radii 
larger than 30 kpc, which may indicate a large-radius 
component given by dashed line in fig. 4, leading to the 
results marked (2) given separately in table 2.

The systematic behavior of the maximum 
rotation velocity and the extracted values of and 

as a function of the galaxy mass is given in fig. 5, 
the galaxy masses as a function of radius are shown in 
fig. 6. Surprisingly, the deduced values of (in the
middle part of fig. 5) as well as the radius (in the lower 
part in fig. 6) show a very smooth mass dependence. 

δgal

damp ∼f

Ekin
gal

< r2gal >
1/2

sol 57 GeV/c
2

δgal
fdamp

δgal

Differently, and show deviations from the 
average behavior, with values of , which follow 
closely the deviations of from the solid line (for the
Galaxy NGC  3379 results for a lower value of of 

               

vmax fdamp
fdamp

vmax
vmax

been deduced, which increase from small radii towards 
the peripheral region. This fact has been interpreted as 
evidence for the existence of dark matter halos. There 
have been also alternative descriptions, e.g. by MOND 

function of radius has commonly not been observed for 
galaxies. In contrary, for many galaxies velocities have

In the lower part of fig. 2 a comparison of the 
calculated rotation curve is made with the rotation 
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75 km/s are shown by open squares, which give a 
slightly larger mass of 6.1 106 , but reduced 
to 0.026). The larger values of could be related to 
uncertainties in the extracted absolute velocities, but 
more likely due to another galaxy component with 
increased radius (similar to that assumed for the galaxy 
NGC 5371).

Of large importance, in all cases the value of 
is significantly smaller than 1. This may indicate 

that only the compact galaxy fragments participate in a 
coherent rotation, whereas the motion within these 
fragments is quite random. Further, may include
a damping due to interactions with other galaxies or 
galactic matter. Since the present results yield               

< 1, galaxies  cannot be considered  as real 
bound states: their radii increase permanently, in overall 
agreement with the observed expansion of the universe.

A really striking result is that the relative density 
     and  the  other quantities  in fig. 5 

show (after corrections, as discussed above) a very 
smooth mass dependence. Such a regular behavior can 
be expected only, if all galaxies originate from the same 
source, an early cosmic state of high density. An 
average value of of 10−2 corresponds to a system, 
in which the rms-radius of the basic (e-p) pairs is 
increased to 40 fm, but this is still more than a factor 103

smaller than the size of hydrogen atoms. If we assume 
that galaxies are mainly composed of hydrogen atoms, 
its average density is rather high. This supports again 
the conclusion that galaxies have been created during
the high-density phase of the cosmic evolution.

IV. Discussion

The analysis of galactic systems has shown that 
gravitation can be well described by magnetic binding of 
many (e-p) pairs (or hydrogen atoms). The following 
points are of particular interest:

a) Constraints on the cosmic high-density phase of 
matter

As discussed above, for the description of the 
rotation velocities of galaxies assumptions had to be 
make on the annihilation mechanisms of matter, which 
took place during the cosmic phase of high density. In 
radial direction, annihilation gave rise to an enormous
flow of photons, resulting in heating the surrounding 
matter (transformation of kinetic energy in random 
motion) with subsequent disintegration into countless 
fragments of matter, from which galactic objects have 
been formed. However, in the galaxy fragments the 
kinetic energy is essentially due to random motion.

In transverse direction, annihilation photons 
could not be produced; instead a repulsive potential 
(opposite in sign to a binding potential) has been built 
up, which led to a reduction of binding, responsible for 
the generation of rather stable galaxies.

b) Relation between fundamental description and first-
order theories

A surprising result of the present study is that 
for large galaxies the extracted masses are in rather 
good agreement with those obtained by using the 
gravitational mass formula (20). At first sight, this 
agreement appears to be accidental, if one considers 
the different mechanisms involved in the present 
analysis. However, one should realize that the present
theory is based on the Lagrangian (1), which is an 
extension of the first-order Lagrangian of QED, see ref. 
[1]. By assuming = 1 the QED Lagrangian is 
restored, which gives rise to a Coulomb potential                 

and the correct binding energies of atomic
states. As detailed in ref. [13], these binding energies 
are also reproduced in the present theory, but in a rather 
complicated way including many s- and p-states, which 
satisfy a linear quantum condition on the radius. In 
addition, the electric fine-structure constant ∼ 1/137 is 
reproduced by the sum of first-order equivalent coupling 
constants 

However, as shown in the lower part of fig. 6, a 
strong fall-off of the deduced masses is obtained for 
decreasing radii, which is not found in the gravitational 
mass formula (20). This behavior can be well 
understood by the finiteness of the interaction ), as 
shown in fig. 6. In the upper part the r-dependence of 
the Fourier transformed interaction ( ) is compared to 
that of the gravitational potential . For 
small values of r (or q) the interaction ( )stays finite, 
whereas goes to infinity. The ratio

as a function of r drops to zero for r → 0, 
as shown by the solid line.

Exactly this behavior is observed in the galaxy 
masses, see the lower part of fig. 6. By scaling the radii 
and momenta to the corresponding radii and masses of 
galaxies, the masses from gravitation theory (open 
squares) can be fitted by a function 

(given by the dot-dashed line). By 
multiplying with the ratio given in the 
upper part, the solid line is obtained, which yields a 
good description of the radius dependence of the 
deduced galaxy masses. This agreement indicates that

sol fdampM
fdamp

fdamp

fdamp

fdamp

δgal =Ngal/N
r
gal

δgal

DνD
ν

Vcoul=α h̄c/r

α

αneq.

vv(r

vv q
Vgrav(q) ∼ 1/q2

vv q

vv(q)/Vgrav(q )

mgr ∼Vgrav(q)
q2.5/Vgrav(q )

mgr vv(q)/Vgrav (q)

 

-off  of   the  deduced galaxy masses forthe strong drop
smaller radii is due to the finiteness of the system.

Vgrav(q)

  

  

For gravitation this appears to be similar, 
assuming = 1 leads to a first-order theory, which 
can be considered as a quantum description of 
Newton’s theory  of  gravitation, which  gives  rise  
to  a  gravitation  potential with   a 
coupling    constant .  So,  it  is 
conceivable  that  also  other  features of Newton’s 
theory of gravitation are recovered, as masses. This is 
confirmed for large galaxy masses by the present 
results.

DνD
ν

= αgr h̄c/r
αgr≃GN m1m2 /h̄c
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c) Evidence for dark matter?
An important topic, discussed extensively in the 

literature, is the possible existence of dark matter, which 
does not couple to known particles by electromagnetic 
forces. Corresponding particles have been proposed 
based on conclusions drawn from current particle
theories [4], but the need for dark matter is also a 
requirement from general relativity. Therefore, large 
efforts have been made to detect these particles. Up to 
date the only experimental indication for the existence of 
dark matter comes from a comparison of observed
galactic rotation velocities with Keplerian 
rotational curves, from which the possible existence of 
dark matter halo contributions has been inferred, see 
e.g. in ref. [14]. Based on the present results in sect. 3, 
however, such an interpretation should be abandoned.

A similar conclusion has been drawn from 
MOND [8], in which an empirical modification of the 
Newtonian dynamics is employed. Also in this approach 
the rotation velocities decrease for small radii (as 
detailed above, the condition → 0 is a physical 
necessity for a finite system). This property gives rise to 
a finite range of the gravitational force, yielding a natural 
solution of Bentley’s paradox [7].

Further, it should be mentioned that also direct 
searches for dark matter in particle physics experiments 
have given negative results. From extensions of current 
theories [4] the existence of super-symmetric or other 
exotic particles has been predicted as a source of dark
matter. In particular, super-symmetry has been 
proposed as a mechanism to understand the flavour 
degree of hadrons and leptons. But this degree can be 
well understood in the present theory [15] without the 
assumption of additional fields.

d) Deflection of light
General relativity predicts a relation between 

space and time (space-time), which does not exist in the 
present framework. Evidence for this property stems 
from the bending of light from solar and galactic 
systems (lensing). However, in the present formalism 
the bending of light on massive systems can be 
described by the deflection of photons from multi-
atomic systems. This is similar to Compton scattering 
from the electron (which is also a magnetically bound 
system [2]), but also to optical deflections and the 
scattering of nuclei. These processes can be described 
in partial wave expansions (with an incoming spherical 
wave and an interference of outgoing scattering waves). 
So, we expect that all properties of gravitation can be 
described in the present theory based on first principles.

Summary

The present study of systems bound by 
magnetic forces has shown that rotation curves of 
galaxies can be well understood in a self-contained and 
fundamental theory.

The results may be summarized as follows:
1. The fact that a stable (e-p)2 system has been found 

with a first-order equivalent coupling constant in 
agreement with Newton’s gravitational constant 
can be taken as evidence that the origin of the 
gravitational force is magnetic binding of (e-p) pairs.

2. This conclusion is confirmed by the analysis of 
galaxy rotation, which is well described in the 
present approach. The strong reduction of the 
rotation velocities may indicate that galaxies have 
been formed from strongly heated matter during the 
high-density phase of the universe. The deduced 
galaxy masses are consistent with the empirical 
relation , if finite size effects are 
taken into account.

 

4. Finally, from a study of the complex structure of the 
Lagrangian (1) – including derivative terms with 

               

and - a better understanding of the 
dynamics of these processes may be obtained.

The author thanks many colleges for important 
discussions. In particular, he is indebted to Benoit 
Loiseau for his help with the theoretical formulation.
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Figure 1:
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and (negative) scalar boson density , given by dashed, solid and dot-dashed
 
lines, 

respectively. Lower part: Stabilizing potential 
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Figure 2:

 

Upper part: Radial dependence of the density (dot-dashed line) and the potentials ) and ) of a 
galactic system with a rms-radius of 3.2 kpc, given by solid

 

and dashed lines. Middle part: Deduced velocity 
distribution (solid line) in comparison to

 

a Keplerian form (dot-dashed line), normalized to the same integral. Lower 
part: Velocity

 

curve with radius fitted to the measured data of the galaxy F583-1 of ref. [9] (solid line).

 

The vertical 
lines indicate the rms-radius of the density.
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Figure 3:

 

Radial dependence of the rotation velocities for the galaxies Draco, Fornax and

 

NGC 3379 from ref. [10], 
for Draco see also ref. [11], together with rotation curves with

 

the parameters in table 2. The increase in the rotation 
velocities at small radii, especially

 

for NGC 3379, may indicate a second contribution with a radius smaller by a 
factor 4,

 

shown by dot-dashed line.
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Figure 4:

 

Rotation velocities for the galaxies UGC 128 and NGC 2403 from ref. [9], and

 

NGC 5371 from ref. [12] as a 
function of radius, together with rotation curves with

 

the parameters in table 2. The dot-dashed lines indicate a 
second component for each

 

galaxy with a radius reduced to 24 %. An additional large radius component for NGC

 

5371 is given by dashed line.
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Figure 5:

 

Mass dependence of the velocities 

 

and deduced parameters 

 

and 

 

for the galaxies in figs. 
2-4, given by solid points. The solid lines show the average

 

dependence of the different quantities. For the galaxy 
NGC 3379 the open squares are

 

obtained by reducing 

 

to 75 km/s, which gives a good agreement with the 
average

 

dependencies given by solid lines.
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Figure 6: Upper part: Fourier transformed interaction vv(q) of the (e-p)2 state in sect. 2.1 (dashed line), the 
gravitational potential (  ) (dot-dashed line) and the ratio (solid line) as a function of radius. 
Lower part: Radius dependence of the deduced galaxy masses (solid points) and mass estimates using the 
gravitation mass formula (20) given by open squares. A fit of the latter is given by the dot-dashed line, whereas the 
solid line is obtained by multiplying this fit with the above ratio.
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I.

 

Introduction

 o the

 

laws

 

of

 

self-induction

 

should

 

be

 

carried

 

those

 
laws,

 

which

 

describe

 

the

 

reaction

 

of

 

such

 

elements

 
of

 

radio-technical

 

chains

 

as

 

capacity,

 

inductance

 
and

 

resistance

 

with

 

the

 

galvanic

 

connection

 

to

 

them

 

of

 
the

 

sources

 

of

 

current

 

or

 

voltage.

 

These

 

laws

 

are

 

the

 
basis

 

of

 

the

 

theory

 

of

 

electrical

 

chains.  The

 

motion

 

of

 
charges

 

in

 

any

 

chain,

 

which

 

force

 

them

 

to

 

change

 

their

 
position,

 

is

 

connected

 

with

 

the

 

energy

 

consumption

 
from

 

the

 

power

 

sources.

 

The

 

processes

 

of

 

interaction

 

of

 
the

 

power

 

sources

 

with

 

such

 

structures

 

are

 

regulated

 

by

 
the

 

laws of self-induction.

 
To

 

the

 

self-induction

 

let

 

us

 

carry

 

also

 

that

 

case,

 
when

 

its

 

parameters

 

can

 

change

 

with

 

the

 

presence

 

of

 
the

 

connected

 

power

 

source

 

or

 

the

 

energy

 

accumulated

 
in

 

the

 

system.

 

This

 

self-induction

 

we

 

will

 

call

 

parametric.

 
Subsequently

 

we

 

will use

 

these

 

concepts:

 

as

 

current

 
generator

 

and

 

the

 

voltage

 

generator.  By

 

ideal

 

voltage

 
generator

 

we

 

will

 

understand

 

such

 

source,

 

which

 
ensures

 

on

 

any

 

load

 

the

 

lumped

 

voltage,

 

internal

 
resistance

 

in

 

this

 

generator

 

equal

 

to

 

zero.

 

By

 

ideal

 
current

 

generator

 

we

 

will

 

understand

 

such

 

source,

 

which

 
ensures

 

in

 

any

 

load

 

the

 

assigned

 

current,

 

internal

 
resistance

 

in

 

this

 

generator

 

equally

 

to

 

infinity.

 

The

 

ideal

 
current

 

generators

 

and

 

voltage

 

in

 

nature

 

there

 

does

 

not

 
exist,

 

since

 

both

 

the

 

current

 

generators

 

and

 

the

 

voltage

 
generators

 

have

 

their

 

internal

 

resistance,

 

which

 

limits

 
their

 

possibilities.

 
If

 

we

 

to

 

one

 

or

 

the

 

other

 

network

 

element

 
connect

 

the

 

current

 

generator

 

or

 

voltage,

 

then

 
opposition

 

to a change

 

in

 

its

 

initial

 

state

 

is

 

the

 

response

 

reaction of this element and this opposition is always 
equal to the applied action, which corresponds to third 
Newton's law. 

II. Current Self-Induction and 
Potential Well on the 
Superconductive Rings 

Let us introduce the concept of the flow of the 
current self-induction  

,L IФ LI= . 

       
        

       

, 1 1L IФ L I const= =  , 

where 1L  and 1I - initial values of these parameters, 

which are located at the moment of the short circuit of 
inductance with the presence in it of current. Let us 
name this regime the law of the frozen flow for the short-
circuited superconductive outlines [1-5]. In this case we 
have: 

                              1 1I I L L= ,                         (2.1) 

where I  and L  - the instantaneous values of the 
corresponding parameters. 

In flow regime examined of current induction 
remains constant, however, in connection with the fact 
that current in the inductance it can change with its 
change, this process falls under for the determination of 
parametric self-induction. The energy, accumulated in 
the inductance, in this case is equal  

( )2 2
1 11 1 ( )

2 2L
L I constW L L= = . 

Stress on the inductance is equal to the 
derivative of the flow of current induction on the time: 

,L IdФ I LU L I
dt t t

∂ ∂
= = +

∂ ∂
. 

Let us examine the case, when the inductance 

1L   is constant. 

T 
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If inductance is shortened outed, and made from the
material, which does not have effective resistance, for
example from the superconductor, then



                                    
1

IU L
t
∂

=
∂

.                      (2.2) 

Designating 1IФ L I= , we obtain IdФU dt= . 

Let us integrate over (2.2) the time: 

                                 1I Ut L= .                            (2.3) 

Thus, the capacity, connected to the source of 
direct current, presents for it the effective resistance 

                                    1R L t=  ,                         (2.4) 

which decreases inversely proportional to time. 
The power expended by source linearly 

depends on the time: 

                                  
( ) 2

1P t U t L= .                  (2.5) 

Integral of (2.5) on the time is the accumulated 
in the inductance energy: 

                              
( )2 2

12LW U t L= .                  (2.6) 

After substituting into expression (2.6) the value 
of stress from relationship (2.3), we obtain: 

2
1 2LW L I= . 

This energy can be returned from the 
inductance into the external circuit, if we open 
inductance from the power source and to connect 
effective resistance to it. 

Now let us examine the case, when the current

1I , which flows through the inductance, is constant, 

and inductance itself can change. Then we have: 

                               
1

LU I t
∂

=
∂

.                         (2.7) 

Consequently, the value 

                              ( )R t L t= ∂ ∂ ,                     (2.8) 

plays the role of the effective resistance [1-5]. As in the 
case of the electric flux, effective resistance can be 
(depending on the sign of derivative), and positive, and 
negative, i.e., inductance can how derive energy from 
without, so also return it into the external circuits. 

Introducing the designation 1LФ LI=  and, 

taking into account (2.7), we obtain: 

                               LU dФ dt= .                       (2.9) 

The

 

relationship

 

(2.1),

 

(2.6)

 

and

 

(2.9)

 

we

 

will

 

call

 

the

 

rules

 

of

 

current

 

self-induction,

 

or

 

the

 

flow

 

rules

 

of

 
current

 

self-induction.

 

From

 

relationships

 

(2.6)

 

and

 

(2.9)

 
it

 

is

 

evident

 

that,

 

as

 

in

 

the

 

case

 

with

 

the

 

electric

 

flux,

 

the

 
method

 

of

 

changing

 

the

 

flow

 

does

 

not

 

influence

 
eventual

 

result,

 

and

 

its

 

time

 

derivative

 

is

 

always

 

equal

 

to

 
the

 

applied

 

potential

 

difference.

 

Relationship

 

(2.6)

 
determines

 

the

 

current

 

self-induction,

 

during

 

which

 

there

 
are

 

no

 

changes

 

in

 

the

 

inductance,

 

and

 

therefore

 

it

 

can

 
be

 

named simply

 

current

 

self-induction.

 

Relationships

 
(2.7-2.8)

 

assume

 

the

 

presence

 

of

 

changes

 

in

 

the

 
inductance;

 

therefore

 

we

 

will

 

call

 

such

 

processes

 

current

 
parametric

 

self- induction.

 
The

 

law

 

of

 

the

 

frozen

 

current

 

(2.1)

 

leads

 

to

 

not

 
the

 

known

 

earlier

 

phenomenon of magnetic

 

potential

 

pit

 
on

 

the

 

superconductive

 

rings.

 Assume

 

that

 

in

 

two

 

coaxially

 

located

 superconductive

 

rings

 

the

 

currents

 

are

 

frozen;

 

moreover

 current

 

in

 

the

 

lower

 

ring

 

is

 

considerably

 

more

 

than

 

in

 

the

 upper.

 

In

 

accordance

 

with

 

Savart

 

law

 

the

 

magnetic

 induction

 

of

 

lower

 

ring

 

on

 

the

 

axis

 

in

 

the

 

plane

 

of

 

upper

 ring

 

takes

 

the

 

form:

 

( )
2

0 1 1
3 22 2

1 02
I RB

R z
µ

=
+

, 

where

 

0µ   - the

 

magnetic

 

constant,  0z   - the

 

distance

 between

 

the

 

rings,  1R   - the

 

diameter

 

of

 

lower

 

ring,  1I   

- the

 

current,

 

frozen

 

in

 

the

 

lower

 

ring.

 
If a radius

 

of

 

upper

 

ring

 

composes

 

2R , its

 
diameter

 

considerably

 

smaller

 

than a radius

 

of

 

lower

 
ring,

 

then

 

the

 

magnetic

 

flux,

 

created

 

by

 

lower

 

ring

 

and

 
which

 

penetrates

 

upper

 

ring,

 

will

 

comprise  

( )
2 2

0 1 1 2
2 3 22 2

1 02
I R RФ

R z
µ

≅
+

. 

We

 

will

 

consider

 

that

 

the

 

distance

 

between

 

the

 
rings

 

is

 

considerably

 

more

 

than

 

the

 

diameter

 

of

 

lower

 
ring,

 

then

 ( )2 2 3
2 0 1 1 2 02Ф I R R zµ≅ . 

If

 

in

 

the

 

upper

 

ring

 

current

 

is

 

frozen

 

2I  , that

 

the

 
flow

 

is

 

connected

 

with

 

it  

2 2 2Ф L I= , 

where

 

2L   - the

 

inductance

 

of

 

upper

 

ring.

 

Let

 

us

 

assume

 

that

 

in

 

the

 

initial

 

position

 

of

 

rings

 

direction

 

of

 

flow

 

in

 

them

 

coincides,

 

and

 

rings

 

are

 

attracted.

 

During

 

lowering

 

of

 

lower

 

ring

 

the

 

currents

 

of

 

© 2018   Global Journals1

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V
III  

 I
ss
ue

  
  
  
er

sio
n 

I
V

IV
Y
ea

r
20

18

40

  
 

( A
)

Current Self-Induction and Potential Well on the Superconductive Rings

induction will compensate currents in the upper ring,
and current in it will reach the zero value, when the
equality will be carried out  



        
           

    

2 2
0 1 1 2

2 3
02

I R RФ
z

µ
≅ . 

In

 

this

 

case

 

the

 

distance

 

between

 

the

 

rings

 

will

 

comprise

 

1 3 1 32 2 2 2
0 1 1 2 0 1 1 2

0
2 2 22 2

I R R I R Rz
Ф L I

µ µ   
= =   
   

. 

With

 

obtaining

 

of

 

this

 

relationship

 

the

 

mutual

 

inductance

 

of

 

rings

 

is

 

not

 

taken

 

into

 

account,

 

since

 

the

 

distance

 

between

 

the

 

rings

 

is

 

great,

 

and

 

it

 

was

 

also

 

considered

 

that

 

the

 

current

 

1I

 

practically

 

does

 

not

 

change

 

with

 

the

 

approximation

 

of

 

upper

 

ring

 

to

 

lower.  

At

 

point

 

0z

 

the

 

currents

 

of

 

induction

 

completely

 

compensate

 

the

 

current,

 

frozen

 

in

 

the

 

upper

 

ring;

 

therefore,

 

this

 

ring

 

will

 

no

 

longer

 

interact

 

with

 

the

 

lower

 

ring.

 

With

 

further

 

rapprochement

 

of

 

rings

 

the

 

current

 

of

 

induction

 

in

 

the

 

upper

 

ring

 

changes

 

its

 

initial

 

direction

 
and

 

it

 

will

 

be

 

opposite

 

in

 

the

 

direction

 

of

 

flow

 

in

 

the

 

lower

 
ring,

 

and,

 

therefore,

 

it

 

will

 

begin

 

from

 

it

 

to

 

be

 

repulsed.

 
But

 

if

 

rings

 

will

 

be

 

moved

 

away

 

from

 

each

 

other,

 

then

 

in

 
the

 

upper

 

ring

 

they

 

will

 

arise

 

current,

 

the

 

coinciding

 

in

 
the

 

direction

 

with

 

the

 

currents

 

in

 

the

 

lower

 

ring,

 

and

 

rings

 
will

 

be

 

attracted.

 

Thus,

 

the

 

position

 

of

 

upper

 

ring

 

at

 

point

 0z

 

is

 

potential

 

well.

 

Such

 

properties

 

of

 

the

 
superconductive

 

suspensions

 

in

 

the

 

literary

 

sources

 

are

 
not

 

described.

 
This

 

analysis

 

of

 

the

 

possibility

 

in

 

principle

 

of

 
obtaining

 

potential

 

well

 

on

 

the

 

superconductive

 

rings

 
with

 

the

 

frozen

 

currents

 

does

 

not

 

consider

 

the

 

mutual

 
inductance

 

( )M z
 

of

 

rings,

 

which

 

for

 

two

 

circular

 outlines

 

of a radius

 

1R
 

and

 

2R
 

with

 

the

 

common

 

axis

 
and

 

by

 

the

 

distance

 

z

 

between

 

them

 

is

 

expressed

 

as

 
the

 

complete

 

elliptic

 

integrals

 

of

 

the

 

1st

 

( )K k
 

and

 

2nd

 ( )E k
 

kind [ 6,   7]:

 

( )( )0 1 2( )M z f k z R Rµ= , 

22 2 2( ) ( ) ( ) 1 ( ) ( )
2
kf k k K k E k K k E k

k k k
   = − − = − −   

    
, 

( )
2 1 2

22
1 2

4R Rk
z R R

=
+ +

, 

2

2 2
0

( )
1 sin

dK k
k

π

θ
θ

=
−∫ , 

2
2 2

0

( ) 1 sinE k k d

π

θ θ= −∫ . 

Subsequently for the calculations their own inductances of rings with radii of the section of wires will be used 
also 1r and 2r : 

1
10 0 1

1

8ln 1.75RL R
r

µ
 

= − 
 

, 2
20 0 2

2

8ln 1.75RL R
r

µ
 

= − 
 

. 

Let us freeze currents 10I , 20I  in two secluded superconductive rings with its own inductances  10L ,   

20L . It will arrange these rings coaxially at a great distance so that the directions of flow in them again would 

coincide and let us begin to draw together them. Then we have relationships, which express the law of conservation 
of the frozen flows in the superconductive rings: 

                            10 1 2 10 10 20 2 1 20 10( ) ( ) ( ) ; ( ) ( ) ( )L I z M z I z L I L I z M z I z L I+ = + = .                  (2.10) 

From them we will obtain relationships for the currents: 

                             

10 10 20 20 20 20 10 20 10 10
1 22 2

10 20 10 20

( ) ( )( ) ; ( )
( ) ( )

I L L I L M z I L L I L M zI z I z
L L M z L L M z

− −
= =

− −
.                 

(2.11)
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From these relationships we will obtain the value of the mutual inductance, with which the current in the 
lower and upper rings is equal to zero: 

10 20
1 1 1 2 2 2

20 10

( ) ; ( )I IM z L M z L
I I

= = . 

Fig. 1: Graphs of currents in the lower ring (upper curve) and in the upper ring (lower curve) with the initial values of 
current strength in the lower ring – 10 A and the value of current strength in the upper ring –  2 a. 

Fig. 2: Graphs of currents in the lower ring (upper curve) and in the upper ring (lower curve) with the initial values of 
current strength in the lower ring – 10 A and the value of current strength in the upper ring –  5 a. 

Thus, assigning different initial values of inductances and currents frozen in them, it is possible to assign 
current zeros in that or other ring with different distances between them. 

In Fig. 1 and Fig. 2 are depicted the drawings calculated by (2.11) formulas 1( )I z , also,  2 ( )I z  with 

different initial values of currents in the rings of radii 1 10R =  cm,  2 8R =  cm (radii of the section of wires 

1 2 0,1a a= =  cm). It is evident that at the specific distance from the lower ring the current in the upper ring 

reverses the sign. They coincide at the great distance of direction of flow in the rings, and they are attracted. They 
are opposite on – smaller than the direction, and they are repulsed. Consequently, the point, at which the current in 
the upper ring reverses the sign, is a coordinate of potential well. 

Let us examine the task, when the axes of two rings from the superconductive circular conductors coincide 
and are directed length wise Oz , in this case reference point O  combined with the center of the first ring. Let us 
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find currents in the rings and force of interaction of rings depending on the coordinate of the center of the second 

ring z , if with 0z z=  current in the second ring it is absent, and in the first it is equal  I . Radii of rings 1r 2r  are 

considerably more than radii 1a  and 2a  the section of wires. 

Then in the first ring 

                                                          

1 2 0
1 2

1 2

4 ( ) ( )( )
4[ ( )]

b b f fI z I
b b f

κ κ
κ

−
=

−
.                                                   

(2.12)

 

And the secondly   

                                                    

1 0
2 1 2

2 1 2

( ) ( )( ) 2
4[ ( )]

r f fI z Ib
r b b f

κ κ
κ

−
=

−
 .                                                  

(2.13)

                                    

The force of interaction of the rings 

                             
2 1 2 0 0 1

0 2 2
1 2 2

[ 4 ( ) ( )][ ( ) ( )] | |( ) ( )
[ 4[ ( )] ]

b b f f f f b zF z I g
b b f r
κ κ κ κµ κ

κ
− −

=
−

.           
               

(2.14)

 

 
Here

 
0µ   – magnetic

 
constant,  1 1 1ln(8 / ) 2b r a= −

 
and

 
2 2 2ln(8 / ) 2b r a= −  , A  

1 2 1 2
0 02 2 2 2

1 2 1 2 0

( ) 2 ,         ( ) 2
( ) ( )

r r r rz z
r r z r r z

κ κ κ κ= = = =
+ + + +

. 

In
 
the

 
expressions

 
(2.12)–(2.14)

 
the

 
functions

 
figure

 

 
where

 
( )K κ

 
and

 
( )E κ   – the

 
complete

 
elliptic

 
integrals

 
of

 
the

 
1st

 
and

 
2nd

 
kind:

 

/2 /2
2 2

2 2
0 0

( ) ,         ( ) 1 sin
1 sin

dK E d
π πθκ κ κ θ θ

κ θ
= = −

−∫ ∫ . 

As

 

an

 

example

 

let

 

us

 

take

 

the

 

following

 

radii

 

of

 

rings:

 

1 10r =   cm

 

and

 

2 8r =

 

cm,

 

and

 

radii

 

of

 

the

 

section

 

of

 

wires –  1 2 0,1a a= =

 

see.

 

Let

 

with

 

the

 

distance

 

0 5z =

 

cm

 

between

 

the

 

centers

 

of

 

rings

 

the

 

current

 

strength

 

in

 

the

 

first

 

ring

 

compose

 

10I =
 

A,

 

and

 

the

 

secondly

 

current

 

is

 

absent.

 

Dependences

 

1( )I z ,  
2 ( )I z

 

and

 

( )F z , calculated

 

by

 

formulas

 

(2.12)–(2.14),

 

are

 

depicted

 

in

 

graphs

 

(ris.3,

 

Fig. 4 and

 

Fig.

 

5)

 

Current

 

in

 

the

 

first

 

ring

 

1I

 

is

 

equal

 

10I =

 

to A with

 

0z z= ±

 

and

 

z →±∞ . Current

 

in

 

the

 

second

 

ring

 

2I

 

is

 

turned

 

into

 

zero

 

with  0z z= ± . Positive

 

values

 

2I

 

correspond

 

to

 

identical

 

directions

 

of

 

flow

 

in

 

the

 

rings,

 

and

 

negative– 
opposite.

 

Finally,

 

the

 

positive

 

values

 

of

 

force

 

F

 
correspond

 

to

 

the

 

repulsion

 

of

 

rings,

 

and

 

negative – to

 
attraction.

 

It

 

is

 

obvious

 

that

 

with

 

0z z= ±

 

it

 

becomes

 
zero,

 

in

 

this

 

case

 

the

 

rings

 

are

 

located

 

in

 

the

 

position

 

of

 
stable

 

equilibrium.

 

Force

 

F

 

is

 

absent

 

also

 

with

 

0z =

 
(when

 

the

 

planes

 

of

 

rings

 

coincide),

 

but

 

in

 

this

 

case

 
equilibrium – is

 

unstable.
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Fig. 3: Dependences  1( )I z  

 

Fig. 4: Dependences  2 ( )I z  

Fig. 5: Dependences  ( )F z  
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III. Conclusion 

Work examines new physical phenomenon 
potential well on the superconductive rings. This 
phenomenon indicates that two superconducting the 
rings of different diameter, in which are frozen the flows, 
can be found with respect to each other in potential well, 
when their rapprochement or removal leads to the 
appearance of restoring force. The distance between 
the rings, which determines this pit, corresponds to the 
minimum of potential energy of the system of the 
connected rings. This phenomenon can find a practical 
use for creating the standards of force and highly 
sensitive instruments for its measurement, such as 
gravimeters and accelerometers. 
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Variations in the Aerosol Optical Depth above 
the European Russia Territory from the Data 

Obtained at the Russian Actinometric Network  
in 1976–2016 Years 

I. N. Plakhina 

Abstract- Investigation results of the atmospheric aerosol over 
the Russia territory are of great interest for the ecology and 
climate developments. The regularities of spatial and temporal 
variations in the Aerosol Optical Depth (AOD) can be received 
by the Russian actinometric network data (Russian 
Hydrometeorological Research Center). Our analysis will be 
based on the “Atmosphere Transparency” special-purpose 
database created at the Voeikov Main Geophysical 
Observatory on the basis of observational actinometric data. 
Author has many years cooperation with MGO in the region of 
the processing and analysis of these observation data.  

I. Section 1 

etwork observation stations system and empirical 
data will be described in section 1. A map 
showing the location of 53 actinometric stations 

of the Russian network for which the AOD of vertical 
atmospheric column were estimating for a wavelength of 
0.55 μ. These stations cover a large part of Russia and 
are located outside the zones of direct local 
anthropogenic sources of industrial and municipal 
aerosol emissions (suburbs, rural areas, uplands, etc.). 
An analysis of the AOD of a vertical atmospheric column 
can be made on the basis of data on the integral 

atmosphere transparency (P), because P variations are, 
to a great extent, determined by the aerosol component 
of the attenuation of direct solar radiation; other 
components of the attenuation (water vapor and other 
gases) have little effect on its time variations.  
The integral air transparency:  

                                 P = (S/S
0
)
1/2                                                      

(1) 

where S is the direct solar radiation to the normal to flux 
surface, reduced to the average distance between the 
Earth and the Sun and a solar altitude of 30°; S0

 
is the 

solar constant equal to 1.367 kW/m2. On the basis of 1) 
data on the homogeneous (calibrated against a single 
standard and obtained with a unified method) 
observational series of direct solar-radiation fluxes at the 
land surface, 2) some semi-empirical approximations, 3) 
evaluations of the integral (total) and aerosol 
transparency, it is possible to analyze variations in the 
AOD of a vertical atmosphere. I shall analyze variations 
in the AOD of a vertical atmosphere on the basis of the 
1976–2016 observational data obtained at 21 
actinometric stations.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1: Layout of 21 actinometric

 
stations whose data will be analyzed in the article
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II. Section 2 

The method of estimations of AOD, its 
limitations and errors will be described in section 2. 
Aerosol optical density of the vertical atmosphere is 
calculated with a method specially developed, using              
S -- direct solar radiation near earth surface reduced to 
the average distance between the Earth and the Sun, 
W/m2

 
and some meteorological values (surface humidity 

et. al) above the earth surface.  

III. Section 3 

The character of multiyear seasonal variations in 
AOD will be presented in section 3. The main statistical 
parameters (means, extremes, and variation 

coefficients) of the multiyear variations in annual and 
seasonal AOD means will be also assessed.  

IV. Section 4 

The results of an analysis of variations in the 
AOD of a vertical atmospheric column on the basis of a 
21-year (1995–2016) series of observations will be 
presented in section 3. The general regularities of spatial 
variations in the aerosol optical depth over Russia are 
revealed: a monotonic decrease from the southwest to 
the northeast (see Fig.2), with localized areas having 
different aerosol loads due to the global and regional 
factors of their formation.  

a) Years   (1995-2016) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) April   (1995

 

-2016)
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c) July  (1995-2016) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2:

 

Spatial distributions (east longitude - horizontal axis, north latitude – vertical axis) of the multiyear means of 
AOD over the observation periods: 1995–2016 for different seasons

 

V.

 

Section 5

 

A spatiotemporal structure of the anomalies of 
AOD annual values within the time interval under 
consideration, including the El Chichon (1982) and 
Pinatubo (1991) eruptions and events of summer 2010 
(abnormal heat and forest and peat bog fires) evidently 
changed both the average values of air turbidity and the 
character of its spatial variations will be studied in 
section 5. Two intensive volcano eruptions: (El Chichon 

– 1982 year, Pinatubo – 1991 year) affected on the 
atmosphere transparency regime during the analyzed 
period. Maximal effect of both volcano eruptions are 
revealed during the next year (1983 and 1992 years). It 
is evident that the periods of anomaly high turbidity are 
connected with the volcano eruptions cases. From the 
1994 year the decreasing of integral (Т2) and aerosol 
(AOD ) turbidity of the atmosphere in the different Russia 
regions is observed. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4:

 

Spatiotemporal distributions of the annual values of AOD over Russia during 1976–2006 ( Year - horizontal 
axis, Number station – vertical axis)
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A)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Trends of the annual values of AOD over Russia during a) 1976–2016 and b) 1995 – 2016 (Year - horizontal 
axis, Number station – vertical axis)

 

VI.

 

Some Conclusions 

The aerosol optical thickness is an important 
characteristic of the atmospheric climate. The 
application of the AOT estimation technique for 
processing the results of observations at the 
actinometric network stations allows obtaining 
qualitatively new and detailed information on the level of 
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aerosol pollution of the atmosphere in separate regions 
and in Russia as a whole. The analysis of AOT variations 
during the last 35 years shows the following results: 

(1) The character of the long-period annual cycle of 
AOT did not change as compared with the 
preceding decades. For most stations, the AOT 

typically increases in spring and summer by 60–
80% with respect to its minimum values in 
November–December. The AOT increase in spring 
and summer is associated with a seasonal increase 
in temperature and humidity and with changes in 
the underlying surface, as well as with a more 
intense photochemical and condensational 
generation of aerosol and with a flux of aerosol from 
the soil to the atmosphere;  

(2) The main factors of space changes in the AOT 
annual cycle are a latitudinal succession of climatic 
and landscape zones, in combination with higher 
industrial loading of the southern regions of 
European Russia, as compared with the northern 
ones, and with higher industrial and urban 



 
 

 

 

development of European Russia as compared with 
Asian Russia;

 

(3)

 

Total averaged AOT over all stations and the whole 
period under study (0.19 or 0.14) is very close to the 
annual mean global AOT value (0.14) calculated 
from the ECHAM-HAM model and to the estimates 
obtained from satellite data (0.16); 

 

(4)

 

Average and maximum annual AOT values increase 
at the stations located from north to south in 
European Russia and decrease from west to east in 
the whole of Russia; 

 

(5)

 

“Purification” of the atmosphere from aerosol is 
caused by the absence of large volcanic eruptions 
and by industrial “calm” conditions during the last 
decade. The mean AOT for the last two decades is 
30% lower than in the preceding ones, both for 
maximum and average values. Negative tendencies 
are almost similar for remote and urban (as well as 
for rural) stations; they are less pronounced in the 
fall than in spring and summer; 

 

(6)

 

Local effect of the AOT increase due to volcanic 
eruptions can reach 100%, while the average 
effects, within our consideration, are minimal.
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Activity Concentrations and Gamma Dose Rate Levels in 
Poultry Feeds and Manure used in Ibadan, Nigeria          

By B. U., Nwaka & N. N., Jibiri 
Alvan Ikoku Federal College of Education Owerri      

Abstract- Workers and dealers in poultry feeds, and commercial farmers may be exposed to 
elevated gamma radiation doses via internal and external exposure during handling of feeds and 
manure in farming operations. The measurement and evaluation of internal and external 
exposure to gamma radiation doses due to the distribution of activity concentrations of 40K, 226Ra 
and232Th in starter/grower poultry feeds, finisher poultry feeds and resulting poultry manure is 
therefore necessary from the radiation protection point of view. The measurement was done 
using Sodium Iodide activated with Thallium  gamma–ray spectrometer. The mean 
activity concentrations of 40K, 226Ra and232 Th in finisher poultry  manure were 382.33±67.12  
8.92±3.48    39.20±5.58   respectively,  and  in  finisher  poultry  feeds 
were 284.31±27.46  , 15.21±8.88  ,  38.43±4.08  . The distribution 
of 226Ra  was  more  heterogeneous   in   all   the   samples   than   homogeneous  distributions 
obtained in 40K and 232Th. The significant radiation exposure pathway to the farmers is from 
internal exposure due to inhalation of poultry and manure dust particles. 

Keywords:  poultry feeds, poultry manure, primordial radionuclides, activity concentrations, 
effective radiation doses.       
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Activity Concentrations and Gamma Dose Rate 
Levels in Poultry Feeds and Manure used in 

Ibadan, Nigeria
B. U., Nwaka α & N. N., Jibiri σ

Author α: Department of Physics, Alvan Ikoku Federal College of 
Education Owerri, PM B 1033, Imo state, Nigeria. 
e-mails: ben_de_req@yahoo.com, nwakabenjaminu@gmail.com
Author σ: Radiation and Health Physics Research Laboratory, 
Department of Physics, University of Ibadan, Nigeria.
e-mail: jibirinn@yahoo.com

Abstract- Workers and dealers in poultry feeds, and 
commercial farmers may be exposed to elevated gamma 
radiation doses via internal and external exposure during 
handling of feeds and manure in farming operations. The 
measurement and evaluation of internal and external exposure 
to gamma radiation doses due to the distribution of activity 
concentrations of 40K, 226Ra and232Th in starter/grower poultry 
feeds, finisher poultry feeds and resulting poultry manure is 
therefore necessary from the radiation protection point of view. 
The measurement was done using Sodium Iodide activated 
with Thallium 𝑵𝑵𝑵𝑵𝑵𝑵(𝑻𝑻𝑻𝑻) gamma–ray spectrometer. The mean 
activity concentrations of 40K, 226Ra and232Th in finisher poultry 
manure were 382.33±67.12 𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌 −𝟏𝟏, 8.92±3.48 𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌 −𝟏𝟏, 
39.20±5.58 𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌 −𝟏𝟏 respectively, and in finisher poultry 
feeds were 284.31±27.46 𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌 −𝟏𝟏, 15.21±8.88 𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌 −𝟏𝟏, 
38.43±4.08 𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌 −𝟏𝟏. The distribution of 226Ra was more 
heterogeneous in all the samples than homogeneous 
distributions obtained in 40K and 232Th. The significant radiation 
exposure pathway to the farmers is from internal exposure due 
to inhalation of poultry and manure dust particles. The mean 
annual effective dose of 3.62±0.23 𝝁𝝁𝝁𝝁𝝁𝝁 𝒚𝒚−𝟏𝟏, 3.73±0.38 
𝝁𝝁𝝁𝝁𝝁𝝁 𝒚𝒚−𝟏𝟏, 2.25±0.23 𝝁𝝁𝝁𝝁𝝁𝝁 𝒚𝒚−𝟏𝟏 were obtained for starter/grower 
feeds, finisher feeds, and finisher poultry manure respectively. 
The total annual effective dose calculated from the three major 
pathways for finisher poultry manure (2.94±0.48 𝝁𝝁𝝁𝝁𝝁𝝁 𝒚𝒚−𝟏𝟏) 
were lower than the results obtained for starter/grower 
(4.70±0.37 𝝁𝝁𝝁𝝁𝝁𝝁 𝒚𝒚−𝟏𝟏) and finisher feeds (4.80±0.64 𝝁𝝁𝝁𝝁𝝁𝝁 𝒚𝒚−𝟏𝟏). 
Lower values of internal and external dose rate (𝝁𝝁𝝁𝝁𝝁𝝁 𝒚𝒚−𝟏𝟏) of 
the samples showed that workers, dealers in poultry feeds, 
and commercial farmers are not significantly exposed to 
elevated gamma doses. A very weak and negative linear 
relationships in the activity concentrations was found between 
finisher poultry manure and finisher poultry feed for 40K and 40K 
(𝑹𝑹 = 𝟎𝟎.𝟏𝟏𝟏𝟏);  226Ra and 226Ra (𝑹𝑹 = 𝟎𝟎.𝟏𝟏𝟏𝟏); and between 232Th 
and 232Th (𝑹𝑹 = 𝟎𝟎.𝟐𝟐𝟏𝟏). This is an indication that the 
radionuclide contents in poultry feeds contributed but not 
significantly to the level of radionuclides in poultry manure.
Keywords: poultry feeds, poultry manure, primordial 
radionuclides, activity concentrations, effective radiation 
doses.

I. Introduction

ost farm crops such as maize, wheat, and
beans mixed with some ingredients like 
crayfish, fishmeal and bone meal are 

importantly used in processing animal feeds. Organic 
manure and chemical fertilizers are applied to farm soil 
to replenish the lost nutrients which as a consequence 
boost the crop yield. Crops harvested from fertilized 
farm soil used in the manufacturing of poultry feeds may 
contain elevated doses of ionizing radiation due to the 
activity concentrations of natural radionuclides present 
in the materials. Dealers and users of the products, 
commercial farmers, as well as poultry workers may 
significantly be exposed to elevated doses of ionizing 
radiation. This has created undue anxiety among people 
especially those who are not in the field of environmental 
radioactivity. The possible pathways of exposure to 
radiation doses are internal exposure via inhalation and 
external exposure through handling, packing in bags, 
transportation, and application to farm soil. Sometimes, 
accidental internal exposure due to ingestion is likely 
possible from feeds and manure particles during 
handling.  

Studies on environmental radioactivity  have 
reported 40K, 226Ra and232Th radionuclides in rocks, soil, 
farm soil and soil of quarry sites (Jankovic et al., 2008; 
Jibiri et al., 2009; Okeyede et al., 2014; Feroz et al.,
2015; Faanu et al., 2016), solid minerals (Ademola et al.,
2014; Kolo et al., 2016), food crops and vegetables 
(Jibiri et al., 2007; Ghosh et al., 2011 Avwiri et al., 2013; 
Tchokossa et al., 2013), surface and ground water (Aziz 
et al.,2014; Aydan et al., 2015; Ogundare and Adekoya, 
2015) and agrochemicals for crop production (Saueia 
and Mazzilli, 2006; Ibeanu et al., 2009; Tahir et al., 2009; 
Jibiri and Fasae, 2012; Alharbi, 2013). 

In other countries, Boukhenfouf and Boucenna 
(2011) for 226Ra, 232Th and 40K radionuclides in NPK 
fertilizer one (1) and NPK fertilizer two (2) collected from 
Outlying Setif region Algeria, found 134.7±14.1 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 131.8±16.7 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 11644±550 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1

and 190.3±30 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 117.2±10.3 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 
5321±249 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 respectively.  El –Taher and 
Althoyaib (2011) established that activity concentrations 
of 226Ra, 232Th and 40K in natural fertilizers from cow, 
sheep, and chicken were lower than corresponding 

M
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values in chemical fertilizers used in Kingdom of Saudi
Arabia; also the range of  𝑅𝑅𝑅𝑅𝑒𝑒𝐵𝐵 in chemical fertilizers 
(100. 37 to 161.43 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1) and organic fertilizers                 
(34 .07 to 102.19 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1) were lower than the standard 
limit of 370 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 (Beretka and Mathew, 1985).
Alharbi et al. (2013) in Saudi Arabia established mean 
activity of 31.6±1.6 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 6.3±0.3 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 
277.3±12 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 for 226Ra, 232Th and 40K radionuclides 
and, absorbed dose rate and annual outdoor effective 
dose of 28.6 𝜂𝜂𝜂𝜂𝜂𝜂 ℎ−1 and 0.03 𝑚𝑚𝑚𝑚𝑚𝑚 𝜂𝜂−1 for sheep 
fertilizer manure; corresponding result of 41.14±1.7 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 7.5±0.3 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 284.5±8 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 35.3 
𝜂𝜂𝜂𝜂𝜂𝜂 ℎ−1, 0.04 𝑚𝑚𝑚𝑚𝑚𝑚 𝜂𝜂−1 for cow fertilizer; and 54.2±1.3 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 16.9±3 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 410.7±14 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 51.0 
𝜂𝜂𝜂𝜂𝜂𝜂 ℎ−1, 0.06 𝑚𝑚𝑚𝑚𝑚𝑚 𝜂𝜂−1 respectively for natural organic.

In Nigeria, Ibeanu et al. (2009) reported high 
activity concentration of 40K and 226Ra in Nitrogen 
Phosphorus and potassium fertilizers (NPK 15 – 15 – 15, 
and NPK 16 – 16 – 16 – 16) than cow dropping and 
chicken droppings. Jibiri and Fasae (2012) recorded the 
high activity of concentrations of 40K in NPK fertilizers 
comparable to the work of Ibeanu et al. (2009) in Zaria, 
Kaduna State. Njing et al. (2016) found gross alpha and 
gross beta activity concentrations of 0.262±0.052 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 and 3.210±1.636 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 in goat dung 
(manure) sold in Turaku area of Minna, Niger State, 
Nigeria. The scarcity of available data set and limited 
information on internal and external ionizing radiation 
doses received by dealers of poultry feeds, poultry 
workers, and farmers in the use of poultry manure for 
crop production necessitated the need for the study. 
Hence, it was carried out to fill in the gap in the existing 
knowledge on internal and external exposure to radiation 
doses emanating from the materials.

The study whose focus was on poultry feeds 
and poultry manure was aimed at providing the 
information on the concentrations of radionuclide 40K, 
226Ra and232Th in poultry feeds and poultry manure and 
to evaluate the associated internal and external 
exposure to the handlers. The objectives were (i) to 
evaluate if poultry workers, farmers, and dealers of these 
products are really exposed to high doses of ionizing 
radiation doses due to internal and external exposure; 
(ii) to determine whether the poultry manure collected in 
this study could be a less radionuclide content than 
other organic manure and chemical fertilizer reported in 
the literature; (iii) to provide the data and relevant 
radiometric information needed for future references and 
further studies in poultry manure management. 

II. Materials and Method

a) Sample collection 
In order to ensure that sampling relatively 

covers a good number of the poultry feeds, a pre–field 
survey was carried out to identify common poultry feed 
purchased by poultry farmers and major marketers for 

their poultry business. Twenty seven (27) samples 
comprising of nine (9) Starter/grower feeds, nine (9) 
finisher poultry feeds and consequent nine (9) finisher 
manures were randomly purchased and used for this 
study. The poultry feed were produced in Abeokuta, 
Ogun State; a high background radiation area in 
Southwestern Nigeria (Jibiri et al., 2010; Okedeye et al.,
2014), and distributed to local marketers in Bodija 
Market in Ibadan, Oyo State. While finisher poultry 
manure were purchased from Student Research Farm at 
the University of Ibadan, Ibadan, Nigeria.

b) Sample preparation
The poultry feeds and manure samples were 

collected in nylon bags and properly labeled. They were 
then taken to the laboratory where they were dried in an 
oven at temperature of 90°C for 2 hours each to maintain 
constant weight. The dried samples were pulverized, 
homogenized and allow to pass through ~ 1.5 mm 
mesh sieve, weighed about 200 g each and packed into 
empty plastic containers which was earlier certified to be 
non – radioactive. The sample containers were of 
uniform size 66 mm height by 62 mm diameter which 
fitted well in the detector holder. Thereafter the sample 
containers were hermetically sealed and kept in the 
laboratory for a period of about 30 days to enable the 
short–lived members of uranium and thorium series 
attain secular radioactive equilibrium prior to gamma 
counting.

c) Radioactivity measurements 
A well calibrated, 7.60 cm × 7.60 cm 𝑁𝑁𝑅𝑅𝑁𝑁(𝑇𝑇𝑇𝑇)

gamma–ray spectrometry detector enclosed in thick 
lead–shied to reduce the effects of laboratory 
background radiation was used as the set – up for 
radionuclide measurements. The detector was earlier 
used by Jibiri et al. (2010) in the measurement of 
radionuclides in water samples in high background 
radiation area of Abeokuta, Nigeria. It was coupled with 
a computer–based Multichannel Analyser (MCA) which 
was used for data acquisition and analysis of gamma 
spectra. The detector has a resolution of 8% at 
0.665 𝑀𝑀𝑒𝑒𝑀𝑀 gamma line of 137Cs, capable of 
distinguishing the gamma–ray energies of the radio
nuclides of interest in this work.

To ensure that the radiation indices or 
parameters in the poultry feed and poultry manure 
samples could be expressed in physical radiometric 
units, two stages of calibration was done before the 
detector was used for analyses; these are energy 
calibration and efficiency calibration which was done 
using reference standard source materials. The energy 
calibration converts channel numbers to gamma–ray 
energy in 𝑀𝑀𝑒𝑒𝑀𝑀. This was carried out by placing different 
gamma sources of known energy or energies on the 
detector after a preset time of 900 seconds (15 
minutes). The channel numbers of the various 
photopeaks corresponding to the gamma energies were 
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identified and recorded. The reliability of the measuring 
instrument (detector) was determined from the 
regression plot (𝑅𝑅2 = 0.99) of channel number versus 
corresponding energies which gave correlation 
coefficient value of 𝑅𝑅 = 0.99, considered very strong 
enough. The efficiency calibration was carried out to 
determine the gamma–ray counting efficiencies using a 
set of gamma sources of known radio nuclides supplied 
by the International Atomic Energy Agency (IAEA) 
Vienna, with well-defined energies (0.511 – 2.615 𝑀𝑀𝑒𝑒𝑀𝑀) 
within the range of interest. This was carried out by 
converting the count per seconds (cps) under the 
photopeaks to activity concentrations in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1.

The counting time for accumulating the spectral 
for both background and samples was 36, 000 s which 
was good enough for the detector to analyze the 
spectrum with peaks of interest clearly shown and well 
distinguished (Jibiri et al., 2010; Isinkaye and Emelue, 
2015). Each of the empty containers as well as the 
containers that contained the samples was placed 
directly in the detector holder to determine the net 
count. The processes followed that; the background 
count was determined by counting an empty container 
of the same dimension as those containing the poultry 
feed and poultry manure samples. The gross count was 
also determined by counting the pulverized samples 
inside plus that of empty container. Thereafter, the net 
count was determined by subtracting the background 
count from the gross count. Both the background count 
and gross count were repeated at regular interval for 
quality control while each sample was counted for 36, 
000 seconds to reduce the statistical uncertainty 
(Ademola et al., 2014).  

d) Determination of Activity Concentrations of the 
Radionuclides

The activity concentrations of 40K in the 
individual  poultry feeds and manure samples was 
determined by measuring the 1.460 𝑀𝑀𝑒𝑒𝑀𝑀 gamma–ray 

line of 40K emitted during it decay, the activity of 226Ra 
was estimated from 1.765 𝑀𝑀𝑒𝑒𝑀𝑀 gamma–ray line of 214Bi  
while 2.165 𝑀𝑀𝑒𝑒𝑀𝑀 gamma–ray  line of 208Tl  was used for 
the determination of activity concentration of 232Th. The 
count rate under the photopeaks of each of the three 
radionuclides of interest is related to activity 
concentrations of the samples using equation 1 
(Ademola et al., 2014; Isinkaye and Emelue, 2015).

𝐴𝐴𝑐𝑐 = 𝐶𝐶𝑛𝑛
𝑃𝑃𝛾𝛾 𝑀𝑀 𝜀𝜀

                                 (1)

Where 𝐴𝐴𝑐𝑐 , is the activity concentration of the 
radionuclide in each of the samples measured in 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1,  𝐶𝐶𝑛𝑛 is the net count rate under the 
corresponding peak, 𝑃𝑃𝛾𝛾 is absolute transition probability 
of the specific gamma ray,  𝑀𝑀 is the mass of the sample 
(𝑘𝑘𝑘𝑘), and  𝜀𝜀 is the detector efficiency at specific gamma 
ray energy.

III. Results

Table 1 presents the energy gamma line and 
minimum detection activity (MDA) for the radio nuclides 
of interest. Table 2 presents the dose coefficient and 
some risk parameters for radionuclide of interest 
adopted in this work. Descriptive statistical results for 
the activity concentrations of radio nuclides 40K, 226Ra, 
and 232Th contained in starter/grower poultry feeds, 
finisher poultry feeds and finisher poultry manure were 
presented in Tables 3 to 5 respectively. Figures 1 to 3 
represent the frequency distribution histogram of 40K, 
226Ra, and 232Th  radio nuclides for starter/grower poultry 
feeds; Figure 4 to 6 represented the frequency 
distribution histogram 40K, 226Ra, and 232Th  radio
nuclides for finisher poultry feeds, while Figure 7 to 9 
represent the frequency distribution histogram40K, 226Ra, 
and 232Th  radio nuclides for finisher poultry manure 
respectively. The frequency distribution histogram and 
curves were acquired from Software Package for Social 
Sciences (SPSS) version 20.0.

Table 1: Energy Gamma Line and Minimum Detection Activity (MDA) for Radio nuclides of interest

Radio nuclides of 
Interest Energy (𝑴𝑴𝑴𝑴𝑴𝑴) Conversion Factor Minimum Detection 

Activity, MDA (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏)
40K 1.460 0.075 9.67

226Ra 1.765 0.061 3.06
232Th 2.615 0.029 3.00

a) Estimation of Annual Effective Doses (Internal and 
external exposures)

During handling, packing of materials in bags, 
transportation of poultry feeds and application of poultry 
manure to farm soil workers are exposed to ionizing 
radiation doses present in the material through three 
major pathways: external exposure to gamma–ray
during the packing in bags and handling of the 
materials, internal exposure from inhalation of dust and 
contaminated air due to the practice and possible 

internal exposure from any accidental ingestion of the 
materials. These computed doses are summed up to 
get the total effective doses delivered by 40K, 226Ra and 
232Th radionuclides.

The ionizing radiation impacted on exposed
workers, marketers and farmers through these exposure 
pathways were estimated from the activity 
concentrations of radionuclides40K, 226Ra and 232Th in 
different samples investigated. This was carried out by 
applying relevant conversion coefficient doses supply by 
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the International Commission on Radiological Protection 
(ICRP).  According to Kolo et al. (2016), the health risk of 
any adverse induced radiation exposure is dependent 
on the total effective dose. The dose from external 
exposure to gamma radiation is estimated from 
equation 2 (Mustapha et al., 2007; Ademola and 
Oyema, 2014):

𝐷𝐷𝐸𝐸𝐸𝐸𝐸𝐸 = ∑ 𝐴𝐴𝑖𝑖 𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸 , 𝑖𝑖 𝑇𝑇𝑒𝑒𝐸𝐸𝑒𝑒𝑖𝑖                       (2)

Where 𝐴𝐴𝑖𝑖 is the activity concentrations of 
nuclide, 𝑖𝑖 (𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1),𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸 , 𝑖𝑖 is the effective dose 
coefficient for nuclides, 𝑖𝑖 as presented in Table 2, 𝑇𝑇𝑒𝑒𝐸𝐸𝑒𝑒 is 
the duration of exposure in number in a year. For a 
poultry worker and markers who work for eight (8) hours 
per day in twenty (20) working days per month, the 
duration of exposure per year is therefore calculated as 
20 × 8 × 12 which equals 1920 hours per year. In this 
study, we assume that for a farmer who works for 8 
hours per day for three (3) days per a week which gives 
a total of twelve (12) days per month. The duration of 
exposure for such farmer per year is thus given as 12 × 
8 × 12 which equals 1152 hours per year as presented 
in Table 2.     

Internal exposure from inhalation of 
poultry/manure dust and contaminated air due to the 
practice was calculated using equation 3 (Mustapha et 
al., 2007)

            𝐷𝐷𝑁𝑁𝑛𝑛ℎ = ∑ 𝐴𝐴𝑖𝑖 𝐶𝐶𝑁𝑁𝑛𝑛ℎ , 𝑖𝑖𝜂𝜂𝑁𝑁𝑛𝑛ℎ𝐷𝐷𝑓𝑓 𝑇𝑇𝑒𝑒𝐸𝐸𝑒𝑒𝑖𝑖                    (3)

Where 𝐴𝐴𝑖𝑖 is the activity concentrations of 
nuclide, 𝑖𝑖 (𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1), 𝑇𝑇𝑒𝑒𝐸𝐸𝑒𝑒 is the duration of exposure in 
number of years (which for this study, has been 
corrected for 1920 for poultry feeds exposure and 1152 
for poultry manure exposure), 𝐶𝐶𝑁𝑁𝑛𝑛ℎ , 𝑖𝑖 is the dose 
coefficient for inhalation of nuclide  𝑖𝑖 measured in 
𝑚𝑚𝑚𝑚

𝐵𝐵𝐵𝐵� , 𝜂𝜂𝑁𝑁𝑛𝑛ℎ is the breathing rate measured in  𝑚𝑚
3
ℎ� with 

coefficient of 1.69 (Mustapha et al., 2007)  and 𝐷𝐷𝑓𝑓 is the 
dust loading factor measured in 𝑘𝑘 𝑚𝑚−3�    with coefficient 
of 1.0 × 10−3 (Degrand and Lepicard, 2005).

Internal dose from accidental ingestion of 
radionuclides was calculated from equation 4 (Kolo et 
al., 2016)

𝐷𝐷𝑁𝑁𝑛𝑛𝑘𝑘 = ∑ 𝐴𝐴𝑁𝑁𝐶𝐶𝑁𝑁𝑛𝑛𝑘𝑘 , 𝑖𝑖 𝜂𝜂𝑖𝑖𝑛𝑛𝑘𝑘𝑖𝑖 𝑇𝑇𝑒𝑒𝐸𝐸𝑒𝑒                      (4)

Where 𝐴𝐴𝑖𝑖 is the activity concentrations of 
nuclide 𝑖𝑖 (𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1), 𝐶𝐶𝑁𝑁𝑛𝑛𝑘𝑘 , 𝑖𝑖 is the dose coefficient for 

ingestion of nuclide, 𝑖𝑖, measured in 𝑚𝑚𝑚𝑚 𝐵𝐵𝐵𝐵� , 𝜂𝜂𝑖𝑖𝑛𝑛𝑘𝑘 is the 

ingestion rate for adults, measured in 𝑘𝑘𝑘𝑘 ℎ� whose value 
is 5.0 × 10−6 (Mustapha et al., 2007) and 𝑇𝑇𝑒𝑒𝐸𝐸𝑒𝑒 is the 
duration of exposure in a years, which for this study has 
been corrected for 1920 for poultry feeds exposure and 
1152 for poultry manure exposure.

Table 2: Dose coefficient and some risk parameters for radionuclide of interest adopted in this work 

Dose coefficient 
parameters

40K (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏)
226Ra 

(𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏)
232Th (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) Texp (𝒉𝒉 𝒚𝒚−𝟏𝟏) References

Effective dose 
coefficient, Cext 

(𝜂𝜂𝑚𝑚𝑚𝑚 ℎ−1/𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1)
1.175 9.929 0.003

Mustapha et al.
(2007)

Dose coefficient for 
inhalation, CInh

(𝑚𝑚𝑚𝑚 𝐵𝐵𝐵𝐵−1)
3.0 E-09 2.2 E-06 2.9 E-05 1CRP,  119 (2012)

Dose coefficient for 
ingestion CIng 

(𝑚𝑚𝑚𝑚 𝐵𝐵𝐵𝐵−1)
6.2 E-09 2.8 E-07 2.2 E-07 1CRP, 119 (2012)

Duration of exposure
for poultry workers 1920*

Duration of exposure for 
commercial  farmers 1152**

    Source: Kolo et al. (2016), except for 1920* and 1152** which were computed for this study
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Table 3: Some descriptive statistics of radionuclides and dose rates for starter/grower poultry feeds

Statistics Minimum value Maximum value Mean Standard 
Deviation

Coefficient of 
variation (CV)

40K (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 339.29±17.27 388.35±19.76 362.87 16.28 0.04
226Ra (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 3.28±6.88 14.62±4.02 7.15 4.13 0.58
232Th (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 33.33±0.53 41.18±0.55 37.92 2.28 0.06
DExt. (𝝁𝝁𝝁𝝁𝝁𝝁 𝒚𝒚−𝟏𝟏) 0.83 1.16 0.96 0.12 0.13
DInh. (𝝁𝝁𝝁𝝁𝝁𝝁 𝒚𝒚−𝟏𝟏) 3.16 3.98 3.62 0.23 0.06
DIng. (𝝁𝝁𝝁𝝁𝝁𝝁 𝒚𝒚−𝟏𝟏) 0.09 0.15 0.12 0.02 0.17
Total annual 

effective dose 
(𝝁𝝁𝝁𝝁𝝁𝝁 𝒚𝒚−𝟏𝟏)

4.08 5.29 4.70 0.37 0.08

Figure 1: Frequency distribution histogram for activity concentration of 40K in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 for starter/grower poultry feeds
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Figure 2: Frequency distribution histogram for activity concentration of 226Ra in  𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 for starter/grower poultry 
feeds

Figure 3: Frequency distribution histogram for activity concentration of 232Th (228Ra) in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 for starter/grower 
poultry feeds
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Table 4: Some descriptive statistics of radio nuclides and dose rates for finisher poultry feeds

Statistics Minimum 
value

Maximum 
value

Mean Standard 
Deviation

Coefficient of 
variation (CV)

40K (𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1) 269.66±13.73 353.24±17.98 284.31 27.46 0.01
226Ra 
(𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1)

3.82±11.06 29.42±3.24 15.21 8.88 0.58

232Th 
(𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1)

33.33±0.53 44.59±0.57 38.43 4.08 0.11

DExt. (𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1) 0.68 1.36 0.93 0.23 0.25
DInh. (𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1) 3.17 4.41 3.73 0.38 0.10
DIng.(𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1) 0.10 0.19 0.14 0.03 0.21
Total annual 
effective dose 
(𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1)

3.95 5.96 4.80 0.64 0.56

Figure 4: Frequency distribution histogram for activity concentration of 40K in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 for finisher poultry feeds
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Figure 5: Frequency distribution histogram for activity concentration of 226Ra in
 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 for finisher 

Figure 6: Frequency distribution histogram for activity concentration of 232Th (228Ra) in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 fo  finisher 
poultry feeds

poultry feeds
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Table 5: Some descriptive statistics of radionuclides and dose rates for finisher poultry manure

Statistics Minimum value Maximum value Mean Standard 
Deviation

Coefficient of 
variation (CV)

40K (𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1) 288.04±14.64 509.68±25.93 382.33 67.12 0.18
226Ra (𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1) 4.43±6.39 14.74±6.14 8.92 3.48 0.39
232Th (𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1) 28.83±0.54 46.14±0.63 39.20 5.58 0.14
DExt. (𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1) 0.44 0.86 0.61 0.13 0.21
DInh. (𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1) 1.65 2.67 2.25 0.33 0.15
DIng.(𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1) 0.05 0.10 0.08 0.02 0.25
Total annual 
effective dose 
(𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1)

2.14 3.63 2.94 0.48 0.16

 

Figure 8: Frequency distribution histogram for activity concentration of 226Ra in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 fo  finisher

poultry manure
Figure 7: Frequency distribution histogram for activity concentration of 40K in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 fo  finisher 

poultry manure
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Figure 9: Frequency distribution histogram for activity concentration of 232Th (228Ra) in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 fo  finisher  
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Figure 10: Regression plot to determine correlation coefficient between 40K and 40K for poultry manure and poultry 
feeds
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Figure 11: Regression plot to determine correlation coefficient between 226Ra and 226Ra for poultry manure and 
poultry feeds
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Figure 12: Regression plot to determine correlation coefficient between 232Th and 232Th for poultry manure and 

IV. Discussion

a) Range, mean, standard deviations and coefficient of 
variation for Radionuclides

The range of activity concentrations obtained in 
starter/grower feed samples for40K, 226Ra, and 232Th 
radionuclides respectively presented in Table 3 were 

from 339.29 to 388.35 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ; 3.28 to 14.63 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ; 
33.33 to 41.18 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 , with mean and standard 
deviation of 362.87±16.28 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ; 7.15±4.13 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ; and 37.92±2.28 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 respectively. The 
distribution of 226Ra (CV = 0.58) was observed to be 
more varied than 40K (CV = 0.04) and 232Th (CV = 0.06) 
radionuclides in the starter/grower feed samples.

poultry feeds
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As Observed from Table 4, the activity 
concentrations obtained in finisher feed samples for 40K, 
226Ra, and 232Th radionuclides respectively ranged from 
269.66 to 353.25 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ; 3.82 to 29.42 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ; 33.33 
to 44.59𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 , with mean and standard deviation of 
284.31±27.46 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ; 15.21±8.88 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ; and 
38.43±4.08 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 respectively. The distribution of 
226Ra (CV = 0.59) was observed to be more dispersed 
than 40K (CV = 0.01) and232Th (CV = 0.11) radionuclides 
in the finisher feed samples.

As shown in Table 5, the activity concentrations 
obtained in finisher poultry manure samples for 40K, 
226Ra, and 232Th radionuclides respectively ranged from 
288.04 to 509.68  𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ; 4.43 to 14.74 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ; 
28.83 to 46.14 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 , with mean and standard 
deviation of 382.33±67.12 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ; 8.92±3.48 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ; and 39.20±5.58 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 respectively. 
Observation from the table showed the distribution of 
226Ra (CV = 0.39) was widely spread than 40K and 232Th 
radionuclides in the finisher feed samples.

Observation from Tables 3, 4 and 5 revealed 
finisher poultry manure contained the highest 40K activity 
(382.33±67.12 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ) while the lowest was found in 
finisher poultry feeds (284.31±27.46 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ). Also, 
finisher poultry feeds recorded the highest 226Ra activity 
concentrations (15.21±8.88 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ) among the three 
materials investigated while the lowest was found in 
starter/grower feeds (7.15±4.13 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ). While the 
activity concentrations of 232Th radionuclides in the three 
materials were highest in finisher poultry manure 
(39.20±5.58 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ) with the lowest result obtained in 
starter/grower feed samples (37.92±2.28 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 ).  
Radionuclide content of ingredient used in processing 
the feeds, the lithology and geochemical composition of 
agricultural farm soil from where the materials were 
sourced could likely be a major contributor to 
radionuclides found in the materials.

The mean result for 40K contained in  finisher 
poultry manure was found higher than  277.3±12 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 , and 284.5±8 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 reported in Sheep and 
Cow fertilizers in Saudi Arabia (Alharbi, 2013);  BDL and 
336.3±13.9 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 established in  Chicken droppings 
and Cow droppings collected from Zaria, Kaduna State 
(Ibeanu et al., 2009). However, the mean activity 
concentrations of 226Ra found in the poultry manure were 
lower than the corresponding 31.6±1.6 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1

and41.1±1.7 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 recorded in Sheep and Cow 
fertilizer in Saudi Arabia (Alharbi, 2013), and 134.7±24.1 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 and 190.3±30 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 contained in Chicken 
droppings and Cow droppings obtained in Zaria, 
Kaduna State, Nigeria (Ibeanu et al., 2009). Though the 
poultry manure contains some levels of 40K, 226Ra and 
232Th radionuclides, its application to farm soil may not 
significantly increase the radioactivity levels.

b) Total mean annual effective dose
The levels of total mean annual effective doses 

were directly associated with the activity concentrations 
of radionuclides in the poultry feeds and poultry manure 
samples. The calculated effective dose due to external 
exposure to the two poultry feeds ranged from 0.68
𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1 (finisher poultry feeds) to 1.36 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1 (finisher 
poultry feeds) with the mean and standard deviation of 
0.93±0.23 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1; while for finisher poultry manure it 
ranged from 0.44 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1 to 0.86 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1 with the mean 
and standard deviation of 0.61±0.13 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1. The 
effective dose delivered to the workers, dealers of the 
two poultry feeds via inhalation pathway ranged from 
3.16 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1 (starter poultry feeds) to 4.41 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1

(finisher poultry feeds) with the mean of 3.68±0.31 
𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1; while for finisher poultry manure, it  ranged 
from 1.65 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1 to 2.67 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1 with the mean and 
standard deviation of 0.08±0.02 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1. Mean 
effective doses from accidental ingestion for 
starter/grower poultry feeds (0.12±0.02 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1), 
finisher poultry feeds (0.14±0.03 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1) and finisher 
poultry manure (0.08±0.02 𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1) were considered to 
be in good agreement. The most significant radiation 
exposure pathway in all the three materials investigated 
as observed in Tables 3, 4, and 5 was the internal 
exposure from inhalation of poultry feeds dust particles 
associated with air. Considering the distribution of the 
total mean annual effective dose due to internal and 
external exposures, workers in poultry environment and 
dealers of poultry feeds are more exposed to radiation 
risk than farmers in farm soil environment. Relatively 
lower values of internal and external doses rate 
(𝜇𝜇𝑚𝑚𝑚𝑚 𝜂𝜂−1) of the samples investigated showed that 
workers, dealers in poultry feeds, and commercial 
farmers are not significantly exposed to elevated 
gamma doses.

c) Frequency histogram distribution, skewness, and 
kurtosis 

Figures 1 to 9 showed the distributions of 
frequency histogram of activity concentrations of 40K, 
226Ra, and 232Th radionuclides respectively in 
starter/grower poultry feeds, finisher poultry feeds and 
finisher poultry manure. Skewness is a measure of 
asymmetry or departure from the symmetry of 
distribution while kurtosis measures the tailedness 
(outliers) of the probability distribution. Close 
observation showed that about 77.8% of the 
distributions was moderately symmetric (bell–shape) 
while 22.2% was asymmetric about the mean. Few of 
the frequency distribution curves were heavy–tailed, 
while others were light – tailed.

d) Regression and correlation analysis
To find out the strength and degree of 

associations between the pair of radionuclides for 
poultry feeds and poultry manure, correlation studies 
were carried out between each pair of radionuclides. 
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The regression analyses were between 40K and 
40K; 226Ra and 226Ra; and 232Th and 232Th activity 
concentrations of finisher poultry manure and feed 
respectively. The scatter plots from the regression 
analyses are shown in Figures 10, 11 and 12
respectively. Close observation from plots revealed very 
weak and negative linear association/relationship 
existed between the activity concentrations for finisher 
poultry manure and finisher poultry feed for 40K and 40K 
(𝑅𝑅 = 0.16); 226Ra and 226Ra (𝑅𝑅 = 0.19); and 
between232Th and 232Th ( 𝑅𝑅 = 0.29) respectively which 
shows that data set move in opposite directions for each 
pair of radionuclides; in other words, for every positive 
increase in data set for finisher feed there is a 
corresponding decrease in finisher manure for the pairs 
of radionuclides investigated which signify that the 
radionuclide contents of poultry feeds did not contribute 
significantly to the level of radionuclides in poultry 
manure. It could be from other sources such as the 
water they drink, and other food supplements were 
given to the poultry bird.

V. Conclusion

Measurement and evaluation of internal and 
external exposure to ionizing radiation doses due to the 
distribution of activity concentrations of radionuclide 40K, 
226Ra and232Th in starter/grower poultry feed, finisher 
poultry feed and resulting poultry manure was carried 
out. The 40K concentration, in all the samples,
investigated recorded the highest mean activity 
concentration than 226Ra and 232Th. The distribution of 
226Ra was more heterogeneous in all the samples than 
homogeneous distributions obtained in 40K and 232Th. 
Activity concentrations of 40K in poultry manure were 
found higher than reported works for animal manure in 
Saudi Arabia and Zaria (Nigeria). In all, about 77.8% of 
the distribution was moderately symmetric while 22.2% 
were asymmetric about the mean. Most significant 
exposure pathway in all the three materials investigated 
was the internal exposure from inhalation of poultry and 
manure dust particles. Considering the distribution of 
the total mean annual effective dose due to internal and 
external exposures, workers in poultry environment and 
dealers of poultry feeds are more exposed to ionizing 
radiation risk than farmers in farm soil environment. A 
very weak and negative linear relationship found 
between the activity concentrations of pairs of 
radionuclide recorded in finisher poultry manure and 
finisher poultry feed could suggest radionuclide 
contents in poultry feeds contributed but not significantly 
to the level of radionuclides in poultry manure. The 
radiometric information from this study could serve as 
baseline in the study area and as a reference material 
for similar studies in the future within the country and 
beyond in situations of environmental radioactivity 

contaminations from uncontrolled releases of radiation 
sources into the environment. 
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Abstract-

 

Nano-structured thin films of cadmium sulfide (CdS) 
have been wet chemically deposited on soda lime glass 
substrate and, fluorine-doped tin oxide (FTO) coated 
conducting glass substrates by using non-ionic surfactant; 
Hexamethylenetetramine (HMTA). The structural, optical and 
surface morphological properties of the CdS films was 
investigated through the analysis of the x-ray diffraction, 
optical spectroscopy and, scanning electron microscopy. The 
structural and optical study showed that the CdS thin films are 
polycrystalline in nature having cubic crystal structure. The 
optical study revealed that the

 

CdS films have a direct band 
gap energy of 2.44 eV. The SEM images show interconnected 
nano-plates like morphology with a well-defined surface area. 
Finally, the photoelectrochemical (PEC) performance of HMTA 
mediated CdS thin film samples were studied. The CdS based 
solar cell shows PEC performance with maximum short circuit 
current density of (Isc) 1.25 mA/cm2.

 

Keywords:

 

cadmium sulfide, surfactant, nanowalls 
morphology, pec performance.  

I.

 

Introduction

 

ow-a-days, nanostructured materials are 
extensively

 

explored due to their superior 
physico-chemical properties in various 

applications, including photovoltaic, electro-optical, and 
sensor devices [1-4]. Nanotechnology becomes 
advantageous to make inexpensive and efficient solar 
cells on a large scale. To this end, nanostructured layers 
in thin film solar cells offer three significant advantages. 
First, due to multiple reflections, the actual optical path 
for absorption is much larger than the definite film 
thickness [5]. Second, light generated electrons and 
holes need to travel over a much shorter path, so, the 
recombination losses are greatly reduced. As a result, 
the absorber layer thickness in nano-structured solar 
cells is very thin in few nanometers (nm) instead of 
several micrometers in the traditional thin-film solar cells 
(TFSCs) [6]. Third, the energy band gap of different 
layers of TFSCs can be improved to the preferred 
design value by simply varying the size of nano-particles 
[7]. The altered energy band gap energies

 

allows for 
more design flexibility in the absorber and window layers 
in the solar cells. In particular, nano-structured cadmium 
sulfide (CdS), zinc oxide (ZnO), cadmium telluride 

(CdTe), Cu2ZnSnS4, Cu2FeSnS4, etc. are of great interest 
as window and absorber layers in thin film solar cells [8-
11].  

Among various semiconductors, CdS is one of 
the most vital semiconductor compounds which is used 
widely as a photo-electrochemical (PEC) solar cell 
element due to its optimum band gap energy [12]. Also, 
to PEC solar cell, CdS has also been exploited in diode 
lasers, gas sensors, and catalytic applications [13, 14]. 
Meanwhile, the specific properties of CdS have been 
correlated with growth conditions and methods. In this 
direction, CdS have been prepared via a number of 
physical and chemical techniques. Out of various 
techniques, chemical bath deposition (CBD) is one of 
the simplistic and easy methods to prepare CdS thin 
films with a variety of surface morphologies [15, 16].  

In the present paper, attempts were made to 
engineer the morphology of the CdS thin films by using 
ionic surfactant; hexamethylenetetramine (HMTA). In this 
direction, thin films of CdS in assistance with HMTA 
were prepared at 90oC by using simplistic CBD method. 
The surface morphological study revealed the 
interconnected nanoplate-like structure of as 
synthesized CdS thin films. Further, these 
interconnected nanowalls of CdS thin films were 
characterized for their structural, and optical studies 
through the techniques including X-ray diffraction (XRD), 
and optical absorption spectroscopy. Finally, the 
photoelectrochemical (PEC) performance such as J-V 
characteristics in dark and under illumination, ideality 
factor of prepared CdS films was studied.     

II. Experimental Details 

All chemical were purchased from S. D. fine-
chemicals and used without any further purification. The 
cadmium sulfate (CdSO4⋅H2O) were used as cadmium 
(Cd) source and thiourea (H2N⋅CS⋅NH2) as sulfur (S) 
source. HMTA and liquor ammonia (NH3) were used as 
an organic surfactant and a complexing agent, 
respectively. The experimental parameters like the 
precursor’s concentration, operating temperature, pH, 
and deposition time were varied to produce a good 
quality CdS thin films. Initially, the matrix solution was 
prepared by adding aqueous solution (1 wt %) of an 
organic surfactants (HMTA) to 1.25 M CdSO4. Then, to 
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maintain 11 pH of the solution, the aqueous ammonia 
(NH4OH) added to the solution. The initial turbid solution 
becomes transparent by adding the excess ammonia. 
Finally, 1.1 M thiourea was added into above solution 
with constant stirring. The CdS films were deposited by 
dipping the soda lime glass into the above solution at 90 
C for 10 min. Finally, the synthesized CdS thin films were 
rinsed in distilled water and kept for drying at room 
temperature overnight.  

The X-ray diffractometer (Philips, PW 3710, 
Almelo, Holland Make) operated at 25 kV, 20 mA with 
CuKα radiation (1.5407 Å) was used for study of the 
structural properties of the CdS thin films. Optical 
absorbance was measured using a UV–vis 
spectrophotometer (UV1800, Shimadzu, Japan). The 
surface morphology of the films was examined by SEM 
(Model JEOL-JSM-6360, Japan), operated at 20 kV. 
Meanwhile, the thickness of the resulting CdS films was 
measured using a surface profiler (Ambios XP-1). The J-
V characteristics were measured using Semiconductor 
Characterization System (SCS-4200, Keithley, Germany) 
using two electrode configurations. 

III. Result and Discussion 

X-ray diffraction (XRD) patterns of CdS thin films 
were used for its structural characterization and the 
assessment of stoichiometry. Fig. 1 shows XRD pattern 
of HMTA mediated CdS interconnected nanowalls 
network on soda lime glass substrate. The films 
deposited were stoichiometric and did not show peaks 
related to elemental cadmium or sulfur or carbon. CdS 
peaks in XRD pattern are (111), (200), (220), (311), 
(222), (400) and (331) appears at 2θ = 26.45, 31.71, 
44.13, 51.87, 54.97, 62.67 and 70.23 degree, 
respectively. The formation of CdS phase was confirmed 
by comparing the observed XRD pattern with the 
standard JCPDS data (80-0019). In addition, the 
standard JCPDS data suggest the cubic crystal 
structure of as-synthesized CdS thin films. The lattice 
parameter ‘a’ is calculated using the following Eq. (1), 

                        2

222

2
1

a
lkh

d
++

=                         (1)
 

The mean values of ‘a’ observed in our study 
(5.810 Å) is in good agreement with the reported value 
a=5.811Å.  

Further, using the breadth of (111) peak, the 
average crystallite size was estimated using Scherrer’s 
formula given below Eq. (2) 

                           θβ
λ

cos)111(
kD =                     (2) 

where k is the dimensionless constant (0.95), λ is 
wavelength having value 1.5406Å and, β is the 

broadening of the diffraction line at half of its maximum 
intensity (taken in radians by multiplying a factor of 
π/360). The D the diameter of crystallite and θ is 
diffraction angle. The calculated crystallite size is found 
to be 20 nm for (111) plane. Meanwhile, the broadened 
peaks indicate the nanocrystalline nature of the films 
[17].  

Due to the nanocrystalline thin films, UV-Vis 
spectroscopy has become an effective tool in 
determining the size and optical properties. Fig. 2 shows 
the room temperature optical absorption spectrum of 
the CdS thin film recorded in the range of 450–750 nm 
without taking into account scattering and reflection 
losses. The optical absorption peak appeared at ~ 522 
nm gives band gap energy value of about 2.44 eV. This 
band gap energy is suitable for the light energy 
capturing and its conversion to electrical energy [18]. 
The present UV-visible spectrum reveals as-synthesized 
CdS thin film has a high absorbance of light in the 
visible region, indicating applicability as a captivating 
material in solar cell applications. 

The surface morphology of as-synthesized HMT 
assisted CdS thin films were examined by SEM 
technique and presented in Fig. 3. The low 
magnification SEM image as shown in Fig. 3(a) reveals 
the porous surface structure and the formation of CdS 
interconnected nanoplates-like assembly over the 
complete substrate. Also, no overgrowth, pinholes, 
voids or cracks on the substrate was seen. In addition, 
the nano-plates like structure covers over the entire 
substrate. Fig. 3(b) shows the high magnification SEM 
image of CdS thin films. The high magnification images 
clearly show the nanoplates connected with each other 
forming nanoconduits. Such plates having ~70 nm 
thickness are seen in the SEM image Fig. 3(b). Due to 
these interconnected nanowalls, the HMT mediated CdS 
thin film sample provides noticeable surface area. The 
higher surface area is beneficial for the enhancement of 
surface activities such as effective permeability of 
electrolytes into the inner structure of the film, and light 
absorption [19]. Also, the peculiar interconnected 
nanoplate-like structure scatters the light internally, 
which may lead to improvement in the effective light 
absorption [20]. The light absorption path length of 
photons can be increased as it is trapped in the 
nanoconduits. These mechanisms boost the PEC 
performance of CdS electrode.  

For the PEC characterization of the HMT 
mediated CdS thin film sample (CdS), the 
measurements were performed in an electrolyte of 1 M 
polysulfide (Na2S-NaOH-S) in a two-electrode 
arrangement of the following configuration: 

Glass/FTO/CdS/Na2S-NaOH-S/G 

In the photo-electrochemical cell, poly-sulfide 
solution acts as an electrolyte and the CdS thin film 
deposited on the FTO acts as a working electrode. The 
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graphite (G) acts as a counter electrode. The active area 
of working and counter electrode was about 1 cm2. The 
J-V characteristics were measured by a SCS-4200 unit 
in the dark and under light illumination at 30 mW/cm2. 
Fig. 4 suggest that, the J-V characteristics is like diode 
characteristics for the PEC cells fabricated with CdS thin 
film samples. Under illumination, shifting of the J–V 
curve in the fourth quadrant of the graph suggests that 
the electrons are the majority carriers, confirming the n-
type conductivity of CdS thin films [21]. The CdS cell 
shows the photo-electric conversion efficiency (η) of 
0.34 % with (JSC) =1.25 mA/cm2, open-circuit voltage 
(VOC) =435 mV and fill factor (FF) =0.31.  

The ideality factor ‘nd
 ’ of CdS films is 

determined under forwarding bias by using following 
equation (Eq. (3)) as,  

                                I = IO
 
(eqV/ndkT)

 
–1                           (3)                                                

Where Io is the reverse saturation current, V is 
forward bias voltage, k is Boltzmann’s constant, and T is 
ambient temperature.

 
Usually, the value of ‘nd’ is found 

to be in between 1 to 2. This value depends on the 
relation between diffusion current and recombination 
current. When diffusion current is more, then, ideality 
factor becomes 1 and, it becomes 2 when the diffusion 
current is less than recombination current.

 
The ideality 

factor in our CdS film was found to be 1.6. The value of 
‘nd’ is a suitable parameter that describes how closely 
the diode’s behavior matches the behavior predicted by 
theory.

 

IV.
 

Conclusion
 

In summary, CdS composed of a uniform 
interconnected nanoplate-like network have been 
successfully prepared via a non-ionic surfactant-
assisted chemical bath deposition at ambient 
atmosphere. The as-deposited CdS film showed a 
cubical crystal structure. The well-covered porous 
structure with the interconnected nanoplates network 
morphology leads to a high surface area which is 
observed by SEM studies. Further, this structure is a 
good prospective way for PEC solar cell application.  
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Fig. 1: X ray diffraction pattern of HMTA mediated CdS thin film
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Fig. 2: Optical absorption spectrum of HMTA mediated CdS thin film 

 Fig. 3:
 
(a) Low magnification SEM images of HMTA mediated CdS thin films sample

 (b) SEM images show the formation of interconnected nanowall network of HMTA mediated CdS over the substrate 
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Fig. 4: The J-V characteristics of interconnected nanowall network of HMTA mediated CdS thin film sample 
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Absract- The knowledge of external and internal doses of radiation emitted from radionuclides 
contained in different chemical fertilizers sold in Ibadan, Nigeria is very important. Therefore, 
activity concentrations of 40K, 226Ra and 232Th radionuclides in Urea, NPK (15 – 15 – 15), NPK 
(16 – 16 – 16) and Single Super Phosphate (SSP) fertilizer brands sold in the area for agricultural 
purposes were determined using gamma–ray spectroscopy. Radium equivalent activity (Raeq), 
gamma radiation or representative index ( ), alpha index ( ), annual gonadal dose 
equivalent (AGDE), external exposure (Dext) to gamma radiation as well as internal exposure (Dint) 
to doses of radiation to the marketers and users of the products were calculated. The calculated 
Raeq for the four brands of chemical fertilizers were 80.90  , 295.95  , 293.93 

 and 706.17  respectively. External gamma doses were 0.60 6.73 
,  6.65  and  13.00  while the sum of the internal doses  due  to 

inhalation and ingestion were found as 3.93 , 4.51 , 3.61  and  8.97 
 respectively.  More  external  and  internal  doses of radiation were calculated for 

marketers of the products than farmers. 
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Abstract-

 

The knowledge of external and internal doses of 
radiation emitted from radionuclides contained in different 
chemical fertilizers sold in Ibadan, Nigeria is very important. 
Therefore, activity concentrations of 40K,

 

226Ra and 232Th 
radionuclides in Urea, NPK (15 – 15 – 15), NPK (16 – 16 – 16)

 

and Single Super Phosphate (SSP) fertilizer brands sold in the 
area for agricultural purposes were determined using gamma–
ray spectroscopy. Radium equivalent activity (Raeq), gamma 
radiation or representative  index (𝑰𝑰𝜸𝜸), alpha index (𝑰𝑰𝜶𝜶), annual 
gonadal dose equivalent (AGDE), external exposure (Dext) to

 

gamma radiation as well as internal exposure (Dint) to doses of 
radiation to the marketers and users of the products were 
calculated. The calculated Raeq

 

for

 

the four brands of chemical 
fertilizers were 80.90 𝑩𝑩𝑩𝑩

 

𝒌𝒌𝒌𝒌−𝟏𝟏, 295.95 𝑩𝑩𝑩𝑩

 

𝒌𝒌𝒌𝒌−𝟏𝟏, 293.93 
𝑩𝑩𝑩𝑩

 

𝒌𝒌𝒌𝒌−𝟏𝟏

 

and 706.17 𝑩𝑩𝑩𝑩

 

𝒌𝒌𝒌𝒌−𝟏𝟏

 

respectively. External gamma 
doses were 0.60 𝒎𝒎𝒎𝒎𝒎𝒎

 

𝒚𝒚−𝟏𝟏, 6.73 𝒎𝒎𝒎𝒎𝒎𝒎

 

𝒚𝒚−𝟏𝟏, 6.65 𝒎𝒎𝒎𝒎𝒎𝒎

 

𝒚𝒚−𝟏𝟏

 

and

 

13.00 𝒎𝒎𝒎𝒎𝒎𝒎

 

𝒚𝒚−𝟏𝟏

 

while the sum of the internal doses due to 
inhalation and ingestion were found as 3.93 𝝁𝝁𝝁𝝁𝝁𝝁

 

𝒚𝒚−𝟏𝟏, 4.51 
𝝁𝝁𝝁𝝁𝝁𝝁

 

𝒚𝒚−𝟏𝟏, 3.61 𝝁𝝁𝝁𝝁𝝁𝝁

 

𝒚𝒚−𝟏𝟏

 

and 8.97 𝝁𝝁𝝁𝝁𝝁𝝁

 

𝒚𝒚−𝟏𝟏

 

respectively. More 
external and internal doses of radiation were calculated for 
marketers of the products than farmers. The order of SSP > 
NPKs > Urea fertilizers was observed for external exposure to 
gamma radiation. The results could serve as important 
radiometric data and information upon which future 
environmental monitoring of external and internal exposure to 
gamma radiation and alpha particles associated with chemical 
fertilizers could be based.  
Keywords:

 

chemical fertilizers, ionizing radiation, external 
exposure, somatic effects, radium equivalent activity.    

 

I.

 

Introduction

 

ertilizers, whether chemical (inorganic) or animal 
manure (organics) are used to replenish micro and 
macro elements lost by crops through leaching, 

erosion and continuous cropping in farm soil. The 
widespread inorganic fertilizers in use in Nigeria are 
Nitrogen Phosphorus and Potassium (NPK) fertilizers, 
Urea fertilizer and Single Supper Phosphate fertilizer 
(SSP). NPK fertilizers are of different formulations 
including NPK (15 – 15 – 15), NPK (20 – 10 – 10) and 
NPK (16 – 16 – 16). Using x–ray fluorescence 
spectrometric technique, heavy metals of silicon, 

vanadium, chromium, nickel, zinc, iron, titanium and 
copper were identified in inorganic fertilizers sold in 
Samaru, Zaria, Nigeria (Elisha, 2014).  

The phosphorus content of chemical fertilizers 
originates from phosphate rocks which contain varying 
levels of natural radionuclides Uranium (238U), Thorium 
(232Th) and Potassium (40K) (Hassan et al., 2016) that 
emit alpha particles, beta particles, and gamma 
radiations. According to Sahu et al. 2014 rock 
phosphate ore and phosphogypsum contributes to 
enhanced concentrations of natural radionuclides in the 
environment. High activity concentrations of 
radionuclides in fertilizers may result to increase in 
redistribution of radionuclides in farm soil, and via plant 
tissues, are deposited in steam, leaves, and fruits. 
Moreover, the health status of factory workers, 
marketers or dealers of the product as well as farmers 
may be at risk due to handling and packing in bags, 
inhalation and accidental ingestion which are the 
possible pathways of exposure.            

The study of gamma radiation and alpha 
particles emitted from the radionuclides 226Ra, 232Th and 
40K present in fertilizers is very important in 
environmental radioactivity. This is because high doses 
of radiation deposited directly on tissues and lunges 
could cause cancerous growth. External gamma 
radiation exposure occurs directly by the handling of 
fertilizer which could cause skin cancer if the gamma 
doses are higher than safe limit recommended by 
radiation protection and measurement agencies. 
Whereas, internal exposure to alpha particles arises 
from the inhalation of radon gas and its progenies as 
well as ingestion of doses of radiation either intentionally 
or accidentally. During radioactive decay, 226Ra and 
232Th radionuclides release short–lived decay products 
of radon gas (𝑡𝑡1/2 = 3.8 days) and thoron (𝑡𝑡1/2 =
55.6 seconds) in the air which deposit their alpha particle 
energies in tissues and lungs. Radionuclide 226Ra has 
high potential, due to continuous irradiation, causing 
biological damages once it is deposited in tissues.   

Hassan et al. (2017) had established that the 
average value of 226Ra (238U), 232Th and 40K in Japanese 
fertilizers were less than their corresponding values in 
Egyptian fertilizers. Jabbar and Abdul (2014) in Basrah 
Governorate, Iraq found the mean specific activity 
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concentrations 107.0±8.7 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 108.0±7.6 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 
and 1207.0±9.8 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 respectively for 226Ra, 232Th 
and 40K. Though not too recently, activity concentrations 
of radionuclides 226Ra, 232Th and 40K present in chemical 
fertilizers in Nigeria were reported (Ibeanu et al., 2009; 
Jibiri and Fasae, 2012) but the results did not consider 
at the time the radiation dose contribution of the various 
brand of fertilizers investigated. External and internal 
radiation dose contributions due to chemical fertilizers 
had not been given attention in Nigeria, therefore, the 
need to have current data and information on gamma 
radiation doses from external exposure as well as 
inhalation and accidental ingestion of doses of radiation 
due to alpha and possibly beta particles and the health 
implication. These were carried out by determining the 
activity concentrations of 226Ra, 232Th and 40K 
radionuclides, radium equivalent activity (Raeq), the 
gamma radiation or representative hazard index (𝐼𝐼𝛾𝛾) and 
the alpha index (𝐼𝐼𝛼𝛼) contained in NPK (15 – 15 – 15), 
NPK (16 – 16 – 16), SSP, and Urea fertilizers used in 
Ibadan, Nigeria for different purposes. 

II. Materials and Method 

a) Sample preparation 

The four (4) brands of chemical fertilizers 
commonly in use in Ibadan were purchased from local 
marketers in the locality which comprises of NPK (15 – 
15 – 15), NPK (16 – 16 – 16), Urea, and SSP fertilizers. 
Thirty – six (36) samples comprising of nine (9) samples 
from each brand were purposively selected and 
collected for the study, put in polythene bags, labeled 
and transported to the laboratory for preparation and 
analysis. They were pulverized in agate mortar to fine 
grain size and sieved through ~ 1.5 mm mesh sieve to 
be more homogeneous. The samples were then dried in 
a temperature controlled oven at 100°C to completely 
remove the moisture content until they attained constant 
weight. They were cooled in a desiccator, weighted 
(200±1g) and transferred in plastic containers, sealed 
using adhesives masking tape with each lid fastened on 
each container to prevent radon escape. The 36 sealed 
containers were stored for 30 days to establish 
radioactive secular equilibrium between long–lived 238U 

and 232Th and its daughters. Thereafter, an empty plastic 
container of the same geometry as the prepared 
homogeneous fertilizer samples was sealed and kept for 
30 days to measure the background radiation of the 
laboratory environment. 

b) Gamma–ray spectroscopy detector and 
characteristics  

Measurement of 226Ra, 232Th and 40K 
radionuclides was done using a 6 cm lead – shielded  
7.6 cm by 7.6 cm sodium iodide activated with thallium, 
NaI(Tl), gamma ray spectrometer detector (Model 
number 802 series CANBERRA Inc.). The detector is 

lead shielded to minimize the effect of background 
radiation in the laboratory. The measuring instrument 
was coupled to a CANBERRA series 10 plus 
Multichannel Analyser (Model number 1104) through a 
preamplifier base and a photomultiplier tube which 
converts the visible light photons produced in the crystal 
into amplified electrical pulses, and then an amplifier. It 
has a modest resolution of 8% full–width

 
at half 

maximum (FWHM) at 137Cs energy of 0.662 𝑀𝑀𝑀𝑀𝑀𝑀
 
(Jibiri 

et al.,
 
2011), which suggests the choice of its use for 

measurement, which is capable of distinguishing the 
gamma–ray

 
energies of the radionuclide of interest. The 

detector was connected to a personal computer (PC) 
with data acquisition system. A software programme 
was used to collect and analyse the data to compute 
the radionuclide concentrations in the samples. The 
procedure used

 
in this study was similar to that followed 

by Isinkaye and Emelue (2015). 
 

c)
 

Energy and efficiency calibration of the detector 
 To ensure the radiation parameters in the 

samples could be expressed in physical radiometric 
units, the detector was calibrated before it was used for 
analyses. Since the performance of a gamma–ray 
spectroscopy depends on the high resolving power and 
high value of efficiency, the calibration was done in two 
stages: energy calibration and efficiency calibration. 
Energy calibration converts channel numbers in the 
spectrum to gamma–ray energies in MeV by placing 
different gamma sources of known energy in the 
detector volume after a preset counting time so as to 
identify channels of various photopeaks corresponding 
to the different gamma

 
energies. 137Cs (0.662 𝑀𝑀𝑀𝑀𝑀𝑀), 

60Co (1.173 𝑀𝑀𝑀𝑀𝑀𝑀), 22Na (1.274 𝑀𝑀𝑀𝑀𝑀𝑀), 60Co (1.333), 40K 
(1.460 𝑀𝑀𝑀𝑀𝑀𝑀) 214Bi (1.765 𝑀𝑀𝑀𝑀𝑀𝑀) and 208Ti (2.615 𝑀𝑀𝑀𝑀𝑀𝑀) 
sources were used for energy calibration. A linear graph 
with empirical relation between the channel number and 
energies was obtained as the reliability of the measuring 
instrument, which was very strong enough (with 
correlation coefficient, 𝑅𝑅 = 0.99) as shown in Figure 1. 
The efficiency calibration of the detector was done in 
other to determine the gamma–ray counting efficiencies 
over energy range of 0.662 – 2.615 𝑀𝑀𝑀𝑀𝑀𝑀

 
covering all 

gamma energies of radionuclide of interest in the study. 
This was carried out by converting the count per 
seconds under the photopeaks to activity 
concentrations in 𝐵𝐵𝐵𝐵

 
𝑘𝑘𝑘𝑘−1

 
of certified reference 

standard samples. The counting time for accumulating 
the spectral line for both background and each fertilizer 
sample was set for 36, 000 seconds which was good 
enough for the detector to analyse the spectrum with the 
peaks of interest clearly shown and well distinguished 
(Isinkaye and Emelue, 2015).  
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Figure 1: Energy Calibration Line of the Detector Systems

d) Calculation of activity concentration of radionuclide 
of interest in chemical fertilizers 

The activity concentrations of 226Ra in each 
chemical fertilizer sample was estimated from  gamma–
ray peak energy of 1.760 𝑀𝑀𝑀𝑀𝑀𝑀 associated with the 
decay of 214Bi, while that of 232Th was determined from 
gamma–ray peak energy of 2.615 𝑀𝑀𝑀𝑀𝑀𝑀 associated with 
the decay of 208Ti. The activity concentration of 40K was 
estimated from gamma–ray peak energy of 1.460 𝑀𝑀𝑀𝑀𝑀𝑀 
from the decay of 40K itself. The net area under the 
corresponding photopeak in the energy spectrum was 
calculated by subtracting count due to Compton 
scattering of the background source from the total 
(gross) area of the photopeak. The count rate under the  
photopeak of each of the 226Ra, 232Th, and 40K 
radionuclides is related to activity concentrations using 
equation1 (Farai and Isinkaye, 2009; Jibiri and Okeyode, 
2012). The mean values were presented in Tables 2 - 5 
for the four (4) different chemical fertilizers. 

                           𝐶𝐶𝑖𝑖(𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1) = 𝐾𝐾𝐶𝐶𝑛𝑛 = 𝐶𝐶𝑛𝑛
𝜀𝜀  𝑃𝑃𝛾𝛾  𝑀𝑀𝑠𝑠   

                 (1)                                     

Where 𝐶𝐶𝑖𝑖 is the activity concentration of 
radionuclide, 𝑖𝑖 in the fertilizer samples measured in 
𝐵𝐵𝑞𝑞 𝑘𝑘𝑘𝑘−1, 𝐶𝐶𝑛𝑛  is the count rate under the corresponding 
photopeak which is the net count above the background 
over the time taken (36,000 seconds), 𝜀𝜀 is absolute 
detector efficiency at specific gamma–ray energy, 𝑃𝑃𝛾𝛾  is 

the absolute transition or emission  probability of the 
specific gamma–ray, and 𝑀𝑀𝑠𝑠  is the mass of each 
sample in the container in 𝑘𝑘𝑘𝑘. The detection limit (DL) of 
a measuring system was needed to provide the 
minimum detectable activity concentrations in a sample 
measured in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1calculated for the study using 
equation 2 (Jibiri et al., 2011). 

                   𝐷𝐷𝐷𝐷 (𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1) = 4.65 �𝐶𝐶𝑏𝑏
𝑡𝑡𝑏𝑏
𝐾𝐾                         (2) 

Where 𝐶𝐶𝑏𝑏  represents net background count in 
the corresponding peak, 𝑡𝑡𝑏𝑏  is the background counting 
time (in seconds), and 𝐾𝐾 is the factor that converts 
count per seconds (cps) to activity concentration in 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1. Detection limits were obtained for each 
radionuclides226Ra, 232Th and 40K of interest, however, 
values above the detection limits were recorded in the 
study.      

III. Evaluation of Radiological Hazard 
Indices 

a) Radium equivalent activity 𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒  
Variation in the distribution of radionuclides of 

226Ra, 232Th and 40K in phosphate rock deposits and 
inorganic fertilizer requires that radium equivalent activity 
is determined in materials. The radium equivalent activity 
has been defined as single radiological parameters that 
compare the specific activity of materials containing 
varying concentrations of 226Ra, 232Th and 40K 
radionuclides (Berekta and Mathew, 1985). Regarding 
the radiological health safety assessment, the maximum 
safety limit of 𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒 ≤ 370 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 had been set for 
materials to keep gamma–ray dose below 1.5 𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦−1. 
Equation 3 was used to compute the  𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒  and results 
presented in Table 6. 

               𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒 = 𝐶𝐶𝑅𝑅𝑅𝑅 + 1.430𝐶𝐶𝑇𝑇ℎ + 0.077𝐶𝐶𝐾𝐾              (3) 

Where 𝐶𝐶𝑅𝑅𝑅𝑅 , 𝐶𝐶𝑇𝑇ℎ  and, 𝐶𝐶𝐾𝐾 are the concentrations 
of 226Ra, 232Th and 40K in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 in the fertilizer 
samples. 

b) Annual gonadal doses equivalent 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 
The annual gonadal dose equivalent (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) is 

a measure of the genetic significance of the yearly dose 
received by the population reproductive organs 
(Ravisankar et al. 2014). The gonads, bone marrow and 
the bone surface cell are sensitive to ionizing radiations 

y = 55.34x - 20.29
R² = 0.999
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and are considered as of interest (UNSCEAR, 2000).  
Increase in 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 has been reported to affect the bones 
marrow, causing the destruction of the red blood cells 
which are then replaced by white blood cells. The 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 
for the different inorganic fertilizers were calculated 
using equations 4 (Ravisankar et al., 2014) and the 
results presented in Table 6.  Equation 4 was used to 
compute 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 in  𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇−1.                                

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇−1) = 3.09 𝐶𝐶𝑅𝑅𝑅𝑅 + 4.18 𝐶𝐶𝑇𝑇ℎ + 0.314 𝐶𝐶𝐾𝐾   (4) 

Where 𝐶𝐶𝑅𝑅𝑅𝑅 , 𝐶𝐶𝑇𝑇ℎ , and 𝐶𝐶𝐾𝐾 are the concentrations 
of 226Ra, 232Th and 40K in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 in the fertilizer 
samples. 

c) Radioactivity hazard Index (𝐼𝐼𝛾𝛾)   
Gamma radiation hazards associated with226Ra, 

232Th and 40K radionuclides in the chemical fertilizer 
brands were assessed using the radioactivity hazard 
index. According to European Commission guidelines,  
𝐼𝐼𝛾𝛾  should be greater than two (2) but less than 6 
(2<  𝐼𝐼𝛾𝛾 < 6) for radiation dosed of 1 𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦−1 (Khan et 
al., 1998). Furthermore, the value 𝐼𝐼𝛾𝛾 ≤ 0.5 corresponds 
to a dose rate criterion of 0.3 𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦−1 whereas 0.5 ≤
𝐼𝐼𝛾𝛾corresponds to a criterion of 1 𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦−1 (European 
Commission Report, 1999; Turhan et al., 2008). 
Equation 5 defines 𝐼𝐼𝛾𝛾  as 

                                  𝐼𝐼𝛾𝛾 = 𝐶𝐶𝑅𝑅𝑅𝑅
300

+ 𝐶𝐶𝑇𝑇ℎ
200

+ 𝐶𝐶𝐾𝐾
3000

                        (5)                                        

Where 𝐶𝐶𝑅𝑅𝑅𝑅 , 𝐶𝐶𝑇𝑇ℎ , and 𝐶𝐶𝐾𝐾 are the concentrations 
of 226Ra, 232Th and 40K in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 in the fertilizer 
samples.  

d) Alpha index (𝐼𝐼𝛼𝛼) 
Emission of alpha radiation from alpha particles 

due to the release of radon gas from the samples is 
called alpha index represented by 𝐼𝐼𝛼𝛼  which was 
calculated using equation 6 (Khan et al., 1998; Tufail et 
al., 2007; Hassan et al., 2016).  

                                              𝐼𝐼𝛼𝛼 = 𝐶𝐶𝑅𝑅𝑅𝑅
200

                                  (6) 

𝐶𝐶𝑅𝑅𝑅𝑅  represents the concentrations of 226Ra in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 in 
the fertilizer samples. 

e) Estimation of external gamma doses and internal 
exposures to radiation doses  

Factory workers, marketers or dealers of 
chemical fertilizers, as well as farmers, are exposed to 
ionizing radiation doses present in the material through 
three major pathways: external exposure to gamma–ray 
during the packing in bags and handling of the 
materials, internal exposure from inhalation of dust and 
contaminated air due to the practice and possible 
internal exposure from any accidental ingestion of the 
materials. The computed doses due to inhalation and 
accidental ingestion were summed up to get the total 
internal doses delivered by 226Ra, 232Th, and 40K 
radionuclides to the tissues and organs. This was 

carried out by applying conversion coefficient doses, 
relevant for this study, supplied by the International 
Commission on Radiological Protection (ICRP).  External 
exposure to gamma radiation was estimated using 
equation 7 (Mustapha et al., 2007 Jibiri et al., 2011; 
Ademola and Oyema, 2014): 

                                  𝐷𝐷𝐸𝐸𝐸𝐸𝐸𝐸 =  ∑ 𝐴𝐴𝑖𝑖  𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸 ,   𝑖𝑖 𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖                     (7) 

Where 𝐴𝐴𝑖𝑖  is the activity concentrations of 
nuclide, 𝑖𝑖 measured in  (𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1), 𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸 ,   𝑖𝑖  is the effective 
dose coefficient for nuclides 𝑖𝑖 as presented in Table 1, 
𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒  is the duration of exposure in a year. For factory 
workers and markers who work for eight (8) hours per 
day in twenty (20) working days per month, the duration 
of exposure per year was calculated as 20 × 8 × 12 
which equals 1920 hours per year (ℎ 𝑦𝑦−1). Also for this 
study, we assume that for a farmer working for eight (8) 
hours per day for three (3) days per a week, which gives 
a total of twelve (12) days per month. The duration of 
exposure for such farmer per year was calculated as 12 
× 8 × 12 which equals 1152 hours per year (ℎ 𝑦𝑦−1) as 
presented in Table 1.      

Internal exposure from inhalation of 
poultry/manure dust and contaminated air due to the 
practice was calculated using equation 8 (Mustapha et 
al., 2007) 

                 𝐷𝐷𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎 =  ∑ 𝐴𝐴𝑖𝑖  𝐶𝐶𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎 ,   𝑖𝑖𝜂𝜂𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎 𝐷𝐷𝑓𝑓  𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖                 (8) 

where 𝐴𝐴𝑖𝑖  is the activity concentrations of nuclide, 𝑖𝑖 
measured in  𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, 𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒  is the duration of exposure 
in number of years (which for the purpose of this work  
has been corrected for 1920 for poultry feeds exposure 
and 1152 for poultry manure exposure),  𝐶𝐶𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎 ,   𝑖𝑖  is the 
dose coefficient for inhalation of nuclide  𝑖𝑖 measured in 
𝑆𝑆𝑆𝑆 𝐵𝐵𝐵𝐵−1, 𝜂𝜂𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎  is the breathing rate measured in  m3/h 
with coefficient of 1.69 (Mustapha et al., 2007)  and 𝐷𝐷𝑓𝑓 is 
the dust loading factor measured in g/m-3 with 
coefficient of 1.0 × 10−3   [1.0 × 10−6 𝑘𝑘𝑘𝑘 𝑚𝑚−3] (Degrand 
and Lepicard, 2005). 

Internal dose from accidental ingestion of 
radionuclides was calculated from equation 9 (Kolo et 
al., 2016) 

             𝐷𝐷𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =  ∑ 𝐴𝐴𝐼𝐼𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ,   𝑖𝑖  𝜂𝜂𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒                  (9) 

Where 𝐴𝐴𝑖𝑖  is the activity concentrations of 
nuclide 𝑖𝑖 (𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1), 𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ,   𝑖𝑖  is the dose coefficient for 
ingestion of nuclide, 𝑖𝑖, measured in 𝑆𝑆𝑆𝑆 𝐵𝐵𝐵𝐵−1, 𝜂𝜂𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  is 
the ingestion rate for adults, measured in 𝑘𝑘𝑘𝑘 ℎ−1 whose 
value is 5.0×10-6 (Mustapha et al., 2007) and 𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒  is the 
duration of exposure in a year, which for  this study was 
corrected as 1920 for poultry feeds exposure and 1152 
for poultry manure exposure. 
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Table 1: Dose coefficient and some risk parameters for radionuclide of interest adopted in this work 

Dose coefficient 
parameters 

40K 
(𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 

226Ra 
(𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 

232Th 
(𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 

Text   
(𝒉𝒉 𝒚𝒚−𝟏𝟏) 

References
 

Effective dose coefficient, 
Cext (𝜂𝜂𝜂𝜂𝜂𝜂 ℎ−1/𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1) 

1.175 9.929 0.003  Mustapha et al. (2007) 

Dose coefficient for 
inhalation, CInhal (𝑆𝑆𝑆𝑆 𝐵𝐵𝐵𝐵−1) 

3.0 E-09 2.2 E-06 2.9 E-05  1CRP 119 (2012) 

Dose coefficient for 
ingestion CIngest 

(𝑆𝑆𝑆𝑆 𝐵𝐵𝐵𝐵−1) 
6.2 E-09

 
2.8 E-07

 
2.2 E-07

  
1CRP 119 (2012)

 

Duration of exposure for 
marketers/dealers of fertilizer 
products 

   
1920*

  
 

Duration of exposure for 
commercial  farmers 

   1152**  

Source: Kolo et al. (2016), except for 1920* and 1152** which were computed for this study. 

IV. Results and Discussion 

a) Activity concentration of 40K, 226Ra, and 232Th 
radionuclides in different fertilizers  

Tables 2, 3, 4, and 5 presented the activity 
concentrations of 40K, 226Ra and 232Th radionuclides for 
Urea, NPK (15 – 15 – 15), NPK (16 – 16 – 16) and SSP 
fertilizers used in Ibadan, Nigeria. Observation from 
Tables 2 to 5 showed that NPK (16 – 16 – 16) recorded 
the highest mean activity concentration 2929.33±180.47 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 for 40K while the lowest value 171.70±16.15 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 was found in Urea. The mean results obtained 
for NPK (15 – 15 – 15) and NPK (16 – 16 – 16) fertilizer 
were relatively close and showed exceptional values of 
concentration among the four fertilizer brands. For 226Ra 
radionuclides, the highest mean activity concentration 
631.17±14.04 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 was found in SSP fertilizer while 
the lowest mean activity concentration 9.58±7.08 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 was found in NPK (15 – 15 – 15) fertilizer 
samples. While for 232Th radionuclides, it was found that 
NPK (15 – 15 – 15) fertilizer had the highest mean 
activity concentration 44.04±6.07 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 whereas SSP 
fertilizer had the lowest value 28.53±4.16 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1. The 
coefficient of variation (CV) calculated in this study show 
that some data set was relatively high while others were 
relatively low. Relatively high values of CV indicated that 
the distributions were widely dispersed (heterogeneous 
distribution of data set), while relatively lower values of 
CV indicated closely dispersed distributions 
(homogenous distribution of data set).  

It is interesting to compare the radionuclide 
activity concentrations of the present study to similar 
reported study in different countries of the world. The 
40K, 226Ra, and 232Th results obtained in SSP fertilizer 
were higher than the corresponding values for PhF2 
(SSP) fertilizers reported in Egypt (Hassan et al., 2016). 
The 226Ra concentrations obtained for Urea, NPK (15 – 
15 – 15) and NPK (16 – 16 – 16) fertilizers were lower 
than the 571±20 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, and 325±2  𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 
established in Egyptian and Japanese fertilizers (Hassan 
et al., 2017 b). Furthermore, the mean values of 232Th 

radionuclides obtained in this study for Urea, NPK (15 – 
15 – 15), NPK (16 – 16 – 16) and SSP fertilizers were 
higher than the results reported for Egyptian and 
Japanese fertilizers (Hassan et al., 2017). 226Ra and 232Th 
activity concentrations (except the values obtained for  
40K) for both NPK fertilizers of the study were found 
lower than the corresponding results obtained by 
Jabbar and Abdul (2014) in Basrah Governorate, Iraq. 
Variation of the results with literature could be due to 
chemical compositions of materials used during the 
manufacturing process.      

Except the mean results recorded for Urea, 40K 
concentrations in NPKs and SSP were found higher than 
the results reported for Egyptian fertilizers, whereas the 
entire four fertilizer brands were found lower than the 
reported results in Japanese fertilizers (Hassan et al., 
2017). Moreover, 226Ra concentration in Urea fertilizer of 
the present study was found lower than the mean value 
15.38±2.94 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 obtained in Urea fertilizer 
Tarakandi in Jamalpur, Bangladesh (Samad et al., 
2011), however, the  232Th concentration was found 
higher than the mean value 17.16±6.73 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 in Urea 
fertilizer Tarakandi in Jamalpur, Bangladesh (Samad et 
al., 2011).    

As observed from Table 6, mean value obtained 
for radium equivalent activity for the four brands of 
chemical fertilizers, except that of SSP which recorded 
706.17 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, were lower than 613±33 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 and 
454±5 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 reported in Egyptian and Japanese 
fertilizers (Hassan et al., 2017). Except for SSP brand, 
Urea and NPKs recorded 𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒

 lower than the 
recommended worldwide mean value 370 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1, an 
indication that SSP fertilizer should be handled by 
marketers and farmers with precautions. All the 
chemical fertilizer brands investigated, except Urea, had 
𝐼𝐼𝛾𝛾

 < 1 which should be avoided since they will deliver 
effective dose rate higher than one (1) 𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦−1 to 

marketers of the products, factory workers, and farmers. 

The recommended maximum concentration of 226Ra is 
200 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 which represents 𝐼𝐼𝛼𝛼 = 1. The values of 𝐼𝐼𝛼𝛼
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obtained in Urea, NPKs, except for SSP fertilizers, were 
less than one (𝐼𝐼𝛼𝛼 < 1) which implied that the Urea and 
NPKs samples had 226Ra concentrations less than 200 
𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 while 226Ra concentrations for SSP fertilizer was 
three (3) times higher than 200  𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1. It, therefore, 
can be said about SSP fertilizer investigated in this study 
that possible radon inhalation could be so enormous 
that the samples warrant restriction. Comparing the 
activity concentrations of the radionuclides of interest, 
radium equivalent activity, external and internal doses 
gamma doses in the brands of chemical fertilizers 
investigated in this study with the worldwide safety 
standards for soil samples in 𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1 would not be 
necessary since chemical fertilizers are the man–made, 
manufactured from local industries.              

Observation from Table 6 showed that factory 
workers and marketers of chemical fertilizers 
investigated in this study would appear to be more 
exposed to external than internal doses of radiation. This 
situation was likewise with farmers. Since factory 
workers and dealers or marketers of the products spend 

more days than farmers as observed from Table 1, it is 
expected that the mean values obtained for marketers of 
the products should be greater than that of farmers who 
were calculated and recorded in this study. For both 
marketers and farmers, the highest external exposure to 
gamma doses of radiation (in 𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦−1) as observed 
from Table 6 were found in SSP fertilizers, while the 
lowest (in 𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦−1) were found in Urea fertilizers  
respectively. Likewise, results (in 𝜇𝜇𝜇𝜇𝜇𝜇 𝑦𝑦−1) were found 
for internal doses due to accidental ingestion. In 
general, the most significant exposure to radiation 
doses was external (in 𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦−1) followed by inhalation 
(in 𝜇𝜇𝜇𝜇𝜇𝜇 𝑦𝑦−1) and then accidental ingestion (in 𝜇𝜇𝜇𝜇𝜇𝜇 𝑦𝑦−1). 
Total internal exposure to doses of radiation due to the 
sum of inhalation and ingestion doses were found lower 
than that of external exposure doses of radiation. 
Precaution should be taken by factory workers, 
marketers of the products and farmers in staying around 
radiation field from NPKs, and SSP fertilizers to avoid 
serious radiobiological health challenges. 

Table 2: Activity Concentration of Urea Fertilizer Samples

Sample code 40K (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 226Ra (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 232Th (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 
Urea 01 168.89±6.63 6.49±5.53 37.12±0.54 
Urea 02 155.39±7.95 10.49±4.58 31.45±0.53 
Urea 03 172.50±8.81 9.10±4.82 44.53±0.57 
Urea 04 168.59±8.46 16.50±3.83 37.59±0.54 
Urea 05 165.59±8.46 14.74±3.97 34.45±0.52 
Urea 06 187.35±9.56 7.52±5.21 37.12±0.54 
Urea 07 154.26±7.87 12.31±4.29 41.91±0.55 
Urea 08 206.18±10.51 11.59±4.42 48.61±0.60 
Urea 09 166.57±8.51 9.89±4.68 44.26±0.57 

Mean±Std. Dev. 171.70±16.15 10.95±3.23 39.67±5.49 
CV 0.09 0.19 0.14 

Table 3: Activity Concentration of NPK (15 – 15 – 15) Fertilizer Samples 

Sample code 40K (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 226Ra (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 232Th (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 
NPK1501 3722.56±189.36 4.00±5.25 48.96±0.61 
NPK1502 2429.89±123.30 12.19±4.55 38.97±0.56 
NPK1503 1587.64±80.76 5.70±6.19 21.78±0.62 
NPK1504 2806.73±142.77 6.37±5.78 42.53±0.57 
NPK1505 3114.89±158.45 17.20±3.90 51.79±0.63 
NPK1506 3410.21±173.47 2.97±2.48 53.11±0.63 
NPK1507 2707.09±137.70 22.14±3.47 42.76±0.63 
NPK1508 3302.92±168.01 9.04±5.08 49.70±0.61 
NPK1509 3029.13±154.09 4.61±6.46 46.76±0.60 

Mean±Std. Dev. 2901.23±627.62 9.58±7.08 44.04±9.55 
CV 0.22 0.74 0.22 
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Table 4: Activity Concentration of NPK (16 – 16 – 16) Fertilizer Samples 

Sample code 40K (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 226Ra (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 232Th (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 
NPK1601 2923.94±148.73 14.26±4.10 41.37±0.55 
NPK1602 2946.37±149.88 0.49±42.99 37.27±0.54 
NPK1603 2694.12±137.04 39.85±2.17 28.19±0.54 
NPK1604 3217.68±163.63 23.90±4.71 32.09±0.49 
NPK1605 2803.14±142.49 22.93±4.63 43.76±0.57 
NPK1606 2696.24±137.15 22.38±4.60 30.33±0.52 
NPK1607 2923.19±148.70 19.71±4.59 31.98±0.56 
NPK1608 3023.50±153.80 16.99±4.46 29.83±0.53 
NPK1609 3135.75±159.51 24.81±4.74 25.89±0.54 

Mean±Std. Dev. 2929.33±180.47 20.59±10.40 33.41±6.07 
CV 0.06 0.51 0.18 

Table 5: Activity Concentration of SSP Fertilizer Samples 

Sample code 40K (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 226Ra (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 232Th (𝑩𝑩𝑩𝑩 𝒌𝒌𝒌𝒌−𝟏𝟏) 
SSP01 397.21±20.22 492.88±9.02 27.36±0.53 
SSP02 496.25±25.25 549.71±9.97 28.19±0.54 
SSP03 401.86±20.45 613.76±11.06 32.74±0.60 
SSP04 558.68±28.43 923.07±16.37 34.86±0.61 
SSP05 416.04±21.17 676.43±12.13 28.22±0.54 
SSP06 412.74±21.01 22.38±4.60 30.33±0.52 
SSP07 479.67±24.41 743.88±13.28 23.01±0.43 
SSP08 342.29±17.43 500.51±9.14 32.48±0.59 
SSP09 493.18±25.10 497.30±9.09 23.01±0.43 

Mean±Std. Dev. 444.21±66.74 631.17±14.04 28.53±4.16 
CV 0.15 0.02 0.15 

Table 6: Radiological indices associated with the Chemical Fertilizers

Radiological Indices Urea fertilizer NPK(15-15-15) NPK(16-16-16) SSP 
𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒  (𝐵𝐵𝐵𝐵 𝑘𝑘𝑘𝑘−1) 80.90 295.95 293.93 706.17 

𝐼𝐼𝛾𝛾  0.29 1.22 1.21 2.40 
𝐼𝐼𝛼𝛼  0.05 0.05 0.10 3.16 

𝐷𝐷𝐸𝐸𝐸𝐸𝐸𝐸  𝑀𝑀 (𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦−1) 0.60 6.73 6.65 13.00 
𝐷𝐷𝐸𝐸𝐸𝐸𝐸𝐸  𝐹𝐹 (𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦−1) 0.35 4.04 3.99 7.80 
𝐷𝐷𝑖𝑖𝑖𝑖ℎ𝑎𝑎𝑎𝑎  𝑀𝑀 (𝜇𝜇𝜇𝜇𝜇𝜇 𝑦𝑦−1) 3.81 4.24 3.31 7.19 
𝐷𝐷𝑖𝑖𝑖𝑖ℎ𝑎𝑎𝑎𝑎  𝐹𝐹 (𝜇𝜇𝜇𝜇𝜇𝜇 𝑦𝑦−1) 2.29 2.60 1.99 4.31 
𝐷𝐷𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝑀𝑀 (𝜇𝜇𝜇𝜇𝜇𝜇 𝑦𝑦−1) 0.12 0.27 0.30 1.78 
𝐷𝐷𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝐹𝐹 (𝜇𝜇𝜇𝜇𝜇𝜇 𝑦𝑦−1) 0.02 0.16 0.18 1.07 
𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝑀𝑀 (𝜇𝜇𝜇𝜇𝜇𝜇 𝑦𝑦−1) 3.93 4.51 3.61 11.50 
𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝐹𝐹 (𝜇𝜇𝜇𝜇𝜇𝜇 𝑦𝑦−1) 2.31 2.76 1.17 5.38 

M: Marketers, F: Farmers, 𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 : Total internal exposure to doses of radiation due to the sum of inhalation and ingestion doses 

V. Conclusion and Recommendations 

Radiological indices due to activity 
concentrations of  40K,

 
226Ra and 232Th radionuclides for 

Urea, NPK (15 – 15 – 15), NPK (16 – 16 – 16), and SSP 
fertilizers used in Ibadan, Nigeria were determined and 
recorded to ascertain if marketers and farmers could be 
exposed to doses of radiation and also to compare their 
radiological indices.  The values of 𝐼𝐼𝛾𝛾

 for NPKs and SSP 
showed that samples investigated should be avoided if 
health risk should be minimized. Also, the value of 𝐼𝐼𝛼𝛼

 for 

SSP revealed that health risk should be expected. 
Findings further showed that total internal exposure to 
doses of radiation due to the sum of inhalation and 
ingestion doses were found lower than that of external 
exposure to radiation doses. Marketers appeared to be 

more exposed both to external and internal doses of 
radiation than farmers. Samples of SSP fertilizers 

investigated had the greatest potentials among the four 
chemical fertilizer brands to cause radiobiological 
effects and should be handled with caution. The study 
did not compare the gamma dose rates/exposures from 
the radionuclides of 40K,

 226Ra and 232Th contained in the 
chemical fertilizers with their corresponding permissible 
safety limits for soil and sediment as reported by United 
Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR). Investigation of more samples of 
chemical fertilizers for an average of ten (10) years in the 
study area will give a better result, however, preliminary 
data and information is provided as a prelude to 
investigations of radiological study of chemical and 
organic fertilizers in other states in Nigeria and countries 
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of the world. The study recommends monitoring and 
placing serious restriction to chemical fertilizers rich in 
40K, 226Ra and 232Th radionuclides so as to minimize 
possible health hazards they may pose to users and 
marketers of the products. It also suggests the need to 
have local safety radiological standards in Nigeria.    
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passed on to researcher, 15 % benefit towards remuneration should be given to a 
reviewer and remaining 5% is to be retained by the institution.

We shall provide print version of 12 issues of any three journals [as per your requirement] out of our 
38 journals worth $ 2376 USD.                                                                      

Other:

The individual Fellow and Associate designations accredited by Open Association of Research 
Society (US) credentials signify guarantees following achievements:

 The professional accredited with Fellow honor, is entitled to various benefits viz. name, fame, 
honor, regular flow of income, secured bright future, social status etc.
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Note :
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″

 In addition to above, if one is single author, then entitled to 40% discount on publishing 
research paper and can get 10%discount if one is co-author or main author among group of 
authors.

 The Fellow can organize symposium/seminar/conference on behalf of Global Journals 
Incorporation (USA) and he/she can also attend the same organized by other institutes on 
behalf of Global Journals.

 The Fellow can become member of Editorial Board Member after completing 3yrs.
 The Fellow can earn 60% of sales proceeds from the sale of reference/review 

books/literature/publishing of research paper.
 Fellow can also join as paid peer reviewer and earn 15% remuneration of author charges and 

can also get an opportunity to join as member of the Editorial Board of Global Journals 
Incorporation (USA)

 • This individual has learned the basic methods of applying those concepts and techniques to 
common challenging situations. This individual has further demonstrated an in–depth 
understanding of the application of suitable techniques to a particular area of research 
practice.

 In future, if the board feels the necessity to change any board member, the same can be done with 
the consent of the chairperson along with anyone board member without our approval.

 In case, the chairperson needs to be replaced then consent of 2/3rd board members are required 
and they are also required to jointly pass the resolution copy of which should be sent to us. In such 
case, it will be compulsory to obtain our approval before replacement.

 In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and 
binding to everyone.                                                                                                                                             

VII

© Copyright by Global Journals | Guidelines Handbook



 
 

 

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

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

Alternatively, you can download our basic template  

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

Before and during Submission 

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

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

2. Authors must accept the privacy policy, terms, and conditions of Global Journals. 
3. Ensure corresponding author’s email address and postal address are accurate and reachable. 
4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email 

address, name, phone number, and institution), figures and illustrations in vector format including appropriate 
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references. 

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper. 
6. Proper permissions must be acquired for the use of any copyrighted material. 
7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the 

submission. 

Declaration of Conflicts of Interest 

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and 
organizations that could influence (bias) their research. 

Policy on Plagiarism 

Plagiarism is not acceptable in Global Journals submissions at all. 

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

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

• Words (language) 
• Ideas 
• Findings 
• Writings 
• Diagrams 
• Graphs 
• Illustrations 
• Lectures 
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• Printed material 
• Graphic representations 
• Computer programs 
• Electronic material 
• Any other original work 

Authorship Policies 

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

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

Changes in Authorship 

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

Copyright 

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

Appealing Decisions 

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

Acknowledgments 

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

Declaration of funding sources 

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

Preparing your Manuscript 

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

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

• Microsoft Word Document Setting Instructions. 
• Font type of all text should be Swis721 Lt BT. 
• Page size: 8.27" x 11'”, left margin: 0.65, right margin: 0.65, bottom margin: 0.75. 
• Paper title should be in one column of font size 24. 
• Author name in font size of 11 in one column. 
• Abstract: font size 9 with the word “Abstract” in bold italics. 
• Main text: font size 10 with two justified columns. 
• Two columns with equal column width of 3.38 and spacing of 0.2. 
• First character must be three lines drop-capped. 
• The paragraph before spacing of 1 pt and after of 0 pt. 
• Line spacing of 1 pt. 
• Large images must be in one column. 
• The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10. 
• The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10. 

Structure and Format of Manuscript 

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

A research paper must include: 

a) A title which should be relevant to the theme of the paper. 
b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.  
c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus. 
d) An introduction, giving fundamental background objectives. 
e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit 

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

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

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

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

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

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity. 
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Format Structure 

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

All manuscripts submitted to Global Journals should include: 

Title 

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

Author details 

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

Abstract 

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

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

Keywords 

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

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

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

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

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

Numerical Methods 

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

Abbreviations 

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

Formulas and equations 

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

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

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

Preparation of Eletronic Figures for Publication 

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

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

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

Tips for Writing a Good Quality Science Frontier Research Paper 

1. Choosing the topic: 

 

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

 

2.

 

Think like evaluators:

 

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

 

3.

 

Ask your

 

guides:

 

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

 

4.

 

Use of computer is recommended:

 

As you are doing research in the field of science frontier then this point is quite 
obvious.

 

Use right software: Always use good quality software packages. If you are not capable of judging good software, 
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can 
get through the internet.

 

5.

 

Use the internet for help:

 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Informal Guidelines of Research Paper Writing 

Key points to remember: 

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

Final points: 

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

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

The discussion section: 

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

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

General style: 

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

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

• Insertion of a title at the foot of a page with subsequent text on the next page. 
• Separating a table, chart, or figure—confine each to a single page. 
• Submitting a manuscript with pages out of sequence. 
• In every section of your document, use standard writing style, including articles ("a" and "the"). 
• Keep paying attention to the topic of the paper. 
• Use paragraphs to split each significant point (excluding the abstract). 
• Align the primary line of each section. 
• Present your points in sound order. 
• Use present tense to report well-accepted matters. 
• Use past tense to describe specific results. 
• Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives. 
• Avoid use of extra pictures—include only those figures essential to presenting results. 

Title page: 

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

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

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

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

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

• Fundamental goal. 
• To-the-point depiction of the research. 
• Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of 

any numerical analysis should be reported. Significant conclusions or questions that emerge from the research. 

Approach: 

o Single section and succinct. 
o An outline of the job done is always written in past tense. 
o Concentrate on shortening results—limit background information to a verdict or two. 
o Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important 

statistics) are just as significant in an abstract as they are anywhere else. 

Introduction: 

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

 

 

 

© Copyright by Global Journals | Guidelines Handbook

XV



The following approach can create a valuable beginning: 

o Explain the value (significance) of the study. 
o Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon 

its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it. 
o Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose 

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

Approach: 

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

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases. 

Procedures (methods and materials): 

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

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

Materials: 

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

Methods: 

o Report the method and not the particulars of each process that engaged the same methodology. 
o Describe the method entirely. 
o To be succinct, present methods under headings dedicated to specific dealings or groups of measures. 
o Simplify—detail how procedures were completed, not how they were performed on a particular day. 
o If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all. 

Approach: 

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

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences. 

What to keep away from: 

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

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

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to 
present consequences most efficiently. 

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data 
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if 
requested by the instructor. 

Content: 

o Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables. 
o In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate. 
o Present a background, such as by describing the question that was addressed by creation of an exacting study. 
o Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if 

appropriate. 
o Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or 

manuscript. 

What to stay away from: 

o Do not discuss or infer your outcome, report surrounding information, or try to explain anything. 
o Do not include raw data or intermediate calculations in a research manuscript. 
o Do not present similar data more than once. 
o A manuscript should complement any figures or tables, not duplicate information. 
o Never confuse figures with tables—there is a difference.  

Approach: 

As always, use past tense when you submit your results, and put the whole thing in a reasonable order. 

Put figures and tables, appropriately numbered, in order at the end of the report. 

If you desire, you may place your figures and tables properly within the text of your results section. 

Figures and tables: 

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached 
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and 
include a heading. All figures and tables must be divided from the text. 

Discussion: 

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded 
based on problems with the discussion. There is no rule for how long an argument should be. 

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the 
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results 
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The 
implication of results should be fully described. 

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain 
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have 
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the 
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded 
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain." 
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results 
that you have, and take care of the study as a finished work. 

o You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea. 
o Give details of all of your remarks as much as possible, focusing on mechanisms. 
o Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was 

correctly restricted. Try to present substitute explanations if they are sensible alternatives. 
o One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go 

next? The best studies unlock new avenues of study. What questions remain? 
o Recommendations for detailed papers will offer supplementary suggestions. 

Approach: 

When you refer to information, differentiate data generated by your own studies from other available information. Present 
work done by specific persons (including you) in past tense. 

Describe generally acknowledged facts and main beliefs in present tense. 

The Administration Rules 

Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc. 

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to 
avoid rejection. 

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your 
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to 
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and 
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript. 

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is 
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid 
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your 
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read 
your paper and file. 
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Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data,

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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