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Abstract- In this paper we have designed a CPW fed rectangular microstrip patch antenna at 
resonant frequency of 2.4 GHz. These types of microstrip antennas give high performance, 
robust in design and easy to fabricate. Patch elements are placed on FR-4 epoxy substrate of 
relative permittivity 4.4 kept at a substrate height of 1.6 mm. Simulation results are presented 
using HFSS version 13.0. The return loss obtained is–22db,and the impedance bandwidth 
achieved is 37%, VSWR is 1.15 and the gain is 2.55db at the centre frequency of 2.4 GHz. 
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CPW Fed Rectangular Microstrip Patch Antenna 
with Upper Pentagonal  

Paresh Jain α  & Prof. (Dr.) R.K Khola σ

Abstract- In this paper we have designed a CPW fed 
rectangular microstrip patch antenna at resonant frequency of 
2.4 GHz. These types of microstrip antennas give high 
performance, robust in design and easy to fabricate. Patch 
elements are placed on FR-4 epoxy substrate of relative 
permittivity 4.4 kept at a substrate height of 1.6 mm. 
Simulation results are presented using HFSS version 13.0. The 
return loss obtained is - 22.1__, and the impedance bandwidth 
achieved is 37%, VSWR is 1.15 and the gain is 2.55__ at the 
centre frequency of 2.4 GHz. 

 
 

I. Introduction 

n the early 1970’s the first practical microstrip antenna 
was fabricated by Howel & Munson and These above 
said antennas became popular during the 70’s period 

as this antennas had the space borne applications. 
Antennas play a vital role in communication systems to 
transmit and receive signals. Microstrip antennas are 
versatile in geometrical dimensions and can be 
implemented easily. They are useful as they are of low 
profile, low power handling, low weight, simple and 
cheap [1]. Due to their  attractive features like high rate 
of transfer of data and compact size have increased 
their demand and various applications immensely. The 
Microstrip antennas are of very high performance, 
robust in design and easy to fabricate [2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 : Block of Schematic of Microstrip Antenna 

Many problems such as the surface wave 
excitation   and  narrow   bandwidth   are   overcome by  
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various methods such as cutting slot, increasing 
thickness, etc. CPW is used in designing antenna which 
has low weight and low transmission losses and this 
method was introduced by C.P. Wen in 1969 [3]. CPW-
Feed method is cheap and the line impedance and 
phase velocity are less dependent on substrate height 
then on slot width [4]. The design geometry and the 
results of the proposed antenna are presented in this 
paper. 

II. Antenna Design 

The design is based on transmission line model 
analysis and it has rectangular patch antenna with upper 
pentagonal end cut in a circular slot on the ground. The 
geometry of this antenna is shown in figure 2.In the 
designing of this antenna three basic parameters are 
required to be decided, such as thickness of substrate, 
relative permittivity and dielectric substrate. Thickness of 
substrate reduces the size of antenna and surface 
radiations and low dielectric constant is preferred 
because the antenna gives better efficiency, low losses 
and higher bandwidth, thus the patch elements are 
placed on FR-4 epoxy substrate of relative permittivity 
4.4 kept at 1.6 mm. height. Feed line width is such that 
impedance is 50_ [5]. The antenna is designed with a 
centre frequency of 2.4GHz.The dimensions of the 
proposed antenna are shown in Table 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2

 

: Geometry of the proposed antenna
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Table 1 : The dimensions of the proposed antenna. 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. Results 

Simulated results are obtained by using Ansoft 
HFSS 13.0 software. The results are presented and 
discussed in the following para. 

a) Return Loss 
The characteristics and measurement of the 

parameter return loss shows that how the antenna is 
effective in delivering the power from the source to the 
antenna. Return loss found is −22.1 dB__. The graph of 
return loss verses frequency is shown in figure 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
  

Figure 3

 

:

 

Return Loss

 

 

 

b)

 

Bandwidth

 

Return loss graph can be used in calculating

 

the bandwidth of the antenna. The proposed

 

antenna 
gives the 10 __ impedance

 

bandwidth of 37%. The 
antenna can operate

 

in the frequency range from 
1.97GHz to

 

2.87 GHz.

 

c)

 

Radiation Pattern

 

The radiation pattern shows the direction in

 

which the power is directed and is also

 

shows the 
radiation distribution and the

 

power distribution in the 
particular direction.

 

The figure 4 shows the 3-D radiation 
pattern

 

of the said antenna

 

at centre frequency 2.4

 

GHz.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4

 

:

 

Radiation Pattern.

 

d)

 

VSWR

 

The voltage standing wave ratio is the ratio

 

of 
the maximum and the minimum voltages

 

at the feed 
line. The value of the VSWR

 

which is determined for 
perfect matching of

 

the antenna is such that it should be 
less than

 

2. The value should be 1:1 for maximum

 

power 
transfer and for the antenna to

 

perform efficiently. The 
plot of VSWR

 

observed at the frequency 2.4 GHz. is 1.15

 

shown in figure 5.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

X axis –

 

Frequency in GHz.

 

Y axis -

 

VSWR

 

Figure 5

 

:

 

VSWR
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Figure 6

 

:

 

Smith Chart

 

The smith chart in figure 6 shows VSWR of

 

1.15 
at an angle of 109.23 and magnitude

 

0.0702 and 
impedance is 0.9466-0.1261i

 

which indicates that the 
antenna is resistive

 

in nature.

 

e)

 

Gain

 

The parameter gain shows the amount of the

 

power transmitted in the maximum radiation

 

direction 
where the isotropic source is taken.

 

The gain should not 
be less than 0 dB

 

otherwise the antenna is not radiating. 
The

 

gain of the proposed antenna measured to be

 

2.55 
dB.and shown in figure 7.

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 7

 

:

 

Gain

 

IV.

 

Conclusion

 

The proposed antenna is based on CPW-Fed

 

technique and from the simulated result,

 

gain is 
observed as 2.55__ and the return

 

loss calculated is -
22.1__, The VSWR value

 

calculated is 1.17 and the 
impedance

 

bandwidth calculated is 37% for the

 

proposed antenna. Simulation and design of

 

the 
microstrip patch antenna is done on a

 

substrate of 
dielectric constant 4.4 and at a

 

resonant frequency of 
2.4GHz which ranges

 

from

 

1.97GHz to 2.87GHz and 
successfully

 

done using HFSS Software. Several other

 

designs can be simulated using different

 

parameters 
having better results and higher

 

efficiency for 
applications in the field of

 

wireless communication. Their 
main

 

applications may be in extended UTMS, Wi-Fi, 
WiMax, etc.
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Control Strategies of a Neuro-Fuzzy Controlled Grid Connected 
Hybrid PV/PEMFC/Battery      

By  T. Praveen Kumar, N. Subrahmanyam & M. Sydulu 
 National Institute of Technology, India 

Abstract-  This paper depicts power control strategies of a neuro-fuzzy controlled grid connected 
hybrid photovoltaic and proton exchange membrane fuel cell distributed generation system with 
battery as energy storage device. The essential source of energy for the hybrid distributed 
generation system is from photovoltaic cell and proton exchange membrane fuel cell and the 
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Control Strategies of a Neuro-Fuzzy Controlled 
Grid Connected Hybrid PV/PEMFC/Battery 

T. Praveen Kumar α, N. Subrahmanyam σ  &  M. Sydulu ρ 

Abstract- This paper depicts power control strategies of a 
neuro-fuzzy controlled grid connected hybrid photovoltaic and 
proton exchange membrane fuel cell distributed generation 
system with battery as energy storage device. The essential 
source of energy for the hybrid distributed generation system 
is from photovoltaic cell and proton exchange membrane fuel 
cell and the battery acts as a complementary source of 
energy.The hybrid distributed generation system is connected 
to a grid through power electronic interfacing devices.A 
Matlab/Simulink model is developed for the grid connected 
hybrid distributed generation system, neuro-fuzzy  controlled 
power electronic DC/DC and DC/AC converters to control the 
flow of power on both sides.  Likewise we extended our work 
so as to distribute the power between power sources, the 
neuro-fuzzy power controller has been developed. Simulation 
results are presented to demonstrate the effectiveness and 
capability of proposed control strategy. 
Keywords: shunt active power filters, total harmonic 
distortion, power conversion, power drives. 

I. Introduction 

he penetration level of green and renewable 
energy sources/distributed generation units are 
expected to grow in the near future as there is a 

probability of rundown conventional fuels for power 
generation. The distributed generation is classified as 
renewable and non-renewable. The distributed 
generation sources such as Fuel cells, Wind and Solar 
energy are increasing daily due to increase in demand 
for electrical power [1]. These energy sources are 
environmental friendly, reduces transmission and 
distribution losses, peak load shaving, can be used as 
backup sources and etc. Fuel cell is a promising device 
as it is efficient, modular and can be placed at any site 
for improving system efficiency [2] but it has slow start-
up response. Solar energy is an important renewable 
energy source [3] but the intermittent nature of this 
technology is a major issue. The accessibility of energy 
is driven by climate and cell temperature however not on 
the loads of the systems. This innovation can be marked 
as irregular and typically PV array utilizes a Maximum 
Power Point  Tracking (MPPT)  (MPPT) strategy to 
consistently convey the most highest power to the load 
when there are variations in irradiation and temperature 
[4].Because of  the  intermittent  nature  of  PV  array  it  
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becomes an uncontrollable source In order to overcome 
the drawbacks with the slow start-up of fuel cells and 
intermittent nature of PV cell a nerofuzzy controlled grid 
associated hybrid photovoltaic as well as proton 
exchange membrane fuel cell (PEMFC) distributed 
generation system with battery as energy storage is 
suggested in this paper. 

II. System Modeling 

Fig. 1 shows the block diagram of the HRPS 
(Hybrid Renewable Power Sources)  proposed in this 
paper that connected to main grid in Point Common 
Coupling (PCC). So by above discussions tww 
mathematical models recitation the dynamic behavior 
and each of these constituents are given below. 

 

Fig-1 : Block Diagram of Grid connected Hybrid system 

a) Proton Exchange Membrane Fuel Cell Model 
A fuel cell functions like a battery by 

transforming the chemical energy into electrical energy, 
but it differs from a battery in that as long as the 
hydrogen and oxygen is supplied it will produce DC 
electricity continuously. Fuel cells play a vital role in 
distributed generation because of their advantages such 
as high efficiency, no contamination gasses and 
particular structure adaptability. 

The Nernst's mathematical statement and 
Ohm's law oversee the normal voltage size of the fuel 
cell stack. The subsequent mathematical statement 
representations the voltage of the fuel cell stack: 

𝑉𝑉𝑓𝑓𝑓𝑓 = 𝑁𝑁0(𝐸𝐸0 +
𝑅𝑅𝑅𝑅
2𝐹𝐹

(log�
𝑃𝑃𝐻𝐻2𝑃𝑃𝑂𝑂2

0.5

𝑃𝑃𝐻𝐻2𝑂𝑂
)� − 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖 𝐼𝐼

        (1) 
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Where: 
𝑁𝑁0 is the number of cells connected in series; 
𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖  is the internal resistance of fuel cell stack [Ω] 
𝐸𝐸0 is the voltage related with the reaction free energy; 
R is the universal gas constant; 
T is the temperature; 
I is the current of the fuel cell stack; 
F is the Faraday's constant. 
𝑃𝑃𝐻𝐻2 ,𝑃𝑃𝐻𝐻2𝑂𝑂 ,𝑃𝑃𝑂𝑂2are dictated by the accompanying 
differential equations. 

𝑃𝑃𝐻𝐻2 = −
1
𝑖𝑖𝐻𝐻 2

(𝑃𝑃𝐻𝐻 2 +
1
𝐾𝐾𝐻𝐻 2

�𝑞𝑞𝐻𝐻 2
𝑖𝑖𝑖𝑖 − 2𝐾𝐾𝑟𝑟𝐼𝐼𝑓𝑓𝑓𝑓 �) 

𝑃𝑃𝐻𝐻2𝑂𝑂 = − 1
𝑖𝑖𝐻𝐻  2𝑂𝑂

(𝑃𝑃𝐻𝐻 2𝑂𝑂 + 2
𝐾𝐾𝐻𝐻  2𝑂𝑂

𝐾𝐾𝑟𝑟𝐼𝐼𝑓𝑓𝑓𝑓 ))                                     (2) 

𝑃𝑃𝑂𝑂2 = −
1
𝑖𝑖𝑂𝑂 2

(𝑃𝑃𝑂𝑂 2 +
1
𝐾𝐾𝑂𝑂 2

�𝑞𝑞𝑂𝑂 2
𝑖𝑖𝑖𝑖 − 𝐾𝐾𝑟𝑟𝐼𝐼𝑓𝑓𝑓𝑓 �) 

Where, 𝑞𝑞𝐻𝐻 2
𝑖𝑖𝑖𝑖  and 𝑞𝑞𝑂𝑂 2

𝑖𝑖𝑖𝑖 are the molar flow of 
hydrogen and oxygen and where the Kr constant is well-
defined by the relation between the rate of reactant 
hydrogen and the fuel cell current: 

                𝑞𝑞𝐻𝐻 2
𝑟𝑟 = 𝑁𝑁0𝐼𝐼

2𝐹𝐹
= 2𝐾𝐾𝑟𝑟𝐼𝐼                                            (3) 

Besides, a straightforward model of reformer 
that creates hydrogen through methane has been 
deliberated and the model is second-order transfer 
function.So therefore itsmathematical form can be 
written as follows: 

𝑞𝑞𝐻𝐻 2
𝑞𝑞𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚

=
𝐶𝐶𝑉𝑉

𝜏𝜏1𝜏𝜏2𝑆𝑆2 + (𝜏𝜏1 + 𝜏𝜏2)𝑆𝑆 + 1
 

Where𝑞𝑞𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚 is methane flow rate [kmol/sec]; 
CV is conversion factor [kmol of hydrogen per kmol of 
methane]; 
𝜏𝜏1, 𝜏𝜏2are reformer time constants [sec]. 

b) Photovoltaic Model (PV)  
The equivalent circuit shown in Fig.2 is a one 

diode model of a solar cell which consists of a diode 
and a current source connected in parallel with a series 
resistance Rs. The current source foods the photocurrent 
Iph, which is directly proportional to solar irradiance G. By 
referring manufacturer’s data sheet, the two main 
parameters used to describe a PV cell are open circuit 
voltage and another is its short circuit current. 

 

Fig.2 : Equivalent solar cell model with Rs 

 The mathematical model [3] of PV cell can be 
expressed as 

 

𝐼𝐼𝑝𝑝𝑝𝑝 = 𝐼𝐼𝑝𝑝ℎ − 𝐼𝐼0 �exp𝑞𝑞 �
𝑉𝑉𝑝𝑝𝑝𝑝 + 𝐼𝐼𝑝𝑝𝑝𝑝 .𝑅𝑅𝑠𝑠

𝐴𝐴𝐾𝐾𝑅𝑅
� − 1�                          (4) 

Since Photocurrent 𝐼𝐼𝑝𝑝ℎ is directly proportional to 
solar radiation G. 

I ph (𝐺𝐺) = 𝐼𝐼𝑠𝑠𝑓𝑓
𝐺𝐺
𝐺𝐺𝑟𝑟𝑚𝑚𝑓𝑓                                                                     (5) 

The short-circuit current ISCof solar cell depends 
linearly on cell temperature. 

𝐼𝐼𝑠𝑠𝑓𝑓�𝑅𝑅𝑗𝑗 � = 𝐼𝐼𝑠𝑠𝑓𝑓 [1 + Δ𝐼𝐼𝑠𝑠𝑓𝑓(𝑅𝑅𝑗𝑗 − 𝑅𝑅𝑗𝑗𝑟𝑟𝑚𝑚𝑓𝑓 ] 

  𝐼𝐼𝑝𝑝ℎ�𝐺𝐺,𝑅𝑅𝑗𝑗 � = 𝐼𝐼𝑠𝑠𝑓𝑓𝑠𝑠
𝑮𝑮
𝑮𝑮𝒓𝒓𝒓𝒓𝒓𝒓

[1 + Δ𝐼𝐼𝑠𝑠𝑓𝑓�𝑅𝑅𝑗𝑗 − 𝑅𝑅𝑗𝑗𝑟𝑟𝑚𝑚𝑓𝑓 �
                    (6) 

I0also depends on solar irradiation as well as 
cell temperature and that can be mathematically 
expressed as follows 

                    𝐼𝐼0�𝐺𝐺,𝑅𝑅𝑗𝑗 � =
𝐼𝐼𝑝𝑝ℎ�𝐺𝐺,𝑅𝑅𝑗𝑗 �

𝑚𝑚 �
𝑉𝑉𝑜𝑜𝑓𝑓 (𝑅𝑅𝑗𝑗 )
𝑉𝑉𝑖𝑖(𝑅𝑅𝑗𝑗 ) � − 1

                            (7) 

In the writing numerous MPPT strategies are 
accessible, for instance, incremental conductance 
(INC), consistent voltage (CV), and perturbation and 
observation (P&O). Therefore P&O strategy has been 
generally utilized in view of its basic input structure and 
less measured parameters. The panel voltage is 
purposely intentionally agitated (expanded or 
diminished) then the power is contrasted with the power 
got before to disturbance. In particular, if the power 
panel is increased because of the unsettling influence, 
the accompanying disturbance will be made in the same 
course and if the power diminishes, the new 
perturbation is made in the opposite direction.But the 
demerit with P & O is the outputpower is oscillating in 
nature. Because of this reason weuse the Fuzzy MPPT 
technique to deliver the maximumpower and to eliminate 
perturbations in the output power. 

c) Fuzzy MPPT Control 

The inputs to the fuzzy MPPT control can be 
measured or computed from the voltage and current of 
solar panel. Thecontrol rules are indicated in [4]with 
∆Ppv and ∆V pv asinputs and ∆V  pvref as the output. 
The membership functions of input and output Variables 
in which membership functions of input variables ∆Ppv 
and ∆V  pv are triangular and has seven fuzzy subsets. 
Seven fuzzy subsets are considered for membership 
functions of the output variable ∆V  pvref. These input 
and output variables are expressed in terms of linguistic 
variables (such as BN (big negative),MN (Medium 
negative), SN (small negative), Z (zero), SP(small 
positive), MP (medium positive), and BP (big positive). 
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d) Battery Modelling 
The battery is a device which stores energy 

inelectro chemical form. Battery is used as energy 
storage device in wide range of applications like hybrid 
electric vehicles and hybrid power systems. In this 
paper, the battery energy storage is combined with 
hybrid PV/PEMFC distributed generation system. The 
battery model considered in this paper is shown in fig.3. 
The battery model used is based on voltage model 
proposed by Shepherd [4]. 

 

Fig. 3 : Battery Model 

e) DC/DC Boost Converter Model 
The role of boost DC/DC converters is to deliver 

power to the user in appropriate form at high efficiency. 
Generally the Power electronic converters are desirable 
in PV and fuel cell systems to transform DC voltage to 
the prerequisite values. Fig. 4 shows the DC/DC 
converter model.  

 

Fig. 4 : Boost DC/DC Converter Model. 

As depicted above boost converter is defined 
by the following two nonlinear state space averaged 
equations [7]: 

              𝑑𝑑𝑖𝑖𝐿𝐿
𝑑𝑑𝑖𝑖

= −𝑅𝑅𝐿𝐿
𝐿𝐿
− �1−𝑑𝑑

𝐿𝐿
�𝑉𝑉0 + 1

𝐿𝐿
𝑉𝑉𝑠𝑠                                        (8)   

𝑑𝑑𝑉𝑉𝑓𝑓
𝑑𝑑𝑖𝑖

= �
1 − 𝑑𝑑
𝐶𝐶

� 𝑖𝑖𝐿𝐿 +
𝑖𝑖𝑅𝑅
𝐶𝐶

 

where ‘‘d’’ is the duty cycle of the switching 
device, ‘‘U’’ is the input voltage, ‘‘𝑖𝑖𝐿𝐿’’ is the inductor 

current, ‘‘𝑉𝑉𝑓𝑓 ’’ is the output voltage and “𝑖𝑖0” is the output 
current. 

f) DC-AC Converter Model 
Converter (VSC) is shown in Fig. 5. To reduce 

harmonics, LCL filter is connected between the 
converter and also at the grid side [6]. So therefore the 
dynamic model of the three-phase VSC is represented 
in 

𝑑𝑑𝑖𝑖1𝑘𝑘
𝑑𝑑𝑖𝑖

= −
𝑅𝑅1

𝐿𝐿1
𝑖𝑖1𝑘𝑘 +

1
𝐿𝐿1

(𝑉𝑉1𝑘𝑘 − 𝑉𝑉𝑓𝑓𝑘𝑘 ) 

                             𝑑𝑑𝑖𝑖2𝑘𝑘
𝑑𝑑𝑖𝑖

= −𝑅𝑅2
𝐿𝐿2
𝑖𝑖2𝑘𝑘 + 1

𝐿𝐿1
(𝑉𝑉𝑓𝑓𝑘𝑘 − 𝑉𝑉𝑠𝑠𝑘𝑘)                ( 9 ) 

𝐶𝐶𝑓𝑓
𝑑𝑑𝑉𝑉𝑓𝑓𝑘𝑘
𝑑𝑑𝑖𝑖

= 𝑖𝑖1𝑘𝑘 − 𝑖𝑖2𝑘𝑘  

Whre k={a, b, c} 

 

Fig.5 : DC/ AC Three Phase Inverter 

III. Power Control Strategies of Hybrid 
System 

By above  discussions the Power flow control 
from hybrid power sources to local AC bus and to/from 
storage devices is  required to keep up power balance 
at all times while fulfilling the the active and reactive 
power demanded by the load. Eq.(13) gives power 
balance expressions that should be satisfied together at 
the DC-link and at the PCC all the time. 

The rate and magnitude of fuel cell power PFC 
and rate, sign and magnitude of battery power PBatt 
depend on the magnitude and how fast the load 
changes. 

𝑃𝑃𝐷𝐷𝐺𝐺 = 𝑃𝑃𝑃𝑃𝑉𝑉 + 𝑃𝑃𝑃𝑃𝐶𝐶 + 𝑃𝑃𝐵𝐵𝑚𝑚𝑖𝑖𝑖𝑖  
                                     𝑃𝑃𝐿𝐿𝑜𝑜𝑚𝑚𝑑𝑑 = 𝑃𝑃𝐷𝐷𝐺𝐺 + 𝑃𝑃𝐺𝐺𝑟𝑟𝑖𝑖𝑑𝑑                         (10)  

𝑄𝑄𝐿𝐿𝑜𝑜𝑚𝑚𝑑𝑑 = 𝑄𝑄𝐷𝐷𝐺𝐺 + 𝑄𝑄𝐺𝐺𝑟𝑟𝑖𝑖𝑑𝑑  

According to the control strategy proposed in 
this paper, 𝑃𝑃𝐿𝐿𝑜𝑜𝑚𝑚𝑑𝑑

 
and 𝑄𝑄𝐿𝐿𝑜𝑜𝑚𝑚𝑑𝑑

 
are made equal to Pref

 
and 

Qref

 
so that the hybrid power system output shadows the 

load demand only under normal loading conditions 
also𝑃𝑃𝐺𝐺𝑟𝑟𝑖𝑖𝑑𝑑

 
and 𝑄𝑄𝐺𝐺𝑟𝑟𝑖𝑖𝑑𝑑

 
are seems to be zero. Soif the local 

load demand surpasses the hybrid power system 
capacity, then remaining

 
of the power is supplied from 

the grid side. Fig. 6 shows the overall structure of the 
control strategy. 
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Fig. 6 : Overall system control structure. 

Hence the control strategy also retains the DC-
link/battery voltage within a band about the nominal DC-
link voltage to have the inverter in synchronism with the 
grid. The following differential equation for DC link power 
balance is given: 

             𝐶𝐶𝑑𝑑𝑓𝑓𝑝𝑝𝑑𝑑𝑓𝑓
𝑑𝑑𝑝𝑝𝑑𝑑𝑓𝑓
𝑑𝑑𝑖𝑖

= 𝑃𝑃𝐹𝐹𝐶𝐶 + 𝑃𝑃𝑃𝑃𝑉𝑉 + 𝑃𝑃𝐵𝐵𝑚𝑚𝑖𝑖𝑖𝑖 − 𝑃𝑃𝐺𝐺𝑟𝑟𝑖𝑖𝑑𝑑          ( 11 ) 

Moreover, to meet the requirements of power 
balance in DC link it is significant to consider the 
dynamic limitations of fuel cell power. In this case, the 
fuel cell power could not change rapidly and the fuel cell 
controller with DCDC converter should regulate the 
operating point of fuel cell. But the amount of power that 
should be absorbed by battery energy storage in order 
to balance the power in DC link is significant and also it 
is greatly influenced by DC link energy, where its energy 
measurement is supported with the help of the following 
calculation: 

                       𝐸𝐸𝑑𝑑𝑓𝑓 (𝑘𝑘) = (1
2
)𝐶𝐶𝑑𝑑𝑓𝑓𝑉𝑉𝑑𝑑𝑓𝑓2 (𝑘𝑘)                             (12) 

In this paper, a power flow control structure has 
been established for hybrid power sources during 
voltage sag. It is based on Fuzzy Logic Control (FLC) 
strategy that determines the battery energy storage 
power according to the following inputs: 

𝑚𝑚(𝑘𝑘) = 𝐸𝐸𝑑𝑑𝑓𝑓−𝑟𝑟𝑚𝑚𝑓𝑓 (𝑘𝑘) − 𝐸𝐸𝑑𝑑𝑓𝑓 (𝑘𝑘) 

                  ∆𝑚𝑚(𝑘𝑘) = 𝑚𝑚(𝑘𝑘) − 𝑚𝑚(𝑘𝑘 − 1)                                    (13) 

where𝐸𝐸𝑑𝑑𝑓𝑓−𝑟𝑟𝑚𝑚𝑓𝑓  is the reference dc link energy 
which is calculated by reference dc link 
voltage.Subsequently, it is crucial to outline powerful 
and stable control technique to ensure the stability of 
the dc link of hybrid system.For this purpose, a fuzzy 
neuralcontrol startegy is devloped [8]. 

IV. Neuro-Fuzzy Control Startegy 

In this paper a neuro-fuzzy control strategy, for 
each of the input, four fuzzy subsets have been 
employed. These are ZE (zero), L (low), M (medium) 
and H (high). So for all of these fuzzy sets, a gaussian 
membership function has been used. As each of the two 

inputs has four subsets, there are altogether 16 control 
rules in the neuro-fuzzy logic controller. 

 

Fig.7 : The neuro-fuzzy scheme 

The neuro-fuzzy calculation utilizes membership 
functions of gaussian kind. With Gaussian fuzzy sets, 
the algorithm is fit for using all data contained in the 
preparation set to calculate each rule conclusion, which 
is distinctive when utilizing triangular allotments. Fig.7 
represents the neuro-fuzzy scheme for an illustration 
with two variables (x1, x2) and one output variable (y). In 
the principal phase of the neuro-fuzzy scheme, the two 
inputs are categorized into philological values by the set 
of Gaussian membership functions recognized to every 
variable. The second stage computes every tenet R(l) its 
separate enactment degree. Last, the derivation system 
weights every guideline conclusion ω(l), instated by the 
group based algorithm, utilizing the enactment degree 
computed in the second stage. As mentioned the error 
signal among the model inferred value Yand the 
particular measured value (or teaching value) y', is 
employed by the gradient descent scheme to regulate 
each rule conclusion. Also he algorithm adjusts the 
values of ω(l) to diminish an objective function E typically 
expressed by the mean quadratic error (12). In this 
equation, the value y'(k) is the preferred output value 
correlated with the condition vector x'(k) = (x1', 
x2’,…xm'). The element Y(x'(k)) is the conditional 
response to the same condition vector x'(k) and 
calculated by Eq. (14). 

𝐸𝐸 =
1
2

[𝑌𝑌(𝑥𝑥(𝑘𝑘) − 𝑦𝑦(𝑘𝑘)]]2 

       𝑌𝑌�𝑥𝑥′(𝑘𝑘)� =
∑ �∏ 𝜇𝜇𝐴𝐴𝑗𝑗=1

(𝑙𝑙)
𝑚𝑚
𝑗𝑗=1 �𝑥𝑥′𝑗𝑗 (𝑘𝑘)��𝜔𝜔(𝑙𝑙)𝑓𝑓

𝑙𝑙=1 (𝑘𝑘)

∑ �∏ 𝜇𝜇𝐴𝐴𝑗𝑗=1
(1)

𝑚𝑚
𝑗𝑗=1 �𝑥𝑥′𝑗𝑗 (𝑘𝑘)��𝑓𝑓

𝑙𝑙=1

    (14) 

Eq. (15) establishes adjustment for every 
conclusion ω(l)with the aid of gradient-descent method. 
Hare the symbol α is the learning rate parameter, and 
also t designates the number of learning iterations that 
are executed by the algorithm. 

𝜔𝜔(𝑙𝑙)(𝑖𝑖 + 1) = 𝜔𝜔(𝑙𝑙)(𝑖𝑖)−∝
𝜕𝜕𝐸𝐸
𝜕𝜕𝜔𝜔(𝑙𝑙)

                                          (15) 
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The inference function Eq. (14) depends on ω(l) 
onlythrough its numerator. The expression composing 
the numerator is now represented by ‘a’ and is shown in 
Eq.(16). 

      𝑚𝑚 = ���𝜇𝜇𝐴𝐴𝑗𝑗=1
(𝑙𝑙)

𝑚𝑚

𝑗𝑗=1

�𝑥𝑥′𝑗𝑗 (𝑘𝑘)��𝜔𝜔(𝑙𝑙)
𝑓𝑓

𝑙𝑙=1

(𝑘𝑘)  

The denominator of function Eq. (14) is 
dependent on a term d(l), defined in Eq. (17), and 
denoted by b in Eq. (18). 

         𝑑𝑑(𝑙𝑙) = ∏ 𝜇𝜇𝐴𝐴𝑗𝑗=1
(𝑙𝑙)

𝑚𝑚
𝑗𝑗=1 �𝑥𝑥′𝑗𝑗 (𝑘𝑘)�                                            (17) 

          𝑏𝑏 = ∑ (𝑑𝑑(𝑙𝑙))𝑓𝑓
𝑙𝑙=1                                                               (18) 

In order to compute the adjustment of each 
conclusion value ω(l), it is necessary to compute the 
variation of the objective function E, ∂E , in relative to the 
disparity that occurred in ω(l) in the anterior instant, ∂ ω(l). 
So by, using the chain rule to calculate ∂E/ ∂ω(l) results in 
Eq(19). 

            
∂E

𝜕𝜕𝜔𝜔(𝑙𝑙)) =
∂E
∂Y

∂Y
∂a

∂a
𝜕𝜕𝜔𝜔(𝑙𝑙)) 

    

The utilization of chain rule searches for the 
term contained in E that is straight forwardly

 

reliant on 
the quality to be balanced, i.e., the conclusion value ω(l). 
Therefore, we can verify by chain Eq. (19) that it starts 
with E dependent of Y value, and it basically depends 
on α

 

term also finally,  expression a is a function of ω(l). 
Now after

 

few moment, the alteration can be done for  
ω(l) 

 

and also be interpreted that is propotional to the 
error that is between the neuro-fuzzy model response 
and the supervising value, but it can be weighted by the 
influence of rule (1), indicated by d(l), to the final neuro-
fuzzy inference.

 

   𝜔𝜔𝑙𝑙(𝑖𝑖 + 1) = 𝜔𝜔(𝑙𝑙)(𝑖𝑖) − 𝛼𝛼 (𝑌𝑌(𝑥𝑥′ (𝑘𝑘)−𝑦𝑦′ (𝑘𝑘))𝑑𝑑(𝑙𝑙)

∑ (𝑑𝑑(𝑙𝑙)𝑓𝑓
𝑙𝑙=1 )

 

                      (20)

 

Next, a convergence theorem has been 
developed to assurance the stability of particular 
learning algorithm employed for the above-mentioned 
FNN [10]. A Lyapanov energy function is defined as 
follows: 

                                      𝑉𝑉𝑘𝑘 = 𝐽𝐽𝑘𝑘 = 1
2
𝐸𝐸𝑘𝑘2                                    (21) 

From Eq. (19), we can get 

       ∆𝑉𝑉 = 𝑉𝑉𝑘𝑘+1 − 𝑉𝑉𝑘𝑘 = 1
2

(𝐸𝐸𝑘𝑘+1
2 − 𝐸𝐸𝑘𝑘2)                                  (22) 

The error difference, ΔEk, can be defined as 

                       ∆𝐸𝐸𝑘𝑘 = 𝐸𝐸𝑘𝑘+1 − 𝐸𝐸𝑘𝑘 = 𝜕𝜕𝐸𝐸𝑘𝑘
𝜕𝜕𝜔𝜔

∆𝜔𝜔                       (23) 

              ∆𝜔𝜔 = 𝜔𝜔𝑘𝑘+1 − 𝜔𝜔𝑘𝑘 = −𝛼𝛼𝐸𝐸𝑘𝑘
𝜕𝜕𝐸𝐸𝑘𝑘
𝜕𝜕𝜔𝜔

                                (24) 

Using Eq. (22), we can get 

∆𝑉𝑉 =
1
2

(𝐸𝐸𝑘𝑘+1 − 𝐸𝐸𝑘𝑘)(𝐸𝐸𝑘𝑘+1 + 𝐸𝐸𝑘𝑘) 

= 1
2

(∆𝐸𝐸𝑘𝑘)(2𝐸𝐸𝑘𝑘 + ∆𝐸𝐸𝑘𝑘)                                                            (25) 

Substituting eq. (24) into eq. (23),  we have: 

∆𝑉𝑉 =
1
2
𝜕𝜕𝐸𝐸𝑘𝑘
𝜕𝜕𝜔𝜔

 𝛼𝛼𝐸𝐸𝑘𝑘
𝜕𝜕𝐸𝐸𝑘𝑘
𝜕𝜕𝜔𝜔

(−2𝐸𝐸𝑘𝑘 +
𝜕𝜕𝐸𝐸𝑘𝑘
𝜕𝜕𝜔𝜔

 𝛼𝛼𝐸𝐸𝑘𝑘
𝜕𝜕𝐸𝐸𝑘𝑘
𝜕𝜕𝜔𝜔

) 

= 1
2

(𝐸𝐸𝑘𝑘
𝜕𝜕𝐸𝐸𝑘𝑘
𝜕𝜕𝜔𝜔

)2[�𝜕𝜕𝐸𝐸𝑘𝑘
𝜕𝜕𝜔𝜔

)2𝛼𝛼2 − 2𝛼𝛼�                                               (26)   

If 
 
∆𝑉𝑉 < 0,

 
the convergence of the algorithm 

described in eq.(26) can be guaranteed. Therefore, we 
have:  

                      ( 𝜕𝜕𝐸𝐸𝑘𝑘
𝜕𝜕𝜔𝜔

)2𝛼𝛼2 − 2𝛼𝛼 < 0                                         (27) 

From eq. ( ), we can obtain: 

                     0 < 𝛼𝛼 < 2

(
𝜕𝜕𝐸𝐸𝑘𝑘
𝜕𝜕𝜔𝜔 )2

                                                   
(28)

 

V.
 

Simulation Results
 

 
To evaluate the viability of the proposed control 

strategy, the system is simulated in SIMULINK/
 

SIMPOWER for a period of 100sec of real and reactive 
load profiles.

 

Table. 1 :
 
Hybrid distributed generation system parameters.

 

PEMFC Parameters
 

Values
 

Faraday's Constant
 

96487000 
C/kmol

 

Hydrogen time constant(tH2) 
 

26.1 sec
 

Hydrogen valve molar constant(KH2) 
 

8.43x10-4
 

 

Kr Constant=N0/4F 
 

9.9497x10-7
 

No load voltage (E0) 
 

0.6V
 

Number of cells (N0) 
 

384
 

Oxygen time constant (tO2) 
 

2.91 sec
 

 
 

 
 

Battery Model parameters
 

Values
 

Maximum allowable terminal voltage 
 

730 V
 

Minimum allowable terminal voltage 
 

710 V
 

Operating Terminal Voltage 
 

725 V
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(16)

(19)



SOC,%  70 
  

DC/AC Converter Parameters  
Nominal AC Voltage  400 V 

Nominal Phase Current  125 A 
Nominal DC Voltage  720 V 

Rs 0.9 mΩ 
Ls  0.01mH 

Fs (Hz)  50 Hz 
  

DC/DC Converter Parameters  
Rated Voltage ( V)  200/650V 

Resistance (R)  2.3Ω 
Rated Power  50KW 

Capacitance (C)  1.5 mf 
Inductor (L)  415 µH 

The decision of the DC- bus voltage depends 
on the output voltage of the inverter required which must 
provide the grid voltage. The association among the DC 
link voltage Vdc and the line-to-line RMS grid voltage 
𝑉𝑉𝐿𝐿𝐿𝐿,𝐴𝐴𝐶𝐶 , where 𝑚𝑚𝑚𝑚  is the modulation index in the linear 
region, is specified in Eq. (29) [9]. 

               𝑉𝑉𝑑𝑑𝑓𝑓 ≥
1.633
𝑚𝑚𝑚𝑚

𝑉𝑉𝐿𝐿𝐿𝐿,𝐴𝐴𝐶𝐶 + 𝑝𝑝𝑜𝑜𝑙𝑙𝑖𝑖𝑚𝑚𝑣𝑣𝑚𝑚𝑑𝑑𝑟𝑟𝑜𝑜𝑝𝑝𝑠𝑠                   (29) 

The proposed control strategies are realized 
using MATLAB/SIMULINK environment by means of the 
parameters given in Table. 1 [5]. 

In order to show the response of the power 
control strategy during the unbalanced voltage 
condition, another simulation results have been 
extracted. In this case, The proposed control strategy 
has been inspected in case of unbalanced voltage 
conditions. An unbalanced voltage, resulting from 
unbalanced load, is applied at the grid side. The 
unbalanced voltage starts at 1.2 sec for duration of 2 
sec. The grid voltage during unbalanced voltage has 
been shown in Fig.8. 

 

Fig.8 : The unbalanced grid voltages 

Fig. 9 shows the 3-phase voltages; which are 
well regulated underthe unbalanced disturbance. 

 

Fig.9 : Regulated grid voltage 

From Fig.10 and Fig.11 the gid voltage and 
cuurents under the neuro-fuzzy controller have great 
improvement in case of Total harmonic distortion THD 
that was depicted in Fig.12. 

 

Fig. 10 
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 Fig. 11
 From Fig.12 THD is only 3% in case of neuro-

fuzzy controller and 15.27% in case of without neuro-
fuzzy controller.

 

 Fig. 12

 The DC link voltage is shown in Figs.13. During 
the unbalanced voltage, there is an increase on DC 
linkvoltage but it is not much more than 10% of nominal 
value. In these conditions, to stabilize the dc-linkpower, 
the neuro-fuzzy controller manages the power flow 
between power sources.

 

 
Fig.13 : DC-link voltage

 VI.

 

Conclusion

 
This paper presents modeling,

 

control and 
power control in in a grid connected PV/Fuel Cell/Battery 
hybrid power generation system in a microgrid.

 

Here 
SIMULINK/SIMPOWER was utilized to to model the 
system and simulate a power flow control strategy. PV, 
fuel cell and and battery subsystems with power 
electronic converters are modeled. In addition, to 
disseminate the power between power sources, the 
neuro-fuzzy power controller has been produced to 
settle the DC- link power.

 

Our

 

simulation results are 
shown to exhibit the viability and ability of proposed 
control strategy  amid various operating  conditions in 
utility  grid.
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Abstract- An FPGA based NQR spectrometer has been designed for detection of 14N nuclei. The 
digital circuits required for NQR spectrometer i.e Pulse Programmer, DDS, digital receiver have 
been built inside FPGA. Combining FPGA chip with analog components, NQR spectrometer has 
been developed. 14N from NaNO2 is observed using same spectrometer. By adding a permanent 
magnet of uniform field NMR signal of proton as well as deuterium was also observed.
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Preeti Hemnani α, A. K.Rajarajan σ , Gopal Joshi, ρ & S. V. G Ravindranath Ѡ

Abstract- An FPGA based NQR spectrometer has been 
designed for detection of 14N nuclei. The digital circuits 
required for NQR spectrometer i.e Pulse Programmer, DDS, 
digital receiver have been built inside FPGA. Combining FPGA 
chip with analog components, NQR spectrometer has been 
developed. 14N from NaNO2 is observed using same 
spectrometer. By adding a permanent magnet of uniform field 
NMR signal of proton as well as deuterium was also observed.
Keywords: FPGA, NQR, NMR.

I. Introduction

Probe 
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Matching 
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Power
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Pre 
Amplifier Band Pass 

Filter

Digital 
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FIR 

Computer Controlled 
Module

FPGA

Figure 1 : Schematic diagram of FPGA based NQR spectrometer

Author α: Homi bhabha national institute, India.
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Author σ: Solid state Physics Division,BARC
Author ρ: Electronics Division,BARC, India.
Author Ѡ: Atomic and molecular physics division, India.

he nuclear magnetic resonance (NMR)[1] since its 
invention in the year 1946, has developed into a very 
useful and popular tool for material characterization 

and medical applications like magnetic resonance 
imaging(MRI). While the development of NMR as
a technique itself is significant, the role of advancement in 
digital electronics in the instrumentation and techniques of 
NMR cannot be overstated. Since the invention of the 
original continuous wave NMR, digital signal processing 
(DSP) and advanced Fourier transform techniques have
become integral part of modern day pulsed NMR techniqe
The specificity of NMR to the nucleus has made it more 
useful for purposes that are less popular than routine 

T

characterization of biological molecules or MRI, where 
NMR of proton is mainly used.  Nuclear Quadrupole 
Resonance (NQR) shares the same electronics and 
detection technique except for the presence of magnet. 
Observable in the non-cubic crystalline samples,  NQR is 
not only nucleus  specific but becomes compound  
specific making it a tool for detection, quantification and 
characterization of various chemicals for various purposes 
like remote detection of drugs, explosives or quantifying 
the chemicals in already packed medicines[1][2]. 

An NQR spectrometer for detection of nuclei 14N 
(frequency range up to 6 MHZ) has been designed, con
structed in Electronics Division, BARC is shown in Figure 
1. The stable nitrogen 14N has natural abundance of 
93.6% and nuclear spin I = 1 with its associated nuclear 
electrical quadruple moment. The 14N NQR transitions in 
various solids fall in the frequency range 0 to 6 MHz [3], 
hence the choice of the frequency band of our 
spectrometer. 14N NQR signal from sample of 20g of 
NaNO2 was observed at 4.64MHz. Also by adding 
permanent magnet 1H and 2H NMR signal from H2O and 
D2O was observed.
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Development of Low Frequency Pulsed NQR/NMR Spectrometer 

 

 

Figure 2 : NQR spectrometer developed in Electronics 
Division, BARC 

II. Instrument Description 

NQR instrument is designed and constructed 
using a digital technique which includes FPGA chip, 
ADCs and DACs. With the field programmability the 
digital part of NQR instrument could be constructed with 
FPGA resulting in compact and programmable NQR 
instrument with high sensitivity and suitable for 
applications such as detection of drugs, mines and 
plastic explosive in packages. 

Specifications of the NQR instrument are 0-
6MHz, pulse lengths 1-500 µsec and radio frequency 
pulse power up to 200 watts, acquisition time 50 msec. 
The spectrometer consists of  
i) Transmitter which consists of RF power amplifier. 
ii) Probe which consists of coil which consists of RF 

tuning and matching circuit. 
iii) Receiver which consists of preamplifier, Band pass 

filter, ADC.  
iv) FPGA module which consists of pulse programmer, 

DDS, gate, quadrature demodulator, FIR low pass 
filter.  

v) Computer controlled module which interface for 
command/data transfer. 

Block diagram of experimental setup is shown 
in Figure 1 and photograph is shown in Figure 2. In this 
experiment, a set of RF pulses is applied to pick up coil 
and the resulting magnetic moment is picked up by 
same coil. The radio frequency is generated by a direct 
digital synthesizer (DDS), and switched on and off by an 
RF switch controlled by pulse generator. These pulses 
are then amplified by a RF amplifier before going to the 
probe circuit. The probe circuit consists of pick up coil 
and pair of adjustable capacitors. The probe circuit is 
configured in such a way that with appropriate 
adjustment of capacitors, the impedance of circuit is 50.  

By matching the impedance of the probe circuit 
to characteristic impedance of the coaxial cables 
carrying the signal and other components in the circuit 
(amplifiers etc), all of the power generated by the power 
amplifier is transferred to the probe circuit, and the 
signal generated by the probe circuit is efficiently 
transferred to the detection circuitry. 

The precessing magnetic moment induced by 
applied pulses generated a voltage across the pickup 
coil, which is amplified by the low noise amplifier before 
being mixed with signal from DDS. This mixed down 
signal which is at frequency equal to difference between 
DDS frequency and frequency of the precessing spins is 
filtered.  

a) Transmitter-RF Amplifier 
A 500 W, 27 MHz Class AB RF power amplifier 

has been used for this NQR spectrometer. This has two 
stages and is housed in two different instrumentation 
bins. The total gain of the RF amplifier is 54 dB. 
Continuous or pulsed RF sinusoidal input to amplifier 
comes from FPGA (DDS and Pulse Programmer). In first 
stage 4 W RF power is generated and using 4:1 splitter 
4 W RF power is split to get four 1W drive signals to four 
power stages.  N channel enhancement type MOSFET 
has been used in power stages .Four 150 W power 
stages have been combined to get 500 W RF power is 
using 4:1 power combiner. The output power is available 
through a directional coupler on the front panel. The 
forward and reflected powers from the directional 
coupler are also routed to the front panel. 

b) Probe 
Probe circuit is a single coil pulsed resonance 

sample circuit which allows optimization in the 
transmitting and receiving end. In the transmitting mode 
the circuit is matched to transmitter output impedance 
50 ohm and in receiving mode it is matched to optimum 
input impedance of pre-amplifier. 

The probe circuit used here is parallel tuned LC 
circuit impedance matched to 50 ohms with a series 
capacitor (figure 3). The sample coil (Lcoil) is made out of 
17 AGW copper wire and has 32 turns of 20 mm 
diameter. The inductance of the coil is 6 µH. The 
capacitors CT and CM are high voltage (5 kV) variable 
(5 pf – 125 pf) vacuum capacitors. In order to reduce the 
noise the probe circuit is shielded inside an aluminum 
box and is well grounded. The coils are made 
mechanically stable by potting them in resin based 
adhesive (Araldite ®).    

The capacitors are varied in order to tune the 
circuit to the resonance frequency and match the circuit 
to 50 ohms for maximum  power  transfer  from  the 
 transmitter. The approximate values of CT and 𝐶𝐶𝑀𝑀can 
be calculated by following Equations [4]. 

                                 ω 2 LCT =  1                                   (1) 

                   Q ωL  CM
2   

CT +CM
 = 50                              (2) 

                                 𝐶𝐶𝑇𝑇 =  1−√(R/50
ω2L

                                    (3) 

                                 𝐶𝐶𝑀𝑀 =  √(R / 50
ω2𝐿𝐿

                                       (4) 
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The tuning and matching are achieved by 
maximizing the forward power and minimizing the 
reflected power.  The forward and reflected power is 

monitored using the directional coupler built in the 
transmitter. 

Figure 3 : Probe 

Figure 4 : Impedance of  Probe  vs  Frequency. Horizontal axis is Frequency in MHz, Vertical axis in left is                      
Z_Probe in Ohms, Vertical axis in right is phase in degrees 

Powder sample (NaNO2) is packed in test tube 
of 18 mm diameter and 46 mm length. The size of the 
coil and the test tubes are chosen in order to maximize 
the filling factor.  

c) Direct Digital Synthesis 
Direct Digital Synthesis (DDS)[5] is a method of 

producing an analog waveform by generating the 
sinusoidal signal in digital form and then performing a 
digital to analog conversion. The operations within a 
DDS device are primarily digital therefore, it offers fast 
switching between output frequencies, fine frequency 
resolution, and operation over a broad spectrum of 
frequencies.  

The digital part of the phase tunable and 
frequency fixed DDS, denoted here as DDS, is built 
inside FPGA as a core module, while the non-digital 
parts, i.e., digital to analog converter (DAC) and filter, 
are outside the FPGA as shown in Figure 5. The output 
level of a DAC is updated in synchronous with a master 
clock. As a consequence of discrete change in the 
output voltage at clock rising edges, the output of a 
DDS circuitry contains signal components with the 
image frequencies in addition to the fundamental one. 
The output signal is passed through a filter to select  
fundamental frequency. 

The main components of a DDS circuitry are a p
hase accumulator, phase to amplitude converter (sine lo

okup table), and a DAC. It has ability to produce two 
independent outputs 90o out of phase, which are 
mandatory for quadrature detection. Output frequency 
of DDS is given by equation no. 5.  

                                              𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜  = 𝑀𝑀 𝑋𝑋 𝐹𝐹𝑐𝑐
2𝑛𝑛

      (5) 

where   𝑴𝑴     is  Phase tuning word (PTW) 
𝑭𝑭𝒐𝒐𝒐𝒐𝒐𝒐     is       Output frequency of DDS  
𝑭𝑭𝒄𝒄             is           Internal reference clock frequency(CLK)  
𝒏𝒏         is        Length of phase accumulator 

The resolution of DDS in spectrometer designed 
is Fc/222=10.96 Hz. 

Changes in the value of M results in immediate 
and continuous phase changes in output frequency. As 
the output frequency is increased the number of 
samples per cycle decreases, since sampling theory 
states that at least two samples per cycle are required to 
construct the output, the maximum fundamental output 
frequency of DDS is Fc/2. However for practical 
applications the output frequency is limited to somewhat 
less than that the maximum, improving the quality of 
reconstructed waveform and permitting the filtering of 
output. 
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Figure 5 : Direct Digital Synthesizer 

d) Programmable Pulse Generator 
Finite state machine (FSM) was written for 

programmable pulse generator using state diagram 
editor of active HDL software. FSM was then converted 
to VHDL code reproduces the pulse programmer inside 
the FPGA. The function of pulse programmer is to 
generate timing sequences for enabling transmitter, 
receiver, acquisition, RF modulating pulse. In addition 
pulse programmer also controls the phase of RF pulses 
as per the requirement for the observation of free 

induction decay (FID) and spin echo by triggering the 
DDS at appropriate phase points. 

Following are pulses that are generated by 
pulse generator. They control various parts of the 
spectrometer. 
1. Transmitter Enable.(1-200 µsec) 
2. Receiver  enable.(1 – 11 sec) 
3. RF modulating Pulse.(1-100 µsec) 
4. Acquisition Trigger ( 1 -10 sec) 
5. RF Phase Control (0o, 90o, 180o, 270o) 

Transmitter enable pulse is to enable the RF 
power amplifier in between which RF pulses are send to 
the probe. RF modulating pulse at resonance frequency 
is send to the probe for the exciting nuclei sitting in a 
probe. After the RF pulses the pulse programmer 
disables the transmitter and enables the receiver by 
receiver enable pulse. Now the receiver is ready to 
receive the signal and send to digital quadrature 
detector.  The pulses are shown in Figure 6. 

Figure 6 : Start,TxEn,RF_pulse,RxEn 

The DDS is programmed to generate an RF 
frequency (reference frequency). This signal is routed 
through the phase shifter which is controlled by the 
pulse programmer. The phase shift is to provide pulses 
along the different axes in the vector model. By 
convention, 

       phase shift of 0o is an x-phase pulse, 
       phase shift of 90o is an y-phase pulse 
       phase shift of 180o is an -x-phase pulse 

       phase shift of 270o is an -y-phase pulse 

e) RF Modulating pulse 
RF modulating pulse can be one pulse 

sequence for observation of FID or a two pulse 
sequence for observation of spin Echo.   

VHDL code has been written for the pulses to 
be  90o  at  x  and  180o at y.  The  two  pulse  sequence  
is  shown in Figure 7. 

Figure 7 : Two Pulse (90oat x and 180o at y) on Scope 
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f) Crossed Diodes and Quarter Wave Impedance 
Transformer 

The high power output of transmitter to the 
probe needs to be isolated from the sensitive receiver 
amplifier. This is achieved using crossed diodes and 
quarter wave lines [6].  Between the RF power amplifier 
and the probe there is a pair of cross diodes which 
show a high series impedance when the transmitter is 
off and a low impedance during the pulses. Thus 
between the pulses, the power amplifier and its 
associated noise is isolated from the probe circuit. The 
signal from the probe circuit passes through a quarter 
wave line to reach another pair of cross diodes which 
are shunted to ground at the input of pre-amplifier. The 
diode shorts the preamp end of the cable when 
transmitter is on, thus protecting the sensitive pre-
amplifier from high RF power out from the power 
amplifier. Between pulses, the voltage across the diodes 
is too small to turn them on, and they act like an open 
circuit, letting the NQR signal pass to the preamplifier. 

Though at high frequencies a suitable length of 
a co-axial cable like RG-58 itself can serve the purpose 
of a quarter wave line, at the frequencies of our interest 
(viz. < 6 MHz), co-axial cables are inconvenient 
because of the long lengths.  So we have used 50 Ohm 
compatible quarter wave π -sections following the 
method given by Fukushima et al [7].  

A quarter wave transmission line acts a 
transformer which transforms it output impedance 
according to the equation. 

                               𝑍𝑍𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑍𝑍𝑜𝑜2

𝑧𝑧𝑖𝑖𝑛𝑛𝑜𝑜𝑜𝑜𝑜𝑜
             (6) 

where Z0 = 50 is the characteristic impedance of the 
transmission line. Thus, during the pulses, when the 
shunt diodes are acting as short, the input impedance of 
the transmission line is infinite acting as if the receiving 
circuit were completely disconnected from the probe. 

The equivalent of (λ/4) cable for  operating 
frequency as 4.64 MHz for NaNO2 is a π network shown 
in figure 8 a. 

 

Figure 8 a) : Equivalent of (λ/4) cable 

 

Figure 8b) : Block Diagram of Spectrometer showing 
cross diodes 

g) Pre-Amplifier 
NQR signal is expected to be of order of -

100 dBm [8] so it needs to be amplified considerably 
before it can be observed on an oscilloscope. Three 
stages, each of which contains two amplifiers (BMC 
1124, broadband RF amplifier, gain 14 dB) are 
connected in series as preamplifier with a gain of 84 dB 
and noise figure of 6.74 dB to achieve necessary level of 
amplification of NQR signal. Low pass filters (5 MHz) are 
connected after every stage to reduce Noise. 

At the end of preamplifier band pass filter of 
bandwidth 500 KHz center frequency 4.64 MHz is 
cascaded to further reduce noise thus improving the 
signal to noise ratio. 

h) Digital Quadrature Detection 
The NMR receiver design is extremely important 

since it directly determines the final spectrum quality. 
The NMR signal is first amplified to a level of perhaps 
several hundreds of millivolts. The signal is then passed 
to ADC. The ADC converts the signal from voltage to 
data points. This signal is then demodulated in FPGA 
using mixer with I and Q components of reference signal 
which comes as DDS output.  

Principle 
DQD technique[9],[10] works on  lock in amplifi

cation technique where signal is multiplied to I and Q 
components of reference signal (figure 9). If signal is 
S(n) then   

𝑆𝑆𝐼𝐼(𝑛𝑛) = 𝑆𝑆(𝑛𝑛) ∗ 𝐶𝐶𝑜𝑜𝐶𝐶(𝜔𝜔𝑜𝑜𝑛𝑛) 

𝑆𝑆𝑂𝑂(𝑛𝑛) = 𝑆𝑆(𝑛𝑛) ∗ 𝑆𝑆𝑖𝑖𝑛𝑛(𝜔𝜔𝑜𝑜𝑛𝑛) 

If  𝑆𝑆(𝑛𝑛) = 𝑆𝑆𝑖𝑖𝑛𝑛(𝜔𝜔𝑛𝑛) 
 
Then  

 𝑆𝑆𝐼𝐼(𝑛𝑛) = 𝑆𝑆𝑖𝑖𝑛𝑛(𝜔𝜔 −𝜔𝜔𝑜𝑜)𝑛𝑛 + 𝑆𝑆𝑖𝑖𝑛𝑛(𝜔𝜔 + 𝜔𝜔𝑜𝑜)𝑛𝑛 

𝑆𝑆𝑂𝑂(𝑛𝑛) = 𝐶𝐶𝑜𝑜𝐶𝐶(𝜔𝜔 −𝜔𝜔𝑜𝑜)𝑛𝑛 − 𝐶𝐶𝑜𝑜𝐶𝐶(𝜔𝜔 + 𝜔𝜔𝑜𝑜)𝑛𝑛 

The lower frequency component is the desired 
signal. In the demodulation process the signal 
oscillating at frequency (𝜔𝜔 − 𝜔𝜔𝑜𝑜) is of interest and 
component at (𝜔𝜔 + 𝜔𝜔𝑜𝑜)  are dropped  off  with  

ZO=50Ω
Port_1

ZO=50Ω
Port_2

C=686pF
C2

C=686pF
C1

L=1.7μH
L1

lowpass FIR filter.
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Figure 9 : Digital Quadrature Detection 

i) FIR filter  
Inside the FPGA, each of the demodulated I 

and Q components of the signal is made to pass 
through a finite impulse response FIR low pass filter, 
generated using fdatool of MATLAB. The FIR filter used 
is 31-stage, Hamming-window filter with a cut-off 
frequency of 30 kHz and sampling frequency 
2.875 MHz.  

The FIR digital filters with various cutoff 
frequencies can be incorporated, out of which users can 
select the appropriate one according to the sampling 
interval, or spectral width, of an individual NMR 
experiment. 

j) Signal accumulator 
The signal intensity of 14N NQR seldom exceeds 

the thermal noise signal therefore it can be detected 
with high degree of reliability after multiple acquisitions. 
A memory module for storing the NQR signal is also 
prepared inside the FPGA using dual port RAM module. 
In the current NQR spectrometer, up to 16384 data 
points can be stored for each of the in-phase and 
quadrature signals . The stored data can be transferred 
to PC every scan or can be averaged n times (n ≤ 4096) 
before data  transfer. 

III. Experimental Results 

a) NQR/NMR signal Detection 
Two popular methods of observing NQR/NMR 

signals are: i) observe FID using a single pulse 
excitation. ii) Observe spin echo using a double pulse 
sequence. The choice of the sequence depends mainly 
on the relaxation time (T2

*) of the sample.  For a long 
relaxation time of milliseconds as in the case for 14N 
signal from NaNO2, a single pulse sequence is 
appropriate and for a short relaxation time as in the case 
of 1H and 2H double pulse sequence is used to observe 
a spin echo.  

The main challenge for NQR techniques is the 
extremely poor signal to noise ratio (SNR). To improve 
SNR, many repetitions of the experiment are necessary. 
The most commonly method is to use repeated single 
RF pulse and acquire NQR signal after each pulse. The 

rate at which RF pulse has to be repeated depends on 
physical parameters of nuclear relaxation which are spin 
–spin relaxation  and spin lattice relaxation. Spin lattice 
relaxation time is denoted by T1 determines the time 
necessary to regain its original thermal equilibrium state 
and gives bound to how quickly a pulse sequence can 
be repeated. The spin-spin relaxation time denoted by 
T2 indicates decoherence and thus determines the RF 
pulse length. In practice we can apply a pulse sequence 
of length T2 and repeat the pulse sequence every T1. For 
most of explosives the relaxation times are very long 
which lead to long detection times [11].  

The NQR Spectrometer (Fig 1) designed has 
been used to observe an NQR signal from Sodium 
Nitrite sample. 

Fig 10 shows the 14N NQR signal in 20g of 
Sodium Nitrite. The observation frequency is 4.642 MHz 
where as the signal is off resonant by about 2500 Hz 
resulting in oscillatory FID. RF excitation pulse length of 
20 μsec and power of 120 W was used for excitation. 
The entire cycle is repeated after every 0.5 s (large 
compared to the spin lattice relaxation time of 0.7 ms).  
The signal strength is at the expected level of 6 µvolts. 
The NQR signal shown in Figure 10 is averaged for 1024 
times. 

The NQR spectrometer was modified to NMR 
spectrometer by placing the coil in a permanent 
magnet. Here sample in a coil is placed between poles 
of a horse shoe magnet of magnetic field 1.35 K Gauss 
and spin echo experiment was carried out.  A small 
quantity of ferric nitrate is added in order to reduce the 
T1 of pure water and the proton signal from water is 
observed. 

Fig 11 shows the spin echo (1H from 
H2O:FeNO3). The observation frequency is 5.765 MHz 
We used t1 = 5 µsec, t2 = 10 µsec, τ = 200 µsec, RF 
excitation power was about 70 W. The entire cycle was 
repeated after every 0.5s. The signal strength without 
averaging is 50 µvolts. The signal shown in figure 11 
was averaged for 256 times.  

Also Deuterium NMR was observed using a 
magnet of magnetic field of 3.85 K Gauss. The 
deuterium signal is shown in Figure.12. The observation 
frequency is 3.855 MHz. t1 = 5 µsec, t2 = 10 µsec, 
τ = 2.5 msec. The signal strength without averaging is 8 
µ volts. 
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IV. Conclusion 

This spectrometer can further be developed into 
a miniature spectrometer by combination of RF amplier, 
reciever module and FPGA module on one board and 
thus enhances opportunities for novel and exciting 
NQR/NMR experiments like explosive detection, mine 
detection etc. 
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Fig. 10 : 14N NQR signal from NaNO2

Fig. 12 : 2H NMR signal from D2O. The horizontal axis is 
time in seconds and vertical axis shows signal strength 

in volts

Fig. 11 : 1H NMR signal from H2O .The horizontal axis is 
time in seconds and vertical axis shows signal strength 

in volts
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A Planar CPW Antenna Loaded with Rectangular 
Slot for Triple Bands Operation 

Pooja G. Phad σ & Veeresh G. Kasabegoudar σ 

Abstract- In this paper a planar CPW antenna loaded with 
rectangular slot is presented. The proposed antenna offers 
three frequency bands and hence suitable for triple bands 
wireless applications. The proposed geometry has hexagonal 
shaped radiator loaded with a rectangular slot to excite three 
resonant frequencies in the UWB frequency range. The three 
resonances of triple bands obtained are at 5.9GHz, 9.9GHz, 
and 14.4GHz. The antenna was designed and developed on 
easily available low cost FR-4 glass epoxy substrate. The 
proposed antenna’s prototype was developed for its validation 
and found reasonable agreement between the simulated and 
measured results. 

 

I. Introduction 

he Federal Communication Commission (FCC) 
allocated the frequency band spectrum from 3.1 to 
10.6 GHz for monetary communication 

applications in year 2002 [1]. This resulted in the 
development of several antennas which operate in the 
ultra wideband (UWB) range. It is also expected that in 
this range frequency satisfactory radiation properties are 
required. An UWB antenna which satisfies the more 
requirements like a small size, consistent group delay, 
omnidirectional  radiation patterns, and gain beyond 
whole band [2, 3]. There are several works reported in 
literature on these kinds of antennas [3-15]. By adding 
half wavelength V-shaped slot on radiating patch, UWB 
antenna achieves sharp band notched characteristics 
[3]. A lower pass band, 2.4 GHz Bluetooth band (2.4 – 
2.484 GHz), can  be realized by adding a pair of U-

shaped parasitic strips bilaterally beside the feed line 
which  covers  whole  UWB band [4].  

In [7], by inserting an U shaped slot on radiating 
patch which produces band notch characteristics. The 
main goal in UWB antenna design is achieving the wide 
impedance bandwidth with high radiation efficiency. 
Section 2 describes the basic geometry and its 
operation. Geometry oprtimization procedure is covered 
in Section 3. Experimental validation of the proposed 
antenna is presented in Section 4. Finally, Section 5 
concludes the work carried out and guidelines the future 
scope. 

II. Antenna Geometry 

Figure 1 shows basic geometry of the proposed 
antenna. The proposed antenna is having a low  profile 
geometry with overall dimensions of 24 x 25mm x 
1.6mm (LxWxh). The substrate used for design and 
fabrication is FR4 glass epoxy substrate with relative 
permittivity of 4.4, thickness of 1.6mm, and loss tangent 
equal to 0.02. The geometry is basically a CPW fed 
monopole antenna. An elliptical slot is etched in the 
ground with major axis radius  of 11.55 mm and  minor 
axis radius of  10 mm. Hexagonal stub is attached to the 
signal conductor of the CPW line to ensure the 
impedance matching. Also, a rectangular slot is made 
on the hexagonal stub to excite multiple bands and to 
enhance their bandwidths. The other dimensions are 
mentioned in Table 1 based on the optimization 
procedure discussed in Section 3. 

Table 1 : Dimensions of the optimized geometry 

Parameter  L1
 W1

 L2
 L3

 Ls
 Ws W2

 W3
 g1

 g2
 a b c 

Values (mm) 24 25 2.59 3.6 7.2 7.1 5.29 2.2 0.1 1 10 11.55 5.66 

III. Geometry Optimization and 
Discussions 

This section covers the geometry optimization 
by varying some parameters of the antenna geometry. 
The parameters   utilized for   optimization   are gap 𝑔𝑔1, 
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width of signal conductor (𝑊𝑊3) of  CPW feed, length of  
rectangular slot (𝐿𝐿𝑠𝑠), and the width of  rectangular slot 
(𝑊𝑊𝑠𝑠). High frequency structure simulator (HFSS-v.13) 
[16] was used to carry out the parametric optimization.
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Figure 1 :  Basic geometry of the proposed antenna (left: top view; right: cross sectional view). 

  
The gap between signal conductor and ground 

(g1) was varied   from 0.1 to 0.2 in steps of 0.05 mm by 
keeping all other parameters constant. Effect of g1 on 

S11 characteristics is presented in Figure 2. From Figure 
2 it may be noted that impeadance matching may be 
fine tuned with this parameter. From this study the gap 
value of 𝑔𝑔1= 0.1mm was noted as an optimum. 

 

Figure 2 :  The effect of the length g1 on reflection coefficient characteristics.
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a) Variation of Gap (𝑔𝑔1)



Figure 3  :  The effect of the signal conductor width W3 on reflection coefficient characteristics. 

b) Effect of Length of Rectangular Slot (𝐿𝐿𝑠𝑠) 
 In anoter effort, rectangular slot length (Ls) was 

varied from 5.7 mm to 7.2 mm in steps of 0.5mm with all 
other parameters kept constant. Effect of variation of 
rectangular slot’s length on reflection coefficient 

characteristics are presented in Figure 4. In this 
observation, a slot value of  Ls= 7.2 mm offered the 
optimum impedance bandwidth. It may be noted that 
slot length beyond 7.2mm cuts the edges of the 
hexagonal signal conductor stub. 

Figure 4
 
:  The effect of the length of rectangular slot  Ls

 
on reflection coefficient characteristics.

c)
 

Effect  of  Width of Rectangular  Slot (𝑊𝑊𝑠𝑠) 

Finally, the width of rectangular slot was varied 
from 5.1 mm to 7.1 mm in steps of 0.5 mm by keeping 
all other parameters constant. The effect of variation of 
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Ws on the antenna’s input characteristics are presented 
in Figure 5. These characteristics indicate that a 
rectangular slot width of Ws= 7.1 mm offers the 
optimum performance.
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Figure 5 : The effect of the Width of rectangular slot  WS
 on reflection coefficient characteristics. 

IV. Experimental Validation of the 
Geometry and Discussions 

The prototype of antenna geometry shown in 
Figure 1 was fabricated and tested experimentally for its 
validation. The dimensions used for prototype 
development are as listed in Table 1. Substrte used for 
development is an FR4 glass epoxy material whose 
height is 1.6mm and having a relative permitivity of 4.4 
with dielectric loss tangent of 0.02. The photograph of 

the fabricated design is as shown in Figure 6. Antenna’s 
reflection coefficient parameters were measured using 
Agilent’s network analyzer. Measured characteristics are 
compared with simulated values and presented in 
Figure 7. Although, a mismatch was observed due to 
fabrication inaccuracies, tri band operation was 
observed. Three resonances are obtained at 5.9GHz, 
9.9GHz, and at 14.4GHz.  

Figure 6 :

 

Photograph of the fabricated prototype.
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Figure 7 :  Comparison of measured and simulated reflection coefficients.

Radiation patterns are plotted at three different 
frequencies are depicted (Figure 8) to demonstrate the 
proper working of antenna. 

 

(a) f=3.189GHz                                                   (b)  f= 9.66GHz 
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(c) f=13.96 GHz 

Figure 8 : Radiation patterns at three resonances of the antenna. 

V.
 

Conclusions
 

A planar patch antenna fed with CPW feed has 
been presented for tribands

 
operation. Proposed 

antenna is basically a monopole antenna. A rectangular 
slot was loaded to excite three resonance bands. Slot 
and hexagonal dimensions are tuned for impedance 
matching of antenna. Three resonances obtained are at 
5.9GHz, 9.9GHz, and at 14.4GHz.

 
Stable radiation 

patterns have been obtained across the bands of 
operation. The proposed antenna is suitable for tri-
bands applications. The future work includes the 
bandwidth optimization of the three frequency bands.
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From Hertz-Heaviside Electrodynamics to the 
Trans-Coordinate Electrodynamics 

A. S. Dubrovin α & F. F. Mende σ 

Abstract- The conclusion about the absence in them of the 
mathematical means of the adequate description of passage 
from one inertial reference system to another because of the 
use by them of particular derived field functions on the time, 
which completely tie electrodynamic process to one concrete 
frame of reference, is made on the basis of the critical analysis 
of extraction from the equations of the electrodynamics of 
ideas about the space and period. Is proposed new approach 
to the development of the mathematical apparatus for 
electrodynamics in the direction of the more adequate 
description of passage from one inertial reference system to 
another due to the introduction into the examination of the 
trans-coordinate equations, which use new Galilean and trans-
coordinate derivatives of field functions. This generalization of 
electrodynamics assumes the dependence of electromagnetic 
field and electric charge on the speed of the motion of 
observer, caused not by the geometry of space-time, but by 
physical nature of the very field within the framework of 
gipercontinual ideas about the space and the time. Is obtained 
the new trans-coordinate formulation of Maxwell equations for 
the case of isotropic homogeneous medium without the 
dispersion, which generalizes the traditional formulation of 
Hertz-Heaviside for the same case. Are given Maxwell 
equations in the integral and differential forms in the idea of 
Hertz-Heaviside and in the transcoordinate idea. 
Keywords: maxwell equation, galileo's derivative, trans-
coordinate derived, time-spatial gipekontinuum, 
transcoordinate electrodynamics. 

I. Introduction 

n the initial form the system of equations of classical 
electrodynamics was recorded by Maxwell in his 
famous treatise [1] with the use of quaternion 

calculation within the framework of classical ideas about 
the space and time, that allow the Galileo conversions 
upon transfer from the examination of electromagnetic 
field in one inertial reference system to the examination 
of the same field in another inertial reference system. 
However, it was immediately explained that the 
apparatus for quaternion calculation in mathematics 
was developed not so well so that physics they could it 
successfully apply to the wide circle of the tasks of 
electrodynamics. In order to draw into the 
electrodynamics the simpler and more effective means 
of mathematical physicists, Hertz and Heaviside 
reformulated Maxwell equations from the language of 
quaternion calculation to the language of vector 
analysis. 
 

Author
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At that time it seemed that the formulation of 
Hertz-Heaviside is equivalent to the initial formulation of 
Maxwell, but now already it is possible to establish that 
the equations, obtained by Hertz and Heaviside, are 
essential simplification in Maxwell equations in the 
quaternions, moreover this simplification relates not only 
to their mathematical form, but also (that most 
important!) to their physical content, since in this case 
equations were deprived naturally Galileo- invariance of 
inherent in them. Nevertheless for the concretely 
undertaken inertial reference system (but not their 
totality) the equivalence of formulations occurred, by 
virtue of which the formulation of Hertz-Heaviside it 
obtained the deserved acknowledgement of scientific 
association it extruded in the theoretical and applied 
research the formulation of Maxwell himself. 

Despite the fact that Maxwell equations both in 
the formulation of Maxwell himself and in the formulation 
of Hertz- Heaviside, are obtained within the framework 
classical ideas about the space and of time, who use 
Galileo conversions, subsequently precisely of Maxwell 
equation they became the theoretical prerequisite of the 
creation of the special theory of relativity (SR). As 
convincingly shown, for example, in [2], be SR it 
consists of the identification of the natural geometry of 
the electromagnetic field, described by Maxwell 
equations, with the geometry of world physical space-
time. And now already in the contemporary works on the 
electrodynamics (typical example – the work [3]) of 
Maxwell equation they are examined in the four-
dimensional pseudo-Riemann space-time). 

 Is it possible to return to Maxwell equations the 
original Galileo- invariance within the framework of 
certain new, its kind of neoclassical ideas about the 
space and the time, without rejecting the use of an 
apparatus of vector analysis during writing of equations? 
In this work we will show that the answer to this question 
is affirmative. 

II. Conceptual Approach 

 In the classical mechanics particle dynamics is 
described by the differential equations for its radius-
vector, which use usual derivative of the second order 
on the time. Specifically, its use ensures the Galileo- 
invariance of equations. If we connect the set of massive 
material points by weightless elastic threads into the 
united string, i.e. fluctuation will be described by the 
Galileo- invariant system of differential equations. But if 
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we complete passage to the limit, after fixing the number 
of material points to infinity, and their mass and the 
length of separate threads – to zero, then we will obtain 
the one-dimensional wave equation (equation of 
vibrations of string), not invariant relative to the Galileo 
conversions, but invariant relative to the group of 
pseudo-orthogonal conversions (hyperbolic turnings, 
which preserve pseudo-Euclidean certificate). The 
culprit of this strange and unexpected metamorphosis 
upon transfer from “material- point mechanics to 
continuous medium – this passage to the limit with the 
substitution by usual derivative to the quotient, which, 
generally speaking, is analytically legal 4], but it narrows 
the region of the physical applicability of equation. The 
real wave process of mechanical vibrations of string 
remains Galileo- invariant, but its equation is already 
deprived of the mathematical means of the description 
of passage from one inertial reference system to 
another, and completely ties process to one concrete 
frame of reference, attaching in it the ends of the string. 
So classics- field natural-science paradigm revealed 
fundamental contradiction between the continuity and 
the discretion [5-6], not overcome, until now, but led to 
the celebration in theoretical physics of the doubtful 
principle of the geometrization [7]. 

The discovery wave equation in the mechanics 
did not lead to the revision of ideas about the space and 
the time, but to this led the discovery the same equation 
in the electrodynamics. In the theory of relativity the 
corresponding group of pseudo-orthogonal conversions 
for the electromagnetic waves in the vacuum (Lorenz 
conversion) obtained status of the subgroup of the 
motion of the certificate of united world physical space-
time. But appears doubt about the justification of the 
use of traditional equations of electrodynamics, in 
particular, wave equation, for the adequate extraction of 
them of ideas about the space and the time. Easily to 
assume that these equations, using partial derivatives of 
field functions on the time, similar to the equation of 
mechanical fluctuations, are simply deprived of the 
mathematical means of the adequate description of 
passage from one inertial reference system to another 
and so completely they tie process to one concrete 
frame of reference. The question of the possibility of the 
suitable refinement or generalizing the equations of 
electrodynamics so arises, beginning from the 
equations of the induction of electric field by magnetic 
and magnetic – electrical. The thorough study of this 
problem in [8] led to the appearance of an idea about 
the fact that this improvement of electrodynamics must 
assume existence of the dependence of electro-
magnetic field on the speed of the motion of observer, 
caused not by the geometry of space-time, but by 
physical nature of field. 

In the theory of relativity the electromagnetic 
field also depends on the speed of the motion of 
observer, but it is only defined by example through the 

dependence on it of the intervals of time and spatial 
distance ( Lorenz conversion), the relativistic invariance 
of electric charge occurs result of which. However, the 
more fundamental (direct) dependence of field on the 
speed is cmbined with the dependence even absolute 
value of electric charge. Until recently this not invariance 
of charge was confirmed only by indirect empirical data, 
which were being consisted in the appearance of an 
electric potential on the superconductive windings and 
the tori during the introduction in them of direct current, 
or in the observation of the electric pulse of nuclear 
explosions [9]. 

In particular,  9 July 1962  with the explosion in 
space above Pacific Ocean of H-bomb with the TNT 
equivalent 1,4 Mt. according to the program of the USA 
«Starfish »  the tension of electrical pour on she 
exceeded those forecast by Nobel laureate Bethe in  
1000 once.  with the explosion of nuclear charge 
according to the program “Program K”, which was 
realized into the USSR, the radio communication and 
the radar installations were also blocked at a distance to 
1000 km. It was discovered, that the registration of the 
consequences of space nuclear explosion was possible 
at the large (to 10 thousand kilometers) distances from 
the point of impact. The electric fields of pulse led to the 
large focusings to the power cable in the lead shell, 
buried at the depth about 1 m, which connects power 
station in Akmola with Alma-Ata. Focusings were so 
great that the automation opened cable from the power 
station. 

However, 2015  was marked by the already 
direct experimental confirmation of this phenomenon as 
a result of detection and study of the pulse of the 
electric field, which appears with the warming-up of the 
plasma as a result of the discharge through the 
dischargers of the capacitors of great capacity [9]. It 
turned out that in the process of the warming-up of 
plasma with an equal quantity in it of electrons and 
positive ions in it the unitary negative charge of free 
electrons, not compensated by slower positive ions, is 
formed.

 

This fact contradicts not only the classical, but 
also relativistic conversions of electromagnetic field 
upon transfer from one inertial reference system to 
another, testifying about the imperfection not only of 
classical, but also relativistic ideas about the space and 
the time. Idea about the fact that the

 
promising 

electrodynamics must assume existence of the 
dependence of electromagnetic field on the speed of 
the motion of observer, caused not by the geometry of 
space-time, and by physical nature of field, which does 
not assume the invariance of electric charge, was 
developed in a number of the work of  F. F. Mende, 
beginning   [8]. In these works, in particular, in [ 8, 9] is 
given the substantiation of introduction into the 
electrodynamics instead of the classical and relativistic 
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new conversions of electromagnetic field, which was 
called the Mende conversions. 

 However, the sequential development of this 
radical idea, as not the invariance of charge, requires 
the deep revision of the mathematical apparatus for 
electrodynamics, called to the creation of the 
mathematical means of the more adequate description 
of passage from one inertial reference system to 
another. Approach to precisely this development of the 
mathematical apparatus for electrodynamics was 
proposed by  A. S. Dubrovin in [10]. This approach lies 
within the framework the sequential revision of ideas 
about the space and the time with the failure of the 
relativistic and the passage to the new ideas, which we 
call gipercontinual. 

 The concept of time-spatial gipercontinuum is 
introduced in [11] as a result the joint study of the 
algebraic and geometric structures of the commutative 
algebras with one, elements of which are the functions 
of sine waves. The hypothesis of gipercontinuum (about 
the hierarchical gipercontinual structure of world 
physical space-time) is starting point of scientific 
studies, directed toward the generalization of ideas 
about the structure of space and time in the course of 
passage from the contemporary quantum scientific 
paradigm to the new system, that simultaneously 
structurally connecting up its framework continuity and 
the discretion, dynamicity and static character, and also 
globality and the locality  [5, 6, 12]. The hierarchical 
quality of gipercontinuum limits the applicability of the 
conventional principle of geometrization in physics and 
the connected with it ideas of symmetry in the geometry 
due to the introduction into theoretical physics of the 
ideas of hierarchical quality [7,13], effectiveness of 
which have approved we with the creation of the 
standard model of the protected automated system 
(EMZAS) and the mathematical apparatus of the 
EMZAS- networks  [14]. 

 
In [10] is proposed new approach to the 

development of the mathematical apparatus for 
electrodynamics in the direction of the more adequate 
description of passage from one inertial reference 
system to another on the basis of giperkontinualnykh 
ideas about the space and in the time due to the 
improvement of differential calculus of the field functions 
under the assumption of their dependence on the speed 
of

 
the motion of observer. Let us accept for the basis 

this approach.
 

III.
 

Mathematical Apparatus for the 

Transcoordinate Electrodynamics
 

 
Two inertial reference systems with the time 

united for them will examine  ∈t    ℝ    one  of them 
(with the system of rectangular Cartesian space 
coordinates OXYZ

 
)  let us name laboratory (not 

shtrikhovannoy) and we will interpret it as relatively fixed. 
The second (with the system of rectangular Cartesian 
space coordinates ZYXO ′′′′  ) let us name substantive 
(shtrikhovannoy) and we will interpret it as connected 
with the certain moving real or imaginary medium. Let us 
assume that with 0=t  the system of space 
coordinates of both frame of references they coincide. 

Let us introduce the indices  3,1=α

  ,  

 3,1=β   . 

Coordinates along the axes OX  ,  OY  

,  

OZ   XO ′′  

,  

YO ′′  ,  ZO ′′  we will assign by variables αx  and αx′  
respectively. Unit vectors along the axes OX  and 

XO ′′  the axes OY  and YO ′′  , the axes OZ   ZO ′′  

let us designate through ( )α
ββ e=e   moreover 

αβ
α
β δ=e  where αβδ    – Kronecker's symbol. 

Through ( )αv=v   v  let us designate the velocity 
vector of the motion of substantive frame of reference 
relative to laboratory and the module of this vector. 
Directing a unit vector 1e   v  , we lengthwise have: 

( )αvv == 1ev ,   1α
α δvv =   . Event in the data two 

frame of references takes the form  ( ) ( )txt ,, α== rx   ; 

( ) ( )txt ,, α′=′=′ rx   ,   where ( )αx=r  ,  ( )αx′=′r   – 
the radius-vectors. We will consider that the physical 
equivalence of events x   x′  indicates the validity of the  
Galileo conversion  

vrr t+′= ,                                                                   (1)                                                                      
or, otherwise, substituting vector idea by the 
component, 

1α
αα δtvxx +′=.                                                   (2)                                               

Classical physical field is described in the 
laboratory and substantive frame of references by its 
field functions ( )t,Φ r  and ( )t,,Φ rv ′′  , moreover 

( ) ( )tt ,Φ,,Φ rr0 ′=′′  and equality 0v =  indicates  

0=αv   . Their values are called field variables. For 
pour on different physical nature they can be suitable 
the different mathematical ideas of field functions, so 
that field variables can be, for example, scalar or vector 
with the material or complex values of their most 
variable or vector components. If in the role of this field 
electric field comes out, then in this role can come out 
the functions of its tension ( )t,Φ rE =  ,  

( )t,,Φ rvE ′′=′  nd in the case of magnetic field we 

have functions of the magnetic induction  ( )t,Φ rB =   ,   

( )t,,Φ rvB ′′=′   . 
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In the classical nonrelativistic field theory it is 
considered that the equality occurs 

( ) ( )ttt ,,Φ,Φ rvvr ′′=+′ ,          (3) 

mathematically expressing the physical concept 
of the invariance of field relative to the speed of the 
motion of observer. In the theory of relativity (3) no 
longer it is carried out, but the  Lorenz conversions  are 
used instead of the Galileo conversions. But this not 
invariance of field does not have fundamental, that not 
connected with the geometry of the space-time of 
physical nature, but it occurs simply the consequence of 
the effects of the reduction of lengths and time dilation 
in the moving frame of references. The proposed by us 
gipercontinual ideas about the space and the time [11] 
provide for the great possibilities of the invariance of 
various physical processes relative to various 
transformation groups of coordinates with the fact that 
special role in time-spatial gipercontinuum play the 

Galileo conversions (1), since they in this case they treat 
as the level  Lorenz conversions  of infinitely high level 
and, thus, they make it possible in a united manner to 
synchronize all events in all separate continua, 
hierarchically structure into united gipercontinuum. 
Natural to consider that in giperkontinuume the field also 
not is invariant relative to the speed of the motion of 
observer, but to explain this by the already fundamental 
properties of field, not connected with the geometry of 
separate continua. 

A rises the question about the possible versions 
of complete differentiation concerning the time of field 
function in the laboratory frame of reference ( )t,Φ r  , of 
that produced depending on substantive frame of 
reference. In fluid mechanics and classical mechanics 
widely is used the derivative of Lagrange (the 
substantional derivative), which has the same 
arguments as the initial field function: 

( ) ( ) ( )( ) ( )
t

tttttt
dt

ttd
dt

td
t ∆

+′−∆+∆++′
=

+′
=

→∆

,Φ,Φlim,Φ,Φ
0

vrvrvrr
                                                           (4)

 
 

      ( ) ( ) ( )( ) ( )
t

tttttt
dt

ttdt
t t ∆

+′−∆+∆++′
=

+′
=′

∂
∂′

→∆

,Φ,Φlim,Φ,,Φ
0

vrvrvrrv                                                (5)

into one and the same sum of quotient on the time and 
the convective derivative of field function in the 
laboratory frame of reference: 

( ) ( ) ( ) ( ) ( )tt
t

tt
dt

tdt
t

,Φ,Φ,Φ,,Φ vrvvrrrv +′∇⋅+
∂
+′∂

==′
∂
∂′

                                                                             (6)

Let us explain a difference in the physical sense 
of the Lagrange and Galilean derivatives of field 
function. Lagrange's derivative (4) is complete time 
derivative of the function of field in the laboratory frame 
of reference, measured at the point of space, which in 
the laboratory frame of reference at the moment of time 
t  has a radius-vector r ,  determined by the equality  
(1). But Galileo derivative (5) is complete time derivative 

of the function of field in the laboratory frame of 
reference, measured at the point of space, which in the 
substantive frame of reference has a radius- vector  r′  . 
The concepts of Lagrange and Galilean derivatives (4)-
(6) naturally are generalized to the case derivative of 

higher order  (  ∞= ,1n   ): 

( ) ( )
dt

td
dt

td ,Φ,Φ
1

1 rr
= ; ( ) ( )

n

n

n

n

dt
td

dt
d

dt
td ,Φ,Φ

1

1 rr
=+

+
; 

( ) ( )t
t

t
t

,,Φ,,Φ
1

1
rvrv ′

∂
∂′

=′
∂

∂′ ; ( ) ( )
n

n

n

n

dt
tdt

t
,Φ,,Φ rrv =′

∂

∂′ . 

.Within the framework concepts of the 
invariance of field relative to the speed of the motion of 
observer, i.e., with fulfillment condition (3), we have: 

          ( ) ( ) ( ) ( )
t

t
dt

td
dt

ttdt
t ∂

′′∂
=

′′
=

+′
=′

∂
∂′ ,,Φ,,Φ,Φ,,Φ rvrvvrrv                                                              (7)
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If the arguments of the  Lagrange and Galileo 
derivatives are connected with equality (1), that their 
corresponding values are equal and are decomposed 

′

′

But it is possible to examine also the derivative 
(let us name its Galileo derivative), whose arguments will 

coincide with the arguments of field function no longer in 
the laboratory, but in the substantive frame of reference:



 

 

i.e., Galileo  derivative of field in the laboratory frame of 
reference is not distinguished from the particular time 
derivative of the function of field in the substantive frame 
of reference. Therefore introduction within the framework 
to this concept of the Galileo derivative as some new 
mathematical object with its independent physical 
sense, is superfluous. However, within the framework 
relativistic ideas examination by Galileo's derivative is 
empty because of the emptiness of very Galileo 
conversions (in contrast to the  Lorenz conversions ). 
But giperkontinual ideas about the space and the time 
make Galilean derived completely by that claimed, and 
equality (7)  – to false. 

This view on the space, the period and the 
electromagnetic field in conjunction with the application 
of Galileo's derivative leads to the new, trans-coordinate 
formulation of the electrodynamics  10. It generalizes the 
conventional formulation of Hertz- Heaviside, which will 
be examined below. 

IV. Mathematical Models of the 

Electromagnetic Field 

Electromagnetic field in the isotropic 
homogeneous medium without the dispersion is 
described in the laboratory and substantive frame of 
references by its variables (tension of electric field 

( )αE=E  ,  ( )αE ′=′E  and magnetic induction 

( )αB=B  ,  ( )αB′=′B  ), by constants (electrical 0ε  

and magnetic 0µ  , and also expressed as them speed 

of light in the vacuum 001 µε=c  ), by the 

parameters (dielectric and magnetic constant ε  and µ  
, and also the density of strange electric charge ρ  ,  

ρ′  the electric current density of conductivity 

( )αj=j  ,  ( )αj′=′j  , electric charge Q  ,  Q′  , 
electric current I  ,  I ′  ), by field functions 

( ) ( )( )tEt ,, rrEE α==  ,  ( ) ( )( )tBt ,, rrBB α==  ,  

( ) ( )( )tvEtv ,,,, rrEE ′′=′′=′ α  ,  

( ) ( )( )tvBtv ,,,, rrBB ′′=′′=′ α  , moreover 

( ) ( )tt ,,,0 rErE ′=′′ ; ( ) ( )tvt ,,,,0 rBrB ′=′′ .          (8)                                 

In the classical nonrelativistic electrodynamics it 
is relied: 

( ) ( )tvttv ,,,1 rEerE ′′=+′ ; 

( ) ( )tvttv ,,,1 rBerB ′′=+′ ,                                     (9) 

what is the application of a general formula (3) of the 
invariance of field relative to the speed of the motion of 
observer for the case of electromagnetic field. The 
proposed by us giperkontinualnye ideas about the 
space and the time [11] exceed the scope of this 
concept, but is explained nature of this not invariance 
not by the geometry of united space-time similar to the 
theory of relativity, but by the fundamental properties of 
field. 

The integral form of Maxwell equations in the 
idea of Hertz-Heaviside with the above-indicated 
conditions (isotropy, the uniformity of medium, the 
absence in it of dispersion) is the following system of 
four integral equations of the electrodynamics: 

( )0Q εε=⋅∫
s

dsE ; 0=⋅∫
s

dsB ; ds
dt
ddl

sl
⋅−=⋅ ∫∫ BE ; ds

dt
ddlc

sl
⋅+=⋅ ∫∫ EB

0

2 I
εεεµ

,         (10) 

 where s  ,  l   – the arbitrary two-dimensional closed 
(for the first two equations) or open (for the second two 
equations) surface and its limiting locked outline, which 
not not compulsorily coincides with the electric circuit. 
If we on Wednesday put the even additional condition of 
the absence of free charges and currents, then last two 
equations (10) will take the form: 

∫∫ ⋅−=⋅
sl

ds
dt
ddl BE , ∫∫ ⋅=⋅

sl
ds

dt
d

c
dl EB 2

εµ
. (11)                                        

They are the integral form of the law of the 
induction of Faraday and circulation theorem of 
magnetic field in the laboratory frame of reference for 
this special case of medium. 

 These two laws take the mutually symmetrical 
form with an accuracy to of scalar factor, by virtue of 
which their analysis it is identical. Let us examine the 
first law in more detail, for example. In Faraday 

experiences it is experimentally established that in the 
outline the identical currents appear regardless of the 
fact, this outline relative to the current carrying outline 
does move or it rests, and the current carrying outline 
moves, provided their relative motion in both cases was 
identical (Galilean invariance of Faraday law). Therefore 
the flow through the outline can change as a result of a 
change of the magnetic field with time, and the position 
of its boundary also because with the displacement of 
outline changes  [15]. The corresponding generalization 
of laws (11) to the case of the outline, which moves in 
the laboratory and which is rested in the substantive 
frame of reference, takes the form: 

∫∫ ⋅−=⋅′
sl

ds
dt
ddl BE , ∫∫ ⋅=⋅′

sl
ds

dt
d

c
dl EB 2

εµ ,     (12)                                    

 where E′   B′  are described fields in the element dl  
in the substantive frame of reference, i.e., in such inertial 
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reference system, in which dl  it rests; specifically, such 
electric field causes the appearance of a current in the 
case of the presence of real electric circuit in this place. 
Equations (12) are completely interesting and 
uncommon from a mathematical point of view, since 
they mutually connect field variables in the different 
inertial reference systems (let us name such equations 
trans-coordinate). Specifically, the use of trans-
coordinate equations makes it possible to adequately 
describe physical fields in giperkontinuume. At the same 
time in this case the discussion deals not simply about 
the trans-coordinateawn of equations (12), and with their 
global trans-coordinateawn, ensured by use by the 
Galilean derivative (connected by them inertial reference 

systems they can move relative to each other with the 
arbitrary speed, and not compulsorily with infinitely 
small). 

Returning to the system of equations (10), it is 
possible to establish that the region of its applicability is 
limited by the requirement of the state of rest of outline l  
in the laboratory frame of reference. If we remove this 
limitation, after requiring only the states of rest of outline 
l  in the substantive frame of reference, then will come 
out the known idea of Maxwell equations (we we call his 
trans-coordinate 10), integral form of which will be in it 
the system of the generalizing (10) four integral 
equations of the electrodynamics of the moving media: 

( )0Q εε=⋅∫
s

dsE ; 0=⋅∫
s

dsB ; ds
dt
ddl

sl
⋅−=⋅′ ∫∫ BE ; ds

dt
ddlc

sl
⋅+

′
=⋅′ ∫∫ EB

0

2 I
εεεµ

.          (13)   

  

 

 
Equations (12)  (13) are known in the classical 

electrodynamics  [15, 16]. Arises question, as to pass 

from the equations in the integral form (12) and (13) to 
the corresponding to equations in the differential form 
adequate of physical reality by means. 

The differential form of Maxwell equations in the 
idea of Hertz- Heaviside is following system of four of 
those corresponding to the integral equations (10) of the 
differential equations of electrodynamics, which relate to 
the laboratory frame of reference: 

( )0ρ εε=⋅∇ E ; 0=⋅∇ B ; t∂∂−=×∇ BE ; ( )( )tc ∂∂+=×∇ EjB 2
0 εµµµ                                            (14)

.        Equations (14) traditionally successfully are used 
in the electrodynamics, but, as it will be shown below, 
they have essential deficiency – the region of their 
applicability it is limited by the case of agreeing the 
laboratory and substantive frame of references ( )0=v  
, i.e. these equations are deprived of the mathematical 
means of the adequate description of passage from one 
inertial reference system to another, completely tying 
process to one (laboratory) frame of reference. 

In [15] based on the example of Faraday law is 
formulated the following approach to the passage from 
the integral to the differential form of equations 
electrodynamics: “Faraday law can be written down also 
in the differential form, if we use ourselves the Stokes' 
theorem and to consider outline as that being resting in 
the selected frame of reference (so that E  and B  they 
would be determined in one and the same frame of 
reference)”. This approach answers the concept of the 
invariance of physical field relative to the speed of the 
motion of observer, assuming simple failure of the trans-
coordinateawn of equations by means of the application  
(9). But, rejecting this concept, it is necessary to reject 
this approach. Thus, the differential form of the 
corresponding equations must be the same trans-
coordinate as integral  (12), (13). 

 In accordance with the given traditional 
approach, in [16] is introduced the operation of 
differentiation with respect to time in the moving 
(substantive) frame of reference, designated there 

through  t∂
∂′   .  In this case it is secretly assumed that 

at the point of space, which in the substantive frame of 
reference has a radius-vector r′  , measurement by field 
variable in the laboratory frame of reference equivalent 
to its measurement in the same substantive frame of 
reference. But these measurements are not equivalent 
out of the concept of the invariance of physical field 
relative to the speed of the motion of observer. 
Therefore measurement must be limited by laboratory 
frame of reference, not perenosya its results for the 
substantive. Thus, we come to the Galileo derivative (5), 
of the electrodynamics in the differential form leaving 
equations globally transcoordinate. 

Unknown globally transcoordinate differential 
equations of electrodynamics, which correspond to 
integral equations (12) and which use the Galileo 
derivative: 

t∂
∂′

−=′×∇
BE ,

tc ∂
∂′

=′×∇
EB 2

εµ
.    (15)                                           
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If the transcoordinate idea of the equations of 
Maxwell (both in that examined by integral and in that 
examined lower than the differential forms) to interpret in 
the context of the description of electromagnetic field in 
time-spatial gipercontinuum, then it is necessary to 
consider that the equalities (8) are always carried out, 
but (9)  – in the general case no.



 

 

 They are generalization to the case of the 
noncoincidence of the laboratory and substantive frame 
of references ( 0v ≠  ) of the known differential 
equations of Maxwell  

t∂
∂

−=×∇
BE ,

tc ∂
∂

=×∇
EB 2

εµ
.    (16)                                              

The differential form of Maxwell equations in the 
trans-coordinate idea for the case of isotropic, 
homogeneous medium without the dispersion is the 
following system of four new globally trans-coordinate 
differential equations of the electrodynamics: 

( ) ( )
0

,ρ,
εε

tt rrE =⋅∇ ; ( ) 0, =⋅∇ trB ;                      (17)                                          

( ) ( )tv
t

tv ,,,, rBrE ′
∂
∂′

−=′′×∇ ;

( ) ( ) ( )tv
tc

tvtv ,,,,,, 20 rErjrB ′
∂
∂′

+′′=′′×∇
εµµµ ,(18)        

 where t∂∂′E  ,  t∂∂′B   – the Galileo derivatives of 
field functions, expressed as particular time derivatives 
and convective derivatives of the same field functions in 
the laboratory frame of reference by the following 
equalities: 

( ) ( ) ( ) ( )ttvv
t

ttvtv
t

,,,, 11
1 erEeerErE

+′∇⋅+
∂
+′∂

=′
∂
∂′

;                                                                                     (19) 

( ) ( ) ( ) ( )ttvv
t

ttvtv
t

,,,, 11
1 erBeerBrB

+′∇⋅+
∂
+′∂

=′
∂
∂′

                                                                                       (20)

 With 0=v   (17)-(18) it passes in  (14). 
In the particular case the absences of free 

charges and currents of equation (17)-(18) will take the 
form: 

( ) 0, =⋅∇ trE ; ( ) 0, =⋅∇ trB ;                                 (21) 

( ) ( )tv
t

tv ,,,, rBrE ′
∂
∂′

−=′′×∇ ( ) ( )tv
tc

tv ,,,, 2 rErB ′
∂
∂′

=′′×∇
εµ

                                                                       (22)

 With 0=v   (21)-(22) it passes into the well-
known system of equations of Maxwell: 

( ) 0, =⋅∇ trE ; ( ) 0, =⋅∇ trB ; ( ) ( )
t

tt
∂

∂
−=×∇

,, rBrE ; ( ) ( )
t

t
c

t
∂

∂
=×∇

,, 2
rErB εµ

.                                        (23) 

By the vector product of nabla to both parts of 
the equations (16) with their mutual substitution into 
each other obtains the known wave differential 
equations 

2

2
22

t
c

∂

∂
=∇

EE εµ , 2

2
22

t
c

∂

∂
=∇

BB εµ .                (24)                             

 

Galilean derivative of field functions and generalizing 
equations (24) in the case  0v ≠   : 

2

2
22

t
c

∂

∂′
=′∇

EE εµ , 2

2
22

t
c

∂

∂′
=′∇

BB εµ .            (25) 

We investigate in more detail the equation of 
form (25) in connection with to arbitrary field functions 
( )tx,Φ  , also,  ( )txv ,,Φ ′′  for the case of plane wave 

with the wave vector, collinear to vector ( )0,0,v=v  and 

to axes OX  ,  XO ′′  , coordinates along which are 
assigned by the variables  x   ,   x′    In  this case the 
equation proves to be one-dimensional, and field 
functions – scalar: 

( ) ( ) ( )tvtx
dt
dtxv

t
txv

x
c ,,,,,Φ 2

2

2

2

2

2
2 +′Φ=′

∂

Φ∂′
=′′

′∂

∂ εµεµ .                                                                       (26) 

If we differentiate in the right side (26), this 
equation of signs the form: 

( ) ( ) ( )tvtx
x

v
t

tvtx
x

v
xt

v
t

txv
x

c ,,2,,Φ
2

2

2
2

2

2

2

2

22
+′Φ








∂
∂

+
∂
∂

=+′Φ










∂

∂
+

∂∂
∂

+
∂

∂
=′′

′∂

∂
εµ

                              (27)
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The absence of trans-coordinateawn is their 
drawback, they are valid only in the case of agreeing the 
laboratory and substantive frame of references  ( 0v = ). 
It is analogous, i.e., by the vector product of nabla to 
both parts of the equations (15) with their mutual 
substitution into each other, we will obtain the new 
equations of electrodynamics – the globally trans-
coordinate wave differential equations, which use 

.  



 

 

With 0=v   (26)  (27) it degenerates into the one-
dimensional version of the wave equation of the form  
(24): 

( ) ( )tx
t

tx
x

c ,,Φ 2

2

2

2
2 Φ

∂

∂
=

∂

∂ εµ .                         (28)                                  

 

( ) ( )ϕω +−=Φ xktAtx xcos, ,            (29)                              

 with the approximate values of the parameters 0≥A  ,  
0>ω  ,  0≠xk  ,  ∈ϕ  ℝ   – amplitude, angular 

frequency, the projection of wave vector on the axis 
OX  and the initial phase of wave. In this case all waves 
(29) must have one and the same phase speed 

εµω ck =  , where xkk =   – wave number. We 

will search for function ( )txv ,,Φ ′′  , satisfying (26)-(29), 
also in the form of simple harmonic wave, but with those 

depending on v  by the parameters  ( )vA′   , ( )vω′  

( )vkx′   ,   ( )vϕ′   : 

( ) ( ) ( ) ( ) ( )( )vxvktvvAtxv x ϕω ′+′′−′′=′′ cos,,Φ .                                                                                                 (30) 

( ) ( )txtx ,Φ,,0Φ ′=′′   ,   ( ) AA =′ 0   ,   ( ) ωω =′ 0   ,   ( ) xx kk =′ 0   ,   ( ) ϕϕ =′ 0   . Let us substitute (29)-(30) in  
 

( ) ( ) ( ) ( ) ( )( ) ( ) ( )( )ϕωωεµϕω ++′−−=′+′′−′′′ vtxktAvkvxvktvvAvkc xxxx coscos 222 .                                (31)  

Equalizing the similar parameters of wave on 
the left side (31) and in the right, we have: 

( ) Av
c

kvA x

2

sgn 









−=′ εµ

, ( ) ω
εµ

ωω xx kv
c

vkv sgn1−=−=′ ,                                                         (32) 

( ) ( )vkkvk xxx −=′ ωsgn , ( ) ( ) kvkvk x =′=′ , ( ) ( )vkv x−=′ ωϕϕ sgn , ( ) ϕϕ =′ v .                                         (33)

 Thus, upon transfer from the laboratory to the 
substantive frame of reference change amplitude and 
frequency (32) of simple harmonic wave, and its wave 
number and module of initial phase (33) remain 
constant. In this case the frequency changes in such a 

way that phase wave velocity in the substantive frame of 
reference is obtained according to the classical 
summation rule of speeds from its phase speed in the 
laboratory frame of reference and speed of substantive 
frame of reference relative to the laboratory: 

( ) ( ) ( ) vkkvvkv xxx −=′=′′ ωωω , ( ) ( ) xx kvckvkvkv sgnsgn −=−=′′ εµωω .                 (34)   

From (32)-(34) it is evident that if the vector of 
phase wave velocity in the laboratory frame of reference 
coincides with the velocity vector of substantive frame of 
reference in it ( 0>xk  ,  kv ω=  ), that in the 

substantive frame of reference wave generally 
disappears  ( ( ) 0=′ vA   ). Thus, in contrast to the theory 
of relativity, in the theory of gipercontinuum this wave 
always can be destroyed by the suitable selection of 
frame of reference. But if relative to laboratory frame of 

reference substantial frame of reference outdistances 
wave, then upon transfer from the laboratory frame of 
reference to the substantive the direction of propagation 
of wave changes by the opposite. If in the laboratory 
frame of reference wave is propagated in the positive 
direction, then upon transfer into the substantive it will 
satisfy wave equation (35), while if in the negative, then 
to the equation  (36): 

( ) ( ) ( ) 22222
,,Φ,,Φ ttxvxtxvvc ∂′′∂=′∂′′∂−εµ ;                                                                                       (35) 

( ) ( ) ( ) 22222
,,Φ,,Φ ttxvxtxvvc ∂′′∂=′∂′′∂+εµ .                                                                                     (36) 

The selection of inertial reference system to the 
role of laboratory is, generally speaking, conditional. 
Thus, substantial frame of reference it is possible in turn 
to accept for the laboratory, and in the role of substantial 

to examine certain by third (twice prime) inertial 
reference system with that directed to the same side, 
that also OX  ,  XO ′′  , by attitude reference XO ′′′′  , 
the coordinate along which is assigned by the variable  
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Any solution (28) is determined by the proper 
superposition of the simple harmonic waves



 

 

x ′′  .Let, for example, the point O ′′  move in the positive 
direction of axis XO ′′  with the speed  v∆   . Wave in 
the new laboratory and substantive frame of references 
will have an identical wave number and a module of 
initial phase and will be described by field functions 

( )txv ,,Φ ′′  and ( )txvv ,,Φ ′′∆+′  respectively. The role 
of equation (28) plays (35) or (36), the role of the 
function of wave (29)  – function (30), while the role of 
equations (35),  (36)  – the following wave equations: 

( )( ) ( ) ( ) 22222
,,Φ,,Φ ttxvvxtxvvvvc ∂′′∆+′∂=′′∂′′∆+′∂∆+−εµ ;                                                       (37) 

( )( ) ( ) ( ) 22222
,,Φ,,Φ ttxvvxtxvvvvc ∂′′∆+′∂=′′∂′′∆+′∂∆++εµ .                                                        (38) 

For (37) the role of equalities (32),  (33) play the following transformations of the parameters of the wave: 

( ) ( ) ( )vA
vc

vvkvvA x ′










⋅−
∆⋅

−′=∆+′′
2

sgn
εµ

εµ
, ( ) ( ) ( ) vvkvvv x ∆′−′=∆+′′ ωω ,                                             (39)              

( ) ( ) ( ) ( )( )vvkvvkvvk xxx ∆′−′′=∆+′′ ωsgn , ( ) ( ) ( ) ( )( )vvkvvvv x ∆′−′′=∆+′′ ωϕϕ sgn .      
            (40)               

For (38) the corresponding (39)-(40) 
conversions of the parameters are determined 
analogously.

 

Sequential passage from not shtrikhovannoy to 
shtrikhovannoy and is further to the twice shtrikhovannoy 
frame of reference equivalent to direct passage from not 
shtrikhovannoy to twice shtrikhovannoy. For example, 

with ( ) 1sgnsgn ==′ xx kvk
 

from (32),  (39) it is 

possible to obtain 
 

( ) ( )( ) AcvvvvA
2

1 ∆+−=∆+′′ εµ ,              

 

  

 

(41)

                                        

 

which is obtained also upon direct transfer to the twice 

shtrikhovannoy frame of reference, since (41) it is 
obtained from (32) by replacement v  on  vv ∆+   . In 
this case the role of equation (27) plays   

( ) ( ) ( )tvtxv
x

v
xt

v
t

tvtxv
x

txvvvc ,,Φ2,,Φ,,Φ
2

2
2

2

2

2

2

22

∆+′′′











′∂

∂
∆+

′∂∂
∂

∆+
∂

∆+′′′∂
=

′′∂

′′∆+′∂










−

εµ
.  

 
(42)  

  For the derivatives of arbitrary n of order 

( ) nn xtxvv ′′∂′′∆+′∂ ,,Φ   ( ) nn xtxv ′∂′′∂ ,,Φ
 

it is
 

possible to use a united designation 

( ) nn xtxvv ∂∆+′∂ ,,Φ
 

and ( ) nn xtxv ∂′∂ ,,Φ   
 

∞= ,1n
 
), respectively indicating simply derived on the 

second argument. In accordance with
 

this, after 
substitution (35) in (42) we will obtain:

 

( ) ( ) ( )tvtxv
x

v
xtv

tvtxvtxvv
x

vc ,,Φ2,,Φ,,Φ
2

22

2

22

∆+′











∂

∂
∆+

∂∂
∂

=







∆
∆+′−∆+′

∂

∂










−

εµ
                       

 
(43)

 
Let  0→∆v   . Let us introduce one additional 

new derivative, which let us name trans-coordinate, and 
which in the case of the one-dimensional system of 
space coordinates takes the form:

 

( ) ( ) ( )
v

tvtxvtxvv
v

txv
v ∆

∆+′−∆+′
=

∂′
′∂′

→∆

,,Φ,,Φlim,,Φ
0

.  (44)                    

 

 

In the determination (44) of value 
( )tvtxv ,,Φ ∆+′   ( )txvv ,,Φ ∆+′

 

is described physical 

field at one and the same point of space, but

 

in the 
different frame of references (shtrikhovannoy and 
moving relative to it with speed v∆

 

twice prime 
respectively). Within the framework they are equal to the 

concept of the invariance of field relative to the speed of 
the motion of observer:

 

( ) ( )txvvtvtxv ,,Φ,,Φ ∆+′=∆+′ ,                  

 

       (45)

 

the equalities (3)  (45) making identical physical sense, 
but in connection with to the different pairs of frame of 
references. However, out of the framework of the 
indicated concept upon transfer from shtrikhovannoy to 
the twice shtrikhovannoy frame of reference the field 
function at the particular point of space experiences the 
increase, the limit of relation of which k v∆

 

with 
0→∆v

 

gives the trans-coordinate derivative  (44). It is 
possible to generalize it to the case of the higher orders  

(  ∞= ,1n   ):
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( ) ( )
v

txv
v

txv
∂′
′∂′

=
∂′

′∂′ ,,Φ,,Φ
1

1
; ( )

( ) ( )

v
v

tvtxv
v

txvv

v
txv n

n

n

n

vn

n

∆
∂′

∆+′∂′
−

∂′
∆+′∂′

=
∂′

′∂′
→∆+

+
,,Φ,,Φ

lim,,Φ
01

1
.     (46)  

  
Using trans-coordinate derivatives of the first 

two orders (46), it is possible to represent increase in 

the field function of in the form corresponding partial 
summation of series of Taylor: 

( ) ( ) ( ) ( ) 2
2

2 ,,Φ
2
1,,Φ,,Φ,,Φ v

v

txvv
v

txvtvtxvtxvv ∆

∂′

′∂′
+∆

∂′
′∂′

≈∆+′−∆+′ (47)         

 Substituting (47) in (43), equalizing between 
themselves members with the identical degrees v∆  in 
the left and right sides of the received equality, fixing 

0→∆v  , taking into account that the fact that in this 
case ( ) ( )txvtvtxv ,,Φ,,Φ ′→∆+′  and by adding 
equality (35) in the new form of record (with the use by 
variable x  instead of x′  , we will obtain the following 
system of three equations: 

( ) ( )

( ) ( )

( ) ( )

















′′=
∂′

′∂′










−

∂
′′∂

=
∂′∂
′∂′∂











−

∂

′′∂
=

∂

′∂










−

txv
v

txvvc

t
txv

vx
txvvc

t
txv

x
txvvc

,,Φ2,,Φ

,,,Φ2,,Φ

,,,Φ,,Φ

2

22

2

2

2

2

22

εµ

εµ

εµ

                                 

(48)

 
 System of equations (48) can be written down 

in following that indexed on α  the form: 

( ) 0,,Φ2 2

2
sgn

2

22

=′′














∂

∂
−

∂′∂

∂′∂










− −

−

−

−
txv

tvx
vc

α

α
α

αα

αα

εµ
, 2,0=α,        (49)    

                   
 

or in the operator form
 ۞Φ’ ( ) 0,, =′ txv

                                                       (50)  
   

–  the suitable version of the one-dimensional (case of 
one axis of space coordinates) differential  Dubrovin 
operator, which generalizes d'Alembert's operator □, 
who occurs one of his three (zero) components for the 
laboratory frame of reference, i.e.,  0=α   ,   0=v   . 
Differential equation (49) or (50) is the gipercontinual 
one-dimensional homogeneous wave equation, which 
generalizes, similar to differential equation (26) or (27), 
the known one-dimensional homogeneous wave 
equation  (28). The vital difference between them (26)-
(27) is lies in the fact that the globally trans-coordinate 
form of gipercontinual wave equation, and (49)-(50)  – 
by its locally trans-coordinate form. Local 
transcoordinate means that the equation connects the 
inertial reference systems, which move relative to each 
other with the infinitely low speed. 

The transcoordinate of giperkontinualnykh wave 
equations is ensured by the use in them of the suitable 
derived field functions. Namely, use by Galileo's 

derivative reports to equation global trans-coordinate, 
and by trans-coordinate derivative – local. 

Thus, is proposed the new approach to the 
development of the mathematical apparatus for 
electrodynamics in the direction of the more adequate 
description of passage from one inertial reference 
system to another on the basis of gipercontinual ideas 
about the space and in the time due to the introduction 
into the examination of the globally and locally trans-
coordinate equations, which use new Galilean and 
trans-coordinate derivatives of field functions, and also 
the new differential of  

Dubrovin operator, which generalizes d'Alember 
operator. This approach leads to the reformulation of 
electrodynamics with the passage from the traditional 
formulation of Hertz-Heaviside to the new trans-
coordinate. In this case immediately arise the question 
about what form they have conversions of 
electromagnetic field upon transfer from one inertial 
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where  ۞ =( α ); ۞   







 ∂

∂
−

∂′∂

∂′∂










−= −

−

−

−

α

α
α

αα

αα
α

εµ 2

2
sgn

2

22
2

tvx
vc

۞



 

 

reference system to another, and will be these 
conversions the  Mende conversions  [17].

 

The convective derivatives of field functions in (19)-(20) can be written down in the form:
 

( ) ( ) ( )( ) ( )( )ttvvttvvttvv ,,, 111111 erEeeerEerEe +′××∇−+′⋅∇=+′∇⋅ ,          

 

                                        (51)     

 

( ) ( ) ( )( ) ( )( )ttvvttvvttvv ,,, 111111 erBeeerBerBe +′××∇−+′⋅∇=+′∇⋅ .                                                   (52)            

 

We have in view of the first two (22) equations taking into account (1)-(2) :

 

( ) 0,1 =+′⋅∇ ttverE ; ( ) 0,1 =+′⋅∇ ttverB .                                                                                                        (53)

                              

After substituting (53) in (51)-(52), we will obtain equalities for the convective derivatives:

 

( ) ( ) ( )( )ttvvttvv ,, 1111 erEeerEe +′××−∇=+′∇⋅ ,                                                                                      

 

    (54)             

 

( ) ( ) ( )( )ttvvttvv ,, 1111 erBeerBe +′××−∇=+′∇⋅ .                                                                                          (55)            

 

After substitution (54)-(55) in (19)-(20) we take another form of the Galilean derivatives:

 

( ) ( ) ( )( )ttvv
t

ttvtv
t

,,,, 11
1 erEeerErE

+′××∇−
∂
+′∂

=′
∂
∂′

,                                                                              

 

(56)      

 

( ) ( ) ( )( )ttvv
t

ttvtv
t

,,,, 11
1 erBeerBrB

+′××∇−
∂
+′∂

=′
∂
∂′

.                                                                               (57) 
 

The substitution of Galilean derivatives (56)-(57) into the last two equalities (22) gives:

 

( ) ( ) ( )( )ttvvtttvtv ,,,, 111 erBeerBrE +′××∇+∂+′∂−=′′×∇ ,                                                               

 

   (58)  

 

( ) ( ) ( ) ( )( )( )ttvvtttvctv ,,,, 111
2 erEeerErB +′××∇−∂+′∂=′′×∇ εµ .     

 

                                               

 

(59)    

 

After substituting last two equations (23) in (58)-(59), we will obtain:

 

( ) ( ) ( )( )ttvvttvtv ,,,, 111 erBeerErE +′××∇++′×∇=′′×∇ ,              

 

                                                          (60)         

 

( ) ( ) ( ) ( )( )ttvvcttvtv ,,,, 11
2

1 erEeerBrB +′××∇−+′×∇=′′×∇ εµ .   

 

                                                       (61)

 

Let us omit the operation of rotor both parts of the equalities  (60)-(61):

 

( ) ( ) ( )ttvvttvtv ,,,, 111 erBeerErE +′×++′=′′ ,                                                                                               
(62)     

 

( ) ( ) ( ) ( )( )ttvvcttvtv ,,,, 11
2

1 erEeerBrB +′×−+′=′′ εµ.                                                                                
(63)      

 

 

Besides the shtrikhovannoy frame of reference, 
which moves relative to laboratory with speed v

 

let us 
introduce also relatively mobile frame of reference –

 

twice shtrikhovannuyu, that moves in the same direction 
with another speed vv ∆+

 

relative to laboratory. Thus, 
the twice shtrikhovannaya frame of reference moves 

with relatively shtrikhovannoy with speed v∆

 

, the so 
that shtrikhovannuyu frame of reference can be 
accepted for the new laboratory (relatively fixed), and 
twice shtrikhovannuyu –

 

for the new substantive.

 

Equalities (62)-(63) for them let us write down taking into account the replacement of radius-vector r′

 

on  r ′′   :

 

( ) ( ) ( )tvtvvtvtvtvv ,,,,,, 111 erBeerErE ∆+′′′×∆+∆+′′′=′′∆+′ ,         
                                                          (64)          

 

( ) ( ) ( ) ( )tvtvvctvtvtvv ,,,,,, 11
2

1 erEeerBrB ∆+′′′×∆−∆+′′′=′′∆+′ εµ .   

 

                                         
         (65)

 

Let us write down equalities (64)-(65) in the following form:
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( ) ( ) ( )tvtv
v

tvtvtvv ,,,,,,
11

1 erBeerErE
∆+′′′×=

∆
∆+′′′−′′∆+′

,                                                                       (66) 

( ) ( ) ( )tvtv
cv

tvtvtvv ,,,,,,
112

1 erEeerBrB
∆+′′′×−=

∆
∆+′′′−′′∆+′ εµ

.               (67)
  

 
 In (66)-(67) the values ( )tvtv ,, 1erE ∆+′′′  ,  

( )tvtv ,, 1erB ∆+′′′   ( )tvv ,,rE ′′∆+′  ,  

( )tvv ,,rB ′′∆+′  is described the electromagnetic field 
at one and the same point of space (medium), but in the 

different frame of references (shtrikhovannoy and by 
twice shtrikhovannoy). Within the framework they are 
equal to the concept of the invariance of field relative to 
the speed of the motion of observer:

 

( ) ( )tvvtvtv ,,,, 1 rEerE ′′∆+′=∆+′′′ , ( ) ( )tvvtvtv ,,,, 1 rBerB ′′∆+′=∆+′′′ ,                                                   (68) 

the equalities (9)  (68) making identical physical sense, 
but in connection with to the different pairs of frame of 
references. However, out of the framework of the 
indicated concept upon transfer from shtrikhovannoy to 
the twice shtrikhovannoy frame of reference the field 

function at the particular point of space experiences the 
increase, the limit of relation of which k v∆  

with 
0→∆v  

gives that for the first time introduced into 10 
the trans-coordinate derivative of the field function:

 

( ) ( ) ( )
v

tvtvtvv

vv
tv

∆
∆+′′′−′′∆+′

→∆
=

∂′
′′′∂′ ,,,,

0
,, 1lim erErErE

,                  
                                                            (69)

 

( ) ( ) ( )
v

tvtvtvv

vv
tv

∆
∆+′′′−′′∆+′

→∆
=

∂′
′′′∂′ ,,,,

0
,, 1lim erBrBrB

.                        
                                                    

 
(70)     

 

Equalities (66)-(67) with 0→∆v
 
taking into account (69)-(70) after replacement r ′′

 
on r

 
take the form:

 

( ) ( )tv
v

tv ,,,,
1 rBerE ′′×=

∂′
′′∂′

; 
( ) ( )tv

cv
tv ,,,,

12 rEerB ′′×−=
∂′

′′∂′ εµ
. 

                                                              (71)                   

If equations (22) are the globally trans-
coordinate differential equations of electrodynamics for 
the case of isotropic homogeneous medium without the 
dispersion in the absence of free charges and currents, 
then equations (71) are the locally trans-coordinate 
differential equations of electrodynamics for the same 
case. The locality of transcoordinate, ensured by use by 
trans-coordinate derivative, means that the connected 
by differential equations inertial reference systems 
(conditionally speaking, prime and twice prime) they 
move relative to each other with the infinitely low speed  

v∆

 

Equations (71) form the system, by solving which, it 
is possible to obtain the conversions of electromagnetic 
field upon transfer of one inertial reference system into 
another.

 

Let us use system of equations (71) for 
obtaining the conversions of electromagnetic field upon 
transfer from the laboratory frame of reference to the 
substantive.

 

Lowering the arguments of functions, let us 
write down vector products in (71) in the form:

 

( ) 2
3

3
2

3
3

2
2

1
1

11 eeeeeeBe BBBBB ′−′=′+′+′×=′× ,                 

 

                                                            (72)

 

( ) 2
3

3
2

3
3

2
2

1
1

11 eeeeeeEe EEEEE ′−′=′+′+′×=′× .                                                                             (73)   

  

Taking into account (72)-(73) the system of 
equations (71) is divided off into two independent 
systems of two equations each and two additional 
independent equations:
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′−=
∂′
′∂′

′−=
∂′
′∂′

;

,

2
2

3

3
2

E
cv

B

B
v

E

εµ
 











′=
∂′
′∂′

′=
∂′
′∂′

;

,

3
2

2

2
3

E
cv

B

B
v

E

εµ
 0

1
=

∂′
′∂′
v

E
; 0

1
=

∂′
′∂′
v

B
.                      (74)  

                           
We differentiate the

 
first equations of systems (74) and will substitute them the secondly:  

2
22

22
E

cv
E ′=

∂′

′∂′ εµ
; 3

22

32
E

cv
E ′=

∂′

′∂′ εµ
; 2

22

22
B

cv
B ′=

∂′

′∂′ εµ
; 3

22

32
B

cv
B ′=

∂′

′∂′ εµ
.                                              (75)                

 The general solution of equations (75) is expressed as the arbitrary constants  101 ,, CC    : 

1
1 CE =′ ;

c
v

C
c

v
CE

εµεµ
sinhcosh 32

2 +=′ ;
c

v
C

c
v

CE
εµεµ

sinhcosh 54
3 +=′ ;                         (76)   

 6
1 CB =′ ;

c
v

C
c

v
CB

εµεµ
sinhcosh 87

2 +=′ ;
c

v
C

c
v

CB
εµεµ

sinhcosh 109
3 +=′ .      (77) 

  
 

 
Since we search for the conversions of 

electromagnetic field upon transfer from the laboratory 
frame of reference, then the desired particular solutions 
of equations (75) must with 0=v

 

describe 

electromagnetic field in the laboratory frame of 
reference, i.e., satisfy equalities (8) and (74), and the, 
which means, following totality of the equalities:

 

( ) ( )tEtE ,,,0 11 rr ′=′′
 

( ) ( )tEtE ,,,0 22 rr ′=′′ . ( ) ( )tEtE ,,,0 33 rr ′=′′ ;  
                                                    (78)

 

( ) ( )tBtB ,,,0 11 rr ′=′′ ; ( ) ( )tBtB ,,,0 22 rr ′=′′ ; ( ) ( )tBtB ,,,0 33 rr ′=′′ ;   
                                                     (79)

 

( ) ( )tB
v

tE ,,,0 3
2

rr ′−=
∂′

′′∂′
; 

( ) ( )tB
v

tE ,,,0 2
3

rr ′=
∂′

′′∂′
;                                                                                   

  
  (80)

 

( ) ( )tE
cv

tB ,,,0 3
2

2
rr ′=

∂′
′′∂′ εµ

,
( ) ( )tE

cv
tB ,,,0 2

2

3
rr ′−=

∂′
′′∂′ εµ

.                                                                         
 
  (81) 

By substitution (76)-(77) in (78)-(81) let us find 
the values of constants 101 ,, CC 

 
, as a result what 

after the substitution of these constants in (76)-(77) we 
will obtain the resultant expression in the component 

form for the desired conversions of electromagnetic field 
upon transfer from the laboratory frame of reference to 
the substantive:

 

( ) ( )tEtvE ,,, 11 rr ′=′′ , ( ) ( )tBtvB ,,, 11 rr ′=′′;                                                                                         
  
  

  
    (82)

 

( ) ( ) ( )
c

v
tBc

c
v

tEtvE
εµ

εµ
εµ

sinh,cosh,,, 322 rrr ′−′=′′ ;                                                            
 
  

     
    (83)

 

( ) ( ) ( )
c

v
tBc

c
v

tEtvE
εµ

εµ
εµ

sinh,cosh,,, 233 rrr ′+′=′′ ;                                                              
    

  
    

(84)
 

( ) ( ) ( )
c

v
tE

cc
v

tBtvB
εµεµεµ

sinh,cosh,,, 322 rrr ′+′=′′ ;                                                                
 
  

     
(85)

 

           

© 2016    Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l  
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

V
ol

  
  
 

  

41

Y
e
a
r

20
16

F

From Hertz-Heaviside Electrodynamics to the Trans-Coordinate Electrodynamics

um
e 

 X
V
I 
 I
ss
ue

  
II
  

V
er
si
on

 I
  



 

 

( ) ( ) ( )
c

v
tE

cc
v

tBtvB
εµεµεµ

sinh,cosh,,, 233 rrr ′−′=′′ .                                                                        (86) 

In the vector form the same conversions take the following form:  

( ) ( ) ( )
c

v
tc

c
v

ttv
εµ

εµ
εµ

sinh,cosh,,, 1 rBerErE ′×+′=′′ ;                                                                         (87) 

( ) ( ) ( )
c

v
t

cc
v

ttv
εµεµεµ

sinh,cosh,,, 1 rEerBrB ′×−′=′′ .                                                                       (88) 

It is easy to see that the conversions (82)-(88) are known  Mende conversions. 

V. Conclusion 

Thus, the  Mende  conversions obtain a 
sufficient theoretical substantiation within the framework 
of the trans-coordinate formulation of electrodynamics, 
connected with the gipercontinual ideas about the 
space and the time, and also with the concept not of the 
invariance of electric charge relative to the speed of the 
motion of observer. Together with that been in [9] direct 
experimental confirmation of the concept not of the 
invariance of electric charge, this is convincing evidence 
of their larger adequacy of physical reality on the 
comparison not only with the classical, but also with the 
relativistic conversions of electromagnetic field, or the 
convincing evidence of the justification of the transfer of 
electrodynamics from the traditional formulation of  
Hertz-Heaviside to the  trans-coordinate. The sequential 
development of transcoordinate electrodynamics is 
capable of not only deriving on the new qualitative level 
of idea about the space and the time, but also of 
opening the fundamentally new horizons of the 
development engineering and technologies due to the 
discovery and the mastery of new physical phenomena 
and effects. 
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2. Ethical Guidelines, 

3. Submission of Manuscripts, 

4. Manuscript’s Category, 

5. Structure and Format of Manuscript, 

6. After Acceptance. 

1. GENERAL 

 Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial, 
while peer reviewer justify your paper for publication. 

Scope 

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of 
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology, 
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization. 
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global 
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will 
not be accepted unless they have wider potential or consequences. 

2. ETHICAL GUIDELINES 

 Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities. 

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication 
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals 
Inc. (US). 

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings. 
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before 
submission 

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According 
to the Global Academy of R&D authorship, criteria must be based on: 

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the 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. 

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors 
who do not match the criteria as authors may be mentioned under Acknowledgement. 

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The 
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along 
with address. 

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere. 

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this 
paper. 

Please mention proper reference and appropriate acknowledgements wherever expected. 

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the 
author's responsibility to take these in writing. 

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the 
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved. 

3. SUBMISSION OF MANUSCRIPTS 

 Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of 
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to 
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below. 

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given 
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author, 
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the 
instructions. 
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments. 

Complete support for both authors and co-author is provided. 

4. MANUSCRIPT’S CATEGORY 

Based on potential and nature, the manuscript can be categorized under the following heads: 

Original research paper: Such papers are reports of high-level significant original research work. 

Review papers: These are concise, significant but helpful and decisive topics for young researchers. 

Research articles: These are handled with small investigation and applications 

Research letters: The letters are small and concise comments on previously published matters. 

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words 
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and 
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as 
follows: 

 Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and 
comprise: 

(a)Title should be relevant and commensurate with the theme of the paper. 

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions. 

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus. 

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared. 

(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, unless non-standard. 

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable 
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design 
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to 
have adequate numerical treatments of the data will be returned un-refereed; 

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing. 

(h) Brief Acknowledgements. 

(i) References in the proper form. 

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more 
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the 
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial 
correction. 
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

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

 Format 

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript 
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable, 
that manuscripts should be professionally edited. 

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary. 
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When 
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater. 

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed 
by the conventional abbreviation in parentheses. 

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration, 
1.4 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 10-3 m. Chemical formula and solutions must identify the form used, e.g. 
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by 
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear. 

Structure 

All manuscripts submitted to Global Journals Inc. (US), ought to include: 

Title: The title page must carry an instructive 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) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining 
and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

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

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search:                                 
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• One should start brainstorming lists of possible keywords before even begin 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 research paper?" Then consider synonyms for the important words. 

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

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, 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. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. 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. 
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE

 
Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 

6.1 Proof Corrections

 
The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

 
The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 

6.3 Author Services

 
Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 

6.4 Author Material Archive Policy

 
Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 

6.5 Offprint and Extra Copies

 
A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 
automatically you will have your answer. 

4. 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.  

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

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

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

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 
research paper. From the internet library you can download books. If you have all required books make important reading selecting and 
analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 
target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. 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 to your topic. You may also maintain your arguments with 
records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 
will degrade your paper and spoil your work. 

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

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 
trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

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

 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  

18.
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 
to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After 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 to 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 in your research.

 

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 criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 
submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 

 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 
improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 
several ideas, which will be helpful for your research. 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 
descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

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

 
 

 

 

 

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 the 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 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - 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 quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es) 

Approach: 

Single section, and succinct 
As a outline of job done, it is always written in past tense 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness 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 to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled 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 with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing 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 approach 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. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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principle while stating the situation. The purpose is to text 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: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

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

Results: 

 
 

The principle of a results segment is to present and demonstrate your conclusion. Create this part a 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. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose 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 sound written Procedures segment allows a capable scientist to 
replacement 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 for the least amount of information that would permit another capable scientist to spare 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 object, mention the specific item describing a way but draw the basic 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to 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 part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a 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 implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly 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 with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
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  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One 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? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  

Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

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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