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Abstract-

 

This note applies least-squares regression to a cross-section comparison of the total infection numbers of 
COVID-19 as of a particular date among the fifty states of America to investigate any underlying factors; we also check

 

the Gaussian normality of the time progression of the infection rate.

 
Keywords:

 

corona transmission causes, gaussian epidemic curve, epidemic statistical regression.

 I.

 

Introduction

 

 

 
For the examination of the causes of the spread of the virus, we hypothesize: (1) 

if a state contains a big metropolitan city, then it generates more cases, (2) if a state 

has more than 16.5% of its residents of age sixty-five or higher, then due to seniors’  
vulnerability to diseases higher incidents occur, (3) the more universities/colleges there 

are in a state, the more the cases there are, and (4) the more “hub-coffee-shops”

 

there 
are in a state, the more the transmission there is (cf. Romanescu and Deardon, 2017, 
Welch, 2011, for network models).

 
As the expression “flattening the curve”

 

has become ubiquitous, we are 
motivated to see if the curve is a normal distribution (cf. e.g., Shao, 2020, for dynamic 
modeling). Our sample here is the daily new cases from March 1 to April 14in the State 
of Rhode Island of the USA, where the Author teaches, with the current students of 
Statistics contributing to the candidate independent variablesas well as their values for 
an explanation of V.
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Notes

This paper applies the least-squares regression to an analysis of the transmission 
of COVID-19 (cf. Kubiak, Arinaminpathy and McLean, 2010, for new infectious 
diseases). We first examine how the virus spread out (cf. Kraay, 2018, for movements of 
disease) by taking a sample of n =50 USA states’ cumulative cases of  infection Vas of 
March 26, 2020, against four independent variables: dummy variable B (=1) for a state 
containing a top-ten city in USA, dummy variable S (=1) for any state of more than 
16.5% of its population of age 65 or higher, U = the number of universities/colleges in 
the state, and C = the number of (a popular national-chain) coffee shops in the state. 
We then examine the fitness of normal (Gaussian) distribution for the time progression 
of daily new cases as presented in the media (for a time-series cross-section treatment, 
see., e.g., Sharmin and Rayhan, 2012).



II.  Analysis  

a)  Factors Contributing to the Transmission  
We show the regression output below:  

 

with the underlying input displayed as follows:  
 

Regression Statistics
Multiple R 0.74
R Square 0.55
Adjusted R Square 0.51
Standard Error 3245
Observations 50

ANOVA
df SS MS F Significance F

Regression 4 584930295.6 1E+08 13.88707 1.8704E-07
Residual 45 473855589.2 1E+07
Total 49 1058785885

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%
Intercept 154 809.1 0.2 0.85 -1476 1784
U 4 2.9 1.5 0.15 -2 10
B -4861 1910.5 -2.5 0.01 -8709 -1013
C 12 2.1 5.9 4E-07 8 16
S -1477 936.2 -1.6 0.12 -3362 409
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States: V S
Alabama 386 129 0 37 1
Alaska 59 35 0 2 0
Arizona 401 155 0 71 1
Arkansas 306 108 0 9 0
California 2982 1246 1 376 0
Colorado 1086 171 0 40 0
Connecticut 875 114 0 465 1
Delaware 119 23 0 4 1
Florida 1861 439 1 1037 1
Georgia 1441 210 0 208 0
Hawaii 76 43 0 17 1
Idaho 123 33 0 9 0
Illinois 1865 391 1 707 0
Indiana 477 175 0 16 0
Iowa 145 107 0 10 1
Kansas 98 99 0 21 0
Kentucky 198 165 1 20 0
Louisiana 1946 173 0 7 0
Maine 147 60 0 20 1
Maryland 580 148 0 20 0
Massachusetts 1838 261 1 1178 1
Michigan 2294 302 0 74 1

U B C

Notes



 

Thus, our hypotheses were moderately supported, but with surprises about the 
directions of the effect of B and S.

 

A possible explanation of the negative effect of B on 

Minnesota 346 169 0 19 0
Mississippi 485 69 0 8 0
Missouri 356 242 0 36 1
Montana 65 54 0 5 1
Nebraska 64 68 0 24 0
Nevada 321 77 0 13 0
New Hampshire 137 43 0 19 1
New Jersey 4402 207 1 913 0
New Mexico 112 61 0 13 1
New York 32966 632 1 1562 0
North Carolina 636 188 0 345 0
North Dakota 45 30 0 22 0
Ohio 704 386 0 74 1
Oklahoma 223 158 0 21 0
Oregon 266 125 0 1 1
Pennsylvania 1128 544 1 517 1
Rhode Island 132 37 1 264 1
South Carolina 424 97 0 53 1
South Dakota 41 33 0 4 1
Tennessee 784 191 0 39 0
Texas 974 506 1 187 0
Utah 346 60 0 7 0
Vermont 123 32 0 34 1
Virginia 460 222 0 45 0
Washington 2580 164 0 2 0
West Virginia 51 99 0 5 1
Wisconsin 585 132 0 23 1
Wyoming 44 17 0 8 1

A Regression Analysis on the Covid-19 Transmission
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V may be because “big states” have better health infrastructure, and the negative 
coefficient of S may have the argument that seniors are less mobile. However, the most 
distinct observation is the p = 0.0000004 of C; we surmise the reason being people 
taking out food/beverages to their workplaces and spread out the virus.

b) The Fitness of Normal Distribution for Daily New Cases
We begin with a derivation of the least-squares linear regression equation               

(cf. e.g., Grassly and Fraser, 2008).

( )

( )

( )

2
0.5

,  
2

where  
t                     = 1 2020,

and y ln ln
2

t

Let E x

NE x e

N

NE x

µ
σ

σ π

σ π

− −  
 

≡

=

≡
≡

 ≡ =  
 

2
2

2 2

2 1
1 2

2 1

0.50.5 ,

ˆˆ ˆ ˆso that , with , ,
2

t t

by a b t b t
b b

µ µ
σ σ σ

µµ σ

   − + −   
   

 
= + + − = = 

 

the expected daily new cases; then

the total infection number under the density curve,
corresponding to March 1,date, with t

Notes



 

 

  

 

 

Because prior to March 16 there had been the occurrences of x = 0, we select the 
input x from t = 16 until t = 43 (April 12) with n = 28 with the following input data:
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2ˆˆ 2 exp 0.5 .
ˆ

and N a µσ π
σ

  = +     

The regression output is as follows:

x lnx t t^2
1 0.0 16 256
2 0.7 17 289

10 2.3 18 324
11 2.4 19 361
10 2.3 20 400
12 2.5 21 441
17 2.8 22 484
23 3.1 23 529
18 2.9 24 576

8 2.1 25 625
33 3.5 26 676
38 3.6 27 729
36 3.6 28 784
55 4.0 29 841

108 4.7 30 900
87 4.5 31 961
77 4.3 32 1024
91 4.5 33 1089
52 4.0 34 1156
97 4.6 35 1225

116 4.8 36 1296
160 5.1 37 1369
148 5.0 38 1444
220 5.4 39 1521
277 5.6 40 1600
288 5.7 41 1681
334 5.8 42 1764
316 5.8 43 1849

Notes



 

Then the above coefficients render the following estimates:
 

 

with the following plot: 

 

and the standardized residuals have the following histogram:

 
 

Regression Statistics
Multiple R 0.96
R Square 0.92
Adjusted R Square 0.91
Standard Error 0.46
Observations 28

ANOVA
df SS MS F Significance F

Regression 2 56.24430511 28.12215 135.4814 3.8352E-14
Residual 25 5.189303157 0.207572
Total 27 61.43360826

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%
Intercept -4.298 1.234 -3.5 0.0018 -6.839 -1.757
t 0.389 0.088 4.4 0.0002 0.208 0.570
t^2 -0.004 0.001 -2.5 0.0204 -0.007 -0.001

0.0

50.0

100.0

150.0

200.0
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300.0

350.0

400.0

450.0

19-Feb 29-Feb 10-Mar 20-Mar 30-Mar 9-Apr 19-Apr 29-Apr 9-May 19-May 29-May 8-Jun 18-Jun

Daily new cases

predx x
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,ˆ ˆ53.2 (= April 22, 2020) 1, 11.7, ˆ 2549and Nµ σ == =

Notes
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III.  Summary  
From the above analysis, we gather the following observations: (1) The 

medical/health/hygiene infrastructure is essential, which authorities need to improve. 
(2) Seniors were not the originators of the transmission; on the contrary they tend to 
slow down the spread. (3) College students in the USA during their Spring Break 
probably propelled the transmission. (4) Hubs of mass gathering,  such as coffee shops, 
must be vigilant in observing health protocol. (5) The normal distribution of the daily 
new infection  rates appears to be a good fit. We reason that the infection probability 
depends on two factors, personal immune degrees, and the external environment. The 
latter may have offsetting factors that tend to cancel one another (cf. Lafferty and Holt, 
2003): the more rampant the cases, the more the pre-caution (as friction in mechanics). 
As such, individual immune degrees, which follow the normality of biology, take a 
normal distribution, with lower degrees of immunity occurring earlier and higher 
degrees later. 
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The Goldbach Conjecture remains one of the several unsolved mathematical problems today, along with the 
Twin Prime Conjecture. It is said to be one of the simplest mathematical problems to state yet the most difficult to prove. 
In this paper, the author explores a few even numbers about the problem, and, using them as his sample size, 
juxtaposes his ideas with those of others through literature review. The author explores a solution to the Goldbach 
conjecture which was put forward about 275 years ago, by a German mathematician, Christian Goldbach, who was a 
contemporary of the genius German mathematician, Leonhard Euler. Euler in a letter to Goldbach, had confessed at the 
time that unfortunately, he (Euler) could not prove Goldbach’s mathematical poser. Through fundamental analysis and 
critical thinking, this author attempts to share his thoughts on how to resolve this long-standing mathematical debacle. 
The methodology used is basic, experimental, and exploratory, with the use of inferences through recognition of number 
patterns. We hope that this paper will make a small contribution to the discourse on Goldbach’s conjecture, whose 
solution has eluded mathematicians for about 275 years. 

 

Keywords:
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I.

 

Introduction

 
Goldbach’s twin prime conjecture states that an even number is the sum of two 

prime numbers (Kiersz, 2018; Linkletter, 2019). The Goldbach Conjecture dates back to 
a German/Prussian, Christian Goldbach, who was tutor to

 

the young Csar II. In a 
letter to Leonhard Euler in 1742, Goldbach had made his conjecture known to the 
celebrated German mathematical prodigy, Euler, who in history is one of the most-
gifted mathematicians ever to walk this earth (Linkletter, 2019). 

 

Prime numbers are part of natural number integers, as whole or counting 
numbers, excluding zero. A prime number is one that cannot be divided by any other 
number except itself and one. All prime numbers tend to end with only four digits, 
namely 1, 3, 7, and 9, and this also applies to twin primes, which are a subset of prime 
numbers (Sakyi, 2020). Twin primes are prime numbers that are close to each other 
with a difference of two, of the general form p, and p+2. Examples are (3, 5), (5, 7), 
(11, 13), (17, 19) and (29, 31), among many others (Sakyi, 2020a). Even numbers are 
numbers that are divisible by two, and they always end with the digits 0, 2, 4, 6, and 8. 

 

Goldbach’s statement of the second twin prime conjecture is directly related to, 
and conjoined with,

 

the Twin Prime Conjecture which, was posed in 1849 by the 
Frenchman, Polignac, and which, in ancient Greece, had been alluded to in Euclid and 

Eratosthenes’

 

sieves of elimination (Murthy, n.d.; Sha, 2016). Goldbach’s mathematical 
poser statement looked paradoxically simple yet complex, in that, every even number 
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has many permutations and combinations of twin prime conjugates, some of which are 
twin prime number conjugates, while others are not so, because many large even 
numbers have several composite permutations of numbers that make them up, and 
some of these conjugates, are even and composite.  

However, the hidden catch to the mathematical poser is that those even 
composite conjugates can be decomposed into factors of prime numbers, hence the 
poser. In a  practical sense, the way to proceed on this problem is to break up an even 
number through the middle, and, through a listing process, isolate all twin conjugates 
below it that are truly prime, hence the title of this paper. The approach that we 
propose thus works for smaller numbers, and by extension, and deductive logic, it 
should work for all even numbers. However, for huge numbers, it becomes tedious, 
ludicrous, and cumbersome to proceed in that manner, unless an algorithm is made for 
the computer to automate the procedure.  

 

II.  Literature Review  

Sampling is a method of choosing a representative size from a given population 
of discourse to be able to predict characteristics of the given phenomenon of inquiry 
(Spiegel, 1975; Saunders et al., 2016; Bryman & Bell, 2015). In 1966, Chen provided a 

proof of Goldbach’s conjecture (Plus Magazine, n.d.; Curiosity, 2017). Further progress 

was made in 1998 when the problem of proving Goldbach’s conjecture was subjected to 
a computer programme that solved an even number to the tune of 4 x 1014  (Plus  

Magazine, n.d.). Terence Tao had a crack at proving Goldbach’s conjecture in 1996 
(Curiosity, 2017).  

An even number can be expressed in the form 2n-1 where n  >  1. An odd number 
on the other hand, can be expressed in the form 2n-1 -1. We can also derive even 
numbers from the expression (-2)n  where n is an even integer. Where n is odd, the 
expression (-2)n  becomes a negative number and not applicable to this discussion.  

 
We recognize what the famous English mathematician and physicist, Isaac 

Newton, said many years ago that if he had seen further than other men, it was because 
he had been standing on the shoulders of titans. We are also aware of what Archimedes 

© 2020 Global Journals
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Notes

We think that we would restate the Goldbach conjecture problem that every 
even number is, at least, a composite sum of, at least, two prime numbers. However, be 
that as it may, we will use a few examples to examine the problem in some detail, to 
bring clarity to the issue, and to show that sampling is the way to go in dealing with 
such an intractable, elusive, and humungous problem. 

In the past several mathematicians have made many propositions towards the 

solution of Goldbach’s conjecture. We make the submission and observation that the 
mathematical complexity of the solutions which these mathematicians have contributed 
are beyond the bounds of this paper, hence we shall not discuss them. We rather 
propose a fundamental arithmetic approach that is a novelty and also basic. Some of 

the great mathematicians who have made attempts to solve Goldbach’s conjecture 
include Wang (1984), Richstein (2001), Wu (2007), Chen (1995), Ramare (1995), 
Marshall (2017), Helfgott (2013), Hardy-Littlewood (1966), Zhou (2019), Melfi (1996) 
and Vinogradov (n.d.). We have admired the presentations of Wu and Ramare 
considerably, though we submit that their presentations are extremely intricate and 
hard for us to follow through the formidable mathematical arguments. We have 
included in the references many claims to the solution of the problem for the 
convenience of those who will be interested in looking at hard mathematical arguments. 



said when he figured out how to catch the thieving goldsmith who had stolen part of 
gold that was given to him by his king to make a crown. Archimedes ran naked from 

his bath to the town square shouting, ‘Eureka!’ meaning, ‘I have found out’. Finally, 
we are told an anecdote that Einstein said if you cannot explain a complex concept to a 
five year old, then you do not understand it yourself.  

III. Methodology 

A paper of this nature does not require primary or field research. Therefore, the 
approach we have chosen here is by secondary research or desk analysis, logical 
reasoning, and both deductive and inductive methods of validating results through the 
use of basic arguments.  

IV. Findings and Analysis 

For purposes of building arguments from the ground up, using an exploratory 
method, let us take the even number 32, and find its twin conjugates. When we split 32 
into two, we obtain 16 + 16.  

Table 1:  Sample 1 Even number 32  

 

 

 

 

 

 

 

 

 

 

 

We can see that the even number 32 has three sets of twin prime conjugates, one 
of which is trivial (31+1). These pairs are (19, 13) (29, 3) and (31, 1). The set of prime 
sets for a small number such as 32 proves that every even number has pairs of twin 
prime conjugates. We see arithmetic series patterns emerging from these three pairs, 

namely, 1, 31, 61, 91, 121, 151 …….., whereby we find out that 91 and 121 are not 
prime numbers. The general term is 30n-29. We also see the pattern 3, 13, 23, 33, 

43……., of
 
the general form 10n-7. We see another series as 19, 29, 39, 49, 59, …….., 

with the general form 10n+9. Some of these patterns have the common difference 
between them as 10 and 30, respectively. 

 

We line up the terms generated so far as 30n-29, 10n-7, and 10n+9.  
We can also take, for example, the number 64, that is an even and composite 

number that is 26. We can start our method by dividing 64 by 2 that, is 32 + 32. We 
line up 32 in two columns, and subtract 1 from one column, and add 1 to the other 
column, thus 
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N+1 N-1
17 15
18 14

20 12
21 11
22 10
23 9
24 8
25 7
26 6
27 5
28 4

30 2

32 0

Notes

19 13

29 3

31 1

Splitting Goldbach’s Twin Prime Conjecture A  sunder for Even Numbers



Table 2:  Sample 2 Even number 64  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Source: Author) 

 

We group the highlighted twin prime conjugate pairs as 

 

(41, 23), (47, 17), (53, 11), (59, 5) and (61, 3)

 

We see a pattern of a difference of 6 emerging from 41, 47,

 

53, and 59 on the one 
hand, and 5, 11, 17, and 23 on the other hand, giving us the arithmetic series of the 
form 6n-1, and 6n+1, respectively. The composite sums that are not highlighted can be 
seen as trivial cases, because they can further be factorized

 

into prime factors. The 
example of the even number, 64, shows us that it has five pairs or sets of additive or 
conjugate composite prime numbers, which when rearranged, form patterns of the 
general form 6n+1, and 6n-1 that can be used to generate twin primes.

 
 
 
 
 
 
 

© 2020 Global Journals
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N+1 N -1

33 31

34 30

35 29

36 28

37 27

38 26

39 25

40 24

42 22

43 21

44 20

45 19

46 18

48 16

49 15

50 14

51 13

52 12

54 10

55 9

56 8

57 7

58 6

60 4

62 2

63 1

64 0

Notes

41 23

47 17

53 11

59 5

61 3

Splitting Goldbach’s Twin Prime Conjecture A  sunder for Even Numbers



Table 3:  Sample 3 Even number 144 (abridged)  

 

 

 

 

 

 

 

 

(Source: Author) 

 

From Table 3 above, we can see that the even number 144 has eleven pairs of 
twin prime conjugates. We can see that the larger the even number, the greater the 
number of twin prime conjugates that we can derive. The evidence from this analysis is 
that, so far as even numbers are infinite, so far will twin prime conjugate numbers and 
twin prime numbers be found (proof by fractal geometry, self-similarity, set theory, and 
by induction). From Table 3 above, we see arithmetic series patterns emerge as (7, 37, 

67, 97, 127……..) (11, 41, 71, 101, 131…..) and (13, 43, 73, 103,……….) of the general 
forms 30n-23, 30n-19 and 30n-17, respectively (cf. Sakyi, 2020a)

 

 

 

Table 4a:

 

Twin Prime numbers below 4096
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N+1 N-1

73 71

83 61

97 47

101 43

103 41

113 31

127 17

131 13

137 7

139 5

143 1

, 

, 

Notes

3, 5 7, 11, 17, 19, 29, 31, 41, 43, 59, 61, 71, 73,  101, 103, 107, 109, 137, 139, 149, 151, 

179, 181, 191, 193, 197, 199, 227, 229, 239, 241, 269, 271, 281, 283, 311, 313, 347, 349

419, 421, 431, 433, 461, 463, 521, 523, 569, 571, 599, 601, 617, 619, 641, 643, 659, 661,  

821, 823, 827, 829, 857, 859, 881, 883, 1019, 1021, 1031, 1033, 1049, 1051, 1061, 1063, 

1091, 1093, 1151, 1153, 1277, 1279, 1289, 1291, 1301, 1303, 1319, 1321, 1427, 1429, 1451, 

1453, 1481, 1483, 1487, 1489,  1607, 1609, 1619, 1621, 1667, 1669, 1697, 1699, 1721, 1723

1787, 1789, 1871, 1873, 1877, 1879, 1931, 1933, 1949, 1951, 1997, 1999, 2027, 2029, 2081, 

2083, 2087, 2089, 2111, 2113, 2129, 2131, 2141, 2143, 2237, 2239, 2267, 2269, 2309, 2311, 

2339, 2341, 2381, 2383, 2549, 2551, 2591, 2593, 2657, 2659, 2687, 2689, 2711, 2713, 2729, 

2731, 2789, 2791, 2801, 2803, 2969, 2971, 2999, 3001, 3119, 3121, 3167, 3169, 3251, 3253, 

3257, 3259, 3299, 3301, 3329, 3331, 3359, 3361, 3371, 3373, 3389, 3391, 3461, 3463, 3467, 

3469, 3527, 3529, 3539, 3541, 3557, 3559, 3581, 3583, 3671, 3673, 3767, 3769, 3821, 3823,

3851, 3853, 3917, 3919, 3929, 3931, 4001, 4003, 4019, 4021, 4049, 4051, 4091, 4093.

Splitting Goldbach’s Twin Prime Conjecture A  sunder for Even Numbers

We can extend the same analysis to a higher even number, such as 4096, that is 
212. We divide 4096 into two and, add 1 continuously to one half of it till it reaches 
2048 (half of 4096), and continuously subtract 1 from the other half until it reaches 
zero. The two lists should be scanned for prime numbers below 2048 on the one hand, 
and those from 2048 up to 4096 on the other hand. In effect we list all prime numbers 
below 4096, and then find their conjugates by subtracting each of these prime numbers 
from 4096, and checking whether the resultant is composite or prime. Table 4a below is 
a list of all twin prime numbers below the even number 4096, while Table 4b is a list of 
all the prime numbers below the even number 4096. 



Table 4b: Listing of prime numbers below the even number 4096 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Source: factors-of.com) 

 

We found five hundred and sixty eight (568) prime numbers below the number 
4096 out of which 210 were twin prime numbers (36.9 %). We have highlighted the 
twin prime numbers in yellow in Table 4a above. This confirms that prime numbers 
and twin primes are everywhere dense in number space. 
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2, 3, 5, 7, 11, 13, 

, 

197, 199, 211, 223, 227, 229, 233, 239, 241, 251, 257, 263, 269, 271, 277, 281, 283, 293, 

883, 887, 907, 911, 919, 929, 937, 941, 947, 953, 967, 971, 977, 983, 991, 997, 1009, 1013,

1109, 1117, 1123, 1129, 1151, 1153, 1163, 1171, 1181, 1187, 1193, 1201, 1213, 1217, 1223, 

1229, 1231, 1237, 1249, 1259, 1277, 1279, 1283, 1289, 1291, 1297, 1301, 1303, 1307, 1319, 

1321, 1327, 1361, 1367, 1373, 1381, 1399, 1409, 1423, 1427, 1429, 1433, 1439, 1447, 1451, 

1453, 1459, 1471, 1481, 1483, 1487, 1489, 1493, 1499, 1511, 1523, 1531, 1543, 1549, 1553, 

1559, 1567, 1571, 1579, 1583, 1597, 1601, 1607, 1609, 1613, 1619, 1621, 1627, 1637, 1657, 

1663, 1667, 1669, 1693, 1697, 1699, 1709, 1721, 1723, 1733, 1741, 1747, 1753, 1759, 1777, 

1783, 1787, 1789, 1801, 1811, 1823, 1831, 1847, 1861, 1867, 1871, 1873, 1877, 1879, 1889, 

1901, 1907, 1913, 1931, 1933, 1949, 1951, 1973, 1979, 1987, 1993, 1997, 1999, 2003, 2011, 

2371, 2377, 2381, 2383, 2389, 2393, 2399, 2411, 2417, 2423, 2437, 2441, 2447, 2459, 2467, 

2473, 2477, 2503, 2521, 2531, 2539, 2543, 2549, 2551, 2557, 2579, 2591, 2593, 2609, 2617, 

2621, 2633, 2647, 2657, 2659, 2663, 2671, 2677, 2683, 2687, 2689, 2693, 2699, 2707, 2711, 

2713, 2719, 2729, 2731, 2741, 2749, 2753, 2767, 2777, 2789, 2791, 2797, 2801, 2803, 2819, 

2833, 2837, 2843, 2851, 2857, 2861, 2879, 2887, 2897, 2903, 2909, 2917, 2927, 2939, 2953, 

2957, 2963, 2969, 2971, 2999, 3001, 3011, 3019, 3023, 3037, 3041, 3049, 3061, 3067, 3079, 

3083, 3089, 3109, 3119, 3121, 3137, 3163, 3167, 3169, 3181, 3187, 3191, 3203, 3209, 3217, 

3221, 3229, 3251, 3253, 3257, 3259, 3271, 3299, 3301, 3307, 3313, 3319, 3323, 3329, 3331,

3343, 3347, 3359, 3361, 3371, 3373, 3389, 3391, 3407, 3413, 3433, 3449, 3457, 3461, 3463,

3467, 3469, 3491, 3499, 3511, 3517, 3527, 3529, 3533, 3539, 3541, 3547, 3557, 3559, 3571, 

3581, 3583, 3593, 3607, 3613, 3617, 3623, 3631, 3637, 3643, 3659, 3671, 3673, 3677, 3691, 

3697, 3701, 3709, 3719, 3727, 3733, 3739, 3761, 3767, 3769, 3779, 3793, 3797, 3803, 3821, 

3823, 3833, 3847, 3851, 3853, 3863, 3877, 3881, 3889, 3907, 3911, 3917, 3919, 3923, 3929, 

3931, 3943, 3947, 3967, 3989, 4001, 4003, 4007, 4013, 4019, 4021, 4027, 4049, 4051, 4057, 

4073, 4079, 4091, 4093.

17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61, 67, 71, 73, 79, 83, 89, 97, 101, 

103, 107, 109, 113, 127, 131, 137, 139, 149, 151, 157, 163, 167, 173, 179, 181, 191, 193

307, 311, 313, 317, 331, 337, 347, 349, 353, 359, 367, 373, 379, 383, 389, 397, 401, 409, 

419, 421, 431, 433, 439, 443, 449, 457, 461, 463, 467, 479, 487, 491, 499, 503, 509, 521, 

523, 541, 547, 557, 563, 569, 571, 577, 587, 593, 599, 601, 607, 613, 617, 619, 631, 641, 

643, 647, 653, 659, 661, 673, 677, 683, 691, 701, 709, 719, 727, 733, 739, 743, 751, 757, 

761, 769, 773, 787, 797, 809, 811, 821, 823, 827, 829, 839, 853, 857, 859, 863, 877, 881, 

1019, 1021, 1031, 1033, 1039, 1049, 1051, 1061, 1063, 1069, 1087, 1091, 1093, 1097, 1103, 

2017, 2027, 2029, 2039, 2053, 2063, 2069, 2081, 2083, 2087, 2089, 2099, 2111, 2113, 2129, 

2131, 2137, 2141, 2143, 2153, 2161, 2179, 2203, 2207, 2213, 2221, 2237, 2239, 2243, 2251, 

2267, 2269, 2273, 2281, 2287, 2293, 2297, 2309, 2311, 2333, 2339, 2341, 2347, 2351, 2357, 

Notes

Splitting Goldbach’s Twin Prime Conjecture A  sunder for Even Numbers



Table 5: Sample of Twin Prime Conjugates of the even number 4096 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

We take note from Table 5 above that majority of the twin prime conjugates of 
the number 4096 mostly end with the digits 3, 7, and 9 as discussed earlier. We also 
look at the lower numbers from Table 5 from the bottom upwards, and discern patterns 

of the series 17, 47, 77, ………., with the general form, 30n-13; then the series 23,53, 

83,…….., with the general form, 30n-17; then the series 29, 59, 89,……..with the 
general form, 30n-1. 

V.
 

Proof
 

We can prove the Goldbach conjecture in the sense that, given any even number, 
to find its twin prime conjugates, we can recommend the following steps 

 

1.
 

List down all the prime numbers below that even number 
 

2.
 

After listing down all the prime numbers below it, eliminate all primes ending with 
certain digits according to the ending digit of the even number chosen, for even 
number ending with 0, maintain all the prime numbers generated from the list 
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2729 1367

2309 1787
2657 1439

2027 2069
1997 2099
1889 2207
1823 2273
1787 2309
1697 2399
1637 2459
1619 2477
1553 2543
1487 2609
1439 2657

1433 2663
1409 2687
4093 3
4091 5
4079 17

4073 23
4049 47
4013 83

4007 89

4049 47
3929 167
3917 179
3853 241
3539 557
3527 569
3299 797
3119 977

2999 1097

2789 1307

Notes

Splitting Goldbach’s Twin Prime Conjecture A  sunder for Even Numbers



3.  For an even number that ends with the digit two, eliminate all listed prime numbers 
that end with seven, because seven subtracted from twelve is five, that gives us a 
non-prime number  

4.
 

For an even number that ends with the digit four, eliminate all primes that end with 
nine, because 9 taken from 14 leave us with five, like it applies to number three 
above  

5.
 

For an even number that ends with six, eliminate all primes that end with one, 
because one from six gives us five 

 

6.
 

For an even number that ends with eight, eliminate all primes that end with three 
because three from eight leave us with five 

 

7.

 
Examine for patterns of arithmetic series in the numbers so generated of the twin 
conjugates  

8.

 
Use the general arithmetic series of terms generated to produce twin prime numbers 
that are greater than the even number you chose to work on 

 

9.

 

Add one to all the numbers produced from those terms to obtain even numbers 
greater than the one you worked on. For example, for the terms 30n-1, 30n+1, 30n-
13, 30n-17, 30n-19, 30n-29, 30n-23, 10n-7, 10n+9, 6n+1, and 6n-1 we can generate 
twin primes to infinity, as we derived these terms from the common patterns among 
all twin prime numbers (Sakyi, 2020). These general terms appear when we analyse 
any even number by listing all prime numbers below it, and we can use the sieve we 
have prescribed here above to reduce the list of prime numbers with which to deal 

 

10.

 

These general terms can generate twin primes to infinity. That, being the case, for 
any twin numbers that we generate, we can add 1 to each of them to obtain an even 
number, because twin primes always end with the digits 1, 3, 7, and 9. Therefore, 
there is an infinitude of twin primes, and also an infinitude of even numbers (Sakyi, 
2020).  

11.

 

The probability of choosing an even number is 50 percent (0.5) and an odd number 
is also 50 percent (0.5).  

12.

 

The probability of choosing a prime number is 36.8 percent (see above) 

 

13.

 

The probability of choosing a twin prime number is 3.49 percent (Sakyi, 2020) 

 

14.

 

Finally, so far as we can generate an infinite series of twin primes from the terms we 
have produced herewith, so also can we state categorically that all even numbers 
have at least two prime conjugates. The larger the even number, the greater the 
number of twin prime conjugates that are there. Statistically speaking, from the 
samples referred to here, it is self-evident from the statistical point of view that 
what applies to small samples in number theory also apply to the infinitude of 
numbers. From our discussion so far, we have seen even numbers such as 32, 64, 
144, and 4096 as numbers that already have sets of twin prime conjugates. We also 
submit that this elemental question can be solved in a common sense manner, which 
we have demonstrated here beyond all reasonable doubt. The Goldbach Conjecture 
can therefore be put to rest after 275 years. Table 6 below shows the distribution of 
twin prime conjugates for our convenient sample of seven chosen even numbers, 
namely 8, 16, 32, 64, 128, 144, and 4096. The evidence we adduce here is that as we 
choose higher even numbers, we observe that the number of twin prime conjugates 
rise exponentially to infinity by extrapolation. 

 
 

 

 

© 2020 Global Journals

     

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
  
Is
s u

e 
  
  
  
er

sio
n 

I
V

III
Y
ea

r
20

20

14

  
 

( F
)

Notes

Splitting Goldbach’s Twin Prime Conjecture A  sunder for Even Numbers



Table 6: Frequency of twin prime conjugates in a sample of even numbers 

 

 

 

 

 

 

 

VI. Discussion 

We are informed by sampling in statistics that to know the characteristics of a 
large population, we can choose a random sample, convenient sample, stratified sample, 
or any type of sampling method which is justified by the circumstance and purpose 
intended (Saunders et al., 2016; Bryman & Bell, 2015; Spiegel, 1974). We have here 
demonstrated that we do not have to break all the millions of eggs in a shopping mall 
to prove that the eggs which are being sold have salmonella or Corona virus (COVID-
19). We can use a scientifically-selected sample size to analyse in order to predict, 
through sample statistics, the true population parameters or characteristics in an 
efficient and effective manner (Yamane, 1970; Spiegel, 1975; Kwak, 2017) 

We found out that every even number has many prime numbers below it, and in 
fact, a few steps down from the even number lurk twin primes. Besides that, we made 
the following observations or discoveries.  
1. If an even number ends with the digit two, we list all prime numbers below it and 

eliminate those that end with the digit seven, because seven subtracted from an 
even number that ends with two will always result in a number with five at the end, 
which is a composite number that can further, be factorized. Therefore, the prime 
numbers below it, that end with one, three, and nine are to be considered as twin 
prime conjugates for the even number under consideration. This applies to all even 
numbers to infinity  

2. If an even number ends with the digit four, then consider all prime numbers that 
end with the digits one, three, and seven as prime candidates of prime conjugates of 
that even number. All prime numbers below it that end with the digit nine are to be 
eliminated because nine taken away from fourteen leave us with the number five at 
the end. It is the same as even numbers that end with the digit two discussed above. 
This also applies to all even numbers up to infinity  

3. An even number minus an even number results in another even number. However, 
an even number minus an odd number can either give you an odd prime number or 

an odd composite number. For example, 36 - 17 = 19, 72 – 29 = 43, and 74 – 29 = 
45. So, in our discussion, we have to eliminate all odd numbers which are composite 
by concentrating on odd prime numbers whose subset is the set of twin primes.  

4. If an even number ends with the digit six, then prime numbers below it that end 
with one should be eliminated because six minus one leave us with five. Therefore, 
we have to consider only all prime numbers below that even number that end with 
digits three, seven, and nine.  

5. If an even number ends with the digit eight, then consider eliminating prime 
numbers below it which end with the digit three because eight minus three leave us 
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32 3
64 5

128 4
144 10
4096 33

Number

Frequency of 

twin prime 

conjugates
8 1
16 2
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Splitting Goldbach’s Twin Prime Conjecture A  sunder for Even Numbers



with five. Therefore, prime numbers that end with the digits one, seven, and nine 
are candidates for prime conjugates of that even number under consideration  

6.  However, if an even number ends with the digit zero, then all prime numbers below 
it that end with digits one, three, seven, and nine are all prime number conjugates. 
This shows us that zero is a neutral digit and operator, above all the other  digits  

We further our discussion of prime conjugates of even numbers with more examples.  
Table 7a below shows the frequency of prime conjugates found in the even 

numbers 12, 24, 48, 96, 192, and 384. We can see that each preceding number is twice 
the next  number. We can clearly see the trend of prime conjugates as the numbers get 
bigger. The frequency shows a steady upward trend at first followed by an exponential 
growth later. The frequency intervals are 2, 2, 2, 4, and 9. Cumulatively, this shows an 
exponential growing curve. Table 7b shows the occurrence of twin conjugates in the 
even numbers 12, 24, 48, 96, 192, and 384.  

Table 7a:  Sample even numbers frequency  

Even Number  
Frequency of Twin 
Prime Conjugates 
below even number  

12  1  
24  3  
48  5  
96  7  

192  11  
384  20  

Table 7b:  Sample even numbers distribution of twin conjugates  

Even Number  
Distribution of Twin 

Prime Conjugates below 
even number  

12  (5, 7)  
24  (5,19) (11, 13) (7, 17)  
48  (19, 29) (5, 43), (7, 41) 

(11, 37) (17, 31)  
96  (7, 89) (13, 83) (17, 79) 

(23, 73) (29, 67) (37, 59) 
(43, 53)  

192  (29, 163) (11, 181) (19, 
173) (13, 179) (53, 
139)(61, 131)(43, 
149)(41, 151) (89, 
103)(83, 109)(79,113)  

384  (5, 379)(11, 373) (17, 
367) (31, 353)(37, 347) 
(47, 337)(53, 331)(67, 
317)(71, 313)(73, 311) 
(101, 283)(103, 281)(107, 
277)(113, 271)(127, 
257)(133,251)(151, 
233)(157, 227)(173, 
211)(191,193)  
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VII. Flowchart Towards Solution of Goldbach’s Twin Prime Conjecture 

1. We assume an even number, V  
2. We eliminate all even numbers that end with digits 0, 2, 4, 6, and 8, and that are 

less than V, because an even number minus an even number produces another even 
number.  

3. With the remaining odd numbers, we go to the list of prime numbers that are less 
than V by eliminating all odd numbers that are composite or divisible or are 
squares. For example, the number 1681 has root 41, and 2401 has root 49.  

4. Depending on the last digit of V, we do the following. We let V0, V2, V4, V6, and V8 
represent even numbers that end with the digits 0, 2, 4, 6, and 8 respectively. For 
all even numbers that end with zero, V0, we maintain all prime conjugates that we 
listed as R + p = V. For all even numbers that end with 2, V2, we eliminate all R 
values that end with 7, because 12 minus 7 will give a number that ends with a digit 
5. For all even numbers that end with 4, V4, we eliminate all R values that end with 
9. For all V6, we eliminate all numbers that end with the digit 1. For all V8, we 
eliminate all listed values of R which end with the digit 3.  

5. From step 4, we subtract remaining prime numbers, p from V, and let (V-p) be 
equal to R.  
V-p = R. Therefore R + p = V (a constant, K)  

6. We check all results for the expression R + p =V to ensure that we only remain 
with results where both R and p are prime conjugates that add up to V. To check 
all Rs, we apply divisibility rules for 3 and 7, and check that R is neither a square 
nor a composite number that can further be factorized  

7. We list out all R + p that are prime conjugates, and look out for patterns of 
arithmetic series by observing the numbers vertically and horizontally for patterns 
in order to generate infinite series of twin primes of the general forms 6n-1, 6n+1, 
30n-23, 30n-17, 30n-19, 30n-29, 10n-7, and 10n+9, among others (Sakyi, 2020) that 
are greater than V 

8. We use our series derived from the arithmetic series to generate twin prime numbers 
that are greater than V by adding 1 to the terms we obtained in order to obtain 
even numbers greater than V 

9. Having gone through this cycle to generate higher even numbers, we go back in a 
loop to the starting point in step 1 above to repeat the whole process 

We have proved by the above flowchart and analysis of samples of even numbers 
that every even number is made up of two twin prime conjugates, a mathematical poser 
which was first put forward by Christian Goldbach in 1742 in a letter to his fellow 
celebrated German mathematician, Leonhard Euler (Curiosity, 2017)  

VIII. Applications of Twin Prime Conjugates 

While twin prime numbers have constant distance of two between them, twin 
prime conjugates have variable distances between them due to discrete accretion or 
discrete increment. All twin prime conjugates of a particular even number have a 
constant sum or total while twin prime numbers have a constant difference between 
them, but not their total. We can apply many uses and applications to the twin prime 

conjugates of even numbers that were referred to in Goldbach’s conjecture.  

According to Merriam-Webster’s Dictionary (4th ed.) a dyad is a pair or two 
items that occur simultaneously and are regarded as one unit, always conjoined like 
Siamese twins. Dyads occur in governance as diarchy or governance by two rulers as we 
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have in Libya or in some unstable countries in Africa such as South Sudan, where we 
have government in exile, and de facto government in power on the ground. In biology, 
Webster dictionary states that we can refer to the division of a tetrad in meiosis into a 
double chromosome as a dyad or as prime conjugates.  

In sociology, we can refer to a social relationship as a dyad or a twin prime 
conjugate, and we can code the partners with twin prime conjugate numbers. In 
mathematics, we have binary number system based on two digits of zeros and ones, 
which is used in electrical alternating currents as well as in computer science as signals 
of zeros and ones for calculations, data processing, sending messages, storing 
information as electrical impulses, and in Boolean algebra matrices and calculations.  

Furthermore we can apply the bi-numerals for coding pairs of human organs 
such as the eyes, ears, lungs, ovaries, brain lobes, testicles, vagina lobes, pair of limbs, 
kidneys, the buttocks, and the breasts, among others. All these organs that come in 
pairs need coding and we can code them by using prime number conjugates when doing 
surgery or recommending treatment and therapy. We can have many applications in 
optometry, ophthalmology, psychology, pharmacology, optics and waves in physics, 
musical chords and scales in music, use of transistors and chips in electronics, in 
cadastral mapping we can employ prime conjugates in triangulation, and taking 
cadastral readings and coordinates as prime conjugates. We can use them in random 
statistical selection of items to include in a survey; we can apply prime dyads in seed 
multiplication, in chromatography in differentiating colour hues in the spectrum; we can 
apply in molecular biology and physics; in nanotechnology; and in virology in naming 
viruses such as SARS, MERS, CORONA virus, and Ebola strains, among many other 
applications. We can apply prime conjugates to the study of astronomy where binary 
stars can be named by prime conjugates. For example, according to Webster, binary 
stars that occur in certain constellations are  

Table 8:  Binary stars and their constellations (adapted from Webster Dictionary)   

Binary star  Constellation  
Aldebaran  Taurus  
Adhara  Canis Major  
Spica  Virgo  
Rigel  Orion  
Procyon  Canis Minor  
Capella  Auriga  
Acrux  Crux  
Sirius  Canis Major  
Canopus  Carina  

IX.
 

Conclusion
  

We consider the proof of Goldbach’s Conjecture a corollary of the Twin Prime 
Conjecture, in that we observed that you cannot deal with one and leave out the other. 
They are like conjoined Siamese twins. Our earlier paper on the Twin Prime Conjecture 
is therefore germane to have a look at it (Sakyi, 2020). We finally conclude that all 
even numbers end with the digits 0, 2, 4, 6, and 8 and that every even number apart 
from two, has at least two prime conjugates which form arithmetic series that can be 
used to generate twin primes that are higher than a chosen even number. When we add 
one to the twin primes that we have generated, we derive higher even numbers. Since in 
an earlier paper we proved twin prime numbers to be infinite, by the same argument, 
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we stand by our earlier assertion that twin primes, twin prime conjugates, and in fact 
the natural numbers are all infinite (Sakyi, 2020) We also made the discovery that the 
bigger an even number that we analyze for twin prime conjugates, the higher the 
amount of twin prime conjugates that we find. 
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theory was called subsequently name naive set theory. In the indicated in the bibliography 
monograph daN the thorough analysis of set theory. In its time  set theory  it underwent rigid 
criticism from the side  the well-known mathematicians:  Henri Poincare, Luitzen Weyl and 
Herman Weyl and even associate of Cantor Richard  Dedikind  . They asserted that to Cantor all 
put outting themselves of mathematics, considered urgent infinity not scientific concept and this 
was error. Scientific disputes apropos of naive set theory  it does not cease up to now.  In the 
article possible inaccuracies and even errors in the theory of Cantor's varieties are examined. 
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Abstract-
 
Theory of sets (varieties)  this  one of the divisions of mathematics. In it they are studied  the general properties  

sets are determined properties and characteristics, that possess what that  general by property.  Georg Cantor is 
considered the father of theory rightfully, which helped Richard Dedikind. The author of theory proposed the new 
concept of understanding nature of infinity, but the substantiation of theory itself is not entirely correct, which gave birth 
to logical contradictions both in theory itself and in those following, on its osnove.

 
Iznachalnaya form of theory was 

called subsequently name naive set theory. In the indicated in the bibliography monograph daN the thorough analysis of 
set theory. In its time 

 
set theory  it underwent rigid criticism from the side  the well-known mathematicians:  Henri 

Poincare, Luitzen Weyl and Herman Weyl
 

and even associate of Cantor
 

Richard  Dedikind  . They asserted that to 
Cantor all put outting themselves of mathematics, considered urgent infinity not scientific concept and this was error. 
Scientific disputes apropos of naive set theory  it does not cease up to now.  In the article possible inaccuracies and 
even errors in the theory of Cantor's varieties are examined.

 Keywords:
 
set, power, interval, length.

 
I.

 
Introduction

 
Cantor, after continuing the transactions of Riemann in the works on the theory 

of trigonometric series, understood, that one should be determined with points and 
many afore-mentioned, with sizes and quantity. After interesting in power and their 
comparisons, in 1873 the year Cantor reveals the denumerability of the sets of rational 
numbers, but cannot solve a question about the equal power of integers. The first 
results, obtained by Cantor, were accepted favorably by Dedikind and Weierstrass  and 
in the period 1879-1884 of year were published six articles in  Mathematische

 
Annalen. 

 Foggily formulated concept set in the naive theory, that was being rested only
 
on 

the sign of
 
the collection of all objects according to any properties, it provoked to the 

detection of a series of contradictions, namely paradox To Burali-Forti,  the discrepancy 
of universe,  Russell's paradox,  the paradox of Richard,  Berry's paradox, the 
Grellinga-Nelson paradox. The attempts to solve privately these paradoxes led to the 
creation of new direction in mathematics-of intuitionism and formalization of set theory 
by means of the selection of axioms. On this worked as Zermelo,  Gilbert,  Bernays,  
Hausdorff,  Brouwer,  Poincare,  Lebesgue,  Borel,  by Weyl. Nevertheless, the general 
principle of permission contradictions (fundamental errors in the basis of theory) so 
they did not find.

 
II. General Concepts 

This is set mathematical object , most being been collection, totality, meeting of 
any objects, which are called elements of this set and possess general for all their 
characteristic property. 
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Point-  this is the abstract object, which does not have the measuring characteristics: 
neither  height nor length nor radius.  

Line is  area and volume are divided to the points, but they do not individually 
have the identical properties (characteristics).  

Therefore the determination of set relates only to the inverse sets.  

Reversed set is - this set,  the sum of elements of which is equal to the base of set.  

Not reversed (associated) set is - this set, the sum of elements of which is not 
equal to the base of set.  

For example, section (base of set), divided in the infinitely small sections 
(elements of  set). All sections have one property- length. Set is reversed. The points are 
located between the sections, they in this case are the boundaries between the sections. 
And it is possible to define the set of these points as the sum of end-points, but this 
sum does not have a property of length, i.e., set is not reversed relative to section.  

That is the base of set, which can be divided to the elements of set.  

Base can be finite and infinite, fixed and not fixed.  

For example, the set of integers infinite value, many infinitely small sections in 
the sum of those giving the section of finite quantity, certainly (length of base it is 
final).  

Simple set is this set, which they consist of the uniform elements (elements with 
the identical characteristics).  

Complex  set consists of certain quantity of simple.  

It does not change during division and multiplication of infinite set (set with an 
infinite quantity of elements) by the finite number, the cardinal number of set, and also 
it does not change, if we add a final quantity of elements or to take away.  

Variety (Cantor) synonym is set (conventional).  

The cardinal number of set this is value (order) of infinity.  

Finite sets, i.e., calculating possess the zero power (value of infinity).  

Many one order (power) these are those sets, which are more either less into a 
final quantity of times or less or more to the finite quantity and with the division  for 
each other result will be the finite number.  

Identical power, these are those power, with division of which into each other, 
result one on the module.  

Those sets, which less or more into an infinite quantity of times are the sets of 
different value.  

But if power are more or less to the infinite value, then for determining the 
relationship of the amounts of power additional mathematical operations require.  

Addition, what or finite numbers as both subtraction and multiplication by the 
finite numbers do not change the order of finite sets, with exception of multiplication by 
zero.  

Division on any the finite number except zero does not change the order of finite set.  

The same is correct for the sets of other power.  

The indeterminate sets these are those sets, in which it cannot be determined  
power,  in particular because of the absence of properties,  according to which it is 
possible to determine power.  

Without the comparison of the elements of a set and their quantity it cannot be 
compared and power.  

Infinitesimal quanitiies are positive and are negative - this of value, the value 
(module) of one of the parameters  which the aim is zero.  

© 2020 Global Journals
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Simple sets this of the sets, in which all elements are characterized by the 
identical properties (identical property). 
Complex sets this of set, that consist of their several simple sets. 

III. Procedures of Determination and Comparison of the Cardinal Numbers 

(Quantity of Elements) of the Sets 

For the fact that to determine and to compare a quantity of elements of different 
sets, is required to determine the order of tendency toward infinity through the 
formulas,  expressed algebraically.

 

Interval widely adapts, i.e., the fixed value of anything and can be used both the 
basis and as element of set.

 

For example, it is necessary to compare the set of integers and fractional. Both 
and other set can be represented as the sum of intervals. We take the interval between 
zero and one (0,1) - in that case interval and the base of subset, and element of set. A 
quantity of integers is equal to two, a quantity of fractional of infinity. Hence it follows 
that the cardinal number of the set of the fractions is more than of integers.

 

Interval it is possible to use and as an element. For example,
 
how are compared 

two sections? Lengthwise measure (standard) and to a quantity of measures in the 
section. The simplest version this when the length of measure one for both compared 
sections and then it is compared with respect to a quantity and if a quantity is equal, 
then the lengths of sections are identical. However, in the cases when standard different 
are compared the works of the lengths of standards to a quantity.

 

This procedure is applicable for those cases, when the lengths of sections by 
means of the comparison of the cardinal numbers of the set of points of those belonging 

to the specific sections compare. It is taken the interval (linear interval) ( , )a b of 

infinitely small length (standard) and sections are divided into this interval.
 

( ) / ( , )M L L a b= ,
 

where ( )M L a quantity of points in the section L
 
, length of which ( , )a b interval.

 

Then a quantity of sections is compared and the conclusion about equality or 
inequality is done from this.

 

Sizes are compared with respect to two parameters - lengthwise of interval and 
quantity of intervals themselves, mentally applied to the measured objects, 
correspondingly, size this to the work of interval to the quantity

 

( , ) ( )L a b M L= × , 

where L the length of section,  ( )M L a quantity of points on  section ( , )a b interval.
 

With the comparison of identical sections, are obtained the identical sets of 
points (associating of set). With the comparison of the sections, whose length is more or 
less into a final quantity of times of the cardinal number of the sets of points of one 
order.

 

IV.
 

Comparison
 
of

 
the Cardinal Number

 
of

 
the Sets

 
of

 
the Elements

 
of

 
the

 

Components
 
the Space

 

Let us take the elements of the space: point, line, plane, volume.
 

It follows from that state aboved that a quantity of points on the line is infinite,  
nevertheless, there is a formula,  making it possible to determine the relativity of power 
in the cases not of arbitrary taking for the basis of a quantity of points. So it follows 
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that the cardinal number of the sets in the section of one order for the sections of finite 
length.  

Plane can be represented as the set of infinitely small areas, which are divided by 
lines. In that case the set of the lines, which divide plane  into the set of elements of set, 
it will also be irreversible (associating). Each line consists of the infinite set accordingly, 
plane consists so of an infinite quantity of points,  but the cardinal number of this 
irreversible set is more than the cardinal number of the set on the line.  

Volume is divided by planes to an infinite quantity infinite small volumes,  
respectively in such cases:  
1.  Many planes are not reversed (associating).  
2.  The point set in the final volume possesses larger power than the point set on the 

final plane and in the final section.  
3.  The cardinal number of the set of lines in the final volume is more than on the final 

plane.  

V.  Cantor's  Errors  

Main error of Cantor, which involved certain quantity of insoluble paradoxes - 
this taking for the  basis of an arbitrary quantity of points. Because an arbitrary 
quantity is this uncertainty.  

“As it will be shown in our study, the elements of n- multiple of that extended  
continuous variety it will be possible to unambiguously and fully determine even with 

the aid of the one- only real continuous coordinate t”. (end of quotation, p. 24)  [1].  

The main thing was be defined, what to compare as to compare and for which 
this to make.  

For guaranteeing the continuity to not logically use the arbitrary sizes of 
elements of set this leads to the uncertainties and because of this to the insoluble 
paradoxes. 

We will use the procedure of checking results in mathematics. i.e., let us conduct 
operations with the reverse actions. That to obtain, for example the infinite set from 
the line it is necessary to divide line from some parameter after obtaining the element of 
set, which they will be the infinitesimal quanitiy (there are no different versions). For 
the checking should be multiplied or added the elements of set,

 
in addition from the 

specific parameter. In our case the infinite sum of the elements of infinitesimal quanitiy. 
If the orders of infinity of sum and elements are not determined, then as a result is 
obtained uncertainty, which contradicts the finite quantity of the length of section.

 

In the dry residue it is it turns out that necessary two parameters - the specific 
values of infinity of sum and elements,  and not one,  as the author asserts.

 

“Hence then it follows that if we about the nature of correspondence make no 
assumptions, then the number of independent continuous real coordinates, which 
require for the single-valued and total determination of the elements of the n- multiply 
extensive continuous variety, can be taken by arbitrary, but it means, it cannot be 

considered as the constant sign of the assigned variety.”
 

(end of quotation, p. 24)   [1].
 

It is not possible to take the number of independent continuous coordinates by 
arbitrary,  because contradiction is obtained.

 

“It turned out that to the presented by me question about that, is it possible 
continuous variety I measurements to unambiguously and fully reflect to the continuous 
variety only one measurement, so that to each element of one of them corresponds one 

© 2020 Global Journals
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and only one element of another, it is necessary to answer affirmatively.” (end of 
quotation, p. 24)   [1]. It is incorrect assumption.  

“Therefore, using the expression introduced above, we can say that the power of 
any continuous n- multiply extensive means is equal to the thickness of the once 
extensive continuous variety of the, for example, limited continuous section of straight 

line.” (end of quotation, p. 25)   [1]. 
This assertion is not correct, since. power are not equal. 
The author so was not dismantled with the following questions. 

What such is point? What dimensions of point in the different regularities? 
Procedure of the determination of a quantity of points?Cardinal number of sets? 

“If two well-defined varieties M  N can be unambiguously and fully elementwise 
compared with each other (which is always possible and by many other methods, if this 
is made any), then it is further convenient to indicate that these varieties have equal  

power or that they are equivalent”. (end of quotation, p. 22)  [1]. 

For this exactly is suitable the procedure, described by me above, however, the 
author allows procedure with one coordinate (parameter). 

“Thus, continuous surface can be unambiguously and fully reflected to the 
continuous line; it is also correct for continuous bodies and continuous means of any 

number of measurements.” (end of quotation, p. 24)[1]. 

So cannot be acted, since the cardinal numbers of sets are different. 

“Therefore,  using the expression introduced above,  we can say that the power 
of any n- multiply of that extended  means it is equal to the power of the once 

extensive continuous variety,  for example the limited section of straight line.” (end of 
quotation, p. 24-25)   [1]. 

Here also power are not equal. 

“When the varieties in question are final, i.e.  they consist of the finite number of 
elements,  as can easily be seen, the concept of power corresponds  to the concept of 
number,  and, therefore, to the concept positive integer number,  since in two such 
varieties power are equal then only then,  when the number of their elements it is 

identical.” (end of quotation, p. 22)  [1]. 

Power in finite sets zero, in the infinitely large sets their power are determined 
by approach speed to infinity,  not by number, i.e., if two sets are compared, then not 
the infinite difference in the number has values. 

“If  M  it is the variety of the power of the sequence positive integer numbers,  
that each infinitely component M has the same power as M.» (end of quotation, p. 23)  
[1]. 

Assertion is incorrect, since.  power in the infinitely small part  M  it will be less 
than u  M. 

“If,  M‘,   M’’,   M’’’   ... -  the finite or simply infinite sequence of the varieties, 
each of which has a power of the sequence positive integer numbers, then the varietyM, 

obtained from the association M‘,  M’’,  M’’’ has the same power.” (end of quotation, p. 
23) [1]. 

In this assertion also there is an error. During the addition of the finite number 
of varieties (sets) the obtained set there will be the same power,  during the addition of 
the infinite number of varieties (sets) the obtained set there will be larger power. Here 
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the author contradicts himself,  earlier it asserted that the infinite large set has the 
large power, than final.  

VI.  Conclusion  

From the aforesaid it is possible to make the conclusion that some conclusions, 
conducted by Cantor, are erroneous because of the incorrect systematic approach. In 
the article is carried out the analysis on the basis of the existing knowledge and the 
existing contradictions in the very theory of Cantor and subsequent theories on this 
basis. The approach regarding the elements of sets examined makes it possible to solve 
the significant number of contradictions both in the very theory of Cantor and the 
subsequent theories on this basis.
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Abstract-

 

The physiology or otherwise of blood circulation is predicated on the electrical conduction of the heart. As a 
rule electrical impulse suffusing the cardiac cells, just like all time-dependent phenomena, transmits with a modicum

 

of 
time delay. Such delay may be physiological (benign) or pathological; the later

 

is seen as a cardiac liability. This paper 
treated impulse conduction delay in the cardiac system. A set of matrices resulting from the graph theoretic description 
of the conduction system was generated and fitted into a continuous time invariant state-space delay equation, and a 
state-transition matrix solution was sought.

 

An

 

input control-based

 

minimization scheme

 

by which ensuing 
deleteriousness of pathological delay could be assuaged was

 

proposed.

 
Keywords:

 

current, physiological, matrices, graph theory, minimization.

 I.

 

Introduction

 Impulse transmission is a notable neuronal and cardiac occurrence. In fine, the 
overall vivacity of animated cells is attributable to a balanced electrical impulse budget.

 The cardiac conduction system (CCS) is a network of bio-electric process. In effect, the 
impulse under consideration is electrical. The physiology of blood circulation is based on 
the electrical conduction of the heart. As a rule, electrical phenomena bear on bio-
electric structures, and therefore

 

the similitudes of electrical events bring to bear on the 
cardiac cells.

 

Beck[1] was right:

 

The reason a heart beats is simple: electricity. It is no 
secret that ionic concentration gradient constitutes a major source of bio-electric 
impulse drive around cells. Basically, all time-based events such as electrical impulse 
have some element of time delay. Delays are a crucial element of physiological 
phenomena. This can only be said about benign or a physiological delay. In neurology 
such delay may be normal in axonal conduction

 

time when an action potential

 

(AP)

 travels from an active site near the

 

neuronal

 

soma to the axon terminals [2,3].Such 
conduction delays may be created by several different factors, such as variation in 
membrane time constants, number of synapses, and some associated length scales[4]. In

 pharmacokinetics drug delivery experiences normal equilibration delay between 
pharmacologic response and plasma drug concentrations [5].

 

In the cardiac conduction 
system (CCS), the onset of each phase of AP is preceded by a benign impulse 
transmission delay. This is the refractory period of the AP. However, while cell-to-cell 
benign delays are recorded within transmission time (such as seen

 

during impulse 
transmission at atrioventricular (AV) junction so as to enhance full contraction of the a

 trial chambers [6,7]), pathological delays are observable in the event of cardiac 
anomalies. From the aforesaid, pathological delay is noticeable either during 
refractoriness or (at any region) during transmission or at both times. It is of note that 
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despite their so called bad reputation [8, 9],  physiological delay may have a stabilizing 
effect.  Minimizing conduction delays is evidently beneficial since hurried conduction is, 
more or less,  a cardiac liability.  Pathological delays are implicated in a group of 
deleterious cardiac events.  

Dynamics of electric  networks with spatially distributed delays have been 
recently studied in the past [10, 11]. In [9]  the critical point at which time delay is 
beneficial in a communication network was analysed in terms of a linear-quadratic 
performance measure. In a rather non-specific treatment of any physical system, Chen 
and Zhang [12] considered two types of delayed impulses: the destabilizing delayed 
impulses and the stabilizing delayed impulses. In a more precise analysis Saleh et al [13] 
studied failures in transmission systems of electric power networks. The study showed 
the effect of a single line failure of electric flow on the other lines. This is similar  to any 
arc/nodal transmission failure in the cardiac conduction system. The graph theoretic 
analysis employed in the work was no less desirable. The CCS is, to all intents and 
purposes analogous to electrical networks discussed. Since the input and output  of the 

system obeys Ohm’s law, (see [7]),  their relationship  may be represented by a linear 
proportionality. Therefore the control of the system may be of a linear control type.  

II.  Model  of Network Topology  

The CCS network system was treated in [7].This section draws largely from it for 
some details on the present work.  Consider the conduction schematic (Fig.1) below.  

 

Fig. 1:

 

Schematic of the CCS

 

nodes (Ni), arcs (ei) and resistors (Ri)

 

The nodes N1, N2,…,Nn

 

are specified as follows:

 

the SAN,N1;the AVN,N2; the  

point of bifurcation of the bundle of His,N3; the left bundle branch, N5; the right bundle 
branch, N6.

 

The network constraints associated with the conduction system are the branch 

(edge) constraints,

 

arising from Kirchhoff’s Current Law (KCL),and the non-element

 

based topological constraints,

 

arising from Voltage Law (KVL). In the cardiac network 
the arcs have the semblance of electric wires, and therefore they have specific resistance. 
The linear relationship between current (I) and voltage (V) is expressed on the network

 

by Ohm’s law. 

 

In a node where branch currents x1, . . . ,xn

 

enter (i.e. the currents are a form of 

input to the inactive nodes), Kirchhoff’s current law (KCL) gives the total current as

 

                                                x1

 

+ ·

 

·

 

·

 

+ xn

 

= 0.                                       (1)

 

Similarly, by Kirchhoff’s voltage law (KVL)

 

                                               v1

 

+ ·

 

·

 

·

 

+ vn

 

= 0.                                        (2)
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where vi denote the voltage drop  in the circuit. The CCS is a structure with many 
nodes and many circuits. It requires the application of KCL and the KVL, together 

with Ohm’s law for the network equations. 

a) Potential difference across edges 
The edges (arcs)of cardiac network, analogous to an electric wire, has an Ohmic 

resistance. Let r0 be a voltage source, and let R1, …,R7 be resistances (see fig.1). The 
potential difference, vi, across each of the resistances measured across each arc, ei is: 

v1= N1-N2                 v3 = N1-N2               v5 = N3-N4  

                           v2 = N1-N2v4 = N2-N3v6 = N3-N5                                                                        (3) 

v7 = N4-N6, 

where, in the above, Ni (i=1,2,…,6) represents the nodes. (It shall be noted that there is 

infinite number of in-degree nodes Nj in the CCS that satisfy ( ) 0id N− = . For any arc ej 

dispensing from the Purkinje fibre and any infinitely large number of nodes N∞,

( ) 0d N−
∞ = .). 

The vector form of (3) gives 

                                

1
1

2
2

3
3

4
4

5
5

6
6

7

1 1 0 0 0 0
1 1 0 0 0 0
1 1 0 0 0 0
0 1 1 0 0 0
0 0 1 1 0 0
0 0 1 0 1 0
0 0 0 1 0 1

v
N

v
N

v
N

v
N

v
N

v
N

v

−   
    −     
    −
    = −     
    −     

−     
    −  

                        

(4) 

Take N2

 
as the reference

 
node. The incidence matrix

 
the CCS, with N2 grounded,

 
is [7] 

 

                                   

1

1

 
5 72 3 4 6

3

4

5

6

                     

0 0 0 01 1 1
0 0 0 01 1 1

           B 0 0 0 0 01 1
0 0 0 0 0 01
0 0 0 0 0 0 1

   

N

e e e e e e e

N
N

N
N

−
= −

−
−

 
 
 
 
 
     

                         

(5) 

 
where ei  are the edges.With N2 as the reference node we have, from (5) 

                                         

1

2 1

3 3

4 4

5 5

6 6

7

0 0 0 01
0 0 0 01
0 0 0 01

0 0 0 01
0 0 01 1
0 0 01 1
0 0 01 1

v
v N
v N
v N
v N
v N
v

   
                = −       −      

−    
    − 

,                                 
(6)

 

which is of the vector form  
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                                                       v = DN.                                              (7)  

In (6),  D is the matrix network’s connectivity matrix.  

Ohm’s Law “I = V/R” is now used in relating the current to voltage drop across 

each resistor.  At  each of the resistors Ohm’s Law gives,  

                                        xj= vj/Rj,      j= 1, . . . , 7.                                    (8)  

with the matrix-vector form  

                                  

1 1 1

2 2 2

3 3 3

4 4 4

5 5 5

6 6 6

7 7 7

1 / 0 0 0 0 0 0
0 1/ 0 0 0 0 0
0 0 1/ 0 0 0 0
0 0 0 1/ 0 0 0
0 0 0 0 1/ 0 0
0 0 0 0 0 1/ 0
0 0 0 0 0 0 1/

x R v
x R v
x R v
x R v
x R v
x R v
x R v

    
   
   
   
    =    
   
   
   
       

.                  
 

   

 

(9)

 

The above has the matrix equation 
 

                                                        x = Kv.                                             (10) 

The matrix K describes the physics of the network.

 

By KCL we get

 

                                       

1

2

3

4

5

6

7
0

1 1 1 0 0 0 0 0
0 0 0 1 1 1 0 0
0 0 0 0 1 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 1 0

x

x

x

x

x

x

x

    
    
    
    =    
    
    

         

−
−

−
−

.               

 

           (11) 

i.e.

 

                                                        
DTx = 0.                                          (12)  

III.  CCS  Conduction  Delay  

A typical electrical conduction through the cardiac muscle takes ananticipated 
pathway.  It travels from the sinoatrial node to the AVN  and gets to the bundle of  His. 
It then travels to the left and right bundle branches until it  eventually  terminates in 
the Purkinje fibres.  As usual with cardiac electrophysiology, conduction travels from 
left to right, basically stimulating the left bundle, and left ventricle first. AV nodal 
blocks may well have an inherent delayed firing or a restriction to firing down the 
Purkinje system and consequently  may cause bradycardias and hypo-perfusion to 
essential organs. Pathological  delay in the conduction pathway is always implicated in 

bundle branch blocks.  Clinical studies posit that patients’  underlying aetiology who 
present with branch blocks may be determined to a high degree [14].  

The diseases of the CCS (such as  MI, pulmonary HTN, digoxin toxicity, etc.) are 
often precipitated by conduction delays. In the event of blockage of either bundle  

branch the electrical impulse travels directly from one cardiac myocyte to the other. 
The journey takes a much slower process than traveling via the ordinary low-resistance 
pathways.  This pathophysiology prolongs the conduction time through the ventricles, 
resulting in widening of the QRS complex (> 120 m/sec).This QRS complex is  the 
electrical impulse spreading through the ventricles, indicative of ventricular 

© 2020 Global Journals
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depolarization. A study of CCS impulse delay is essential to clinical intervention. It is 
not unusual, however that a system could be unstable without delay, and could be 
stable with some delay. A careful distinction should therefore be made between essential 
(benign) delay and a pathological delay.  

Many conducting bioelectric mediums have distributed resistances, capacitances, 
batteries, and extends continuously [15], the CCS may well be modelled as a system 
with distributed impulse delays. As treated in [16], the nodes are current sources and 
sinks. The main actors of the conduction system are the SAN, AVN, His bundle 

branches (HBB), Purkinje’s fibres together with their conduction paths (edges). Any 
pathological conduction delay into an i-th node results in delay to subsequent nodes. 
The question of stabilising such delay by employing clinical intervention as a control 
input is one that requires attention.  

a) Conduction impulse function 
We assume a linear the spatial-temporal system under consideration. The CCS 

transmission is marked by an extremely short duration, and thus, the pulse may be seen 
to approximate an impulse. True impulse functions may be a wishful thinking in nature. 
However, its bio-physiological approximation may be found in very high velocity 
vascular pulse waves, blood vessel spasm, and spasmy muscular tetanisation, not to 
exclude the CCS in the main. The CCS conduction pathways may, in the limit, be 
approximated to rectangles. Thus, we conceive of a rectangular pulse function - a unit 

pulse function δT(t), of duration T, which has a constant amplitude 1/T over its range:  

                                          

0 for 0
( ) 1/ 0

0 for 0
T

t
t T t T

t
δ

≤
= < ≤
 >

                                        (13) 

Take the limit of the unit pulse δT(t) as the duration T approaches zero: 

                                                   0
)(lim)(

→
=

T
T tt δδ   .                                        (14) 

The limiting form of many functions may be used to approximate the impulse. 
Any  impulse occurring at some t = ais )( at −δ  . 

b) Impulse-response causality  
Now, consider the continuous-time bio-electrical system (here, the CCS) with 

input x(t), and the associated response y(t), at a nodal point of interest. We suppose 
that the system is momentarily at rest, that is all initial conditions are zero at time             
t = 0. This condition corresponds to the resting phase after ionic depolarization.  

Let the continuous input function x(t) be approximated by a staircase function 
[23] )()(ˆ txtx ≈ , consisting of a series of piecewise constant sections each of an arbitrary 

fixed duration, T, where 

                               nTntnTnTxtxT ∀+≤≤= )1(for)()(ˆ ,                     (15) 

and thus, 

                                                      0
ˆ( ) ( )T

T
x t limx t

→
=

                                       
(16) 

The totality of non-overlapping delayed pulses, pn(t), each of which is with 
duration T, as represented by the staircase approximation )(ˆ txT

 is 
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)()(ˆ tptx nT ∑

∞

∞−

=                                            (17) 

where  

                                    

 +<≤

=
elsewhere0

)1()(
)(

TntnTnTx
tpn .                            (18) 

If each component pulse pn(t) is written in terms of a delayed unit pulse δT(t) we get 
 

                                            pn(t) =
 

x(nT)δT(t −
 

nT)T,                               (19) 

andtherefore (17) reads:

 

                                         
∑
∞

−∞=

−=
n

TT TnTtnTxtx )()()(ˆ δ
 

.                                (20)

 

Suppose qT(t) is the system response to the impulse δT(t). For a linear and time-
invariant system, the response to a delayed unit pulse, happening at time nT, is

 

tantamount to a delayed form of the pulse response:

 

                                              yn(t) =

 

qT(t −

 

nT).                                      

 

(21)

 

The superposition of the sum of the responses to all of the component weighted 
pulses in

 

(20) is given by

 

                                            

ˆ ( ) ( ) ( )T T
n

y t x nT q t nT T
∞

=−∞

= −∑                                  (22) 

For the system being considered the pulse response qT(t) is zero for time t 0,

 

and forthcoming input components do not add to the sum. Therefore the upper limit of 
the summation may read:

 

                                 

ˆ ( ) ( ) ( )
N

T T
n

y t x nT q t nT T
=−∞

= −∑
 

for

 

NT ≤

 

t (N + 1)T.               (23) 

The above encodes the system response to the said staircase approximation of 
the input in terms of the system pulse response qT(t). Let T

 

become

 

very small, and let 

nT= τ

 

,T = dτ, and take limδT(t) =

 

δ(t )as T→0, then we have :

 

                                         
0

( ) lim ( ) ( )
N

T TT
n

y t x nT q t nT T
→

=−∞

= −∑

 

                         (24) 

Equation (24) above yields the convolution or super position integral, 

                                             
( ) ( ) ( ) ( )

t
x q t d x t q tτ τ τ

−∞
− = ⊗∫                           (25) 

where

 

q(t) is encodes the system impulse response,
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                                                  0
( ) lim ( )TT

q t q t
→

=                                             (26) 

Equation (19) shows that the system is totally characterized by its response to 

the impulse function δ(t), since the forced response to any arbitrary input x(t) may 
becomputed from knowledge of the impulse response alone. 

Now consider the CCS topology (Fig.1).The SAN-AVN impulse is a parallel 
arrangement shown in Fig.2 below. 

 

Fig. 2: Schematic of SAN-AVN current (I)and resistors (R) in parallel 

The non-delayed impulse response, q(t) of the arrangement within this section of 
the CCS, with state delay, is 

                                          1 2 3( ) ( ) ( ( ) ( ) ( ))q t x t q t q t q tτ= − ⊗ + +                                (27) 

The series connection has the response,  

                                         1 2( ) ( ) ( ( ) ( ) . . . ( ))nq t x t q t q t q tτ= − ⊗ ⊗ ⊗ ,                           (28) 

and as found along the His bundle branch (HBB) that contains R5 and R7,
 

                             [ ] [ ]1 2 1 2( ) ( ) ( ) ( ) ( ) ( ) ( )HBBq t x t q t q t x t q t q tτ τ= − ⊗ ⊗ = − ⊗ ⊗ .                     (29) 

c) Conduction delay equation 

To begin with, we take a look at the delay systems with multiple point wise 
incommensurate delay equation given by 

                                       
0 0

1

( ) ( ) ( ),
m

k k k
k

x t A x t A x t τ τ ≥
=

= + −∑ ,                                 (30) 

where the delays τk may possibly be independent of each other. A special case is the 
system with single delay (viewing all delays as multiples of a single one) is the 
continuous time-invariant state-space equation of the form 

                                           0 1( ) ( ) ( )x t A x t A x t τ= + − ,                                         (31) 

with the initial condition of the form  

                                                     tx ϕ= ,                                                  (32) 

where A0 is the system matrix and A1 is the system matrix for the state delay, both of 
which  are given ℝm×n constant matrices; x𝜖𝜖ℝn, is the state of the system. 

Special note: Matrices arising from applicable systems are largely non-square                  

(ℝm×n, m≠ n). Those generated and considered here are non-square, except otherwise 
indicated. Therefore, each matrix here is presupposed Moore-Penrose invertible. Details 
on Moore-Penrose pseudoinverse of matrices may be found in [17, 18] and in profuse 
literatures. The beauty of non-square systems is their less amenability to modelling 
errors[19]. 
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We relate equation (31) with the conduction matrix already generate by letting 
DT  (in (12)) = A0, and A1  can be obtained from the description of the delay.  Let us, 
painstakingly, construct a prototype of A1this way: Consider Fig. 1, and assume here 
that impulse conduction delay is observed from N3  (corresponding to the His bundle 
branch);  the delay has a cascading effect on the spectrum of subsequent  nodes and 
edges. Let  

                        A1  = 
i j

i j

1    if N  is a terminal node of e ,  with conduction delay

1 if N  is an initial node of e ,without conduction delay 

0    otherwise
ija




= −



.              (33)  

We groundN3to get the state delay matrix  

                                            A1= 

0 0 0 01 1 1
0 0 0 0 0 01
0 0 0 0 0 01
0 0 0 0 0 01
0 0 0 0 0 0 1

 − − −
 

− 
 
 
 
 
 

.                             (34)  

With this, a particular case of, the delay equation (31) takes the form  

             

0 0 0 0 0 0 0 01 1 1 1 1 1
0 0 0 0 0 0 0 0 0 01 1 1 1

( ) ( ) ( )0 0 0 0 0 0 0 0 0 0 01 1 1
0 0 0 0 0 0 0 0 0 0 0 01 1
0 0 0 0 0 0 0 0 0 0 0 01 1

x t x t x t τ

   − − −
   

− −   
   = + −−   

−   
   −   



               

(35) 

Note that  A1 so obtained  defines a region where multiple delay is experienced, 
which includes the considered point of initial delay.  

i.  State-transition matrix solution  
Using (31) or (35) we set the following Cauchy problem:  

                                    

0 1( ) ( ) ( ) ( ), 0

( ) ( ), 0,

x t A x t A x t g t t

x t t t

τ

ϕ τ

= + − + ≥

= − ≤ ≤


                                   (36)  

where x(t)  =  (x1(t), x2(t), ..., xn)
Tis a vector of states of the system, g(t) = (g1(t), ..., 

gn(t))
Tis a function that denotes disturbance signal, A0, A1 are constant matrices τ  >  0 

is a constant delay. The state-transition matrix equation, with the ideal disturbance 

response g(t)  = 0 (since disturbance acts on controller output), is  

                                          

( ) ( ) ( ), 0X t AX t AX t tτ= + − ≥
                                   (37)  

with the initial condition  

                                               
( ) , 0,X t I tτ= − ≤ ≤                                         (38)  

where  I  is the identity matrix.  The solution of (37) with (38) is of the form [28]  

                                  
0 0( ) ( )

1 1( ) ( ) ( ) ,
tA t k A t s

k k
k

X t e X k e A s dsτ

τ
τ τ− −

+ = + −∫                           (39)  

with  Xk(t) is defined on the interval (k−  1)τ≤  t ≤  kτ  , k  = 0, 1,  …  

© 2020 Global Journals

     

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
  
Is
s u

e 
  
  
  
er

sio
n 

I
V

III
Y
ea

r
20

20

36

  
 

( F
)

Impulse Delay in the Cardiac Conduction System

Ref

28.B
aˇstin

e c 
J
., 

P
id

d
u
b
n
a
 
G

., 
S
o
lu

tio
n
 
o
f 

m
atrix

 
lin

ea
r 

d
ela

y
ed

 
sy

stem
. 

In
 
X

X
IX

 
In

tern
ation

al
C

olloq
u
iu

m
 on

 th
e M

an
agem

en
t on

 th
e E

d
u
cation

al P
rocess aim

ed
 at 

cu
rren

t issu
es in

scien
ce, ed

u
cation

 an
d
 creativ

e th
in

k
in

g d
ev

elop
m

en
t. B

rn
o. 2011. 

p
. 51 -

60. 



It was shown in [28] that the fundamental solution matrix of equation (37) with 
identity initial conditions (38) has the form 

                             

0

0 0

0

1
( )

0 1 2

1 ( )

0

,
, 0

( ), 0

( ) ( ), 2
...

( ) ( ), ( 1)
3,4,...

tA

A t t

k t mA
m k

m

t
I t

e g t t

X e eA g g t

e g m g t k t k
k

τ

τ

τ
τ

τ

τ τ τ τ

τ τ

−

− −

=

Φ −∞ ≤ < −
 − ≤ <
 + ≤ ≤
= + + ≤ ≤


 + − ≤ <

=
∑

                        (40) 

where Φ is the zero matrix and 

               

11 1 (1 ) ( )( )

0 1
1101

( ( 1) )( ) ,
( )! (1 )!

  {0, 1}.

s
j j

jj

p i K sK p
k i

p
sj p s pki

p j

t pg t A A
K p i

i  = 1, i

τ τ +∞ −

+= = −==

  − − =
  −
 

∈
∑
∑ ∑Π Π  

IV. Input Control 

In this section we will study the possibility of optimizing a control that would 
keep the transmission of impulse within reasonable physiological window, or mitigate 
the deleteriousness of pathological time delay. If the control is drug-based, then there is 
an associated equilibration delay which does not constitute a component of the impulse 
delay. 

Let Z be the state space of an impulsive system and U the set of control 

functions. Let u∈U be the control function. z∈Z: z = z(z0, u, t) is a vector depicting the 
state of the system at the instant t, with the initial state z0= z(t0). Let X denote a 
subspace of Z and x = x(z0, u, t) be the projection of the state vector z(z0, u, t) onto X. 

Definition 1. The state z0is said to be controllable in the class U if there exist such 

control u∈U and the number T, t0≤ T ≤ ∞ such that z(z0, u,T) = 0. 

If every state z0∈Z of an impulsive system is controllable, then the system is said 
to be controllable.  
Consider the Cauchy problem 

                             

0 1

0

( ) ( ) ( ) ( ), [0, ], ,
(0 ) , ( ) ( ), 0,

x t A x t A x t Bu t t T T
x x x t t t

τ
ϕ τ

= + − + ∈ < ∞

= = − ≤ <



                           
(41) 

where x = (x1(t), ..., xn(t))
T is a vector, x ∈X, u(t) = (u1(t), ..., ur(t))

T is the control 

function, u ∈U.U is the set of piecewise-continuous functions and A0, A1, B are constant 

matrices of appropriate dimensions, τ > 0 is as defined. 
The state space Z of this system is the set of n-dimensional functions 

                                       
{ ( ), }x t tξ τ ξ− ≤ ≤  ,                                     (42) 

And the initial state z0of the system (41) is determined by conditions 

                                0 { ( ) ( ), 0, (0z x xξ ϕ ξ τ ξ= = − ≤ <                            (43) 
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In accordance with (38) the system (41) is controllable if there exists a control 

u∈U  such  that x(t) ≡ 0,T-τ  ≤  t  ≤  T;T ∞.  

Lemma1 [see 30]  If the linear system with delay (41) is controllable in the interval            

∈[(k−  1),  kτ], then rank (Rk) = n, where  Rk
 is the augmented matrix given by  

                             
0 0 02 ( 1)2 1

1 1 1{ ... }A A k A k
kR B e A B e A B e A Bτ τ τ− − − − −= .                         (44) 

A control may be constructed for the control problem with delay (41). Let Q  be 
an augmented matrix satisfying  

                  
p2 2 3 2 2 n-1

0 1 0 0 1 1 0 1 0 0 1 0 1 0 1 0 0 1Q = {B A B  A B  A B  (A A + A A )B  A B  A B(A A + A A A + A A )B ... A A B}  (45)  

For controllability of the delay system (41) it is sufficient that for (p−1)τ≤  t≤  pτ, 
with rank(Q) = n [31]. 

With the sufficient conditions for controllability employed for:det(Q) = n, for t1≥  

(k−  1)τw here the matrix Q  was defined in (45) the control function can takes the           
form [30]  

                 

[ ]
1

1

0 1 0 1 1 1
0

0

1 0 1 0 1

( ) ( ) ( ) 0( ) , 0

here

= - ( ) ( ) ( ) ( ) ,

t
T TTu X t B X t BB X d t

w

x X t X t d
τ

η τ η τ ζ τ ζ ζ λ η

λ ϕ τ τ ζ ϕ ζ ζ

−

−

 
 = − − − − − − ≤ ≤    
 

′− − − −

∫

∫
          

(46) 

And X0
 is the fundamental matrix of solutions (40) on time interval t ≥ (k − 1)τ  . 

Consider, for a state feedback control, the linear time-delay system with both 
state and input delays given by  

                                     0 1 0 1 0( ) ( ) ( ) ( ), ,x t A x t A x t B u t t tτ τ= + − + − ≥                     (47)  

where  u (t) is the control input and B0
 is the input matrix and τ1 is the input delay.  

The pairA0, B0
 are assumed controllable.  The case with no control input delay is  

                                   0 1 0 0( ) ( ) ( ) ( ), ,x t A x t A x t B u t t tτ= + − + ≥                            (48) 

Suppose there exists a bounded Lipschitz continuous function,  

                                                  n n: U× →  ,                                        (49)                                                                                          
 

with
 

U
 

as
 

compact subset of m , say.
 

The delay
 

equation (48) maybe put in the form
 

                                          

( ) ( ( ), ( )) ( )
( )

fs s s t s t
t

τ

τ

= − < < 


− = 



x
,                     (50) 

where
 

t-τ
 

≥
 

0 is a given initial time,
 

tf

 
0 is a fixed terminal time, 
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 <

x∈ℛn is a prescribed initial point, 
u(.)∈U is the control.  
x(s) is the state of the system at time s

 <

f

x

x xf u
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Each solution i(.), (i =1, 2, 3,…,n)   of (50) evolves at some succeeding time 

ti>t-σ in the prescribed time interval. For any set of controls i(.) (i =1, 2, 3,…,n), the 
set of permissible controls reads 

                                 
{ :[ , ] | (.) is measurable}fU t - t Uσ → .                         (51)                                                              

Each permissible control has its degree of optimality. Since 

                   ( ) , ( ) ( , ),c C ,c c C≤ − ≤ −  (x, y n∈ , c ∈U ) ,            (52) 

for some constant C, then for each control (.) ∈U equation (50) has a unique Lipschitz 
continuous solution (.) = (.)(.) on the time interval [t-σ, tf].  The equation (50) may 

be solved a.e. on t –𝜎𝜎 tf .We seek a control u*(.), for n∈  and ( , )ft t tτ σ− ∈ − , 

among all other permissible controls which minimizes the impulse delay (as in our 
present case) functional 

                                
, [ (.)] ( ( ), ( )) ( ( )),ft

x t ft
G s s ds tτ τ

χ ω− −
= +∫                           (53) 

where (.) = (.)(.) is the solution of (50) and 

n: Uχ × →  ,           n:ω →   

are given functions. From expenditure-based control systems, χ could be considered as 

the running cost per unit time and 𝜔𝜔the terminal cost. From the physiological 

perspective, χ could be seen as the cost of minimizing or mitigating impulse delay per 

unit time, and𝜔𝜔is the terminal effect of mitigating the delay. Any least cost V(x, t-𝜏𝜏) is 
such that 

                           ( , )V t -τx ,
(.)

[ (.)]inf x t
u U

G
∈

= ( ∈ n ,  t-𝜏𝜏ϵ [t-σ,tf]).                      (54) 

V. Optimality Criterion 

First we state, without proof, the following: 

Theorem 1 (Optimal controller (see [32]). Suppose that u*(t-𝜏𝜏), t-𝜏𝜏 ϵ [t-σ, tf] minimizes 

                              [ (.), , ] ( ( ), ( )) ( ( )),ft

ft
G x t - s s ds t

σ
σ χ ω

−
= +∫                        (55) 

subject to *(t-𝜎𝜎) = and *(t-𝜎𝜎) is the related state trajectory. Let the minimum 

delay attained by *(t-𝜏𝜏) be: 

                             ( ), [ , ]
*( , ) arg min ( (.), , , )

f
fu t- t

G t G t t
β β σ

σ σ
∈

− = ∗ −x .                     (56) 

Then, for any t-τ∈[t-𝜎𝜎, tf], the restriction of *( )β  optimal over the sub-interval 

[t-τ,tf] minimizes 

[ (.), ( ), ] ( ( ), ( )) ( ( )),ft

ft
G t - s s ds t

τ
τ χ ω

−
= +∫  
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subject to the initial condition (t-𝜏𝜏) = *( t-𝜏𝜏); * is optimal over [t-𝜏𝜏, tf].
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 For the purpose of optimality the
 

value function V( , t-τ) shall be considered.
 

In 

what follows, we fix ∈ℝn

 
t-𝜎𝜎≤

 
t-τ<tf

 (Optimality (see Lawrence [33]). For each 𝜎𝜎
 

>
 

0 sufficiently small that 

( ) ft tτ σ− − ≤ ,
 

          

( )

(.)
( ) inf [ ( ) ( )] ( ( ( )), ( ))],

t

tU
V ,t - s s ds V t t

τ σ

τ
τ χ τ σ τ σ

− −

−∈
= + + − − − −∫u

x
                

(57)
 

where
 

x(.) = xu(.)(.) is the solution of  (50) for the control (.). 
 

Proof.  Let (.) be any chosen control. We set an ODE analogous to (50)
 

in the form
 

                          

( ) ( ( ), ( )) ( ( ))
( ) .

s s s ds t s t
   t x

τ τ σ
τ
= − < < − − 

− = 



 
                     (58)

 

For a fixed ε
 

>
 

0 choose  (.) U∈ so that
 

            
2 2( )

( ( ( )), ( )) ( ( ), ( )) ( ( )),ft

fV t t g s s ds t
τ τ σ

τ σ τ σ ε ω
− −

− − − − + ≥ +∫ x
            

(59) 

where
 

                             

2 2

1

( ) ( ( ), ( ) ( ( ) )
( ( )) ( ( )).

fs s s t s t
t t

τ σ

τ σ τ σ

= − − < < 
− − = − − 



                            

(60)
 

Describe the control
 

                                   

(s) if ( )
( ) :

( ) if ( ) ,f

t s t
s

s t s t
τ τ σ
τ σ

− ≤ < − −=  − − ≤ ≤                     

(61) 

and let
 

                                      3

3 2( ) ( ( ), ( ) ( )
( ) .

fs s s t s t
t x

τ

τ

= − < < 
− = 


                          (62) 

The uniqueness of solutions of the equation (50) enables us
 

to write
 

                                

{ 1
3

2

( ) if ( )
( )

( ) if  t ( ) f

s t s t
s

s s t
τ τ σ

τ σ

 − ≤ ≤ − −= 
− − ≤ ≤

.                             (63) 

By definition (54) we have
 

                  

,

3 3

( )

1 ( )

( )

1

( , ) [ (.)]

( ( ), ( )) ( ( ))

( ( ), ( )) ( ( ), ( )) ( ( ))

( ( ), ( )) ( ( ( )), ( )) ,

f

f

x t

t

ft

t t

ft t

t

t

V t G

g s s ds t

g s s ds g s s ds t

g s s ds V t t

τ

τ

τ σ

τ τ σ

τ σ

τ

τ

ω

ω

τ σ τ σ ε

−

−

− −

− − −

− −

−

− ≤

= +

= + +

≤ + − − − − +

∫

∫ ∫

∫

x

1 1
        

(64)  
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where the last inequality above resultsfrom (59).  Since (.)ϵU was arbitrarily chosen 
we infer that  

           { ( )

(.)
( , ) inf ( ( ), ( )) ( ( ( )), ( ))}

t

tu U
V t g s s ds V t t

τ σ

τ
τ τ σ τ σ ε

− −

−∈
− ≤ + − − − − +∫x .         (65) 

Continuing, choose (.), for a fixed ε > 0, such that 

                            
4 4( , ) ( ( ), ( )) ( ( )),ft

ft
V x t g s s ds t

τ
τ ε ω

−
− + ≥ +∫                        

(66) 

where 

                                      

4 4

4

( ) ( ( ), ( ) ( )
( ) .

fs s s t s t
t x

τ

τ

= − < < 


− = 


                        (67) 

From (54) we have 

               
4 4 4( )

( ( ( )), ( )) ( ( ), ( )) ( ( )),ft

ft
V t t g s s ds t

τ σ
τ σ τ σ ε ω

− −
− − − − + ≤ +∫

         
(68) 

and thus 

         
{ }

( )

(.)
( , ) inf ( ( ), ( )) ( ( ( )), ( ) ) ,

t

tU
V t - g s s ds V t t

τ σ

τ
τ ε τ σ τ σ

− −

−∈
+ ≥ + − − − −∫ x x

u
x u

          
(69) 

noting that (.) = (.)(.) solves (50). Thus, (69) and (65) complete the proof of (57) 
 

a)
 
Multiple Time Delays

 

Let us return to the case with multiple time delays is described by equation (30)
 

0 0
1

( ) ( ) ( ),
m

k k k
k

x t A x t A x t τ τ ≥
=

= + −∑
 

                                             x(t) =𝜑𝜑(t) ,
 
t∈[-τ, 0],                                      (70) 

where
 
τ
 
= max{τk: I = 1,2,…,m},

 
Ak∈Mm×n

 
are constant matrices.

 
φ(t)∈C([-τ, 0], ℝn). Here 

C([-τ, 0], ℝn) represents the Banach space of all piecewise continuous vector-valued 

functions mapping [-𝜏𝜏, 0] into ℝn.
 
The goal here is to convert the system with multiple 

time delays to a stable system with single time-delay. When this is done, the multiple 
time delay case may be handled as a single delay system, as was done in Ordokhani 

           

et al.[37]. 
 

Consider the system (70).Convert the matrices,
 
Ak, k=1,2,..., mto diagonal form 

and subtract γ>0 from each diagonal entry. Pick the
 
matrix with maximum norm and 

designate it by
 
Mγ

 
and denote the remaining matrix is by

 
Aγ. Using (70) we have

 

                                 

0( ) ( ) ( ) ( ),

( ) ( ), [ ,0],

x t A x t M mA x t t

x t t t

γ γ τ

ϕ τ

+= + + − ∈

= ∈ −

 
                               (71)

 

where the matrix functions  A0, (Mγ+mAγ) are constant matrices. The system (71) is 
the conversion of the system with multiple time delays (70) to a system with single 
time-delay.
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b)  Stability criterion  

Lemma 2[38]The system (70) is said to be exponentially stable with decay rate α, if there 
is a function𝜁𝜁: ℝn  →  ℝnsuch that for each  𝜑𝜑(t) ∈C( [-τ, 0], ℝn) the solution x(t,𝜑𝜑) of the  

system satisfies  ||x(t,𝜑𝜑)||≤ 𝜁𝜁(||A||)e-αt  , ∀t ∈ℝ+.  

Lemma3  [37] System (70) is uniformly asymptotically stable independent of delay if  

                                               
0

1

( ) 0.
m

k
k

A Aµ
=

+ <∑                                          (72) 

The stability of the system (71) can be seen  from the time delay system 
described by (70). Change the  matrices Ak, k=1,2,..., , m, are to diagonal form and  

subtract γ  >  0 from each diagonal entry.  Assume the stability of the system with 
multiple time delay (70) satisfies (72). Now, transform the system with multiple time 
delays to a stable system with single time-delay (71). Since  

                    1 2 ... ,mM mN M m N M M M m Nγ γ γ γ γ γ γ γ+ ≤ + < + + + +
              

 
     

(73) 

By Theorem 1?
 

we get
 

              
0 0 0

1 1

( ) ( ) ( ) 0
m m

r r
r r

A M mN A A A M mNγ γ γ γµ µ µ
= =

+ + < + = + + <∑ ∑ .                        (74) 

Therefore system (71) is uniformly asymptotically stable independent of delay. 
 

Theorem 3:
 

The system (71) is exponentially stable with decay rate
 

α,
 

if there exists 

symmetric and positive-definite matrices P
 

>
 

0 and Q >
 

0 such 
 

                                                 
0

TI e A

e A I

ατ

ατ

τ

τ

 −
<  − 

                                      (75) 

                                          
ˆ ˆ ˆ

0
ˆ

T T

T

A P PA Q e A PA

e A PA Q

ατ

ατ

τ τ

τ τ

 + +
  <
 − 

                                  (76) 

where Â = A0+A1e∝
τ
.

 

The inequalities (75) and (76) are linear matrix inequalities
 

(LMIs). This is in 
line with the standard Riccati equation

 

                                        1
0 0 1 1 0T TPA A P PA Q A P Q R−+ + + + =                                  (77) 

consisting of triple matrices P, Q, R

 

assumed to be positive definite, and where in the 
present case A0

 

and A1 are Moore-Penrose invertible [18, 19, 20]). Therefore:

 

Theorem 4:

 

The time-delay system (70, 71)

 

is asymptotically stable for any 0α ≥
 

if 
there exist matrices P   0, Q   0 and R such that

 

                                              

0 0 1

1

0
T

T

A P PA Q A P

PA Q

α

α

 + +
< 

 − 
                              (78)

 

Let ρ

 

be a positive scalar such that
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1
1 1
TQ A PA

ρ
= .                                              (79) 

Then the Riccati equation (77) reduces to the Sylvester equation 

                                     
0 0 1 1 1

1 0T TA P PA A PA A Rρ
ρ

+ + + =   .                                   (80) 

The sufficient conditions for Riccati Stability is given by the following Lemma: 

Lemma 4[26] Iffor some ρ>0, the matrix 0 0 1 1
1( ) ( )

2 2
M A I I I A I A Aρ ρ

ρ
= + ⊗ + ⊗ + + ⊗  is 

Hurwitz, then the pair (A0, A1) is Riccati stable.
 

c) Stabilization of delayed system 
Now suppose (as in Theorem 4) that there exists a scalar 0α > , and asymmetric 

matrix P
 
such that

 

                                           

0 0 1

1

0
T

T

A P PA P A P

PA P

α

α

 + +
< 

 −                                   

(81) 

for which (70,71) is asymptotically stable [27]. Consider, for stabilization, the linear 
time-delay system (48) 

 

                                  0 1 0 0( ) ( ) ( ) ( ), ,x t A x t A x t B u t t tτ= + − + ≥                             (82) 

We seek a state feedback controller of the form
 

                                           0 1( ) ( ) ( )u t K x t K x t τ= + −                                          (83)
 

such that the closed loop system
 

                                   0 0 1 1( ) ( ) ( ) ( ) ( )x t A BK x t A BK x t τ= + + + −                                  (84) 

is stable independent of delay. Using (81) we have to satisfy 

                           

0 0 0 0 1 1

1 1

( ) ( ) ( )
0

(( )

T

T

A BK P P A BK P A BK P

P A BK P

α

α

 + + + + +
  <
 + − 

.                        (85) 

Using the variable transformation 

V0
 = K0P  

V1
 = K1P  

Equation (85) becomes 

                              

0 0 0 0 1 1

1 1

0
(( )

T T T

T

A P BV PA V B P A P BV

A P BV P

α

α

 + + + + +
  <
 + − 

.                           (85) 

The knowledge of V0, V1 and the other determiners in (85) will supply the 
computational scheme for the inequality (85). 

VI. Discussion and Summary 

Delay is obviously triggered in a system by the presence of a time lag between 
the control action and its stimulus on the system. In the same way, delay occurs in an 
observable way if substantial measurement processing time is taken into account. The 
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CCS is a sequence of electrical impulse-based cardiac activation. Physiological delays in 
the CCS are observable during the following events [34]:  

(i)
 

The SAN
 

produces action potentials
 

which
 

diffuse through the atria via cell-to-cell 
conduction at a rate of about 0.5 m/sec.

 

(ii)
 

The AVN slows the impulse conduction considerably to about 0.05 m/sec
 

in order to 
allow satisfactory time for complete a

 
trial depolarization and contraction.

 

(iii)
 

The  left  and right bundle branches
 

transmit impulses at a speedy velocity of about 
2 m/sec.  

(iv)

 
A trial activation ends within about 0.09 sec after SAN firing. After a delay at the 
AV node, the septum becomes  activated (about 0.16  sec). The entire ventricular 
mass is activated by about 0.23 sec.

 

Any further delay arising in any of the conduction times above may be 
considered a pathological event. Notably, the system may be fraught with multiple 
delay, depending on the source or aetiology of the delay. Any delay arising from the 
SAN or AVN is most likely to induce a cascading multiple delay. This work considered 
delays arising from His bundle branch delay.

 

Electrical input delay to the His bundle 
nodal point has the effect of delayed depolarization of all other surrogates in the 
conduction grid. This is a case of multiple system delay. A typical example of system 
delay is the QT prolongation

 

in which

 

ventricular repolarisation is delayed. This 
pathophysiology is observed when the heart muscle takes abnormally long time to 
recharge between beats. Undue QT

 

prolongation is implicated in tachycardias such as 
Torsades de Pointes

 

(TdP) [35, 36], (meaning

 

twisting of the peaks,

 

as seen in 
undulated complexes or twist around an EKG baseline). TdP patients may have a heart 
rate of 200 to 250 beats/minute as against the physiologic 60 to 100bpm range. Such 
patients may present with palpitations or syncope [35]. 

 

There is the need to assuage 
pathological delay in the CCS if the culprit cannot be censored. To do this, a critical 
input control stabilizing measure is

 

put into effect. Here the input control measure by 
means of therapeutics, preferably by drug regimented delivery is suggested.

 

In the 
clinical sense, if an initial therapy sb

 

at time

 

t0 say,

 

could be successfully regulated to 
meet therapeutic gains

 

up to approximately a final time tf

 

at which the adverse effect, if 
any, of the final therapy sb(tf) will be ineffectual, then a condition is controllable.

 

Put 
succinctly, a clinical condition is controllable

 

if it responds favourably to a target 
treatment. Such therapies are, in mathematical esoteric, the input sequence un, which  

transfers sb(t0)

 

to sb(tf)

 

for some initial and finite time, t0

 

and tf

 

respectively.

 

If the 
response holds, then the next goal is to seek a control for which it is at optimal. If the  

state equation (41) (or the pair [A, B]) is non-controllable then it is pathologically 
unstable, and therefore defies clinical remedy. 

 

A notable point of this discussion is the understanding that non-square matrices 
are rife in application, albeit sparse in relation to

 

the preponderance of square matrices 
in literature. A judicious use of the singular value decomposition (SVD) ensures that 

each matrix ∈ℝm×n can be decomposed into 

 

Σ ,

 

where ∈ℝ ×

 

and ∈ℝ ×

 

are 
orthogonal matrices and Σ

 

∈ℝ ×

 

is a diagonal matrix with nonnegative entries,

 

which 
are singular values of .

 

We saw that there is a general system response q(t)to any impulse given in(25)       

 

( ) ( ) ( ) ( )
t

x q t d x t q tτ τ τ
−∞

− = ⊗∫ .
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This response, when considered in the context of the optimal control, in line with 
the limit of integration, takes the form 

( )
( ) ( ) ( ) ( )

t

t
x t q t d x t q t

τ σ

τ
τ τ τ

− −

−
− − = ⊗∫  

But since a positive outcome is desired, the system response may possibly have 
no time delay; so we have 

( )
( ) ( ) ( ) ( )

t

t
q t x t d x t q t

τ σ

τ
τ τ

− −

−
− = ⊗∫ . 

At the His bundle branch (HBB) that contains R5 and R7 the quantity q(t), is given by 

[ ] [ ]1 2 1 2( ) ( ) ( ) ( ) ( ) ( ) ( )HBBq t x t q t q t x t q t q tτ τ= − ⊗ ⊗ = − ⊗ ⊗  

Conflicts of Interest 
None. 

References  Références Referencias 

1. Beck, Kevin. Phases of the Cardiac Action Potential, sciencing.com, https:// 

sciencing.com/phases-cardiac-action-potential-6523692.html. 6 September 2019. 

2. Petkoski S, Jirsa V.K. 2019, Transmission time delays organize the brain network 
synchronization, Phil. Trans. R. Soc. A377: 20180132. http://dx.doi.org/ 
10.1098/rsta.2018.0132 

3. Harvey A. Swadlow and Stephen G. Waxman, Axonal conduction delays, 

Scholarpedia, 7(6), 2012,145 
4. Catherine E. C. and Masakazu K.N, Axonal delay lines for time measurement in the 

owl's brainstem, Proc. Nadl. Acad. Sci. Vol. 85, pp. 8311-8315. 
5. Nzerem, F.E. and Ugorji H.C,A model of oral and parenteral drug administration 

with control, General Letters in Mathematics, Vol. 4, No.3 , 2018, pp.120 -130 
https://doi.org/10.31559/glm2018.4.3.5 

6.
 

H. Jan van Weerd and V. M. Christoffels, The formation and function of the cardiac
 

conduction system, Development 143, 197-210, 2016,  doi:10.1242/dev.124883
 

7.
 

Nzerem F. E. and Ugorji H.C.,Cardiac conduction system: the graph theoretic 
approach, J. Math. Comput. Sci. 9 (2019), No. 3, 303-326 https://doi.org/ 
10.28919/jmcs/4027

 

8.
 

Olbrot, A.W.,A sufficiently large time delay in feedback loop must destroy 
exponential

 
stability

 
of any decay rate. IEEE Trans. Aut.Control29, 1984, 367- 368.

 

9.
 

Jean-Pierre Richard,
 
Linear time delay systems: Some recent

 
advances and open 

problems, www.elsevier.com/locate!ifac
 

10.
 
Junqi Liu,

 
Azwirman G., Dragan O., Hirche S.,

 
Study on the effect of time delay on 

the 
 
performance of distributed power grids with networked cooperative control, 

IFAC
 
Proceedings Volumes, Volume 42, Issue 20, September 2009, 168- 

11.
 
Hasan A, Dipankar D. Effects of Time Delays in the Electric Power Grid. 6th 
International Conference on Critical Infrastructure Protection (ICCIP), Mar 2012, 
Washington, DC, United States. pp.139-154, 10.1007/978-3-642-35764-0_11. 

                  

hal-01483810 

12.
 
Wu-Hua C., Wei X. Z.,The Effect of Delayed Impulses on

 
Stability of Impulsive 

Time-Delay Systems, IFAC Proceedings Volumes, Volume 44, Issue 1, January 
2011, pp.6307-6312, https://doi.org/10.3182/20110828-6-IT-1002.02984

 

          

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
  
Is
s u

e 
  
  
  
er

sio
n 

I
V

III
Y
ea

r
20

20

45

  
 

( F
)

© 2020 Global Journals

Impulse Delay in the Cardiac Conduction System

Notes

https://doi.org/10.31559/glm2018.4.3.5�
https://doi.org/10.28919/jmcs/4027�
https://doi.org/10.28919/jmcs/4027�
http://www.elsevier.com/locate!ifac�
https://www.sciencedirect.com/science/journal/14746670�
https://www.sciencedirect.com/science/journal/14746670/42/20�
https://www.sciencedirect.com/science/journal/14746670�
https://www.sciencedirect.com/science/journal/14746670/44/1�
https://doi.org/10.3182/20110828-6-IT-1002.02984�


13.  Saleh Soltan, Dorian Mazauric, Gil Zussman, Cascading failures in power grids 
analysis and algorithms, e-Energy'14 Proceedings of the 5th international conference 
on Future energy systems, Pages 195-206 

14.  Restivo A., Haughey M., MD and Chrisina H.D.O: Edited  by Julianne Jung,  

Conduction Abnormalities, https://www.saem.org›group-electrocardiogram-(ecg)-
rhythm-recognition.  

15.  Malmivuo J., and R. Plonsey (1995),  Bioelectromagnetism  Principles and 
Applications of Bioelectric and Biomagnetic Fields, Oxford University  Press.  

16.  Nzerem F. E. and Ugorji H. C.,  Bio-electric potential field and current source 
distribution  about feasible automatic volume conduction system, Commun. Math. 
Biol. Neurosci. 2019,  2019:32, https://doi.org/10.28919/cmbn/4236  

17.  R. Penrose, "A generalized inverse for matrices", Proc. Cambridge Philos. Soc. 
51(1955), U06-U13.  

18.  Marek K. and Witold C., On Moore-Penrose pseudoinverse computation for stiffness  

matrices resulting from higher order approximation, Mathematical problem in 
engineering, Volume 2019,  pp. 1-16 https://doi.org/10.1155/2019/5060397. 

19.  Vinayambika S. B., Priya S. S., and Thirunavukkarasu I., A comparative Study on 
control  techniques of non-square matrix distillation column, IJCTA, 8(3), 2015, pp. 
1129-1136 

20.  Joshi V.N., A determinant for rectangular matrices, Bull. Austral. Math. Soc., 21 (1 
9 8 0), 137-146. 

21.  J. C. A. Barata1 and M. S. Hussein,  The Moore-Penrose Pseudoinverse. A Tutorial 
Review  of the Theory   https://arxiv.org/abs/1110.6882v1 

22.  Samuel Bernard,  Sufficient conditions for stability of linear differential equations 

with  distributed delay discrete and continuous dynamical systems–series B, 1(2), 
may 2001  

23.  The Dirac Delta Function and Convolution, web.mit.edu ›  www › Handouts ›  

Convolution 

24.  E.I. Verriest (2004), “Riccati Stability,”  in Unsolved problems in mathematical 
systems and  control theory, (V. Blondel and A. Megretski, eds.), Princeton 
University Press     

25.  E.I. Verriest, “Robust Stability and Stabilization: From Linear to Nonlinear,”  

Proceedings  of the 2nd IFAC Workshop on Linear Time Delay Systems, Ancona, 
Italy, pp.184-195, (September 2000).  

26.  Erik I. Verries, Riccati Equations in Delay Systems, pdfs.semanticscholar.org  
27.  Keqin G., Vladimir L. K., Jie C., (2013), Stability of Time-Delay Systems, Springer-

Verlag  

28.  Baˇstinec J., Piddubna G., Solution of matrix linear delayed system. In XXIX 
International Colloquium on the Management on the Educational Process aimed at 
current issues in  science, education and creative thinking development. Brno. 2011. 
p. 51 - 60.  

29.  Dibl´ık J., Baˇstinec J., Khusainov D., Baˇstincov´a A.: Exponential stability and 
estimation  of solutions of linear differential systems of neutral type with constant 
coefficients. Boundary  Value Problems. 2010. 2010(1). Article ID 956121,                  
doi: 10.1155/2010/956121. p.1-20. ISSN 1687-2762.  

30.  Baˇstinec J.; Piddubna G.: Controllability of stationary linear systems with delay. In 
10th  International conference APLIMAT. Bratislava, FME STU. 2011. p. 207 - 216. 
ISBN978-80-89313-51-8. 

© 2020 Global Journals

     

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
  
Is
s u

e 
  
  
  
er

sio
n 

I
V

III
Y
ea

r
20

20

46

  
 

( F
)

Impulse Delay in the Cardiac Conduction System

Notes



31. GannaPiddubna, Controllability Criterion for Linear Delayed Differential 
Equation,The Sixth International Workshop on Differential Equations and 
Applications, September 11-14, 2013 

32. Linear Quadratic Optimal Control, automatica.dei.unipd.it›utenti›Lab_Controlli› 
Chapter 6 LQ Control 

33. C.E. Lawrence (1997), Partial Differential Equations, https://klevas.mif.vu.lt 
/~algirdas/Evans.pdf 

34. Richard E. K.,Normal Impulse Conduction [in Cardiovascular physiology concepts], 
https://www.cvphysiology.com/Arrhythmias/A003 

35. Drug-induced QT prolongation, en.wikipedia.org › wiki › Drug-induced_ QT_             
prolongation. 

36. Dan M. R.,A current understanding of drug-induced QT prolongation and its 

implications for anticancer therapy Cardiovascular Research, 115(5), 2019, 895–903, 
https://doi.org/10.1093/cvr/cvz013 

37. Ordokhani Y., Taghizadeh E., Behmardi D., Matin Far M., Exponential Stability of 
Linear Systems with Multiple Time Delays, Mathematical Researches 2(1),                
2016, 69-78. 

38. Ren F., Cao J., “Novel ∝ -stability criterion of linear systems with multiple time 
delays", J. Comput. Math. Appl. 181, 2006, 282-290. 

          

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
  
Is
s u

e 
  
  
  
er

sio
n 

I
V

III
Y
ea

r
20

20

47

  
 

( F
)

© 2020 Global Journals

Impulse Delay in the Cardiac Conduction System

Notes



 
 

 
 

 

 
 
 
 
 
 
 
 
 
 

This page is intentionally left blank 

© 2020 Global Journals

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
  
Is
s u

e 
  
  
  
er

sio
n 

I
V

III
Y
ea

r
20

20

48

  
 

( F
)

Impulse Delay in the Cardiac Conduction System



© 2020. E. A. Tsarev & F. F. Mende. This is a research/review paper, distributed under the terms of the Creative Commons 
Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial 
use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Global Journal of Science Frontier Research: F 
Mathematics & Decision Science 
Volume 20  Issue 3 Version 1.0 Year  2020 
Type : Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals  
Online ISSN: 2249-4626 & Print ISSN: 0975-5896  

 
On the Theory of the Varieties Cantor's Many          

By E. A. Tsarev & F. F. Mende 
Abstract- Theory of sets (varieties) this one of the divisions of mathematics. In it they are studied  
the general properties  sets are determined properties and characteristics, that possess what 
that  general by property.  Georg Cantor is considered the father of theory rightfully, which helped 
Richard Dedikind. The author of theory proposed the new concept of understanding nature of 
infinity, but the substantiation of theory itself is not entirely correct, which gave birth to logical 
contradictions both in theory itself and in those following, on its basis. The original form of the 
theory was later called the naive set theory. The monograph indicated in the list of literature 
provides a thorough analysis of set theory. At one time, set theory was severely criticized by well-
known mathematicians: Henri Poincaré, Leutzen Weil and Hermann Weil, and even Cantor 
Richard Dedekind's associate. 

They asserted that to Cantor all put outting themselves of mathematics, considered urgent 
infinity not scientific concept and this was error. Scientific disputes apropos of naive set theory  it 
does not cease up to now.  In the article possible inaccuracies and even errors in the theory of 
Cantor's varieties are examined. 

Keywords: set, power, interval, length. 

GJSFR-F Classification: MSC 2010: 03C13 
 

OntheTheoryoftheVarietiesCantorsMany  
 

Strictly as per the compliance and regulations of:

 
 

 



 
 
 

On the Theory of the Varieties Cantor's Many 

E. A. Tsarev α & F. F. Mende σ 

 

 
Abstract-

 

Theory of sets (varieties)

 

this one of the divisions of mathematics. In it they are studied  the general properties  
sets are determined properties and characteristics, that possess what that  general by property.  Georg Cantor is 
considered the father of theory rightfully, which helped Richard Dedikind. The author of theory proposed the new 
concept of understanding nature of infinity, but the substantiation of theory itself is not entirely correct, which gave birth 
to logical contradictions both in theory itself and in those following, on its basis. The original form of the theory was later 
called the naive set theory.

 

The monograph indicated in the list of literature provides a thorough analysis of set theory. At 
one time, set theory was severely criticized by well-known mathematicians: Henri Poincaré, Leutzen Weil and Hermann 
Weil, and even Cantor Richard Dedekind's associate.

 
They asserted that to Cantor all put outting themselves of mathematics, considered urgent infinity not scientific 

concept and this was error. Scientific disputes apropos of naive set theory  it does not cease up to now.  In the article 
possible inaccuracies and even errors in the theory of Cantor's varieties are examined.

 
Keywords:

 

set, power, interval, length.

 I.

 

Introduction

 Cantor, after continuing the transactions of Riemann in the works on the theory 
of trigonometric series, understood, that one should be determined with points and 
many afore-mentioned, with sizes and quantity. After interesting in power and their 
comparisons, in 1873 the year Cantor reveals the denumer

 

ability of the sets of rational 
numbers, but cannot solve a question about the equal power of integers. The first 
results, obtained by Cantor, were accepted favorably by Dedikind and Weierstrass and 
in the period 1879-1884 of year were published six articles in Mathematische

 

Annalen. 

 
Foggily formulated concept set in the naive theory, that was being rested only on 

the sign of the collection of all objects  according to any properties, it provoked to the 
detection of a series of contradictions, namely paradox To Burali-Forti,  the discrepancy 
of universe,  Russell's paradox,  the paradox of Richard,  Berry's paradox, the 
Grellinga-Nelson paradox. The attempts to solve privately these paradoxes led to the 
creation of new direction in mathematics - of intuitionism and formalization of set 
theory by means of the selection of axioms. On this worked as Zermelo,  Gilbert,  
Bernays

 

,  Hausdorff,  Brouwer,  Poincare,  Lebesgue,  Borel,  by Weyl. Nevertheless, 
the general principle of permission

 

contradictions (fundamental errors in the basis of 
theory) so they did not find.

 II.

 

General

 

Concepts

 
This is

 

set mathematical object

 

, most being been collection, totality, meeting of 
any objects, which are called elements of this set and possess general for all their 
characteristic property.
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Point-  this is the abstract object, which does not have the measuring characteristics: 
neither  height nor length nor radius.  

Line is  area and volume are divided to the points, but they do not individually 
have the identical properties (characteristics).  

Therefore the determination of set relates only to the inverse sets.  

Reversed set is - this set, the sum of elements of which is equal to the base of set.  

Not reversed (associated) set is - this set, the sum of elements of which is not 
equal to the base of set.  

For example, section (base of set), divided in the infinitely small sections 
(elements of set). All sections have one property- length. Set is reversed. The points are 
located between the sections, they in this case are the boundaries between the sections. 
And it is possible to define the set of these points as the sum of end-points, but this 
sum does not have a property of length, i.e., set is not reversed relative to section.  

That is the base of set, which can be divided to the elements of set.  

Base can be finite and infinite, fixed and not fixed.  

For example, the set of integers infinite value, many infinitely small sections in 
the sum of those giving the section of finite quantity, certainly (length of base it is 
final).  

Simple set is this set, which they consist of the uniform elements (elements with 
the identical  characteristics).  

Complex set consists of certain quantity of simple.  

It does not change during division and multiplication of infinite set (set with an 
infinite quantity of elements) by the finite number, the cardinal number of set, and also 
it does not

 
change, if we add a final quantity of elements or to take away.

 

Variety (Cantor) synonym is set (conventional).
 

The cardinal number of set this is value (order) of infinity.
 

Finite sets, i.e., calculating possess the zero power (value of infinity).
 

Many one order (power) these are those sets, which are more either less into a 
final quantity of times or less or more to the finite quantity and with the division  for 
each other result will be the finite number.

 

Identical power, these are those power, with division of which into each other, 
result one on the module.

 

Those sets, which less or more into an infinite quantity of times are the sets of 
different value.

 

But if power are more or less to the infinite value, then for determining the 
relationship of the amounts of power additional mathematical operations require.

 

Addition, what or finite numbers as both subtraction and multiplication by the 
finite numbers do not change the order of finite sets, with exception of multiplication by 
zero.

 

Division on any the finite number except zero does not change the order of finite set.
 

The same is correct for the sets of other power.

 

The indeterminate sets these are those sets, in which it cannot be determined  
power,  in particular because of the absence of properties,  according to which it is 
possible to determine power.

 

Without the comparison of the elements of a set and their quantity it cannot be 
compared and power.

 

Infinitesimal quanitiies are positive and are negative - this of value, the value 
(module) of one of the parameters  which the aim is zero.
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Simple sets this of the sets, in which all elements are characterized by the 
identical properties (identical property). 
Complex sets this of set, that consist of their several simple sets. 

III. Procedures of Determination and Comparison of the Cardinal Numbers 
(Quantity of Elements) of the Sets 

For the fact that to determine and to compare a quantity of elements of different 
sets, is required to determine the order of tendency toward infinity through the 
formulas,  expressed algebraically. 

Interval widely adapts, i.e., the fixed value of anything and can be used both the 
basis and as element of set. 

For example, it is necessary to compare the set of integers and fractional. Both 
and other set can be represented as the sum of intervals. We take the interval between 
zero and one (0,1) - in that case interval and the base of subset, and element of set. A 
quantity of integers is equal to two, a quantity of fractional of infinity. Hence it follows 
that the cardinal number of the set of the fractions is more than of integers. 

Interval it is possible to use and as an element. For example, how are compared 
two sections? Lengthwise measure (standard) and to a quantity of measures in the 
section. The simplest version this when the length of measure one for both compared 
sections and then it is compared with respect to a quantity and if a quantity is equal, 
then the lengths of sections are identical. However, in the cases when standard different 
are compared the works of the lengths of standards to a quantity. 

This procedure is applicable for those cases, when the lengths of sections by 
means of the comparison of the cardinal numbers of the set of points of those belonging 

to the specific sections compare. It is taken the interval (linear interval) ( , )a b of 

infinitely small length (standard) and sections are divided into this interval. 

( ) / ( , )M L L a b= , 

where ( )M L a quantity of points in the section L , length of which ( , )a b interval. 

Then a quantity of sections is compared and the conclusion about equality or 
inequality is done from this. 

Sizes are compared with respect to two parameters - lengthwise of interval and 
quantity of intervals themselves, mentally applied to the measured objects, 
correspondingly, size this to the work of interval to the quantity. 

( , ) ( )L a b M L= × , 

where L the length of section,  ( )M L a quantity of points on  section ( , )a b interval. 

With the comparison of identical sections, are obtained the identical sets of 
points (associating of set). With the comparison of the sections, whose length is more or 
less into a final quantity of times of the cardinal number of the sets of points of one 
order. 

IV. Comparison of the Cardinal Number of the Sets of the Elements of the 
Components the Space 

Let us take the elements of the space: point, line, plane, volume. 
It follows from that state aboved that a quantity of points on the line is infinite,  

nevertheless, there is a formula,  making it possible to determine the relativity of power 
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in the cases not of arbitrary taking for the basis of a quantity of points. So it follows 
that the cardinal number of the sets in the section of one order for the sections of finite 
length.  

Plane can be represented as the set of infinitely small areas, which are divided by 
lines. In that case the set of the lines, which divide plane  into the set of elements of set, 
it will also be irreversible (associating). Each line consists of the infinite set accordingly, 
plane consists so of an infinite quantity of points, but the cardinal number of this 
irreversible set is more than the cardinal number of the set on the line.  

Volume is divided by planes to an infinite quantity infinite small volumes,  
respectively in such cases:  

1.  Many planes are not reversed (associating).  

2.  The point set in the final volume possesses larger power than the point set on the 
final plane and in the final section.  

3.  The cardinal number of the set of lines in the final volume is more than on the final 
plane.  

V.  Cantor's Errors  

Main error of Cantor, which involved certain quantity of insoluble paradoxes - 
this taking  for the basis of an arbitrary quantity of points. Because an arbitrary 
quantity is this uncertainty.  

“As it will be shown in our study, the elements of n- multiple of that extended  
continuous variety it will be possible to unambiguously and fully determine even  with 

the aid of the one- only real continuous coordinate t”. (end of quotation, p. 24)  [1].  

The main thing was be defined, what to compare as to compare and for which 
this to make.  

For guaranteeing the continuity to not logically use the arbitrary sizes of 
elements of set this leads to the uncertainties and because of this to the insoluble 
paradoxes. 

We will use the procedure of checking results in mathematics. i.e., let us conduct 
operations with the reverse actions. That to obtain, for example the infinite set from 
the line it is necessary to divide line from some parameter after obtaining the element of 
set, which they will be the infinitesimal quanitiy (there are no different versions). For 
the checking should be multiplied or added the elements of set, in addition from the 
specific parameter. In our case the infinite sum of the elements of infinitesimal quanitiy. 
If the orders of infinity of sum and elements are not determined, then as a result is 
obtained uncertainty, which contradicts the finite quantity of the length of section.  

In the dry residue it is it turns out that necessary two parameters - the specific 
values of infinity of sum and elements,  and not one,  as the author asserts.  

“Hence then it follows that if we about the nature of correspondence make no 
assumptions, then the number of independent continuous real coordinates, which 
require for the single-valued and total determination of the elements of the n- multiply 
extensive continuous variety, can be taken by arbitrary, but it means, it cannot be 

considered as the constant sign of the assigned variety.”  (end of quotation, p. 24)   [1].  

It is not possible to take the number of independent continuous coordinates by 
arbitrary,  because contradiction is obtained.  

“It turned out that to the presented by me question about that, is it possible 
continuous variety I measurements to unambiguously and fully reflect to the continuous 
variety only one measurement, so that to each element of one of them corresponds one 
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and only one element of another, it is necessary to answer affirmatively.” (end of 
quotation, p. 24)   [1]. It is incorrect assumption. 

“Therefore, using the expression introduced above, we can say that the power of 
any continuous n- multiply extensive means is equal to the thickness of the once 
extensive continuous variety of the, for example, limited continuous section of straight 

line.” (end of quotation, p. 25) [1]. 
This assertion is not correct, since. power are not equal. 
The author so was not dismantled with the following questions. 

What such is point? What dimensions of point in the different regularities? 
Procedure of the determination of a quantity of points? Cardinal number of sets? 

“If two well-defined varieties M  N can be unambiguously and fully elementwise 
compared with each other (which is always possible and by many other methods, if this 
is made any), then it is further convenient to indicate that these varieties have equal  

power or that they are equivalent”. (end of quotation, p. 22)  [1]. 
For this exactly is suitable the procedure, described by me above, however, the 

author allows procedure with one coordinate (parameter). 

“Thus, continuous surface can be unambiguously and fully reflected  to the 
continuous line;  it is also correct for continuous bodies and continuous means of any 

number of measurements.” (end of quotation, p. 24) [1]. 
So cannot be acted, since the cardinal numbers of sets are different. 

“Therefore,  using the expression introduced above,  we can say that the power 
of any n- multiply of that extended  means it is equal to the power of the once 

extensive continuous variety,  for example the limited section of straight line.” (end of 
quotation, p. 24-25) [1]. 
Here also power are not equal. 

“When the varieties in question are final, i.e.  they consist of the finite number of 
elements,  as can easily be seen, the concept of power corresponds  to the concept of 
number,  and, therefore, to the concept positive integer number,  since in two such 
varieties power are equal then only then,  when the number of their elements it is 

identical.” (end of quotation, p. 22)  [1]. 
Power in finite sets zero, in the infinitely large sets their power are determined 

by approach speed to infinity,  not by number, i.e., if two sets are compared, then not 
the infinite difference in the number has values. 

“If M  it is the variety of the power of the sequence positive integer numbers,  
that each infinitely component M has the same power as M.» (end of quotation, p. 23)  
[1]. 

Assertion is incorrect, since.  power in the infinitely small part  M  it will be less 
than u  M. 

“If,  M‘,   M’’,   M’’’   ... -  the finite or simply infinite sequence of the varieties, 
each of which has a power of the sequence positive integer numbers, then the variety M, 

obtained from the association M‘,  M’’,  M’’’ has the same power.” (end of quotation, 
p. 23) [1]. 

In this assertion also there is an error. During the addition of the finite number 
of varieties (sets) the obtained set there will be the same power,  during the addition of 
the infinite number of varieties (sets) the obtained set there will be larger power. Here 
the author contradicts himself,  earlier it asserted that the infinite large set has the 
large power, than final. 
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VI.  Conclusion  
From the aforesaid it is possible to make the conclusion that some conclusions, 

conducted by Cantor, are erroneous because of the incorrect systematic approach. In 
the article is carried out the analysis on the basis of the existing knowledge and the 
existing contradictions in the very theory of Cantor and subsequent theories on this 
basis. The approach regarding the elements of sets examined makes it possible to solve 
the significant number of contradictions both in the very theory of Cantor and the 
subsequent theories on this basis.  
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Abstract -

 

In this study, data related to the physical activities of the

 

primary elementary school of the area, teaching 
methods, use of educational materials, library, toilets, teacher-student boundary wall etc were collect. Data were 
collected through direct interviews with the respondents in the light of the questionnaire. The results are presented by 
applying different statistical methods in processing and analyzing the data collected for the study. Data were collected 
separately from schools of different grades (A and B). As a result, there is an opportunity to analyze the

 

data of 
government primary schools in different grades of grades separately. In order to carry out the research work, eight 
government primary schools were selected out of 16 schools in different char area of Gangachara Upazila under 
Rangpur district administrative areas. Of them, 4 were selected from Lohani char, 3 from Binabina char and 1 from 
Mutukpur char. The data were collected from selected 8 government primary school teacher were selected 16 primary 
teachers by using snowball sampling technique. The results showed that the physical infrastructure of the government 
primary schools in the char area is underprivileged. No separate modern facilities for girl students have been added to 
government primary schools in the char area. The required number of female teachers was not recruited in the 
government primary schools in the char area. Not all the combined efforts and initiatives of primary education of girl 
students were seen in the government primary schools of the Char region. The government primary schools in the Char 
region have not yet been converted into a sanctuary for female students, considering the overall aspect.

 

 

Background

 

of

 

the

 

Study

 

Education helps people become real man. Man gives Humanity; he gives skill to 
develop production. Education

 

gives persons courage and tactics to counter social evils 
and makes them cultural. That is why the right to education is human and that right is 
universal. Although the scheme of education is planned for everyone in fact, all citizens 
of the country have no right to education. Poor laborers and their children are not 
entitled to education. However, without an education, the development of a nation 
cannot be imagined. There is no way other than education if a nation is steadily on the 
path of improvement and reaching its peak. However, the most important for national 
development is quality education. This quality elementary education is essential for the 
nation's future formation and development. Primary education is the basis of the 
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education system. For this reason, primary education was made unpaid and compulsory 
in the year 1992 and the government took various encouraging steps for primary 
students, including centenary scholarships and mid-day mills. On the other hand, 
foreign organizations, including various organizations, are carrying out various activities 
to bring the country's education to the doorstep of every human being. The role of 
primary education is immense in all the socio-economic and national development of 
this country. Nevertheless, even after taking so many initiatives, the basic education in 
this country is still facing many problems. Especially girls are different based on the 
area of children. Identifying the problems of remote areas of the country, including the 
char area, by acting appropriately, by providing state facilities at the primary education 
level and maximizing the allocation, it is possible to expand the primary education and 
ideally practiced primary education is essential so that the children are the wealth of 
the country.  Through primary education, children will become wealth of the country 
and will change the nation and country. Therefore, the country and nation can never be 
changed except the education of the backward-chartered area. On the other hand, every 
primary school has a school management committee. Most of the members of the School 
Management Committee were unaware of the responsibilities and duties assigned to 
them. They has to supervise the activities in a variety of ways, including school 
teaching. If all the students of the schools of the area have problems in different ways, 
then the school management committee has to solve and play an important role in the 
promotion of the elementary education of the area. As a result, the opinion of the 
members of the Primary School Management Committee on the issues and causes of 
girls' primary education in the char area is very important.  

 Problems  of  the Study  

Bangladesh is one of the most populous countries in the world. Due to the 
increasing land crisis and river breakdown of the population, the people of this country 
have been trying to make livelihoods for long time by settling in pastures to settle the 
housing crisis. Residents of char area spend most of their time struggling to survive in 
adverse weather conditions and disaster in the nature of the lands. The quality of life of 
people in the char area is very low. Child labor is a common occurrence in the char 
area. The man of char area themselves, as laborers, employ their children as their 
assistants, in the name of acquiring their professional skills before they become old. 
Moreover, the lack of schooling, transportation problems, various constraints of 
education administration due to lack of appropriate activities due to lack of proper 
activities impedes the speed of primary education in the char area. This  problem is 

more pronounced in the case of daughters’  children. The feminist aspect deprives the 
children of the education of the girls of the char area, and in addition to the family 
discrimination, including the marriage of the Children; the children who are able to go 
to primary school in the char area have to live. Due to the many adverse circumstances 
of the school, daughter children have to be educated in primary education. Which 
interrupted for implementation of compulsory primary education. On the other hand, 
the implementation of national women's development policies, including international 
ones, is a difficulty.  

 Rational  of the Study  

Primary education is the foundation of all education. If the foundation is weak, 

build such high buildings cann’t. Likewise, it is important to strengthen the foundation 
of the early soft-minded children, especially the daughters. If girls and children are left 
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behind in primary education, the country will be left behind as an educated nation. 
Currently the need for women's education in Bangladesh is unlimited. At present, the 
female literacy rate in the region is 30 percent. The present study has the rationale for 
bringing about the companionship of female students who are left behind in the char 
area. Find out what kind of problems and possibilities are there for the girl students of 
char area to fall behind in primary education. On the other hand, a retrospective study 
based on the opinion of school managing committee members of the real problems of 
girls in the char area for the sake of retreat.  

 Objectives of the Study 

i. To identify the problems and perspects of girls in the char area in primary education 
based on the views of the school managing committee members.  

ii. To assess the religious and social barriers in the education of the children of the girls 
of the char area.  

iii. To provide important recommendations for future planning for improving the 
primary education activities of the girls of the area.  

 Related Literature Review 

Prior research and literature review is very important in any one study. The 
subject of research that the researcher has to review related research and literature 
before choosing. According to the researchers, no research has been published on the 
Internet or national books directly related to issues related to the primary education of 
the children of the region of char and the subject of doing research. In this regard, the 
research work is completely new. However, the principal researcher in connection with 

this study conducted an observational study based on the perception of school teachers’ 
on the issues and causes of girls' primary education in the char area. 

 Methods and Methodology 

The survey method followed in carrying out the research work. In this study, 
data related to the physical activities of the primary elementary school of the region, 
teaching methods, use of educational materials, library, toilets, teacher-student 
boundary wall etc. were collected. Data also collected from direct interviews with the 
SMC members in the light of the questionnaire. The results presented by applying 
different statistical methods in processing and analyzing the data collected for the 
study. Data were collected separately from schools of different grades (A and B). As a 
result, there is an opportunity to analyze the data of government primary schools in 
different grades of grades separately. 

 Sample Selection of Research 

Generally, the number of educational institutes in the char area is short. In order 
to carry out the research work, eight government primary schools were selected out of 
16 schools in different char area of Gangachara Upazila under Rangpur district 
administrative areas. Of them, 4 were selected from Lohani char, 3 from Binabina char 
and 1 from Mutukpur char. The data were collected from selected 8 government 
primary school SMC members were selected 80 SMC members by using snowball 
sampling technique. 
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 Results  and Discussions  
An analysis of the data and data obtained from the study on the issues and 

reasons for primary education of girls of the char area.  

a)  School Manageing Committee (SMC) meeting  

 Is there a regular School Manageing Committee (SMC) meeting at your char 
area school?

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The statistics for the answer to this question are shown in the above pie chart in 
Fig-1 and it represented that 63 percent of char area primary schools does not do school 
manageing committee meetings regularly. 

 

b)

 

Attend SMC meetings

 

Are School Manageing Committee (SMC) member attend meetings regularly?

 
 
 
 

The answer to this question is shown through the Table 1. The study exposed 
that 68.75 percent school manageing committee members of char area does not attend 
meeting regularly only 6 percent attend meetings regularly.

 

 

Textbook-related educational materials
  

Does your school have textbook-related educational materials?

 
 
 
 

The indicators for the answer to this question are shown in the Table 2 displayed 
that about 69 percent of char area schools do not have textbook related educational 
materials for girl students. 
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VIII.

Fig. 1:

Regular Irregular Is sometimes
5 (6.25) 55 (68.75) 20 (25.00)

Neither There are rough
55 (68.75) 25 (31.25)

Yes
6%

No
63%

Sometimes
31%

Fig 1: Is there a regular SMC 
meeting at your school?

c)

Notes

Table 1:

Table 2:



 

 

 

 

 

 

 

The statistics for the answer to this question are shown in the doughnut chart in 
figure 2 and illuastrated that 87 of schools of char area have no separate religious 
prayer room for girl students. There are 13 percent combind prayer room.

 

e)
 
Presence of female students at char area school.

 

Table 3:
 
How is the presence of female students at your school?

 

 

 

Table 3 indicated that about 63 percent of girls do not attend school well. 

f)
 

Employed as garment workers  

Table 4:
 
Is girl students of char area school engaged in garment works?

 

 

 

 

 

 The answer to this question is shown through the Table 4. The study showed 
that 50 percent of girl students at char area school are engaged in garment works as a 
garments worker. 

 g)

 
Increase the attendance of female students  
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87%

13%

No

Combind

Good Not good Satisfactory
10 (12.50) 50 (62.50) 20 (25.00)

Employed as garment worker Number (Percentage)

Being 25 (31.50)
Not being 15 (18.75)
Being rough 40 (50.00)

12%

63%

25%
Recieved

Does not  recieved

No comments

Fig. 2: Are there any rooms for separate religious prayers for girl students?

d) Sparate Religious prayers rooms for girl students. 

Do your teachers accept your advice to increase the attendance of female students?Fig. 3:

Notes



The answer to this question is shown through the doughnut chart in figure 3. 
The study illuastrated that 63 percent teachers do not accept the advice of the 
members of the SMC to increase the attendance of the girl students in the char area 
school. 

h)  Steps for the presence of a longtime absent girl student  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The answer to this question is shown through the Clustered Bar in figure 4. The 
study showed that fifty (63 percent) of girl students in eighty do not take any action to 
attend her if she is absent from school for a long time.

 i)

 

Initiative to improvement the primary education 

 Table 5:

 

Have you taken any initiative to improvement the primary education of your 
daughter students?

 

 

 The answer to this question is shown through the Table 5 and it displayed that 

43.75 percent of the girl’s students do not take any initiative for the development of 
primary education. 

 
j)

 
Prevention of early marriage of girl students 

 

Table 6:  Do you oppose the prevention of early marriage of girl students?  

 

 

The answer to this question is shown through the pie
 

diagram and the above 
Table 5 revealed that about 69 percent of girls do not object to preventing child 
marriages.  

 
 
 

© 2020 Global Journals

     

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
  
Is
s u

e 
  
  
  
er

sio
n 

I
V

III
Y
ea

r
20

20

60

  
 

( F
)

Problems and Prospects for Girls' Primary Education in the Char Area: An Observational Study of the 
School Managing Committee Members

0 10 20 30 40 50

Do

Do not

Do it occasionally

Have taken initiative Did not take the initiative Try to take initiative
40 (25.00) 35 (43.75) 25 (31.25)

Do Don’t do Inform the administration 
15 (18.75) 55 (68.75) 10 (12.50)

Have you taken any steps for the presence of a longtime student who is absent 
from school?

Fig. 4:

Notes



k) Taken any measures to stop the disruption of the girls' travel  

Table 6: Have you taken any measures to stop the disruption of the girls' travel to 
school? 

 

 

 

 

 

The answer to this question is shown through the Table 6 and it revealed that 50 
percent of the girls did not take any measures to stop the disruption of the students to 
school. 

 Conclusion and Recommendations 

The study not only examined the problems and causes of primary education of 
the girls of the government primary schools in the char area but also highlighted the 
overall condition of the girls in all primary schools of the country. The study shows that 
there is no room for separate religious prayers for girl students at the school in 87 
percent of the area. Although there are religious rooms, it is prayed by both boys and 
girls. The presence of girl students is not good in 62.5 percent of schools in char area. 
About 50 percent of their female students are employed as garment workers. The study 
also shows that most (63 percent) schools in the char area do not hold regular school 
management committee meetings and about 69 percent SMC members do not attend 
their meetings regularly. They do not know the responsibility assigned to the members 
of the school's managing committee of schools in the char area. About 63 percent of 
girls do not take any action to attend the school if they are absent for a long time at 
school. Members of the school's managing committee of schools in the char area do not 
oppose child marriage by about 69 percent of girls.  

In this regard, the members of the school managing committee play no role. The 
members of the school managing committee of the char area did not take any action to 
stop the disruption of 50 poercent of the girl students in their schools. This is one of the 
special reasons for the girls to have a storm. About 69 percent of char area schools do 

not have any textbook-related educational materials for girl’s students. 
The members of the school managing committee of the char area do not take any 

initiative to improve the quality of primary education for girls students in the about 44 
percent school. The study also shows that in 63 percent of char area primary schools, 
SMC members do not take any initiative to increase the attendance of girl students. 
The physical infrastructure of the government primary schools in the char area is weak 
and no modern facilities have been developed for the girl students so it needs to be 
upgraded. For the equality of men, the required number of female teachers should be 
appointed in the government primary schools of the char area. The school should be 
equipped with materials that attract the girl child and maintain a friendly relationship 
with the student and teacher. The authorities should take immediate steps to remove 
any difficulty, fearing that the school may be in the midst of a girl child. Considering 
the holistic aspects of all, the concerted efforts and initiatives of all girls, including the 
girls' education, can be transformed into a timely proper education. Finally, by 
analyzing the results, it can be said that overall, each student will remain in a 
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IX      .

Have taken any measures to stop the disruption of the 
girls' travel to school Number (Percentage)

Did 15 (18.75%)
Did not do 40 (50.00%)
Socially aware 25 (31.25)

Notes



spontaneous position in the school and every student will be surrounded by his or her 
classmates' education and have a dream for their future. In order to make that dream a 
reality, every person living in the society today should give priority to the education 
where the light is spread. The innocent child should be given the maximum opportunity 
to smooth the path of growth. This requires the development of appropriate schools in 
the char area. All children must be made school-oriented to ensure quality basic 
education. Parents, including SMC members, must be aware of the importance of 
primary education. This importance is especially widespread, especially for children of 
daughters. Our country and nation will be educated if the daughter children and future 
mothers are educated.  
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Numerical methods used should be transparent and, where appropriate, supported by references. 

Abbreviations 

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

Formulas and equations 

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

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

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

Preparation of Eletronic Figures for Publication 

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

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

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

Tips for Writing a Good Quality Science Frontier Research Paper 

1. Choosing the topic: 

 

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

 

2.

 

Think like evaluators:

 

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

 

3.

 

Ask your

 

guides:

 

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

 

4.

 

Use of computer is recommended:

 

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

 

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

 

5.

 

Use the internet for help:

 

An excellent start for your paper is using Google. It is a wondrous search engine, where you 
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research 
paper or find a model research paper. You can download books from the internet. If you have all the required books, place 
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big 
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should 
strictly follow here.
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Techniques for writing a good quality Science Frontier Research paper:



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Informal Guidelines of Research Paper Writing 

Key points to remember: 

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

Final points: 

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

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

The discussion section: 

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

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

General style: 

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

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

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

Title page: 

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

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

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

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

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

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

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

Approach: 

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

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

Introduction: 

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

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

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

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

Approach: 

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

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases. 

Procedures (methods and materials): 

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

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

Materials: 

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

Methods: 

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

Approach: 

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

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences. 

What to keep away from: 

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

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

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to 
present consequences most efficiently. 

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data 
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if 
requested by the instructor. 

Content: 

o Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables. 
o In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate. 
o Present a background, such as by describing the question that was addressed by creation of an exacting study. 
o Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if 

appropriate. 
o Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or 

manuscript. 

What to stay away from: 

o Do not discuss or infer your outcome, report surrounding information, or try to explain anything. 
o Do not include raw data or intermediate calculations in a research manuscript. 
o Do not present similar data more than once. 
o A manuscript should complement any figures or tables, not duplicate information. 
o Never confuse figures with tables—there is a difference.  

Approach: 

As always, use past tense when you submit your results, and put the whole thing in a reasonable order. 

Put figures and tables, appropriately numbered, in order at the end of the report. 

If you desire, you may place your figures and tables properly within the text of your results section. 

Figures and tables: 

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached 
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and 
include a heading. All figures and tables must be divided from the text. 

Discussion: 

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded 
based on problems with the discussion. There is no rule for how long an argument should be. 

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the 
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results 
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The 
implication of results should be fully described. 

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain 
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have 
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the 
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded 
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain." 
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results 
that you have, and take care of the study as a finished work. 

o You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea. 
o Give details of all of your remarks as much as possible, focusing on mechanisms. 
o Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was 

correctly restricted. Try to present substitute explanations if they are sensible alternatives. 
o One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go 

next? The best studies unlock new avenues of study. What questions remain? 
o Recommendations for detailed papers will offer supplementary suggestions. 

Approach: 

When you refer to information, differentiate data generated by your own studies from other available information. Present 
work done by specific persons (including you) in past tense. 

Describe generally acknowledged facts and main beliefs in present tense. 

The Administration Rules 

Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc. 

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to 
avoid rejection. 

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your 
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to 
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and 
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript. 

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is 
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid 
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your 
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read 
your paper and file. 
 
 

XX

© Copyright by Global Journals | Guidelines Handbook



 
 

 
 

 
 
 
 
 
 
 
 
 
 

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

                                          

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS 

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.
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F
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Mitigate · 28
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