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The Problems Existing in the Complex
Continuations of the Gama Function and the
Euler Formula of Prime Numbers

Mei Xiaochun

ABSTRACT

The real Gama Function I'(2) is defined in the field of real number with a>0. It is infinite and

meaningless in the field with &< 0. However, according to the continuation theory of function at

present, except at the points 8=0, -1, -2, =3,---| T'(a)can be extended to the field of negative

number with @<0 |t s pointed out that this continuation leads to infinite and is meaningless. The
reason is that the form of Gama function has no any change in the extended field, so that
contradiction is caused. It is proved that the single complex continuation of Gama function does not
satisfy the Cauchy-Riemann equation, so it is not an analytic function. But the double complex
continuation of the Gama function satisfies the Cauchy-Riemann equation and is an analytic
function. Also, it is proved that the complex continuation of the complementary formula of the Gama
function is incorrect. The correct result is calculated in the paper. The influences of these results on
the Riemann Zeta function equation and the Riemann hypotheses are discussed. According to the
correct formula, the zeros of Zeta function equation are located on the points

a=+1/2, £3/2, £5/2--- so the Riemann hypothesis does not hold. The complex continuation of the
Euler formula of prime numbers is also discussed. It is proved that the real part of the complex
continuation formula is different from the original Euler formula of prime numbers. Because the
trigonometric functions are contained in it, which my be irrational numbers, the extended formula
does not describe the relation between natural numbers and prime numbers again. Therefore, the
complex continuation of the Euler formula of prime numbers is meaningless in number theory. We
can not discuss the distribution of prime numbers based on it.

Keywords: gama function, negative continuation of function, complex continuation of gama function,
analytic function, residue theorem, euler formula of prime number, riemann hypothesis, riemann zeta
function equation, cauchy-riemann equation.

Author: Department of Theoretical Physics and Pure Mathematics, Institute of Innovative Physics in Fuzhou,
Fuzhou, China.

. INTRODUCTION

It was revealed in the author’s first paper [1] that there were several serious mistakes in the Riemann’s
original paper to deduce the Zeta function equation in 1859.

1. An integral item around the original point of the coordinate system was ignored when Riemann

deduced the integral form of the Riemann Zeta function. This item is convergent when Re(s)>1

but divergent when Re(s) <l  The integral form of the Zeta function has not changed the
divergence of its series form.
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2. A summation formula was used in the deduction of the integral form of the Zeta function. The
applicable condition of this formula is X = 0. At point X = 0 the formula is meaningless. However,
the lower limit of the Zeta function’s integral is X = 0 , S0 the formula can not be used.

3. The formula 0(x)=vx0(1/x) of Jacobi function was used to prove the symmetry of the Zeta
function equation. The applicable condition of this formula is also * > 0 Because the lower limit

of the integral is * = 0, this formula can not be used too.
4. Due to these mistakes, the inconsistency is caused on the two sides of the Zeta function equation.

On the real axis of complex plane, the function equation holds only at point Re(s)=1/2

(s=a +ib). However, at this point, the Zeta function is infinite, rather than zero. At other points

of the real axis with @ #0 and & =0 the two sides of the Zeta function equation are contradictory.
When one side is finite, another side may be infinite.

Therefore, the Riemann Zeta function equation does not hold, and the Riemann hypothesis is
meaningless. This is the fundamental reason why the Riemann hypothesis has not been proved for so
many years. At present, the zero calculations of the Zeta function are approximate due to the series
with different orders are used. The analytic property of the Zeta function is destroyed so that the so-
called zeros are not real ones.

In the author’s second paper [2], the Zeta function equation is assumed to be correct, a simple and
strict method is proposed to prove that the Riemann Zeta function equation has no trivial zero. The
method is to divide the real part and the imaginary part of the Zeta function equation completely. By

comparing the real part and the imaginary part individually, an equation set about ¢ and b is obtained.

It is proved that the only solution of this equation setis ¢ =*2n and b=0 50 a=1/2 s not the non-
trivial zero of the Zeta function equation. If @ #X2n  four equations are obtained. It is proved that
these four equations are not independent of each other. To make them independent, the only way is to

let a=1/2 gng b=0 However, in this case, we have c(1/2,0) _)OO, rather than zero. Finally, the

comparing method of infinite series is used to prove that the Zeta function itself has no zero. Therefore,
the Riemann hypothesis does not hold.

Because the Riemann Zeta function equation is based on the Gama function, the negative and complex
continuations of the Gama function are discussed in this paper. To do it, we need to define the

continuation of a function clearly at first. Assume that the function Si(x) has a clear definition in the

L L;  the function should

field L but it is meaningless in the field ~2. To make it meaningful in the field
be extended into J>(x) . The analytic continuation of a function should satisfy the following conditions.
1. After the continuation, the form of the function (%) in the field L, should have something different from

the function Si(x) . Otherwise, the contradiction would be caused, and the continuation became meaningless.

Ll, the form of function J>(x) must be completely the same as the form of function

2. In the original field
fl(x), otherwise /2(*) can not be regarded as the continuation of Si(x)
3. Just for the sake of uniqueness, the continuation of function Si(x) must be analytic, or the derivative of

function f>(x) exists everywhere. If it is a complex continuation, the Cauchy-Riemann equation must be
satisfied.

The Problems Existing in the Complex Continuations of Gama Function and the Euler Formula of Prime Numbers
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The Gama function is a very important function with wide applications in pure mathematics and
practical problems. Some people think that its importance is only next to the trigopnometric function
and the exponential function.

For example, based on the Gama function, the integral form of the Riemann Zeta function is
introduced. It is the basis of Riemann hypothesis problem. It is proved in this paper that the negative
continuation of the Gama function does not satisfy the condition 1 and leads to infinite. The single
complex continuation of the Gama function does not satisfy the condition 3, so it is not an analytic
function. But the double complex continuation of the Gama function satisfies all three conditions, so it
is an analytic continuation.

It is proved that the present complex continuation I'(s)['(1—-s)=x/sinsx of the Gama function

complementary formula is wrong. It is the result directly let a —>s in I'(a)['(1-a)=n/sinan. The
correct calculation result is

b
me’”

sinam (1)

Cs)ra-s)=

The result is a real number, rather than a complex number. The influences of these results on the
Riemann Zeta function equation and Riemann hypotheses are discussed in this paper. It is proved that
after Eq.(1) is used, the zeros of the Zeta function equation are located on the points

a=%1/2, £3/2, £5/2--- the Riemann hypothesis is proved invalid from another angle.

The complex continuation of the Euler formula of prime numbers is discussed in this paper. It is
proved that after the Euler formula of prime numbers is extended into the complex number field, the
real part of the formula is different from the original Euler formula of prime numbers. Because it

contains the trigonometric functions sm(blnpj) and cos(blnpj) which may be irrational numbers,
the extended formula does not describe the relation between natural numbers and prime numbers
again. Therefore, the complex continuation of the Euler prime number formula is meaningless in
number theory. We can not discuss the distribution of prime numbers based on it.

.  THE CONTINUATIONS OF GENERAL FUNCTIONS
2.1 The analytic continuations of real functions

As we knew that a function has its definition field in general. Out of the field, the function may be
meaningless. In order to make the function meaningful in the greater field, the continuation is needed.
The common example of a real function’s continuation is

() =1+x+x"+x +--- x| <1 2)

Where X € R s a real number. Eq. (1) is meaningful and limited in the field |x|<1. when |x|>1, the

function f,(x) — o and becomes meaningless. On the other hand, we define

1
A x#1

The Problems Existing in the Complex Continuations of Gama Function and the Euler Formula of Prime Numbers
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/>(x) is meaningful on the whole number axis except at the point x =1. At all points of the field with

x| <1, we always have fi(x) = f;(x) . By developing /2(¥) into the Taiwan's series when [x| <1, we can

prove f,(x)= f,(x) completely.

However, when |x\>1, Egs. (2) and (3) can not be equal each other. For example, let x=2, we have

Si(2) > @ and £,(2)=-1. Because the definition field of /3(X) is greater than that of Ji(*), we consider
J2(¥) 35 the continuation of J1(X) in the field with |x| > 1 and write two functions in the unified form as below

T+ X+ X2+ X3+ X <1
9=y 1 %1 @
1-x

In general, a function can be extended in many different ways, resulting in different results. In order to
ensure the uniqueness, the continuation of function needs to meet the continuity condition, so that the
function can be differentiated everywhere. The continuation that meets this condition is called as the
analytic continuation [3].

It is important to emphasize that at every point in the small field where the original function is
meaningful, the value of the extended function should be exactly the same as the value of original
function, otherwise it is not the continuation of the original function. Meanwhile, in the extended field,
the form of the extended function must be different from the original function, otherwise the extension
of the function is meaningless [3].

For example, for Egs. (2) and (3), in the field \x\ <1Where the original function makes sense, the values

of function J>(x) and Ji(x) must be the same at every point. Although their forms look different on the

|x‘>1

surface, they are the same actually. In the field after the continuation, the forms of f,(x) and

£,(x) must be different. Otherwise /(%) is still equal to /,(X) , which is no meaning.

It is difficult to find the form of analytic continuation of a function in practical problems. The analytic
continuations of some functions in existing mathematics are actually unsuccessful. As we see below, the
negative continuation of the Gama function violates the above principles. In the extended field, the
form of the function is exactly the same as the original function’s form, so it is still infinite and
meaningless.

2.2 The analytic continuation of complex function

Let Z=X¥tWe ¢ be a complex number, a similar example of analytic continuation of complex function
is shown below.

F(z)=1-2"+z" =z +--. |Z|<1

1
1+2° z# i (5)

Fy(2)=

F(z) is an analytic function and convergent inside the unit circle but is divergent outside the unit
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circle without meaning. F,(z) is an analytic function meaningful on the whole complex plane except at
points z # =+,

To developing F,(z) into the Taylor's series of complex functions in the field |z|<1, we can obtain
£(2) Thatis to say, two functions are completely the same. Since the definition field of F,(z) is larger
than F1(z), F,(z)can be regarded as an analytic continuation of F,(z) over the entire complex plane
(except at points z # *i). Similar to Eq.(4), we write they in the unified form
1-2°+2* -2 +--.
F(2)=1 1 Iz <1)
1+ 72 (z # i) (6)

Similarly, within the extended field |Z| >1(z#+i), F/(z)and F,(z) are not the same functions, because

F\(2) is meaningless in this case.

. THE NEGATIVE CONTINUATION OF THE REAL GAMA FUNCTION

3.1 The definition and character of the real Gama function

The original definition of the real Gama function is

o

[(a)= Je_'t“_'dt a>0
0 (7)

Here parameter a€R js a real number with @>0_1f a<0 the integral of Eq.(7) is infinite and
meaningless. The Gama function has the following natures [3]

ray=1 ra/2)=r 8)
_TI'(a+1)
[a+l)=al(a) Ha)= a (9)
F(H'i‘l):n' (n=0, 1, 29 35) (10)
T(a@)(1-a)=—"
sinam (11)
I'Q2a)=2*"n""T(a)(a+1/2) (12)

According to the formulas above, the Gama function has no zero with T'(a) > 0 in the field a > 0.

3. 2 The negative continuation of the Gama function does not hold.

According to the original definition, the Gama function is meaningless when a < 0. For example, when a =0,
Eq. (7) becomes
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I'(0) = Ie_tt_]dt = —It_'de_’ =77 + J‘e_rdt_]
0 0 0 0

oo

= —il —Ie”t’zdt =w—-[(-1)—>wn
etl, 1 (13)
By the same method, it can be proved that
r(_l):M:@_)_oo
-1 -l (14)
r(-2)= ra-2) _ r'-n e
-2 -2 (15)

Therefore, when a =0, -1, -2, —3,---, we have I'(-a) — .

However, according to the present theory of the Gama function, as long as @ #0, =1, =2, =3, by

using formula (9), Eq.(7) can still be extended from the field ¢ > 0 to the field a'=-a <0, called the
negative continuation of the Gama function.We write it as

d-a) .0 1 2 3.

F@)=rta)=—— (16)

For example, let a' =-1/2, according to Egs. (7), (8) and (16), we have [3]

r(-1/2) T(/2
Hev2)= (-1/2 = _(1/2):_2*/; (17)

Let a'=-3/2, according to Egs.(16) and (17), we have

r1-3/2) T(-1/2) 4z

= = (18)
-3/2 (=3/2 3

r(-3/2) =

So, according to the present theory, after negative continuation, as longas a'=-a=#0, -1, -2, -3,---,

the Gama function is still meaningful. The formula (16) appears in various textbooks and literature,
and be used widely in mathematics.

However, according to this direct negative continuation, the basic form of the Gama function has no
any change. It violates the first condition and is wrong. For example, to take a' =—0.3, according to the
original definition Eq.(7) and Eq.(16), we have

(-0.3) = —%F(l ~0.3)= —%r(m)

013]26 (0T g — J‘ 93 e
0 .

0
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117 13
- —— o e—fdt—O.Bn
037", 037
= o+ j et dr = —0+T(=0.3)
0 (19)

So we get the absurd result ['(=0.3) = —0+1'(=0.3) ,the result is meaningless. So Eq.(16) can not hold.
Again, to take a' =—1.5, according to Eq.(16), we have

I(-3/2) =T'(~1.5) = —%F(l—l.S) = —%r(—o.s)

0

= _ij'efttfo.sfldt :ijt—lﬁde—t
15 1579

0

:i 1.::-t _i e dt™
15t%"'|, 157
— oo+ j et 5t = —0 + [(-1.5) (20
0

We still get I'(-1.5) = -0 +I'(-1.5), which is completely different from Eq.(18). In fact in the general
situation, let a >0, we have —a < 0. According to Egs.(7) and (16), the result is

r@)=r(-a)= —él"(l— a)= —ij.e_ttl’a‘ldt
0

1% 1|7 1%
:—j't“’de‘t = ——je‘tdt‘a
! ae't’|, apy
=————| +|e't*dt=—0+T(-a
ae't® |, ~([ (2) (21)

That is I'(—a) =—wo+I'(—a). Therefore, the negative continuation formula (16) of the Gama function
does not hold. The reason is that in the extend field, the form of the Gama function has not been
changed.

V.  THE COMPLEX CONTINUATION OF THE GAMA FUNCTION

4.1 The single complex continuation and the double complex continuation of theGama function.

Leta>s=a+ibjp Eq. (7), the Gama function is extended from real field to complex field with

I'(s)= Texx“dx Re(s) >0 (22)
0
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We call Eq. (22) the single complex continuation of the Gama function. In the deduction of the integral
form of the Riemann Zeta function, the single complex continuation of the Gama function is involved.

According to the definition, the condition that Eq.(22) holds is R€()=@>0 That is to say, Eq.(22) holds
only on the right half side of complex plane. On the left half side of complex plane, it does not hold. However,
according to the present theory, Eq. (22) is actually considered to be valid on the whole complex plane except at

the points of negative integers with a=0, —1, —2, —3,---.. The reason is due to the following relation
[(s+1)=sI(s) (23)

LetS'=—S, we re-write Eq.(23) as

r'(s'+1)

)= X

Re(s)#0, -1, =2, - (24)

In this way, I'(s)is extended into the negative half plane with Re(s') <0. Similar to the negative

continuation of the real Game function as shown in Eq.(16), we call Eq. (24) the negative continuation
of the single complex Game function.

By substituting X =" in Eq.(22) and separating the real part and the imaginary part, we have

0 ©
F(S) — J.efxxaflﬂbdx — J.efxxafleib Inxdx
0 0

= j e x"" cos(bInx)dx + ij e *x*'sin(bIn x)dx
0 0
~ T (a,b)+i T, (a,b) s)

Here T (a,b) and T, (a,b) are the real functions with

I(a,b)=[e"x" cos(bInx)dx  T,(a,b)=[e x*'sin(bInx)dx
0 0 (26)

It can be seen that I(a,b) and I,(a,b)are not the originally defined Gama functions due to the
existence of the items €0s(bInx) and sin(hInx). A new parameter ®is increased in Eq. (26), so it
becomes the function of double parameters. We can not call them the Gama function again. The

formulas (8) ~ (12) can not hold for them. They need to be proved again. Only when & =0, Eq.(25)
degenerates to the real Gama function.

If let x > z=x+iyeC again in Eq.(22), we call it the double complex continuation of the Gama
function with

T(s)=[ez"dz

C

(27)
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In the deduction of the Riemann Zeta function equation, the double complex continuation of the Gama
function is involved. We will discuss them in Section 4.4.

4. 2 The negative continuation of the complex Gama function does not hold.
We now prove that the formula (24) of the negative continuation of the complex Gama function does

not hold on the complex half-plane Re(s) <0. Similarly, Eq.(24) can be written as

- 1%
Ir(s)=r(-s)= @=s) _ Ie‘xxl‘s‘ldx
-s -S4
1% 1 * 1%
= —I x*de™* ==ex° ——J‘e‘xdx‘s
S 0 S 0 S 0
= } - +.|.e’xx’s’1dx
e’ x|, 1 (28)
We have
x® = x*" = x%®™ = x? cos(b In x) + ix* sin(b In x) (29)

When x — 0, we have Inx — —o, but cos(bInx) and sin(bInx) are limited, so we have

PRy . — — 0
o (a+ib)e*x*[cos(hbInx)+isin(Inx)]|,

1

XS

Se"X

(30)

From Eq.(28), we still obtain I'(—s) = +TI'(—S), the negative continuation of the complex Gama
function is also meaningless.

4. 3 The single complex continuation of the Gama function is not an analytic function

In the theory of complex function, the analytic property of function is very important. There are many
theorems which are effective only for analytic functions, such as the Cauchy theorem, the residue
theorem, and so on. These theorems do not work if the functions are not analytic ones.

To express the analytic nature, the real part and the imaginary part of complex function
f(s)= f(a+ib) should be separated. We write it as

f(s)=u(a,b) +iv(a,b) (32)

The real part “(%®)and the imaginary part Y(@®)are not independent, both should satisfy the
following Cauchy-Riemann equation [4]

u_ov o o

oa ob b oa (33)

At present, the single complex continuation T°(s) of the real Gama function is considered an analytic
function. But it is not true. We prove it below.

Let #(a.b) =11(a.b) and v(a,b) = T,(a,b) in Eq.(25). If T'(s)is an analytic function, following relation
should be satisfied.
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an_oan, o __on

da  0b oa b (34)

However, according to Eq.(26), we have

o =(a- I)I e *x“* cos(bInx)dx o =— j e *x“ " Inxsin(hIn x)dx
da ob
0 0 (35)
&4 _ (a—1) J e " x“?sin(bIn x)dx &4 _ I “x“"Inxcos(bInx)dx
da ] b (36)

It is obvious that Eq.(34) can not hold, so the Gama function I'(s) described by Eq.(25) is not an
analytic function on the complex plane § =a + ib

4. 4 The double complex continuation of the Gama function is an analytic function.

We prove below that the double complex continuation of the Gama function is an analytic function. We
write EQ.(27) as

I(s) =I 2 'dz =u(a,b) +iv(a,b)

c (37)
We have
Zsfl — (reiﬂ)aﬂ'bf] — (elnreiﬂ )a71+ib — e(afl)lnrfbﬂei[blnr+(a71)9] (38)
e—zZs—l — eEI x+iy)Z(a+1'b)—1 — e(a—])lnr—bﬂ—xei[blnr+(a—l)9—y] (39)
= e(“"”'“r'bg""{cos(b Inr+(a—1)0 - y)+isin(blnr+(a—1)0 - y)} = A+iB
(40)
A= cos(bInr+(a —1)0 — y) 41)
B=e“""""sin(bInr+(a—1)0 - ) (42)
Here x =rcosf and y =rsin@. Then, we write Eq.(37) as
I(s) = [e*z°dz = [ (A+iB) dx+idy) = [ (Adx—Bdy)+i[ (Ady + Bdx) (43)
C C C C
and get
u(a,b) = [ (Adx - Bdy) v(a,b) = [ (Ady + Bdx)
o o (44)

The Problems Existing in the Complex Continuations of Gama Function and the Euler Formula of Prime Numbers

Volume 21 | Issue 2 | Compilation 1.0 © 2021 London Journals Press



From Eq.(41) and (42), we have

B_A = In pe'@Vinr-b0-x COS(b Inr+(a-1)0- y)

oa

_ 9 e(a—l)lnr—bg—xsin(b ln r+ (a — 1)9 — y) (47)
B_B —Inr e(a—l)lnr—bﬂfxsin(b Inr+ (a — 1)9 - y)

oa

+ 9 e(a—l)ln r—b0-x COS(b lnr + (a — 1)9 — y) (48)
3_A =—0 e(afl)]nrfbéfx COS(b Inr+ (a - 1)8 - y)

ob
—Inre P sin(blnr +(a—1)0 - y) (49)
9B g e in(bln s+ (a0 )

ob

+Inr e("‘l)ln'"‘w'xcos(b Inr+(a-1)0- J’) (50)

By considering Eqgs.(47) ~ (50), we see that Eq.(33) can be satisfied. So Eq.(44) satisfies the Cauchy-
Riemann equation, the double complex continuation of the Gama function is an analytic function.

4.5 The product of the Riemann Zeta function and the Gama function is not an analytic
function.
The original definition of the series form of the Riemann Zeta function is

£(s) = Z;n‘s Re(s) >1 (51)

It is proved in [2] that Eqg.(51) is an analytic function. Riemann obtained the relation between the
Riemann Zeta function and the complex continuation of the Gama function in his original paper in
1859.

s—1

JONGH| eﬂf —de=1(s) o)

We prove below that /(s) is not an analytic function about s =a+ib. By using x® = ¢*"*, Eq.(52) can
be written as
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o xa—leiblnx o xa—l
I(s)=[~———dx == [cos(b Inx)+isin(b lnx)}dx
o, e -1 ve —1 (53)
By separating the real part and the imaginary part, we get
© -l 4 el
u(a,b) = _[ xx cos(blnx)dx v(a,b) = I f sin(bIn x)dx
ve —1 ve —1 (54)
So we have
@ a-2 o0 a-1
ou =(a-1) )i cos(bInx)dx ou = —J Jf In xsin(bIn x)dx
da ve —1 ob ve =1 (55)
o0 a1 o _a-2
v = _[ al In xcos(bIn x)dx v =(a-1) x sin(hIn x)dx
ob e -1 ca e —1 (56)

It is obvious that Eqgs.(55) and (56) are similar to Egs.(35) and (36). The Cauchy-Riemann equation (33) can
not be satisfied, so Eq. (52) is not an analytic function.

4. 6 The double complex continuation of I(s) function is an analytic function.

Similar to Eq.(27), let x - z=x+1iy in Eq.(52) for the second complex continuation, we get

I(S)—)]C(s):jezz_]ldz

It is proved that the double complex continuation /.(s) is an analytic function. We have

Zs—l — e(a—l)lnr—bﬂel[blnr+(a—l)6]

_ e(a—l)lnr—bﬂ {COS[b Inr+ ((1 - 1)9] + .iSil’l}ei[blnH(a—l)ﬁ'] (58)

1 1 1

e —1 e -1 e((cosy—1)+isiny)

_ ((cos y—1)—isin y)
e*((cos y—1)+isin y)(cos y —1)—isin y)

_cosy-l-isiny 1 i siny
2e*(1—cos y) 2e*  2e*(cosy-1) (59)

A | 1 +i siny (e(a—l)lnr—b@ei[blnr+(a—1)t9])
1 2e*  2e*(cosy-1)
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-z _s-1 — eEI x+iy)Z(a+ib)—1 — e(a—l)lnr—bG—xei[blnr+(a—l)9—y]

e 'z (60)
= la b0 {cos(b Inr+(a-1)0 - y)+isin(blnr+(a—1)0 - y)} = A+iB
(61)
A= cos(blnr +(a—1)0 - y)
B=e """ gin(blnr +(a—1)0 - y) (62)

Similar to the calculations of Egs.(47) ~ (50), it can be proved that Eq.(33) can be satisfied, so the
function Z,(s)described by Eq.(57) is an analytic function. Riemann used it to calculate and deduce the
Zeta function equation.

V.  THE COMPLEX CONTINUATION OF COMPLEMENTARY FORMULA OF GAMA
FUNCTION

5.1 The complex continuation of complementary formula of the Gama function does not hold

Suppose that a is a real non-integer number with 0 <a <1, it can be proved to exist the following
formula [4]

o X+1 sinarmr

(69)

Though the formula is defined in the real field, it needs to use the Residue theorem of complex function

to prove. Let s =a+ib, the complex continuation of Eq.(69) is considered to directly let @ —>5 in
EqQ.(69) at present and get

o gl
j X oo ' T
oy X+1 sin s (70)
Correspondingly, the complex continuation of Eq.(11) is considered to be
[(s)C(1—5) = —2—
sinsz 0<Re(s) <1 (71)

Eqg. (71) was used when Riemann deduced the integral form of the Zeta function in his original paper in
1859.

It is proved below that Eq. (70) does not hold, so Eq.(71) does not hold too. We write the left side of
Eq.(70) as
s-1 o g+ib-| ®© __g-1_iblnx
Ix—dx = I il =[x
o Xx+1 X+l

a-1 w _g-1

=I al cos(h lnx)dx-i—i'[ al
o X +1 o x+1

sin(bIn x)dx
(72)
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According to the Euler formula, we have

e" =e"" =e(cosa+isina) (73)
i(a+ib) —i(a+ib) -b .. b .
. . —e e ’(cosa+isina)—e’(cosa—isina
sin(a +ib) = - = ( ) : ( )
2i 2i
_ —(e"—e")cosa+i(e’ +e")sina
2i (74)
n B i2r
sin(@+ib)yr  — (e’ —e " )cosar +i(e"”™ + e )sinan
b —bm : b —bm
2rn(e” +e ")sinarw ) 2n(e” —e ")cosarm

e e 4 2sin*am —cos*ar) e +e " +2(sin’ am —cos” an) 75)

If Eq.(70) holds, by comparing the real parts and the imaginary parts of Eq.(72) and (75), we have

T X os(bInx)dy = - 2’§§eb * esz)sm a
o X+1 e +e " +2(sin" amw —cos” an) (76)
T x*! sin(bln x)dx = —2n(e”™ +e "™ )cosan
o X+1 e” +e " +2(sin® am —cos” an) (77)
Let =0 in Egs.(76) and (77), we get
T x! o Arsinarn 7
* x+1 2(1+sin’* ar —cos*amw) sinarn (78)
_ —4ncosan _ _mcosarn
2(1+sin’ an —cos® ar) sin®an (79)

Eq.(78) is completely the same as Eq.(69), but Eq. (79) can not hold when a # (2n+1)/2. Where is
wrong? Let’s analyze it below.

5.2 The correct calculation of complex continuation of complementary formula of the Gama
function

At present, the Residue theorem is used to calculate Eq.(69). Let's repeat this calculation at first.
Suppose that ¢ is a real non-integer, we consider the integral of complex function below with

O<argz <2rm [4]

T(a)=[z"'0(=)dz (80)

C

Here Q(z) is a single value and analytic function everywhere except at several isolated singularities.

There are no singularities on the positive real axis. When |z] — 0 and |z| — 0, z“Q(z)| tends to zero

consistently.
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Fig.1: The contour of residue calculation

The integral contour C of residue calculation is shown in Fig.1. It stars off from the point z=x=4 on
the above positive real axis, goes along the positive real axis and arrive at point A with X=R. Then

goes along a big circle Cowith radius and comes back to point B on the down positive real axis. Then
goes along the negative direction of real axis and arrives at point X = 8 . At last, goes around the small

circle Cs and reaches the starting point.

Therefore, the integral of Eq.(80) can be written as

3

jza_lQ(z)dz = ]Eza'lQ(z)dz + jza'lQ(z)dz = jz”]Q(z)dz + :“Z‘HQ(z)dz

C [ R

=(1-¢'?") j 2°7Q(z)dz + j 2°7Q(z)dz + j 2°7'Q(2)dz

(81)
By using the Residue theorem, we have
J.z‘HQ(z)dz = iZEZres{z”’]Q(z)}
c (82)
Because of Z”Q(Z)’ — 0 when |z| =0 >0 and ‘z| =R — o we have,
j 270()dz >0 g j z2'0(2)dz — 0
Co Cs (83)
Based on the formula above, we get from Eqg. (82)
£ ° i2r
[ 27'0(2)dz — [ x* Q) = o 3 res{z*"0(2)}
5 0 € (84)
Let Q(z)=1/(1+z), thereisan unique singularity z = —1=¢" on the real axis. The residue is
721 _
3 res{z*Q(2) = res . =72 =t
(1+ Z) Z:ei” Z:ei” (85)
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Substituting it in Eq.(84), we get the current result with
N -2r 7

i2amw —iam i2am —iam ian

1+ x l-e e —e e —e sinarwr

Tx 2mie V" i27e
J- dx =

0

(86)

If let @ —> s =a+ib, itis impossible to let Sinam —>SINST on the right side of Eq.(86). It needs to be
calculated again. Let

Q,(b,z)=cos(bInz)/(1+z) Q,(b,z)=sin(bInz)/(1+z) (87)

T(a.b)=[z"'Q b2}z T(a,b)=[z"0s(b,2)z
c C (88)

When |z|=6 —0and |z2/=R =, cos(bInz)and sin(bInz) are uncertain values. But we still have

lcos(bInz)| <1 and [cos(bInz)|<1, so the conditions |Z"Q1 (Z)‘ — 0 and Zan(Z)‘ — 0 still hold. We can

still use the Residue theorem. For 7T;(a,b), similar to Eq.(85), we have

. z7'Q,(b,2)dz = Zres{z“’]Ql (z)}= z" " cos(bInz)

27y, in

z=e

bm -bm
ia-yz € te

= ei(“’])”cos(b Ine”™) = e"(“’””cos(ibﬂ) =e 5 (89)
For T,(a,b), the result is
1 j a-1 b _ { a-1 }_ a-1_: bl
o z70,(b,z)dz = Zres z70,(z)(=z" sin(blnz)
l C p—
) ) ) ) e-b:r _eb:r
=e"“sin(blne™) = " sin(ibr) = 7" ,
2i (90)
The last result is
] Xa—l _ |2 eb/z' + e—b/t ebn’ + e—b;r
j cos(bInx)dx =—— ﬂ-ian =z (91)
o1+ X e —e 2 sinaz 2
L] Xa—l ] _|2 br + ~br bz _ 4-bz
[X—sinpInx)dx=— & T8 - T E 7° (92)
+ X g —e"” 2 sinarxr 2

0

When 6=0 Eq.(91) is consistent with Eq.(78). EQ.(92) is equal to zero. The contradiction shown in
EqQ.(79) does not exist again. Eq.(70) becomes

dx = dx = +i
x+1

x+1 sinamT 2 2i

-1 -1 - -
T x* wxaﬂb T ebar +e b ‘ebn —e br n_eb;'r
i sinarm

0 0

(93)

The result of integral is a real number, rather than a complex number. The complex continuation
formula (71) should be changed as
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bz

_ﬂe O<axl
sinarx (94)

Itis also a real number, rather than a complex number.

I(s)I(L—s) =

It should be noted that Eq. (94) holds only when 0<a<1. Beyond this condition, Eq. (94) is still
invalid. Eqg. (71) was used when Riemann derived the Zeta function equation. These two results will
have a great influence on the Riemann hypothesis problem.

VI.  THE COMPLEX CONTINUATION OF THE GAMMA FUNCTION MULTIPLIER PRODUCT
FORMULA.

The multiplier product formula of the Gama function is [4]

(@0 (a+1/2)=272%"1(2a) a>0 (95)

According to the current theory, the complex continuation of Eq.(95) is directly written as

C(S)[(s+1/2) = 2723791 (2s) (96)

EQq.(96) is regarded to be tenable on the whole complex plane. But there is no basis for this result
actually. By using the definition of the Gama function, Eq.(95) can be written as

Q0 00

J‘J‘e—<x+y)xa LyAl2gydy = 22" 1)Ie‘x x?2tdx (97)

00

By substituting s =a +ib in Eq.(96) and considering x™ = e " = cos(bIn x) —isin (blnx), the results
are
j j S gactya- ”2[cos(b Inx)cos(hIn y)—sin(pInx)sin(hIn y)}dm’y
+if e g y“”z[sin(b Inx)cos(hIn y)+ sin(b1n y)cos(bIn x)}dxdy
00

_y-Ca- 1){005(251112)'[ e 'cos(2blnx)dx+Sln(2bln2)I xR ‘sln(2blnx)dx}

+i27% ”{cos(Zban)J- “*x*'sin(2b In x)dx — sm(2bln2)j X Icos(2blnx)aix]

(98)
By separating the real part and the imaginary part, Eq.(98) becomes
j j ) ya-tya- "2[cos(b Inx)cos(bln y)—sin(bInx)sin(hIn y)}dxdy
(2a-1) x 2a-1 ﬂc 2a-1
=2 [cos(Zb In 2)j cos(2b1n x)dx + sin(2b1n 2)_[ sin(2h1n x)dx}
(99)
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J' J‘e_(x+y) o ya—]l2|:sin(b Inx)cos(bln y)+sin(bln y)cos(bln x)}dxdy
00

= 2(2"”{003(26 In 2)J-e’xx2“’lsin(2b In x)dx —sin(2b1n Z)Jefxxz"’lcos(Zb In x)dx}
0 0
(100)

The status of Eqgs.(99) and (97) are equivalent, but they are different when &= 0. Eq.(97) needs proof
but we have no at present. And so do for Eqg.(100). So the complex continuation formula of the gamma
function multiplier product is generally incredible. Because the double integrals are involved in the left
sides of EQ.(99) and (100), the calculations are complex, they will be discussed in a separated paper.

VIl.  THE COMPLEX CONTINUATION OF THE EULER FORMULA OF PRIME NUMBERS

The Euler formula of prime numbers is

€0

S =il p)'

ol x (101)
Here 2 >1 is areal number, n=1, 2, 3, 4---is nature number and Pe=235 7"”is prime number.
They are all positive integers. By considering P =1/pi < 1, we have
1 _ —a —2a —3a
1 —=l+p T p
— Py (102)

By developing the multiple products on the right side of Eq.(101) , it can be written as

oo

D=1+ p 4D (pp) + D (ppep)
k

n=1 J<k J<k<l

+ (P P+ (0 e+ D (e e e )

J<k J<k Jj<k<l
+ (PP e+ D (e )+
j<k<l J<k<l (103)

Riemann extended the Euler formula of primes number into the complex field and write it as

Was 1}(1 -
n=1 &

Here s=a+ib jsa complex number. It should note that the Riemann’s complex continuation is only a
hypothesis without strict proof. It is proved below that this complex continuation has no meaning in
the theory of prime numbers for it does not describe the relation between prime numbers and natural
numbers again.

(104)

Lets =a+ib in Eq.(104), we have
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o0

—(a+ib) _ il = ~(a+ib) }!
;" Pﬂ( " ) (105)

—ibInn

By using n"" =e =cos(bInn)—isin(blnn), the left side of Eq.(105) can be written as

1

oo}

—(a+ib)

n =l4+—+—+" _
2a+zb 3a+1b naﬂb

n=1

=1+2""cos(bIn2)+3 “cos(bIn3)+---+n “cos(blnn)+---

—i (27sin(bIn2) +3“sin(bIn3) +---+n “sin(blnn) +--)

(106)
The right side of Eq.(105) becomes =
- :
H(l— pk’(a“b)yl =1+ p;{cos(bln p.)—isin(bin pk)} S
Py
+Z(pj pk)‘a{cos(bln p;)—isin(bln pj)}{cos(bln p)—isin(bIn pk)} §
j<k %
+ Z(pj Py pl)‘a[cos(bln p;)—isin(bln p;) | cos(bln p,)—isin(bIn pk)} §
j<k<l L Q
- - [ - - 'J::
x{cos(bln p,)—isin(bln pl)}+---+2(pj‘2apk‘a) cos(2bln p;)—isin(2bin pj)} §
j<k L %
&
{cos(bln p.)—isin(bIn pk)}+--- (107) —
=)
By separating the real part and the imaginary part of Eq.(105), we get é
g
=
1+2%cos(bIn2) +3*cos(bIn3) +---+n*cos(blnn) +--- :1+Z p,“cos(bin p,) S
k
+Z(pj pk)‘a[cos(bln p;)cos(bln p,)—sin(bIn p;)sin(bin pk)}
j<k
+ Z(pj Py p,)‘a{cos(bln p;)cos(bln p,)—sin(bIn p;)sin(bin pk)}cos(bln p)
j<k<l
+[cos(bln p;)sin(bln p,) +sin(bIn p;)cos(bln pk)}sin(bln pl)}+---
+Z(pj‘2apk‘a)[cos(2bln p;)cos(bIn p,)—sin(2bln p;)sin(bIn pk):|+"‘ (108)
j<k
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27%sin(bIn2) +37%sin(bIn3) +---+n~%sin(blnn) +--- = z p,sin(bIn p,)
k

+Z(pj pk)‘{cos(bln p;)sin(bIn p,)+sin(bIn p;)cos(bIn pk)}

j<k

+ Z(pj Py p,)a{[cos(bln p;)sin(bIn p,)+sin(bIn p;)cos(bln pk)}cos(bln p)

j<k<l

{cos(bln p;)cos(blIn p,)—sin(bIn p;)sin(bIn pk)}sin(bln pl)}+---

. . (109)
+Z(p}2’“ pk‘"")[cos(Zbln p;)cos(bIn p,)—sin(2bln p;)sin(bIn pk):|+"'
ik

All quantities in Egs.(108) and (109) are real numbers. But sin(blnp;) and cos(blnp;) are not
integers in general. They may even be irrational numbers which can not be represented by the addition,
subtraction, multiplication and division of two integers. So these two formulas do not describe the
relation between nature numbers and prime numbers.

The status of Eq.(108) and (103) are parallel, but they are obviously different. Eq.(101) was proved
strictly by Euler. Eq.(108) was based on the complex continuation of Eq.(101) proposed by Riemann
without any proof. Because EQ.(108) does not describe the relation between natural numbers and
prime numbers, and contradicts with Eq.(103), it is meaningless. Eq.(109) has no basis and proof too.
We has no reason to think it is correct.

Therefore, the complex continuation of the Euler formula of prime numbers has no meaning actually.
The theory of prime numbers based on this formula can not be correct.

VIIl.  THE INFLUENCE ON THE PROBLEM OF THE RIEMANN HYPOTHESIS

8.1 The deductions of integral form of the Riemann Zeta function and the Zeta function
equation

Based on the complex continuation form of the Gama function, Riemann deduced the integral form of
Zeta function [1, 6]. Let x = nx in Eq.(22), the result is

o0

I'(s)= Ie_(”x)(nx)‘“_' d(nx)

(=3

= nsje’”‘x“]dx
0 (110)
Taking the summation of Eq.(110), Riemann get
(S-S fewr ][ S
n=l| n=l 0\ on=l (111)

Then, Riemann used the following summation formula of series (The original paper of Riemann had
not provided this formula but used it actually.) [8].
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e 1 (112)

By substituting Eq.(112) in Eq.( 111), Riemann obtained

d T X
n— [[(s) = |——dx Re(s)>1
(Z‘ j ! e’ -1 (113)

s-1

To calculate Eq.(113), Riemann extended the integral of real number X to the field of complex number

withz =x+iy € C and defined the function /(?)

(_Z)Sfl

I(s) = [~ —dz Re(s) =1
L e -1 (114)

Eq. (114) is just the double complex continuation of Gama function. The definition domain of function

I(s) was extended into whole complex plane except at the point Re(s)=1, rather than original
Re(s)>1.

Fig. 2: The integral path of Riemann Zeta function

The path of integral started from ¥ —> % to x=0 along the straight line B under the *-axis. Here o

2 2
was a small quantity. Then the path was along the circle £ with radius Xy =0 around the
original point of the coordinate system. At last, the path was from * =0 tg x> ® along the straight

line 4 above the X - axis.

According to Fig. 2, Eq.(114) contains three items.

15) = (;le dx+ | (;Zzl 2+ (;Xil dx

(115)
Riemann’s paper provided the following result without concrete calculation [1]
) oyt
1(s) =(e™ —e™™) j —dx (116)
€ -1
It indicated that Riemann assumed that the medium item on the right side of Eq.(115) was zero
(_Z)sfl B
[* —4=0 (117)
Q
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By using the Euler’s formula

—— = sin(7s)
2i (118)

and substituting Eqgs.(116) and (118) in Eq.( 113), the result was

I(s)=1i2 sin(m)l"(s)i n’

(119)
By using the complementary formula of the Gama function
F0(1-5)=—
Sll‘l(ilZS‘) (120)
and considering Eq. (114), Eq. (119) can be written as
Sao 16 _Td-s) j( 2
— 1251n(7a9)F(s) 2mi g € —1 (121)

Riemann used the method of contour integral and the residue theorem, and obtained the integral

( Z)s_l s—l 75 S —(1-s)
dz =227 n (122)
Zm-[ 2 Z;

Eq.(121) becomes

30 =202n) ' T(-s)sin =y 1™
pr 253 (123)

By considering the original definition of the Riemann Zeta function

(=Y =3t
=1 n=1 (124)

the Riemann Zeta function equation was obtained.

C(s)=2Q2r) 'T(1-s) sin?g’(l —5)
(125)

EQ.(125) describes the relation between g(s)and‘:(l_s). Then, Riemann introduced the
transformation [1,4]

5(8)——5(8 l)ﬂ“”F( ]C (s)
(126)

and proved the follow symmetry relation
&(s)=&(1-s) (127)

Since the functions ¢(s) and &(s)have the same zero, based on Eq.(126), Riemann proposed the
hypothesis that all non-trivial zeros of Zeta function lie on the straight line of s=1/2+ib.
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At present, it is generally believed that after the Riemann complex continuation, the right side of
Equation (125) becomes a new definition of Zeta function, so the left side of Eq.(125) is no longer in the
form of Eq. (124). However, this is not the case because to get Eq. (125) from Eq. (123), Eq. (124) must
be used. It must be remembered that the prototype of Eq. (125) is Eq. (123). Equation (125) is only a
symbolic simplified representation of Eq.(123). This is very important in the discussion of consistency
problem of the Zeta function equation.

8.2 The problems existing in the Riemann'’s deduction of the Zeta function equation

There are many problems in Riemann's original paper in 1859 on the derivation of the Zeta function
equation, which the author had discussed in detail in the paper [1]. The most critical one is that the
middle term on the right side of Eq.(115) was missing. So Eq.(117) is not equal to zero in general. The
calculation result is as follows

‘[ (_ZZ)H dz = 6" cos(n:(a - 1)): Qo)
a-1 (128)

If Re(s)=a>1,when§ — 0, we have Q(6) — 0, which is the result in the Riemann’s original paper.

However, if Re(s)=a<1, whend -0, we have Q(6)— . The right side of Eq.(115) becomes
infinite.
Therefore, the integral form of the Riemann Zeta function does not change the divergence of its series

summation form. The Riemann Zeta function equation is meaningless in the field Re(s)=a <1. Since

the Riemann hypothesis involved the values at the points Re(s)=1/2 <1, the result of Eq. (128) makes
the Riemann hypothesis meaningless.

This result also explains why the two sides of the Riemann Zeta function equation (125) are
inconsistent [2]. And why the Riemann hypothesis is so hard to be proved, because the Zeta function
equation itself doesn't hold.

In the proof of Eqg. (127), Riemann also used a formula of Jacobean function Q(X):J;Q(l/x). The
formula is also tenable when x>0. If x=0, the formula doesn't make sense. So Eq.(127) is also

problematic because the lower limit of integration is x =0in the calculation process, so this formula
cannot be used [1].

In addition, there is another problem that has not been found in the author's paper [1]. Here is a
supplement. To derive the formula (111), the order of integral sign and summation sign needs to be
exchanged. The condition of interchangeability is that the integrated function is converges uniformly
[9]. Since the lower limit of integral is zero, it leads to singularity. The integrated function can not be

converges uniformly at point X = 0 so the integral sign and the summation sign in Eq. (111) cannot be
exchanged. We have

(129)
Therefore, we can not obtain Eq.(113) form Eq.(111).

The key problem is caused by the use of summation formula (112), which is meaningless under
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conditions x=0. However, the integral lower limit of the Zeta function is zero, which leads to the
above problems and makes the Riemann Zeta function equation and the Riemann hypothesis
meaningless.

8.3 The influence of the calculation in this paper on the Riemann Zeta function equation
The influences of the calculations in this paper on the Riemann Zeta function equation are below.

1. According to the calculation in Section 4.3, the single complex continuation of the Gama function is
not an analytic function. Therefore, Eqgs. (110) and (113) are practically meaningless.
2. Because EQ.(120) does not hold, we can not get Eqs.(122) and (123). Eq.(121) becomes

-1

dz
1

in_s 3 1(s) _sinzal’(1-5s) I (-2)°

~  QisinasI(s)  2ize®sings | e’ —

- SN 2—S) fbalj(l_ S) 22+ sin B >
e™ sin zs 23
(27 sin 7zaF(l— S) - ~(1-s) (130)
= b Z n
e™cos(ns/2) ~

Correspondingly, Eqg.(125) becomes

(2m)**sin zal'(1-s)
e™cos(zs/2)

¢(s) = S(-5s) (131)
If we still use the transformation (126), the symmetry of formula (127) does not exist, there is no
symmetry of formula (127), we have &(s)# &(1—s). Because an infinite item is missing, Eq. (131) is still

inconsistent and meaningless.

If the missing of the infinite large terms is not taken into account, we suppose that Eq. (131) is correct.
According to the understanding of existing theory, the right side of Eq. (131) is regarded as a
redefinition of the Riemann Zeta function, then we discuss its nontrivial zero problems.

According to the standard method proposed in the author’s paper [2], the real and the imaginary parts
on both sides of Eq.(131) are completely separated, then comparing them. It can be strictly proved with

E(1-s)#0, so the zeros of EQ.(131) are located at the points satisfying sinma=0. They are
k=0, £1, £2,---)

o 41,3 .5 (132)
2’72772

No matter whether they are nontrivial zeros or not, the Riemann hypothesis is proved untenable again.

IX.  CONCLUSIONS

In this paper, it is proved that the negative continuation of the Gama function in the real number field
is still infinite according to the direct continuation method. The reason is that the form of the Gama
function has no any change in the extended field. The single complex continuation of the Gama
function does not satisfy the Cauchy-Riemann equation, so it is not an analytic function. But the double
complex continuation of the Gama function satisfies the Cauchy-Riemann equation, so it is an analytic
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function. The complex continuation of the complementary formula of the Gama function is proved to
be wrong, and the correct calculation result is given in this paper.

The paper also discusses the complex continuation of the Euler prime formula, and proves that the real
part of the formula is different from the original Euler prime formula after the continuation. So it no
longer represents the relationship between natural numbers and prime numbers. Therefore, the
complex continuation of the Euler prime number formula is meaningless in mathematics. We can not
discuss the distribution of prime numbers based on it.

At the end of this paper, we discuss the influence of the calculation results on the Riemann Zeta
function equation and the Riemann hypothesis, and prove again that the Riemann hypothesis does not
hold from another angle.
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Einstein’'s Time Synchronization Versus Special
Relativity Postulates

Steven D. Deines

ABSTRACT

One fundamental principle of physics is all
observers concurrently measuring the output of
an experiment must have identical or equivalent
results, especially when the recorded data are
transformed to one inertial frame. Einstein
claimed that the one-way time interval using
light from one end of a uniformly moving rod to
the other end was equal to half of the roundtrip
for light originating from the rod’s end and
reflecting from the other end toward the
origination, forming Einstein’s time
synchronization method. For an observer
stationary relative to the rod, light traverses one
rod length in either direction with equal
transmission time intervals between ends. For an
external inertial observer monitoring the
one-way distances, light traverses a longer
distance than the rod length to overtake the
receding end and a shorter distance when
intercepting the approaching end, making the
total roundtrip greater than two rod lengths. The
roundtrip distance increases with a faster
uniformly moving rod. Length contraction from
special relativity undercompensates for this extra
distance. Assuming a universal speed of light,
theory predicts unequal transmission intervals
for the external inertial observer witnessing the
uniformly moving rod. In all ultraprecise lab
measurements, the observed light speed is the
same quantity and satisfies Einstein’s time
synchronization convention when the distance
between the light source and detector is always
fixed. For the external observer to witness the
same output as the observer fixed with the rod,
light must obey vector velocity addition for the
external observer to have equal transmission
time intervals over both directions (as required
by Einstein’s time synchronization convention)
and measure the standard speed of light between

© 2021 London Journals Press

the ends of the uniformly moving rod. The Laser
Interferometer Gravitational-Wave
Observatories (LIGO) consortium verifies these
conditions as the ends of each LIGO arm move at
different velocities due to Earth’s rotation,
making all one-way light paths different in
inertial space, yet null results are output for all
observers, whether accelerated on Earth’s
surface or in an inertial reference frame.

One key equation in the evaluation corrects a
mathematical error in the distance that light
traverses toward an approaching object in five
previous papers by the author. An appendix in
this paper contains the errata to correct the
corresponding equations and replaces inaccurate
summaries to correct the results and conclusions
in those five papers.

Keywords: length contraction, time dilation, time
synchronization, light speed, special relativity,
Michelson-Morley interferometer, and Kennedy-
Thorndike test.

Author: Donatech Corporation, Inc., Fairfield,
Towa USA.

| EINSTEIN'S TIME SYNCHRONIZATION
AND RELATIVITY PRINCIPLE

In his groundbreaking 1905 manuscript on special
relativity, Einstein defined his concept of time
synchronization in the first section of that paper.
He first illustrated the time of an event is always a
judgment of simultaneous events. In his example,
“The pointing of the small hand of my watch to 7
and the arrival of the train are simultaneous
events”, meaning “That train arrives here at 7
o’clock.” He further emphasized, “It might
appear...the definition of ‘time’ can be overcome
by substituting ‘the position of the small hand of
my watch’ for ‘time’.” [1, §1, lines 15-20]. What he
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meant is that within an acceptable neighborhood
encompassing both the train and pocket watch,
the train arrived at 7 o’clock, else the train would
crush the pocket watch upon arrival. An observer
at point A can time events in the immediate
vicinity of A by coordinating the positions within
the neighborhood of the clock as being
simultaneous. If a remote location at point B is far
outside of the neighborhood of A, then time
recorded by an identical clock near B would
indicate for an observer at B the timed events in
the immediate neighborhood of B. Einstein stated
it is impossible without further definitions to
compare ‘A time’ with ‘B time’, because there is no
master time or common time between A and B.
Surprisingly, Einstein made the following claim
without evidence, “The latter time can now be
defined by requiring that by definition® the ‘time’
necessary for light to travel from A to B be
identical to the ‘time’ necessary to travel from B to
A. Let a ray of light start at the ‘A time’ t, from A
toward B, let it at the ‘B time’ t; be reflected at B
in the direction of A, and arrive again at A at the
‘A time’ t'4. The two clocks run in synchronization
by definition if

(81.1)

We assume this definition of synchronization to
be free of any possible contradictions applicable
to arbitrarily many points.” [1, §1, lines 41-48]

“In addition, in agreement with experience we
further require that the quantity

248 _ ¢ (§1.2)
t,=t,

be a universal constant (the velocity of light in
empty space).” [1, §1, lines 61-63]

This is known as the Einstein synchronization
convention, which assumes that the one-way time
of transmission of light is the average of two
transmission intervals from A to B and from B to
A. The immediate equation above defines c as a

! Original italics implying a convention: Die letztere Zeit kann
nun definiert werden, indem man durch Definition festsetzt,
daf3 die ,Zeit”, welche das Licht braucht, um von A nach B zu
gelangen, gleich ist der ,Zeit™ welche es braucht, um von B
nach A zu gelangen.

constant, which is also the average roundtrip
velocity between A and B. As shown later in this
paper, there is a contradiction between an
external inertial observer recording light bouncing
between points A and B of a rod moving at a
constant velocity and another observer stationary
relative to that rod. It is important to know that
this synchronization process has no verified,
empirical data to support this assumed
convention. It is simply a stipulation that alludes
to one’s experience, which often is misleading
using casual observations. For example, it has
taken millennia to refute the illusion that Earth is
the center of the universe, as the cosmos always
appears to rotate around us without noticeable
vibrations. Equation §1.1 is Einstein’s stipulation
that light transmission is the same in either
direction, but the roundtrip excursion can be the
same if light’s velocity is ¢/2 in one direction and
infinite on the return, or infinite in the initial
direction and c¢/2 on the return, or anything
between [2]. Einstein chose this option that the
transmission interval of light between A and B is
identical in either direction with no evidence to
justify his choice. He later wrote, “That light
requires the same time to traverse the path A — M
as for the path B — M is in reality neither a
supposition nor a hypothesis about the physical
nature of lights, but a stipulation which I can
make of my own freewill in order to arrive at a
definition of simultaneity.” [3, page 27] So,
Einstein’s synchronization convention is very
subjective and must be scrutinized.

Another problem is FEinstein often equated
simultaneity and synchronization, which are not
identical. The author defines simultaneity as two
or more phenomena that either split, divide,
separate, etc., or merge, collide, overlap, join, mix,
fuse, coalesce, unite, combine, etc. at one point at
one instant of time. An observer is effectively a
point in space. So, communications of events
arriving at the same time instant at the observer’s
location are simultaneous for that observer.
Einstein required that a clock is needed to assign
a time at the coordinate position within some
acceptable neighborhood for all phenomena in
that neighborhood (i.e., coordinate time). To
make any meaningful timescale for all such clocks
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within the domain of a reference frame, those
clocks must be synchronized to a master clock,
preferably using light to communicate the time
tags between clocks. Einstein required that the
interval to transmit time from A to B be the same
from B to A for synchronizing clocks to a master
timepiece for a standard timescale. The author
defines synchronization as two or more separated
events or phenomena as having the same
coordinate time at different locations. Much like a
team competes in synchronized swimming, the
parallel actions do not interfere between team
members. Such competitions are not called
simultaneous. An example of a simultaneous
event is the collision of two cars in an intersection.
All observers witness this event as simultaneous,
whether they are stationary, move at a uniform
velocity, or accelerate relative to the intersection.
All such observers saw by way of light and heard
by way of sound the simultaneous collision of
vehicles. This underscores the most fundamental
principle of physics: all observers concurrently
measuring the output of an experiment must have
identical or equivalent results, especially when the
recorded data are transformed to one reference
frame. Even in a court of law, all credible
witnesses of an event testify to the same outcome.
A corollary to this fundamental principle is that
any theory failing to predict the same outcome for
all observers concurrently witnessing an event is
inconsistent and needs revision.

Einstein tried to demonstrate that a simultaneous
event in one inertial frame is not necessarily
simultaneous in another inertial frame [3]. He
considered a thought experiment where two
lightning strikes hit points A and B synchronously
on the ground equidistant from a ground observer
and a train passenger collocated at a midpoint M
(i.e., both observers are located on the
perpendicular bisector to the line AB with the
ground observer abreast with the train passenger
at the instant of the lightning, but the passenger is
moving at a constant velocity). Einstein did not
consider the physical limitations of the human
eye, because the standard frame rate of movies is
24 per second. One can embellish the thought
experiment with ultrahigh speed video cameras
and attachments to serve as suitable observers

recording the events. All railcars can be equipped
with synchronized clocks, lightning rods and
cables touching the rails to conduct the lightning
into the ground. On the ground, there are
synchronized clocks beside tall lightning rods at A
and B. The train is moving at a constant velocity V'
in a direction parallel from A to B. One lightning
bolt branched to strike lightning rods at A and A’
simultaneously (i.e., lightning rod A stands on the
ground and A’ is on the railcar, but both are in the
same neighborhood), and another bolt hits both
lightning rods of B and B’ simultaneously. The
times of the ground clocks and train clocks were
recorded when current in the cables conducted
electricity into the ground, and the comparison
reveals that the twin lightning bolts occurred
synchronously (i.e., same coordinate time)
between A and B and between A’ and B’. The
ground camera at M records simultaneous
reception of light from A and B, but in the finite
time for light to traverse toward M, which would
be in microseconds, the camera located at M’ on
the train has moved slightly closer to B, causing
the moving camera to record light from B’ sooner
than A’. Einstein considered the twin bolts to
strike simultaneously in the ground frame, not
synchronously, because the distances traversed
were identical and, with a constant light speed,
the ground observer saw simultaneous light from
both bolts at M. In the train, Einstein considered
the train observer still saw light from B earlier
than A, but with equal distances of A’M” and B'M’
and a constant light velocity of ¢, Einstein inferred
the train observer must decide that the bolt struck
B’ sooner than the bolt at A’. Thus, Einstein
concluded this demonstrated that events may be
simultaneous in one inertial frame and not in
another inertial frame [3]. He did not have a
rigorous definition for simultaneous and
overlooked another possibility. His inference that
the train observer concludes the bolt struck B’
sooner than the bolt at A” contradicts his initial
requirement that both bolts struck synchronously.
The alternate explanation is the effective light
speed (and sound speed) is faster because the
train observer is moving toward the lightning bolt
(and thunder) from B and receding from the A
bolt, which creates a slower net velocity. His dual
lightning strike illustrates the net velocity of light
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obeys vector addition of velocity between the
source and observer.

Einstein never explained how this paradox occurs
in select frames. In this embellished version, both
cameras are identically at the midpoint at the
onset of the dual lightning strikes. In the ground
frame, the ground camera at M records
simultaneous reception of lightning. With still air,
the camera also records audio that would register
simultaneous sounds of thunder. The train
camera at M’ moved toward B while light
approached the train’s camera. This camera will
record light from B’ sooner than A’ as well as
thunder from B’ before recording thunder from
A’. However, in the inertial train frame, the equal
distances of A’M’ and B’M’ are maintained, and
an examination of the time logs would show the
dual lightning strikes occurred synchronously by
the train clocks. Even length contraction of both
A’M’ and B’M’ would still maintain equal
distances. Time dilation would only make the
train clocks mutually slower than the ground
clocks, but it would not disturb the
synchronization between the train clocks. With a
universal light speed for all inertial frames, theory
would predict simultaneous reception for the train
camera at M’. This contradiction implies one or
more assumed concepts may be incorrect. This
thought experiment is a precursor for examining
whether Einstein’s stipulated clock
synchronization procedure and assumed relativity
postulate are consistent or contradictory. In any
case, physics is the science that explains how
nature operates with the goal of combining
similar phenomena under one explanation.

Il EINSTEIN'S THOUGHT EXPERIMENT:
REFLECTING LIGHT BETWEEN ROD
ENDS

Einstein defined his second postulate of relativity,
“Any ray of light moves in the ‘resting’ coordinate
system with the definite velocity ¢, which is
independent of whether the ray was emitted by a
resting or by a moving body. Consequently,
velocity = (light path)/(time interval) where time
interval is to be understood in the sense of the
definition in §1. Consider a rigid rod at rest whose
length is L when measured by a measuring rod

which is also at rest. We now imagine the axis of
the rod lying along the x-axis of the resting
coordinate system, and that a uniform motion of
parallel translation with velocity v along the x-axis
in the direction of increasing x is then imparted to
the rod. [1, §2, lines 10-17]...We imagine further
that at the two ends A and B of the rod, clocks are
placed which synchronize with the clocks of the
resting system—that is, that their indications
correspond at any instant to the ‘time of the
resting system’ at the places where they happen to
be. Consequently, these clocks are ‘synchronous in
the resting system’. We imagine further that with
each clock there is a moving observer, and that
these observers apply to both clocks the criterion
established in §1 for the synchronization of two
clocks. Let a ray of light depart from A at the time
t,, let it be reflected at B at the time t3, and reach
A again at the time t’,. Taking into consideration
the principle of the constancy of the velocity of
light, we find that

"8
ct+v

r '
Land t —t =
v A B

R
where r,; denotes the length of the moving
rod—measured in the resting system. Observers
moving with the moving rod would thus find that
the two clocks were not synchronous, while
observers in the resting system would declare the
clocks to be synchronous.” [1, §2, lines 41-54].

Einstein’s formula produces (time interval) =
(light path)/c. The following analysis will
determine the path length that light with its finite
velocity ¢ took to overtake the receding end B of
the moving rod and the path length to intercept
the approaching end A after reflecting from B. It is
emphasized here that simultaneous events in one
reference frame transform to equivalent
coordinate points and time instants in another
reference frame. In  Einstein’s  thought
experiment, the light leaving A at the instant ¢, is
a simultaneous event (i.e., atoms located in the
neighborhood of A emit photons at one instant of
time, separating a photon from an atom), which is
a single point at an instant of time in mutually
overlapping reference frames. The reflection of
light at B is also simultaneous, as it is the
absorption and emission of photons with atoms of
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the reflective surface in the neighborhood of B
occurring at a point in a virtual instant of time.
There are two observers: one fixed relative to the
rod moving at a uniform velocity v < c along the
positive x-axis of the stationary frame and the
other observer fixed in the stationary frame. Let
the moving rod be attached to an inertial
laboratory frame. The laboratory observer
measures a rod of length, L, for the one-way light
path, calculates the roundtrip light path is 2L, and
determines that the time interval of A—B is the
same as B—A when light speed has a fixed
velocity, ~which conforms to Einstein’s
synchronization convention. The transformation
between the laboratory frame and the stationary
frame is a simple Galilean conversion, which is x’
=x,+v(t-1t,),y =y,z =z,and t’' =t — t, where
the primed terms apply to the laboratory frame
and unprimed terms apply to the stationary
frame.

In the stationary frame, the light paths will be
derived for the separate legs of A—B and B—A.
This is identical to Zeno’s paradox of Achilles and
the tortoise, who convinced Achilles that he would
always be behind the tortoise after a head start,
even after an infinite number of time intervals
elapsed, implying Achilles would never catch up to
the tortoise and would lose the race. The ancient
Greek mathematicians did not understand that a
finite time interval could be divided into an
infinite number of subintervals, allowing Achilles
eventually to overtake the tortoise and win the
race. Similarly, a light beam emitted at A in the
stationary frame overtakes the receding end of the
moving rod, B, at some point B’ in the stationary
frame. Assume the speed of light is ¢ in the
stationary frame. When the emitted beam travels
the distance L over the time interval L/c, the
receding rod end, B, has traveled a further
distance, &£(1). When that beam travels the extra
distance &(1), B has moved a further distance &(2)
over the same time interval of &(1)/c. Over n
repetitions of this, the rod moved a distance of L +
&) + &(2) + ... + &) where &(1) = v x (L/c) and
&(i+1) = v x &(1)/c. Substitute the individual terms
with v < ¢, and the series is:

Lv L1
=1

L+vitvstoppvtl=
c c C

v "o L(1-vt/e™)

2
L+L24+ L=+t L=
c [ [

1-v/c
. L(1-v"e™ L L )
L= T{H{}o 1-v/e  1-v/c c-v > 1L 0

This is the length of the light path to intercept the
receding end of the moving rod, B, at some point
B’ in the stationary frame. After reflection, the
beam travels a shorter distance than L as the rod
end, A, approaches it. Note that the velocity of the
reflected beam is opposite the direction of the
moving rod, so that the ratio of v/c is negative.
Substitute this into the series (1) to find the
distance from B’ to intercept the rod’s A end at A’
in the stationary frame using v and c as speeds.

v,V iy v L)/
L—Li+1% FODL S =S

L= lim 23-COWeh L _ ek g )

n—oo 1+v/c 1+v/c ct+v

The roundtrip light path in the stationary frame is

cL cl 2L
- - c—v ctv v > 2L 3)

2
4

Algebra can verify (1) and (2). Solve for D in D/v =
(L+D)/c and replace it in L_, = L+D, where D is
the distance in the stationary frame that end B of
the rod moved until light from end A intercepted
B. Similarly, solve d in d/v = (L—d)/c to substitute
in L. = L-d where d is the distance in the
stationary frame that end A of the moving rod
advanced toward the light reflected from end B
until interception. Define y = (1—v?/c?)°*. Then
(3) in the stationary frame has a roundtrip path of
2y°L. If one invokes length contraction from
special relativity because the rod is moving, then
length contraction replaces L as L’/y, resulting in
the roundtrip path of 2yL’ for the stationary
observer versus 2L for the laboratory observer.
This still does not resolve the disparity in the
magnitude of the light paths predicted in the
laboratory or stationary frames. The Lorentz
transformation for length converts L in the
laboratory frame to L/y, which predicts equal
lengths for light to travel A—B and B—A.
However, the stationary observer records that L_,
> L_, a difference of
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L_L=CL_CL=22ch2>O (4)

- «— c—v c+v =

This result is a major discrepancy between
observers. These are simultaneous events when
the observers concurrently witness the
phenomena. Light is emitted from its light source
at A, which is common to both laboratory and
stationary frames. Light is reflected at B in the
laboratory frame and at B’ in the stationary frame
(i.e., photons are absorbed and then emitted in
the opposite direction by the atoms on the
reflecting surface at the virtual point in either
frame according to Snell’s law). Finally, the light
beam is absorbed at the rod’s end at point A in the
laboratory frame, which must be the same point
location as A’ in the stationary frame. The
roundtrip light paths measured precisely in both
frames are not equal, especially after all
measurements are transformed to a common
reference frame. The corollary from the
fundamental principle of concurrent observation
reveals some theoretical concepts are inconsistent
and need updating.

As cited above, Einstein believed his dual
lightning test demonstrated simultaneity for the
ground observer, but nonsimultaneity for the
train observer, who would conclude lightning at B
struck earlier than lightning at A. [3, p. 30], which
contradicts the test requirement that both strikes
occurred synchronously in both frames. For
example, a pedestrian standing on the corner of
an intersection witnesses two cars collide upon
entering an intersection simultaneously, but a
moving driver approaching the intersection
reports nonsimultaneous entry of the two cars,
which results in no collision. This is absurd, and
the corollary requires some theoretical concept
must be revised. Einstein never included criteria
showing which inertial observers concurrently
witness synchronized or nonsynchronized events.
Einstein’s concepts of simultaneity and universal
light speed are imprecise or inconsistent, which is
unacceptable for rigorous physics
experimentation.

The speed of light cannot be the universal value of
¢, as the transmission intervals along the moving
rod are unequal in the stationary frame, but equal

in the inertial laboratory frame fixed with the
moving rod. Simply divide ¢ into L., and L.,
getting unequal results that violate the
synchronization convention. On closer
examination, two different sets of photons are
involved with this thought experiment. One set of
photons is emitted from end A, traveling parallel
with the moving rod to end B until absorption by
the atoms of the reflective surface at end B. The
other set of photons are emitted by the reflective
atoms at end B, moving antiparallel to the moving
rod until absorbed by the atoms at end A. Because
two different sets of photons are involved,
designate c_, for the light speed from A—B and c_
for light speed moving A<B. However, the
stationary observer can synchronize identical
clocks at points A” and B’ to match the master
clock A* before the test (A* is collocated at the
rod’s A at t, = 0). Attach two identical clocks to
the ends of the rod (i.e., the rod’s A and B) and set
those two clocks to match the master time t at A*
in the stationary frame (e.g., t, = 0 in the Galilean
transformation). Impart a velocity v to the rod
and the laboratory fixed with the rod. As required
by Einstein’s synchronization convention, the
transmission intervals for light to travel A—B and
B—A in the laboratory frame must be equal using
the clocks at the ends of the rod. The stationary
observer compares the times of the clocks when B
of the rod is at B” and later when the rod’s point A
is at A’. As stipulated by Einstein, if a clock at B is
synchronized to a clock at A, then the clock at A is
synchronized to the clock at B, and if a clock at A
is synchronized to clocks at B and at C, then the
clocks at both B and C are synchronized with each
other [1, §1, lines 50-53]. The stationary observer
records equal time intervals of transmission for
the two separate legs with A*—B’ and B’—A’, as
all five clocks are synchronized. The formula is
(time interval) = (light path)/(light speed), and
the two legs defined by a moving rod have
unequal light paths in the stationary frame, yet
the time intervals of transmission are equal.

To resolve this apparent dilemma, rewrite (1) and
(2) for the light paths with the generalized light
speeds where c_, is parallel to the rod’s velocity in
the initial traverse and c._ is antiparallel in the
reflected traverse .
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L, = >1L (1)

eV

L=< (2

Cetr

Divide by the appropriate light speed for that leg
of the roundtrip into the light path and equate the
time intervals as required by Einstein’s time
synchronization equation §1.1.

L L

tg —tg = =ty —tp &)

eV Cetr

Equation (5) is valid only if the denominators are
identical, nonzero constants and light speed
varies. This means c_, = ¢ + vand c_=c — v with ¢
being a nonzero constant. When the laboratory
observer is fixed relative to the light source, then
the speed of light is apparently constant in the
laboratory frame as v = 0. In the stationary frame,
the stationary observer records different light
paths and different light speeds such that the time
of transmission is the same for either leg. Thus,
light’s speed obeys the magnitude of vector
velocity addition.

The speed of light in a vacuum could not be a
universal constant for inertial frames by
comparing the synchronization convention
against an assumed constant light speed. Even
special relativity can not transform a measured
speed of light in one inertial frame into the same
numerical quantity in another inertial frame that
has a uniform velocity relative to the first frame.
Let the numerical value of ¢ be 299792458 m/s in
the stationary frame. Before measuring light, the
laboratory is at rest in the stationary frame, so
that the laboratory has an identical meter
standard and a synchronized clock maintaining
the second as the stationary observer’s master
clock. Accelerate the laboratory to a fixed velocity
so that the laboratory observer can concurrently
measure light speed with the stationary observer.
According to special relativity, the moving
observer has a shorter meter for length and a

longer second for time (i.e., AL5= yALLab and

YAt = ArLab). The Lorentz transformation would

cause concurrent measurement of light speed in
different inertial frames to be:

\_meter # length units VAL .,
c . = ( ) = - - X
Stationary second 1 time unit At . Ya%
2 ALLab ' ALLab
= (ey) At T (C) ac - Clab (6)
Lab Lab

Numerically, ¢ = Cswarionary # Cra» @S y > 1. For
example, light speed is now defined as 299792458
m/s, which can be converted into yards/minute
where yard < meter (illustrating length
contraction) and a minute > second
(demonstrating time dilation). In this example,
the laboratory’s numerical number is larger than
the standard ¢ number. According to special
relativity and with today’s high precision in
metrology, some variation in the numerical value
of light speed should be observed in a laboratory
by varying velocity as Earth rotates and revolves
about the Sun relative to outer space. Again, light
speed appears constant only if the observer is
fixed relative to the source of light (i.e.,y =1ifv =
0) and if light’s velocity obeys vector addition of
velocity.

The clock synchronization convention is only valid
when the distance between remote clocks remains
constant during the calibration. Einstein assumed
a constant r,; between clocks on the moving rod
during the whole synchronization process. In the
example of a stationary observer with a master
clock at A*in the stationary frame (i.e., colocation
of the moving rod’s A at t = 0) and the clock at B
on the moving rod, it would be impossible to
calibrate clock B wusing the synchronization
convention when the distance changes between A*
and B during a light transmission.

. EXPERIMENTAL EVIDENCE FOR
LIGHT'S CHANGING VELOCITY

The previous section theoretically demonstrates
that light’s speed obeys the magnitude required in
vector velocity addition, which also mandates that
photons must move in the required direction.

A simple test would demonstrate that emitted
photons acquire the added velocity in the
direction supplied by the photon emitter. Set a
laser to point horizontally at a partially silvered
mirror that is angled at 45 degrees relative to the
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local plumb line. The reflected beam is aimed
vertically to a hemisphere mirror that is a
distance, d, of about 10 meters above the partially
silvered mirror, so that the hemisphere is
centered along the light beam. The vertical beam
is reflected from the hemisphere of 2 cm radius, r,
to the partially silvered mirror below, and some
light is transmitted through it to the floor below.
Observe if the impact point varies over time as
Earth rotates. If there is a sideway displacement
of the vertical light path due to the velocity v of
Earth around the Sun, the beam should miss the
nadir of the hemisphere mirror by an angle of 6 =
sin(0) = vAt/r = vd/(cr) in radians. The reflected
beam from the hemisphere mirror should touch
the floor about d 6 = 50 cm from the plumb line
assuming v = 30000 m/s for Earth’s orbital
velocity. Even assuming the orbital speed is 15000
m/s from the cosine projection onto the 10 m arm,
this would still cause a 25 cm displacement from
the plumb line. If no noticeable displacement
from the vertical plumb line over a day is detected
within the laboratory frame fixed on Earth, this
demonstrates that photon velocity obeys angular
vector direction in some stationary frame fixed in
outer space. In the elapsed time that photons
move from the hemisphere mirror to the floor,
Earth’s revolution has displaced the floor in a
varying direction relative to the initial plumb line
in the external inertial frame and imparts a
varying distance to the floor (like the moving ends
of the rod previously discussed). As multiple
photons over hours keep impacting the same
point on the floor, this demonstrates that the light
source (e.g., the hemisphere mirror) imparts an
additional vector velocity to the photons in the
external inertial frame while the floor is fixed
relative to the hemisphere mirror.

Such a null result has been demonstrated
repeatedly with the Michelson-Morley
interferometer tests with equal arms and
Kennedy-Thorndike interferometer tests with
unequal arms. Einstein never published any
analysis of the Michelson-Morley experiment,
even in his book, which he deferred to Lorentz,
who “showed that the result obtained at least does
not contradict the theory of an aether at rest”. [3,
p-168] “Lorentz and FitzGerald rescued the theory

from this difficulty by assuming that the motion of
the body relative to the aether produces a
contraction of the body in the direction of motion,
the amount of contraction being just sufficient to
compensate for the difference in time mentioned
above.” [3. p. 59] During any interferometer
testing, no one has reported that one beam moved
off the reflection mirror or the recombination
point.

The problem with the analysis that Lorentz and
others ignored is there are two components of
velocity, V, and V,, parallel respectively to the
x-axis and y-axis of an interferometer—not just
one component velocity—after combining all
velocities of the laboratory relative to the cosmos.
Define y, using the velocity V,, and y, using V,,
and define L, for the length of the x-axis arm and
L, for the y-axis arm. The Lorentz analysis works
if V, = o so that y, = 1. In general, V, # 0 so that L,
= y,L,’, which undermines the Lorentz analysis
that requires the x-axis arm to remain at length
L., not the shorter L,”. Comparing the unequal
roundtrip paths over both arms and the assumed
constant speed of light, special relativity would
predict destructive interference, contrary to the
observations [4].

The most  sensitive  version of the
Michelson-Morley interferometer is the Laser
Interferometer Gravitational-Wave Observatory
(LIGO), which two observatories are located near
Hanford, Washington, and Livingston, Louisiana.
Both have 4 km long arms within nearly perfect
vacuum chambers allowing laser beams to detect
gravity waves. Virgo is a similar observatory in
Italy that has recently joined the search for
gravitational waves. LIGO uses a continuous laser
beam that is amplified from 40 watts to 750 watts
with power reflecting mirrors. LIGO has enhanced
vibration absorption mechanisms to remove
ground vibrations, tremors, solid Earth tides, etc.
to isolate the signals. To increase the arm lengths
from 4 km, Fabry-Perot cavities are installed near
the beam splitter and near the hanging reflection
mirror at the end of each arm so that 300
reflections inside the cavities increase the effective
arm length to almost 1200 km. A virtually perfect
vacuum is maintained so that any gaseous
molecule is removed promptly to avoid
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interference or extraneous reflections with the
light beams. Also, one of the split signals is
inverted to create complete destructive
interference when recombining the two beams [5].
The original Michelson-Morley interferometer
produced constructive interference, but this
enhancement allows far easier detection of any
light against an absolute black background, while
it is hard to detect any light variation against a
bright background, much like the inability to see
sunspots when looking at the Sun. “At its most
sensitive state, LIGO will be able to detect a
change in distance between its mirrors 1/10,000th
the width of a proton.” [5]

The following table lists the locations in latitude
and longitude of each observatory and the
azimuths of each observatory’s x-axis and y-axis
relative to due east in a counterclockwise
direction [6]. No altitude was listed, and no map
datum was defined. So, a precise calculation to
determine the actual radius of latitude for each
arm end is not possible.

Table 1: Directional Azimuths of LIGO Axes.

Observatory  Latitude Longitude  Azimuth Azimuth
(x-axis) (y-axis)
Hanford 46°27'19"N | 119°2428"W 126° 216°
LiViI'lgStOH 30°33'46"N | 90°46"27"W 1982 288°
Vil‘gO 43°37'53"N 10°30'16"E 71° 161°

At each observatory, the x-axis and y-axis arms
are joined at a common point where the laser light
is split. The reflecting mirror at the opposite end
of either arm is suspended on cables. Designate A
for the common point of the arms, B for the end of
the x-axis arm, and C for the end of the y-axis
arm. The LIGO observatories are stationary in the
Earth-Centered, Earth-Fixed (ECEF) frame.
Consider a sufficiently inertial frame that is freely
falling with Earth’s center of mass, but without
rotation. Let R4, Ry and R, be the radii of the
latitude circles through the respective A, B, and C
points of the arms. The Earth’s rotation, w,
imparts a tangential velocity to the ends of the
arms that is wR; in the falling frame. The event of
splitting the light beam at point A, the event of

light touching and reflecting off the mirror at
point B, the event of light touching and reflecting
off the mirror at point C, and the event of
combining the two beams at point A occur at
different instances of time. These are four
separate simultaneous events seen by the ECEF
observer on Earth’s surface and by the observer
fixed in the falling frame.

The combined beams arrived simultaneously at A
with complete synchronization (i.e., destructive
interference due to one beam being inverted). The
output is witnessed by both observers to be the
same. All LIGO observatories are currently in the
northern hemisphere. Note that the ECEF
observations are accelerated due to Earth’s
rotation, but the output is the same as if the ECEF
frame was nonrotating. Photons emitted by atoms
at points A, B, and C travel at their initial speed,
due to nearly perfect vacuum in the tunnels. Any
arm with an azimuth less than 180 degrees will
have point A as the southernmost point and B or C
as the northernmost. If the azimuth is between
180 and 360 degrees, then B or C is the
southernmost and A is the northernmost point.
Each arm is displaced eastward due to Earth’s
rotation. As derived in equations (1) and (2’) for
the moving rod, the endpoints of the arm are
displaced by the cosine projection of the
tangential velocity multiplied by the time of
transmission of light over the arm. In the freely
falling frame, the photons traverse the arm in the
one-way distance of cL/[c ¥ wR; cos(azimuth)]/
where i represents A, B, or C for the photons
emitted at A, B, or C, and 7 is chosen as photons
move parallel or antiparallel in the arm. The light
speed can not be a constant c in the falling frame
for the LIGO observatories and still combine light
beams at A to be synchronized with equal times of
roundtrip transmission. All one-way distances for
both x-axis and y-axis arms are unequal in the
nonrotating frame and the tangential velocities
are unequal (i.e., wR, # WRg, wRz + wR., and wR,
# wR. because the latitudes of the endpoints are
different). The theory only agrees with the
observed complete synchronization of the merged
beams at A when light speed obeys addition of
vector velocities where photon velocity equals the
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standard velocity of light plus the velocity of the
light source (i.e., ¢’ =c + vin (1) and (2")).

If light obeys vector velocity addition, then a
different interpretation of the Sagnac effect is
needed. Light is inserted into a ring
interferometer and splits in opposite directions at
entry. The beams exit the ring at the entry point
and wundergo interference. The destructive
interference determines how much the ring
interferometer rotated after the beams were split.
The diagram on the left of Figure 1 [7] shows a
nonrotating ring of radius R would output
constructive interference as each beam would
travel the same length of 227R and exit at the same
time. If the ring interferometer rotated as shown
on the right side of Figure 1, one beam would
travel further than the other, so both beams would
exit with destructive interference.

start
end

Figure 1: Sagnac effect in circular loops

It is easy to see as an external observer that one
beam takes a longer trip than the oppositely
traveling beam when the interferometer rotates.
The rotating interferometer is a frame that is
sufficiently inertial when comparing the constant
angular velocity w with the speed of light. The ring
is a conduit, which is accomplished with fiber
optics, that bends both beams to traverse in a
circular path. A perpendicular acceleration is
required to force the light beams to traverse a
circle in the rotating interferometer. Such an
acceleration is no different than the perpendicular
gravity that exists for the Mickelson-Morley
interferometer, as any acceleration to the linear
paths will be equal to both beams, so the
gravitational effects cancel out when combining
the two beams.

One common application of the Sagnac effect is
found in inertial navigation systems where the
interference measurement device is fixed at the
exit or end of the rotating ring gyroscope. If an
observer is fixed with the rotating ring, special
relativity requires that each beam originates with
the same constant light speed, ¢, and each beam
travels the circumference of 27R inside the
inertial rotating frame. This set of assumptions of
special relativity for the ring’s rotation undergoing
constant angular velocity, w, would predict both
beams exit simultaneously (i.e., constructive
interference in the output), but reality contradicts
that theoretical prediction.

In an external frame, the beams are bent in
circles, and the difference in distance is (4).
Externally, light speed is ¢, and the time
difference between the exiting beams in the
external frame when substituting L = 27R and v =
R into (4) is [7]:

_ ZHR[ c c _ 4R’
At = c I_( c—mR) o ( c+wR )] TR

(7)

Inside the interferometer, the two beams traverse
identical distances of 2zR in the internal frame,
and the output must be identical as (7). The speed
of the corotating beam is c—wR, and the speed of
the counterrotating beam is c+wR by (7). The
identical observed interference [7] of output is
witnessed in both inertial rotation frames (i.e., @
= 0 in the stationary rotation frame and a
constant @ > o for the rotating frame that is fixed
with the rotating ring interferometer). Even
internally, an observer fixed to an inertial rotation
frame can detect rotations via the output. Thus,
light obeys vector velocity addition in both linear
and rotational frames.

V. RAMIFICATIONS

It will take time for others to verify the results of
this research, but if the velocity of photons does
obey vector velocity addition, then several
concepts of physics must be addressed. The
finding that light’s speed in a vacuum can vary
generalizes light’s behavior to be the same in a
vacuum and in transparent materials. The speed
of light in a vacuum is faster than in any
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transparent material medium, and the index of
refraction is the ratio of light’s speed in a vacuum
compared to the medium. The frequency of light
in the medium is the same frequency of light in a
vacuum when light enters or exits the medium.
The number of waves passing through the
material is the same as the number arriving at its
surface. Waves cannot pile up and collect
anywhere. If light’s speed depends on the velocity
of the emitting atoms, then ¢’ = ¢ + v = fA’. The
vast cosmos consists of empty space that is
virtually a vacuum. The observed wavelength, A,
could well indicate the opposite that Doppler
shifts would predict when assuming light in a
vacuum is always the constant c. Since no medium
is involved in the transmission of light through a
vacuum, the principle of relativity asserts that it
can be only the relative velocity of an approaching
light source, v, that reduces the Doppler formulas
when c»v to Af = (v/c)f and AA= -(v/c)A. For
example, if the spectral lines of hydrogen in a star
are longer in wavelength making AA > o, then the
standard Doppler formula implies v < o,
indicating that star is receding. If ¢’ can vary in
outer space and A’ > A with no change in
frequency, this causes ¢’ > ¢ and v > 0, which
indicates the star is approaching. This means that
all observed galaxies have reversed velocities,
which will affect all cosmological models.

Readers will recall that most textbooks state that
no particle travels faster than the speed of light in
a vacuum. Countless electromagnetic experiments
seem to demonstrate this. One of the best videos
of a rigorous test using a linear accelerator
demonstrated that electromagnetic fields do not
accelerate free electrons faster than c [8]. As the
electromagnetic energy was increased to
accelerate the free electrons, the velocity of the
electrons approached an asymptote of c. The film
verified the timing cables were calibrated. It also
showed that the colliding electrons did impart
heat to the target that nearly equaled the total
energy given to the electrons, but the speed of the
electrons approached c. The test is just as valid
today as then. Unfortunately, the conclusion has
been overgeneralized to state that nothing can go
faster than the speed of light. Photons generated
by electromagnetic fields are limited to the

standard light speed as emitted from the
molecules to impart increases in momentum to
the charged electrons. The free electrons can be
nudged forward by momentum transfer if slower
than the moving photons. Once free electrons
obtain the limit of the standard light speed, the
photons can no longer transfer momentum to
nudge the free electrons any faster, although more
energy can be given to the electrons. Such tests
prove that an electrodynamic force alone does not
accelerate charged particles faster than the
standard light speed in a vacuum relative to the
electromagnetic  source. Note that the
electromagnetic field produced by the linear
accelerator, and the timing devices were
stationary relative to each other in the laboratory
frame. In this case as demonstrated by the video
[8], the electrons can not be accelerated any faster
than the standard light speed when the
accelerator, the electromagnetic field, the timing
sensors, and the target are fixed at the same
distances throughout the test.

This paper demonstrates that the measured speed
of light will be the standard speed when light
sources and detection equipment are mutually
fixed. However, when the source has an additional
velocity relative to the detector, then Maxwell’s
equations must be modified to allow ¢ to vary
outside of the laboratory frame. This means that
Einstein’s assumptions for the axioms of special
relativity = theory are indeed  excellent
approximations, but not exactly accurate. For
example, the last section of Einstein’s 1905 paper
contained the dynamics of the slowly accelerated
electron [1, §10]. He derived that longitudinal
mass would differ from transverse mass. No test
has confirmed this even exists—directly or
indirectly. No one has shown Einstein’s derivation
has any mathematical flaw concerning this
subject. This unverified topic should have raised
doubts about the accuracy of these two postulates
of relativity. Most electrodynamic experiments do
not approach the precision in significant digits to
test Maxwell’s equations when the sources are
moving independent of the detectors.

Some may argue that prior tests measured the
same standard speed of light emitted by moving
stars external to Earth. In one case, Brecher [9]
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took the pulses observed from binary x-ray
sources to test whether light speed ¢’ = ¢ + v.
Brecher wrote “The projected radial velocity
(toward the observer) will then vary with time as
v(t’) = v coswt’, where t’ is measured in the
source frame. Now consider a pulse emitted at the
time t’ in the source frame.” In that paper’s
equation (2), the denominator is (¢ + kv coswt’),
which means w as w(t’) and v as v(t’) are in the
star’s source units, else one is mixing units in the
cosine argument. Brecher should have used
primed terms in the equations to represent
variables and units in the source frame, instead of
mixing the variables between the Earth and the
source frames. In that paper, a total derivative
was attempted, not a partial derivative, of the time
t’ that the pulse would arrive in Earth time t. The
derivative, equation (4) in that paper, ignored any
differentials of dw(t’) and dv(t’), and the star’s
speed of light ¢(t’) in its time unit was treated
identically in the derivative as c(t) in the Earth
frame. Brecher’s proof is flawed with an incorrect
differentiation, and it assumes beforehand in that
paper’s equation (4) what is eventually claimed
that ¢’ = ¢ in only time f units.

Tests have been made to measure emitted
photons from high-speed particles by laboratory
devices. For example, y rays from the decay of z1°
mesons with more than 6 GeV were detected with
lead converters, a scintillator, and a lead-glass
Cerenkov counter. [10]. The test was intended to
measure ¢ + kv, and the result was k =
(-3+13)x10™° for mesons moving near light speed
(y>45). The team used two light detectors spaced
31.450 m and two additional detectors spaced 4.5
m from the other detectors for verification to
measure the time interval the y rays traveled.
Photons are absorbed initially and emitted by the
atoms of the material. The first detector absorbed
the photons from high-speed y rays and then
emitted new photons at the standard speed of
light. The measured speed recorded by the second
detector after photons were emitted by the first
detector was the standard light speed with a fixed
distance between the detectors. This and similar
tests must be reexamined carefully to ensure that
the photon speeds were directly measured without

interception to eliminate misinterpretations of the
results.

Others may recall that Ives and Stillwell [11]
measured a transverse Doppler effect with canal
rays of hydrogen in the parallel and antiparallel
directions to see if the average of the blue and red
shifted lines were equally spaced from the normal
emission line. The shifted lines were equally
distant from the center emission line and
measured within experimental limits as predicted
by the relativistic transverse Doppler effect. The
cathode ray tube and the detector were stationary
in the experiment, forcing any measurement of
light speed to be the standard light speed, c, by
the analysis in the earlier section. From a classical
treatment using geometry only, the full classical
transverse Doppler effect will be the same as the
relativistic ~derivation. Assume the moving
hydrogen ions in the laboratory emit light
perpendicular to their velocity in Figure 2 with L
= ¢ At over the length L marked as AB. In the
external ‘stationary’ frame, the light traverses the
hypotenuse A’B  where D = c’At. The
perpendicular length AB moves constantly to the
right in Figure 2 to create the triangle AA’B. The
light originates at point A’ and the perpendicular
length moves sideways to the right at a constant
velocity V. Light reaches the end at B. In the
laboratory frame, light could travel the length AB
in the time interval of At, but light actually travels
the longer distance of the hypotenuse in c’Ar.
Light reaches B when the base A’ is directly below
B at point A after the time interval Atr. The
Pythagorean theorem [12] produces the equation:

AT = —— (8)

Immediately, ¢’ = c © At = At/A\1 — v / ¢’. This is
a classical derivation valid in three dimensions
without length contraction. Length contraction is
unnecessary, but if included, the total relativistic
effect will be increased to y?, similarly as (6)
shows. This derivation shows that the time
dilation effect must be included in the classical
transverse Doppler effect if the speed of light is
assumed to be the standard speed c, which Ives
and Stillwell assumed in their derivation [11].
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Figure 2: Constancy of light and time dilation.

Some standards of physics will need to be
restored. The meter is now defined in terms of the
time span it takes light to traverse a meter. This
paper shows that photon velocity is affected by the
velocity of the light source, and acceleration, such
as gravity, can alter that additional velocity at
emission. The International System (SI) definition
does not define the environment that the meter is
calibrated when using the speed of photons, but it
states “The metre is the length of the path
travelled by light in vacuum during a time interval
of 1/299792458 of a second. It follows that the
speed of light in vacuum is exactly 299792458
metres per second, ¢, = 299792458 m/s.” [13].
One problem is this is a circular definition, which
renders it useless. The definition of light speed
does not change even if one can repeatedly
measure light speed to more precision than 9
significant digits. As a meter is now defined as a
time wunit, all displacements, velocities, and
accelerations are reduced into time units.
Philosophically, the universe is collapsed into one
dimension instead of four dimensions. This is at
best bizarre and illogical at worst as time has no
known vector direction to set spatial axes
perpendicular to the time axis and is impossible to
revisit the starting point or epoch in a time scale
for recalibrations or setting the origin of a
reference frame by time alone. It is impractical
when replacing a length as a time unit, which
converts velocities into unitless numbers with unit
vectors, making a velocity indistinguishable and
equivalent to a position in a reference frame. Such
definitions solidify mistaken concepts by changing

the original definition with the intention of
improving accuracy. For example, the nautical
mile is defined now as exactly 1852 meters [13],
but the original nautical mile was defined as 1
arcminute on the equator. Since 1984, the
International Union of Geodesy and Geophysics
(IUGG) [14] and the Global Positioning System
(GPS) [15] have accepted the equatorial radius as
6378137 meters, which would make the nautical
mile to be 1855.328 meters as an arcminute. This
SI definition is almost 40 years old, illustrating
that erroneous definitions are not readily updated
or verified against the original definitions. A
varying light speed should reestablish the physical
meter standard as the international unit of length.
Some other standards may need similar
reexamination.

General relativity shows that gravity waves and
light waves have the same universal speed [16,
chapter 5]. “The existence of gravitational waves is
an immediate consequence of special relativity
and, to some extent, the experimental discovery of
gravitational waves would merely confirm the
obvious.” [16, p. 242] If photons can move at
different speeds in a vacuum, then gravity waves
could have different speeds than the universal ¢
speed. This may explain why the LIGO
collaboration observes 10 to 100 daily detections
with no physical explanation for most of these
data. LIGO observations have been made in 3 long
runs, and about 50 detections of gravitational
waves have been announced. Maintenance and
upgrades of the detectors are made between runs.
The first run, O1, which ran from 12 September
2015 to 19 January 2016, made the first 3
detections—all black hole mergers. The second
run, O2, ran from 30 November 2016 to 25
August 2017, which made 8 detections—7 black
hole mergers, and 1 neutron star merger. The
third run, O3, began on 1 April 2019 to 30
September 2019, and resumed from 1 November
2019 to 27 March 2020 until stopped due to the
COVID-19 pandemic. At the time of this writing,
LIGO had made 56 candidate detections, which
may well change after this publication [17, 18].

By 2 November 2019, 41 events were announced
(8 were later retracted) with 10 identified as
neutron star-neutron star mergers or neutron
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star-black hole mergers [19]. Such events should
have some type of electromagnetic emission, but
no independent telescopic observation has
confirmed any LIGO announcement. Ignoring or
discarding the 10 to 100 daily detections as
glitches without explanation is not the best
science, which concerns a few relativists [19].
Adding the Virgo observatory and other similar
facilities into the LIGO  collaboration,
three-dimensional gravity wave detections should
locate the electromagnetic sources in the cosmos.
This is straightforward when implementing in
reverse the Very Long Baseline Interferometry
(VLBI) method for Earth orientation relative to
pulsars using concurrent observations. As galaxies
move independently to Earth, any observed
gravitational waves are probably not at the
standard light speed. The actual detections
between LIGO observatories may have different
time delays than expected, because the speed of
light associated for each gravity wave may be a
nonstandard speed.

If photons have velocities other than c, then the
standard model for particle physics may need to
be updated. According to special relativity,
energy, E, is related to mass, m, of a particle to the
speed of light, ¢, in a vacuum through Einstein’s
energy equation E = mc?. In the standard model,
the electron, the muon, and the tau particles are
identical in all properties except mass, according
to the energy equation. If ¢ can vary and increase,
then m may be unchanging while E increases in
distinct steps. In the standard model, each higher
member of a generation has greater mass than the
corresponding particles of lower generations. A
single particle type would simplify the standard
model, but it still leaves an unanswered question:
Why are there three generations for each type of
particle? It could be that particles are emitted at
three discrete energy levels, which may be like
Planck’s discovery that black body radiation is
emitted in discrete quanta.

If energy in particle physics can vary in discrete
quanta, then the constants that incorporate
energy units may not be constant when the energy
source and the detectors move independently of
each other. For example, Planck’s constant, h, has
units of Joule second (Js), and Boltzmann’s

constant, k, is in units of Joule/Kelvin degree
(J/K). Consider the burst of a solar flare, which
consists mostly of hydrogen and some helium,
heading toward Earth. Does the spectral radiation
change as light speed is increased due to the
kinetic velocity of the emitting atoms in the flare
approaching Earth? For example, Planck’s
spectral radiation law gives power P, in W/m? per
mu for the wavelength, A, and temperature, T, as

21hc?
Pf» — 5
A7 (ehc/AkT — 1)

In some references, the term hc? is referred as the
‘first radiation constant’ and hc/k as the ‘second
radiation constant’ [20]. If ¢ can change due to the
motion of the photon emitter, some ‘constants’
are no longer constant. The unit J is defined in
terms of kg m?/s?, and if light velocity in m/s can
change its numerical quantity, which would affect
the photon energy in J, then it may be possible
that Planck’s constant and Boltzmann’s constant
would be affected as well. If the speed of light in a
vacuum, ¢, can vary in general, then either the fine
structure constant, a, or Plank’s constant, h, or
both, must vary.

A varying light speed would imply that the
Lorentz time dilation is incorrect for many precise
timing applications. Hafele and Keating claimed
they demonstrated time dilation precisely using
four atomic clocks flown in commercial aircraft in
westward (275+21 ns) and eastward (40423 ns)
circumnavigation of the world [21]. Essen, one of
two horologists at the National Physical
Laboratory (NPL) who operated the original
cesium clock in the 1955-1958 calibration effort
that defined the current atomic second, had
reviewed the Hafele-Keating report and concluded
the alterations in drift rates of the atomic clocks
were useless [22].

The author examined the clock rates in Tables 1
and 2 [23] of the Hafele-Keating report released
in 1972. The drift rates of 3 of the clocks varied
significantly before and after each
circumnavigation in that paper’s Table 1, This
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completely casts doubt that any average of the
ensemble demonstrated relativistic time changes,
as 3 of 4 clocks did not individually drift according
to relativistic predictions. Table 2 of their paper
proves the stability of those 3 clocks was not
maintained throughout the test. Hafele had
released his results at a 1971 conference, which
Hafele even doubted his own test. He admitted,
“Most people (myself included) would be
reluctant to agree that the time gained by any one
of these clocks is indicative of anything....” [24,
p-273]. By averaging the time gain with 4 clocks,
Hafele did get the average eastward
circumnavigation with error bounds to agree with
the predicted theoretical result, but there was no
such fit between theory and the westward time
gain [24, p. 282]. Keating later worked with
Hafele to write the second report with claims that
they verified time dilation [21], but careful
examination uncovers many discrepancies.

The author’s numerical findings on the
Hafele-Keating drift rates were duplicated earlier
by A. G. Kelly [25]. Kelly obtained the original raw
data from the US Naval Observatory (USNO) to
review against the published 1972 report and
found several data in the tables differed
significantly from raw data with no explanation.
Kelly determined Clock #120 performed very
irregularly. He wrote, “Discounting this one
totally unreliable clock, the results would have
been within 5ns and 28ns of zero on the Eastward
and Westward tests, respectively. This is a result
that could not be interpreted as proving any
difference whatever between the two directions of
flight”. Kelly was not condemning relativity, but
he was critical that the flight tests were not
rigorous, and the claims were unverifiable based
on the actual USNO raw data. If light speed is not
a universal constant, then clocks may exhibit
different time effects than the Lorentz time
dilation, which would warrant a more rigorous
retesting.

This is an incomplete list of possible ramifications
if light speed is not a universal constant. In any
case, it will take time to review the results of this

paper.

V. CONCLUSION

Einstein stipulated the conditions to synchronize
clocks in his definition, which were the distance
between clocks must be fixed during the process
and that the time interval to transmit
electromagnetically is the same in either direction
between the clocks, which is known as the

Einstein time synchronization convention.
However, no evidence was offered to support it.
Einstein often interchanged the terms of

simultaneity and synchronization, which are not
identical. Simultaneous events occur when two or
more phenomena separate or combine at one
point at one instant of time. Synchronized events
occur at separate points at the same coordinate
time, which is maintained by separate clocks
within acceptable neighborhoods around each
location that have been synchronized by Einstein’s
convention to a master clock and that are
stationary relative to that master.

Einstein further required that the speed of light be
a universal constant based on experience, which is
valid for the laboratory observer fixed to a
uniformly moving rod and measuring light speed
along the rod in either direction. It is shown that
this leads to a contradiction with an external
inertial observer viewing a uniformly moving rod
of length L with clocks attached to both ends of
the rod. By two separate techniques, the distance
that light traverses to overtake the receding end of
the moving rod is greater than L, and the distance
to intercept the approaching end is less than L,
but the sum of both legs is greater than 2L.
Assuming the same constant light speed for the
external inertial observer will produce unequal
time spans of transmission, contradicting
Einstein’s time synchronization convention. The
requirement for a universal constant light speed is
an excellent approximation due to the high speed
of light compared to other typical velocities in
physics. However, the laboratory observer, who is
fixed relative to the rod, records equal lengths of L
for the parallel and antiparallel traverses and
predicts equal time intervals of transmission with
a constant light speed. The events of light
emission from end A, absorption and emission by
reflection at B, and final absorption at A are all
individual points occurring at separate time
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instants, which require that the laboratory and
stationary  observers witness each point
simultaneously in concurrent measurements. This
means that the external, stationary observer must
also record equal time spans of transmission
between A and B by the time synchronization
convention.

In his 1905 paper, Einstein obtained two ratios
describing the time transmission intervals
between the two clocks previously synchronized
on each rod’s end for the external stationary
observer relative to the moving rod. In the
translation, he wrote, “Observers moving with the
moving rod would thus find that the two clocks
were not synchronous, while observers in the
resting system would declare the clocks to be
synchronous.” [1, §2, lines 53-541].

If Einstein equated the two intervals for the two
one-way transmissions as required by his time
synchronization convention, he would have
obtained (5), which reveals that the velocity of
light obeys vector addition of velocity. Instead,
Einstein stated the two time spans showed
simultaneity in one inertial frame, but
nonsimultaneity in another inertial frame. This
directly contradicts his stipulations of the time
synchronization convention. There is no velocity
between the rod and the laboratory observer, so
the ratios reduce to L/c in either direction.
Equation (5) reveals that light speed must vary
precisely for the external observer as c_, = ¢ + v for
the parallel beam and c.= ¢ — v for the
antiparallel beam, which (5) obtains (¢ + v) —v =
¢ = (c — v) + v. Thus, light speed appears to be a
constant in all directions for both observers when
the light source and light detector are at a fixed
distance relative to each other and when light’s
velocity obeys vector addition of velocities.

The LIGO consortium provides evidence that light
obeys vector addition of velocity. The
observatories are giant versions of the
Michelson-Morley interferometer that have two
perpendicular arms of four km lengths with
virtually pure vacuum chambers containing the
beams, so that no free molecule interferes with
the beam transmissions between the ends. Each
observatory is at a different latitude, and the arms

are oriented uniquely in azimuth relative to the
local east direction. Relative to a freely falling
Earth frame that is not rotating (e.g., an inertial
frame with its origin at Earth’s center of gravity),
each arm end is located at different latitudes. The
northernmost end is moving slower than the
southernmost end from Earth’s rotation in this
inertial frame. The cosine projection of velocity
parallel to an arm displaces each arm like a
moving rod in the inertial frame. Let V, be the
rotational velocity at the combination point A for
both arms, V; for the endpoint B of the x-axis arm
and V, for the endpoint C of the y-axis arm.
Equations (1”) and (2’) give the one-way distances
the photons traverse, but the sum of the distances
for the x-axis and y-axis are not equal since V. #
V3. If light’s velocity is a universal constant, the
output of the merged beams would not be
synchronized. The output of LIGO observatories is
always synchronized after months of continuous
operations over three extended periods (excluding
the data detections). The principle of concurrent
observation requires all observers in the
accelerated observatory frame, in the ECEF frame,
and the freely falling, nonrotational frame must
witness the same synchronization. Einstein’s
synchronization convention requires that (5) is
mandated, so that all time spans for light to
traverse between mutually fixed pairs of points
must be equal. This means ¢, =c +vandc._=c -
v, which demonstrates that light obeys addition of
vector velocities.

It was shown that the Sagnac effect [7] using a
ring laser gyroscope in the form of a circular
interferometer operates according to (7). An
external observer easily sees a constant rotation of
the gyroscope causes the corotating beam to travel
a longer distance than the counterrotating beam.
The output of destructive interference measures
the angular distance the gyroscope rotated. The
same output is observed by an internal observer
fixed with the gyroscopic frame, but the
circumference is preserved, so that the internal
observer concludes the corotating light beam went
slower by c—wR and the counterrotating beam by
c+wR according to (7). This makes the theoretical
predictions between external and internal
observers consistent. Thus, light’s velocity obeys
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vector addition of velocities in both linear and
rotational frames, where c is the standard light
velocity.

To obtain very precise measurements of light
speed to eight or more significant figures, the light
source and the light detector are stationary
relative to each other in a laboratory. To employ
only one ultraprecise timing device, a roundtrip
test of a light emission is standard [2]. This
restricted linear testing will produce the standard
light speed, but it is not universal. With this new
interpretation of light velocity, light now behaves
the same in a transparent medium and in a pure
vacuum with unchanged frequency (i.e.,c’=c+ v

=fA" =c¢/n).

If others verify that light obeys vector velocity
addition, then several physics concepts will need
to be revised. Previous test results should be
reviewed to determine if updates are necessary,
but the precision in significant figures will
generally not change most results. Several
ramifications have been listed in the paper, such
as old standards would need to be reestablished,
such as the physical meter in the current SI
standards, if light speed is not a fixed, exact
numerical constant in all reference frames or
external environments.

Other axioms of physics, concepts, or physical
models may need future revisions. In particular,
the definitions and implementations involving
time and clock synchronization may well require
an overhaul since light speed in a vacuum is not a
constant in general applications and the distance
between the source and receiver is not usually
fixed during the synchronization. Thus, this
research indicates more updates in physics.

Appendix: Errata for Previous Papers

In five previously published papers, the author
erroneously assumed that light speed moving
antiparallel to the direction of the observer, rod,
conduit, or racetrack does not affect the ratio of
v"/c" in the series derivation. Unfortunately, in
vector mathematics, the ratios are (-1)"v"/c" in the
series when using speed for the velocity
magnitude, which the author discovered in this
writing. The derivation of equation (2) reveals the

error, and the roundtrip distance in (3) makes the
total distance longer than 2L. Thus, corrections to
the relevant equations and conclusions in those
papers are given in this section.

A.1: Timing in Simultaneity, Einstein’s Test
Scenario, and Precise Clock Synchronization [26]

Replace (2) with (2) from this paper so that Ly, =
Lc/(c+v). Then, replace (4) with ATy = Lgp/c
=L/(c+v) when dividing by c. Then, ¢, = c—v and
cgp = c+v without invoking v<<c. Replace (7) with
(3) in this paper to establish that the roundtrip
distance in the stationary frame is greater than
2L.

The summary needs revision stating that the
speed of light does vary by vector velocity addition
when the observer or detector is not fixed relative
to the light source. The total roundtrip that light
traverses for an external observer is greater than
2L. The roundtrip distance is 2L as perceived by
the observer fixed with the light source, When the
distance is fixed between the source and detector,
the time interval for light to traverse either leg is
the same, because the speed of light obeys vector
velocity addition to precisely compensate for the
difference in the light paths within the reference
frame that the roundtrip test is conducted.

Two Way Satellite Time and Frequency Transfer
(TWSTFT) may be improved to validate precise
times between timing laboratories under 1 ns by
including the one-way speed of light between the
ground stations and the satellite in common view
of the stations. The one-way light speed must
account for the motion of the satellite’s velocity
along the cosine projection of the transmitted
signal along the line of sight of each transmission.
Currently, the Sagnac effect is employed to
account for the changing distance between the
monitoring equipment and the satellite during
transmission using only the standard light speed.

A.2: Generalized Equations for the Collinear
Doppler Effect [27]

Several equations must be updated due to
equations (2) and (3) derived in this paper.
Although the diagrams are correct, too many
changes are needed, which would be hard to
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logically follow. This text will be a terse
recapitulation and summary.

For simplicity, vibrations of still air are
considered with horizontal propagation to avoid
changes in density from altitude. The generalized
Doppler equation will be developed in the
collinear direction. Any transverse effect can be
derived with trigonometry to get a perpendicular
propagation.

The source produces waves of frequency, f, and
wavelength, A, with a positive speed of V = fA . If
the source moves at a uniform velocity, Vi, on the
positive x-axis, the wavelength is shorter, but not
the wave speed, so that (V-V,) = fA,. An observer
collects waves in one time unit by 1(V-V,) = f, A.
Then, f, = (V-V)/A = f, (V-V,)/(V-V,), which is
the standard Doppler equation found in
introductory physics textbooks, but the velocities
are positive parallel to the positive x-axis. The
observed wavelength, A, = (V=-V)/f, =
(V=-V)/(V-V) = (V=V )(V=-VI/(V-V,)fJ =
(V-V,)/f.. The standard Doppler equation leads to
the incorrect conclusion that the observed
wavelength is only determined by the source’s
velocity and transmitted frequency. Any test of a
stationary siren with still air would have a
broadcast of f = f;, and A, but a moving observer
with velocity, V,, would collect fewer waves per
unit time and would stretch out the observed
wavelength. Although adequate, the standard
Doppler equation needs to be updated.

Equation (3) is correct for the parallel
propagation along the x-axis, which is A, =A
V/(V-V,). Based on (2) in this paper, the correct
formula for the antiparallel propagation for
Equation (4) is now A, =A V/(V+V,) when V, is in
the negative x-axis direction. Keeping the velocity
direction as a vector, the + sign in Equation (4)
can be replaced, making Equation (3) the general
form. For the moving source through the medium,
A = A = (V=-V)/f.. As the observed A is modified by
the motion of the source and observer and using
V, and V, as vector velocities parallel to the x-axis,
the general Equation (5) is A=A V/(V-V,) =
V(v=v)/((f(V-V,)). As f, = (V-V,)/A,, then insert
A, into (5) to get (6) as f, = f. (V-V,)2/(V(V-V)).
Equation (6) is the general collinear Doppler

effect. Note that in a constant wind, V = V,,4gation
+ V,ina can be inserted into (5) or (6). If both the
source and observer move with the same speed,
(i.e., V, = V), then (5) reveals the transmitted
wavelength is preserved (i.e., A, = A,). If both the
source and observer are stationary (i.e., V, = 0 =
V,), then f, = f,, even in the presence of a wind,
which Figures 4 and 5 indicate. Equation (6)
reduces to the standard Doppler equation if the
observer’s velocity is significantly less than the
wave’s total speed (i.e., V, << V =V, 00ation +
Viind)-

A.3: Simultaneity, Chronometrology, and the
Two Postulates of Relativity [28]

Replace (2) with (2) in this paper, so that Ly, =
Lc/(c+v). Also, L,p = Le/(c—v), and AT,p = Lyp /c
= L/(c—v). Replace (4) with the updated AT3p so
that ATgp = Lgp /c = L/(c+v). Then, the light speed
cap = L/AT,p = c—v in the original (5). Equation
(6) is updated as czp = L/ATz, = c+v without
having to invoke v<<c. Replace (7) with (3) in this
paper where L_, + L_ = 2Lc*/(c®*-v?) > 2L, because
the original (4) is incorrect. The conclusion needs
to be updated that the roundtrip distance of the
moving rod of length L is greater than 2L, but 2L
in the inertial frame fixed with the uniformly
moving rod. The speed of light obeys the addition
of vector velocity according to (5) in this paper,
which adjusts the transmission intervals in either
direction to be the same.

A.4: Vector Addition of Light’s Velocity Versus
the Hafele-Keating Time Dilation Test [23]

Relace (4) with (2) in this paper, which would
make L, = Le/(c+v). This will change (6) to be
ATe,» = L/(c+v) and the roundtrip time as AT /¢4~
= ATy + ATeyr = 2T¢?/(c?—v?) with T = L/c for
the stationary frame, but 2T for the inertial frame
fixed with the interferometer.

Replace (9) with ¢y = L/AT¢ 4 = c+v without the
need to use v << c. This analysis shows that the
velocity of light obeys vector velocity addition.
The comments concerning the Hafele report of
1971 and the Hafele-Keating report of 1972 remain
unaltered.
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A.5: Measuring Velocity of Moving Inertial
Frames with Light Transmissions [29]

After making the needed changes in key
equations, one retraction is made. The
experimental setup will accomplish the one-way
measurement of light’s velocity, but it will
produce the standard light speed, c, in all
horizontal directions. The vertical direction will
vary light speed as previously determined by the
Pound-Rebka experiment [30] with v = gL/c
where g is the local gravity of Earth, L is the
vertical length, and v is + if L and g are parallel or
antiparallel, respectively.

The one-way time span of light traversing a
uniformly moving rod of length L in a stationary
frame in either parallel or antiparallel direction of
movement is exactly the same one-way time span
in the moving inertial frame fixed with that rod.
The reason is the distance between the light
source and detector remains fixed during the test.
Replace (2) with (2) in this paper so that Ly, =
Lc/(c+v). This change will revise (4) to be ATy, =
Tc/(c+v) where T = L/c. Also, (6) is updated with
cgs = L/ATy, = c—v without requiring v<<c. Both
(5) and (6) verify that light’s velocity obeys vector
velocity addition. However, one cannot use either
(3) or the updated (4) to measure a different time
interval for light to traverse the horizontal length
L in parallel or antiparallel directions, because
ATy, = AT,y for the external observer as shown by
(5) in this paper. The author had not considered
c,=c+vandc_ = c - vin ageneralized version
of (3) and (4), which would be AT,z = Lys/c_, =
Le_/[c_(c.,—v)] = L/c and ATy, = Lgy/c_ =
Le_/[c_(c_+v)] = L/c. This shows that a one-way
light speed will be the standard value when
distance is fixed between the light source and
detector even though the apparatus moves
inertially in outer space, because light velocity
obeys vector addition of velocity.
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ABSTRACT

Pig production (Sus scrofa domesticus) amongst
smallholder farmers 1is constrained by poor
growth performances in terms of feed intake (FI),
weight gain (WG) and feed conversion ratio
(FCR) and, high proportion of carcass back-fat
thickness to lean meat. This study investigated
the effect of floor types on growth performance of
pigs and carcass back-fat thickness of pigs raised
on IMO treated deep litter floor, untreated deep
litter floor and concrete floor. Three-month old
pigs (Large White x Landrace) were raised on a
deep litter floor and concrete floor (control); one
type of deep litter floor was treated with IMO
solution and one type not treated. No significant
(P=0.05) difference were observed in feed
conversion ratio (FCR), carcass back-fat
thickness at the back from the 15™ rib to the last
Lumbar vertebrae, at gluteus medius muscle and
the thigh of pigs raised on both concrete floor,
IMO treated and untreated deep litter floor.
However, significant (P<o0.05) difference were
observed in feed intake (FI), weight gain (WG),
carcass back-fat thickness in the neck at 1%
cervical vertebrae, over the shoulder and at the
back from the 6™ to the 14™ rib of pigs raised on
concrete floor, IMO treated and untreated deep
litter floor. Therefore, IMO treatment of deep
litter floors does not affect feed conversion ratio
rather enhance weight gain and reduce back-fat
thickness in pigs.

Keywords: feed intake; feed conversion ratio;
weight gain; back-fat thickness.
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| INTRODUCTION

Worldwide, pig (Sus scrofa domesticus)
production is the fourth among livestock with a
population of 977 million pigs of which 36 million
are in Africa (Gennari et al., 2015). Pig rearing is
one of the fastest growing livestock enterprises in
Uganda that has become attractive and has made
Uganda to be the largest pork consumers in East
Africa (Lagu et al.,, 2017). Per capita pork
consumption in Uganda was estimated to be
increasing at the rate of 3.4 kg/person/year and
the demand is still rising amongst urban and
peri-urban population (Tatwangire, 2013).

Smallholder farmers in Uganda produce nearly 3
million pigs yearly of which more than 80% are
concentrated in rural areas (MAAIF, 2008). Pigs
do not only provide people with pork which is a
source of good quality protein but also a source of
reliable income for smallholder farmers (Ikwap et
al., 2014). There is high potential of economic
gain from pig production given its high feed
conversion efficiency, prolificacy and rapid
growth rate compared to other livestock which
makes pigs to generate income for farmers within
a short period of time and ensure food security
(FAO, 2011). Regardless of the benefits and
opportunities pigs offer for better livelihood of
rural smallholder farmers, pig production is still
hindered by poor growth performance in terms of
feed conversion ratio, weight gain and high
back-fat content to lean meat (Corréa et al.,
2009).
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Generally, conventional systems of pig production
under smallholder farmer systems are associated
with poor animal performance and welfare that
results in deterioration of pork quality (Ngapo et
al., 2004). However, environmental enrichment
of piggery house floor with substrates (litter) has
been found to be effective in improving
performance and welfare of pigs by providing
more comfortable resting surfaces (Morrison et
al., 2007). Deep litter floor bedding materials
provides pigs with adequate sources of
manipulatable objects to exhibit rooting and other
natural behaviours (Gentry et al., 2004).

Daily application of indigenous micro-organism
(IMO) solution on deep litter floors of pig houses
have been suggested to improve growth
performance of pigs and reduce back-fat thickness
and, it is increasingly being practiced in Uganda
by smallholder pig farmers (Nistor et al., 2012;
Ndyomugyenyi and Kyasimire, 2015).
Implementation of pig production systems that
lower environmental impact, improve animal
performances, welfare and reduce carcass back-fat
content is very important for smallholder farmers
therefore, this study aimed to assess the growth
performance and carcass back-fat thickness of
pigs raised on IMO treated deep litter floor.

.~ MATERIALS AND METHODS

Study area

The study was carried out in Paicho and Koro
sub-counties in Gulu and Omoro Districts of
Northern Uganda for a duration of three months
(90 days). These districts were selected because
they have the highest population of pig farmers in
the region (MAAIF, 2008). The districts are
located between longitudes 30° 21' east to
longitude 32° east and latitude 2° north to latitude
4° north. The districts receive an average rainfall
of 1,500 mm per annum with a monthly average
ranging between 14 mm in January and 230 mm
in August. The wet season normally extends to
October with the highest rainfall in May, August
and October (Nabukenya et al., 2014).

2.1 Experimental treatments and design

Concrete floors and deep litter floors were used in
the study where three deep litter floor units with
IMO treatment as experimental units; three deep
litter floor units without IMO treatment and three
concrete floor units as control units. A completely
randomised block design (CRBD) was used,
whereby thirty six (36) three months old healthy
crosses of Large White and Landrace pigs of
mixed sex were purchased from the existing pig
farmers within the two districts. The pigs were
randomly distributed into nine piggery units
within the treatments, the beddings in all deep
litter floor units were laid systematically in 1
metre deep hole measuring 3x3m on bare soil
ground with, charcoal as the first layer, followed
by tree shoots, maize stalks, dry red soil mixed
with lime and wood shavings. The IMO solution
was applied on a daily basis in all the
experimental units. Restricted feeding method
was used and all pigs were fed on growers’ mash
consisting of maize bran (74 kg), fishmeal (5 kg),
soybean meal (10 kg), sunflower cake (5 kg), lake
shells (4 kg), bone ash (1 kg), salt (0.5 kg) and
premix (0.05 kg). In general, the nutrient
composition of the feed contained; energy (2971
kcal kg-1), crude protein (13.6%), lysine (0.957%),
methionine + cysteine (0.685%), fats (5.1%),
crude fibre (6.3%), calcium (1.97%) and
phosphorus (0.74%).

2.2 Growth performance of pigs

Growth performance of pigs raised on both
concrete, IMO treated and untreated deep litter
floors was determined by measuring their feed
intake (FI), feed conversion ratio (FCR) and
weight gain (WG). To determine WG, pigs were
weighed at the beginning of the experiment and
after every one week for 12 weeks using a spring
balance weighing scale. The FI was determined by
subtracting the total feed left (refused) by pigs
from the total feed given to the pigs in a week and,
the ratio of FI to WG was used to calculate the
FCR. Pigs in all units were fed and watered daily
two times (in the morning and evening) and
application of IMO solution on the deep litter
floor was also done on a daily basis.

Effect of Different Floor Types on Growth Performance of Pigs and Carcass Back-Fat Thickness

Volume 21 | Issue 2 | Compilation 1.0

© 2021 London Journals Press



2.3 Carcass back-fat thickness determination

Carcass back-fat thickness was measured (cm) at
6 points on one of the half carcasses using a
vernier caliper; in the neck at 1% cervical
vertebrae, over the shoulder at the thickest point,
at the beginning of the back from the 6" rib to the
14" rib, at the centre of the back from the 15" rib
to the last Lumbar vertebrae, at the centre of
Gluteus medius muscle and on the thigh. The
average back-fat thickness of the 6 measurements
was then calculated to determine the total
back-fat (Duzinski et al., 2015).

2.4 Data analysis

All data obtained were analysed using Statistical
Package for the Social Sciences (SPSS) version
20.0 and One-way ANOVA was generated. Means
were separated by Least Significant Difference
(LSD) Tests at 5 % significance level (P< 0.05).

. RESULTS

3.1 Growth performance of pigs raised on different
floor types

Feed conversion ratio (FCR) of pigs raised on both
concrete, IMO treated and untreated deep litter
floor houses had no significant (P =0.05)
difference (Table1). However, significant (P<0.05)
differences were observed in feed intake (FI) and
weight gain (WG) of pigs raised on concrete, IMO
treated and untreated deep litter floors. The FI of
pigs raised on concrete floor was higher by 2.4kg
than those raised on IMO treated deep litter floor
and 3.4kg than those raised on untreated deep
litter floor. The WG of pigs raised on concrete
floor was higher by 2.4kg compared to pigs raised
on IMO treated deep litter floor and 9.4kg than
pigs raised on untreated deep litter floor.

Table 1. Effect of floor types on growth performance of pigs

Variable Concrete floor Litter floor Litter floor LSD
(Control) without IMO with IMO
Initial weight (kg) 17.50+13.00 15.10+£3.82 19.50+5.40 0.45 0.428
Feed intake (kg) 12.10+£0.46°¢ 8.73+1.78" 9.72+1.18% 0.150 0.031
Weight gain (kg) 23.80+4.23°¢ 14.40+3.46° 21.4043.52° 0.183 0.051
Feed conversion ratio 0.52+0.09 0.6210.14 0.46+0.08 0.27 0.248

Means within a row with different superscripts differ significantly (P<0.05)

3.2 Carcass back-fat thickness of pigs raised on
different floor types

Carcass back-fat thickness of pigs raised on
concrete floor, IMO treated and untreated deep
litter floor significantly (P<0.05) differed over the
shoulder, in the neck at the 1 cervical vertebra
and, at the back from the 6" to the 14" rib.
However, no significant (P>0.05) difference was
observed in carcass back-fat fat thickness at the
centre of the back from the 15" rib to the last
Lumbar vertebrae, at gluteus medius muscle and
thigh of pigs raised on both concrete floor, IMO
treated and untreated deep litter floor. Carcass

back-fat thickness of pigs raised on concrete floor
was higher in the neck at the 1* cervical vertebrae
by 1.7cm than of pigs raised on IMO treated deep
litter floor and, by 0.9cm compared to pigs raised
on untreated deep litter floor. Over the shoulder,
it was higher by 1.8cm compared to pigs raised on
IMO treated deep litter floors and, by 1cm than
pigs raised on untreated deep litter floors. At the
back from the 6% rib to the 14™ rib, carcass
back-fat thickness of pigs raised on concrete floor
was higher by 1.6cm than of pigs raised on IMO
treated deep litter floor and, by 1cm compared to
pigs raised on untreated deep litter floors.
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Table 2: Effects of floor types on carcass back-fat thickness

Concrete floor

Variables (cm)

Litter floor
without IMO

Litter floor

with IMO LSD

P-value

Neck 1% cervical vertebra 3.63+ 0.61°¢ 2.70+ 0.46° 1.93+ 0.29? 0.031 0.004
Over the shoulder 3.63+0.35°¢ 2.60+0.46° 1.87+0.32? 0.016 0.001
Beginning of the back 2.67+ 0.64°¢ 1.70+ 0.53P 1.10+ 0.00% 0.0 0.00
(6" rib to the 14™ rib) 07%0.64 7 53 ) ) 045 005
Centre of the back

(15™ rib to the last Lumbar 1.67+ 0.65 0.97+ 0.55 0.90+ 0.26 0.349 0.202
vertebrae)

Gluteus medius muscle 2.10+ 1.31 1.17+ 0.86 1.17+ 0.21 0.459 0.430
Thigh 1.93+ 0.83 1.23+ 0.74 1.10+ 0.36 0.376 0.346

Means within a row with different superscripts differ significantly (P<0.05)

V. DISCUSSION

4.1 Effect of different floor types on growth
performance of pigs

The significant difference (P<0.05) in FI and WG
of pigs raised on concrete, IMO treated and
untreated deep litter floor (Table 1) suggests that
it is worth for smallholder farmers to adopt the
IMO technology for pig production putting its
costs and value under consideration as compared
to conventional system (concrete floor). The costs
and labour involved in making IMO solution
included; boiling a carbohydrates source food,
cooling and burying it in the soil for five days to
trap the micro-organisms, making the IMO
solution and applying it daily on the deep litter
floor to achieve its better results. The increased FI
of pigs raised on concrete floors could be due to
increased energy requirements because they were
more susceptible to heat (higher temperatures)
stress and much of their energy were used in body
temperature  regulation and manipulative
behaviour in stress conditions than pigs raised on
deep litter floors. The more the FI, the higher the
WG and this explains why pigs raised on concrete
floors had higher WG compared to those raised on
deep litter floors.

This suggestion concurs with Morrison et al.
(2007) who reported that, weight gain in pigs was
not influenced by housing treatment for pigs
raised on deep litter (straw bedding) floor and
conventional (slatted concrete floor) housing
system. In addition, Correa et al. (2009) and

Sheen et al. (2005) also reported that weight gain
and feed conversion ratio of pigs raised on deep
litter floor housing systems to be equal to those
raised in conventional concrete floor pig houses.

However, our findings disagree with Corréa et al.
(2009) who reported no significant difference in
weight gain of pigs raised on solid concrete floor
and deep litter (rice husk) floor. In addition, Zhou
et al. (2011) and Peeters et al. (2006) also
reported that pigs raised on fermented bedding
(sawdust, paddy husk, dry soil, charcoal, dried
tree leaves, extract of fermented bamboo shoot,
black salt, water, and active culture of
(Lactobacillus brevis) had higher weight gain of
8.49% than those raised conventionally on
cemented concrete floor which justify that deep
litter bed had obvious effect on improving growth
performance in pigs. In a similar study, Gentry et
al. (2002); Johnston and Morrison (2004) also
reported that pigs raised on deep-litter (Wheat
straw) floor, large group systems are fatter and
consumed more feed than conventionally housed
pigs on concrete-slatted floor and this increased
in feed intake was partly attributed to the cooler
ambient temperatures experienced. Furthermore,
Lebret et al. (2006a) reported that pigs reared on
an enriched environment (sawdust bedding) floor
exhibited higher feed consumption and increased
growth rate than those raised conventionally on
fully slatted floor and the increase could be due to
the lower ambient temperature. Our findings also
disagree with Honeyman and Harmon (2003)
who found out that there was an increase in feed
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intake of 2.54kg/day and weight gain of 834g/day
for pigs reared on straw beddings (cornstalks)
compared to those kept on slatted floor.

4.2 Carcass back-fat thickness of pigs raised on
different floor types

Reduced carcass back-fat thickness of pigs raised
on IMO treated deep litter in comparison with
pigs raised on concrete floor and untreated deep
litter floor (Table 2) suggests that, there was a
high proportion of lean meat in pork of pigs raised
on IMO treated deep litter floor. This could be due
to the fact that, the daily application of IMO
solution on the deep litter floors on which pigs
were resting most of the time cooled down their
body temperature and this could have facilitated
the assimilation of back-fat into the muscle to
form Intramuscular fats (IMF). This suggestion
concurs with Dooremalen and Ellers (2010), who
reported that when temperature increases, the
composition of membrane lipids (phospholipid
fatty acids) become more saturated to be able to
maintain homeo viscosity.

In addition, Kidega et al. 2020 also reported a
high composition of saturated fatty acids in the
back-fat of pigs raised on deep litter floors
without IMO treatment where temperature was
slightly higher than IMO treated deep litter
floored. Furthermore, Lu et al.,, 2007 also
reported that, improved external fat deposition is
probably an adaptive regulation under hot
conditions; the more dietary energy stored as fat,
the lower heat produced thus, less heat needed to
be dispersed. In addition, Kouba et al. (2001) also
reported that exposure to high ambient
temperature increased back-fat deposition in pigs
and increased amounts of external fat in pigs
could increase thermal insulation which is useful
to adapt to high ambient temperature.

However, our study disagrees with Morrison et al.
(2007) who reported no significant difference in
back-fat depth of 23.7 (mm) and 23.4 (mm) of
pigs raised on deep litter (straw bedding) floor
and conventional (totally slatted concrete floor)
housing system. In addition, Millet et al., (2004)
also reported a lower muscle thickness and higher
back-fat thickness in the carcass of pigs raised on

organic stable (straw bedding) than those reared
on conventional stable (concrete floor). In a
similar study, Olsson et al. (2003) reported that
organic pigs reared outdoors on free range land
had lower lean meat percentages and higher
carcass back-fat thickness than conventionally
raised pigs indoor on concrete floor.

V. CONCLUSIONS

Daily application of IMO solution on deep litter
floors (wood shavings) neither reduces feed intake
nor enhance weight gain of pigs but rather
reduces back-fat thickness.

VI, RECOMMENDATIONS

Further research should be conducted to compare
back-fat thickness of pigs raised on different deep
litter floor bedding materials treated with IMO
solution.
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ABSTRACT

The inverse-square law (ISL) is used widely in physics, astronomy, celestial mechanics, cosmology,
and other branches of sciences from the very beginning of classic physics up to date. But the
development of modern physics and cosmology reveals that ISL becomes a big source of two
problems. First, crucial cosmic-scale problems concerning gravity such as the accelerating expansion
of the universe, the anomaly in galaxy rotation speed, the missing baryon problem, and dark matter
remain unsolved. Second, Coulomb’s electrostatic law, DLVO theory, Lennard-Jones 12-6 potential,
and Yukawa potential were described imperfectly the nature at the scale of atoms and subatomic
particles. The reasons connect to the ISL and the inverse-proportional law (IPL) consequence of
which these laws will be deducted slowly from scientific and practical applications. In this paper, a
possibility using the open hysteresis instead of ISL and IPL is proposed. The open hysteresis law can
work from particle physics to cosmology.

Keywords: inverse-square law, inverse- proportional law, coulomb’s law, dlvo theory, 1-j 12-6 potential,
yukawa potential, hysteresis-law in place of the inverse-square law.

Author: Department of Physics, School of Applied Sciences Mongolian University of Science and Technology.

. INTRODUCTION

In science, an inverse-square law is any scientific law stating that a specified physical quantity is
inversely proportional to the square of the distance from the source of that physical quantity. The
fundamental cause for this can be understood as geometric dilution corresponding to point-source
radiation into three-dimensional space. It indicates the intensity of the radiation (I) decreases in
proportion to the square of the change in distance (d) and is writing as follows [1]:

LIGHT INTENSITY (I) = ———— (1)
(DISTANCE (d))

Since it describes the intensity of light at different distances from a light source:

Lo (@)

£ —
T =

2 (dl)z

Where [ . is the initial intensity of radiation, I is the final intensity, d1 is the initial distance, d2 is the

(2)

final distance.

The base of the ISL is the inverse-proportional law (IPL). People used widely to measure speed,
calculate time, keep calendars, and plan work in ancient times.

The majority of physical laws have been described based on ISL and IPL. Since IPL may be the most
common law in the universe.
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Here | would like fearlessly to show the applications of ISL and IPL based on the famous physical laws
of genius scientists. These laws are so popular that the question is rarely asked whether they are fit for
purposes.

1. Isaac Newton (1687)

mqy-m, 1
F=¢G- = «— =
2. Charles-Augustin de Coulomb (1785)
q1-92 1
F=k = <z
3. Georg Simon Ohm (1827)
U 1
I =— “ —
R R
4. Wilhelm Carl Werner Otto Fritz Franz Wien (1896)
b 1 1
Amax = T « ? and —
5. Max Carl Ernst Ludwig Planck (1900)
B T) 2hnc 1 1 4 1
vV 1) = == = < and =
A eT;T A T
6.  Pierre Curie and Marie Curie (1903)
c 1
= . jr— — —
M=y H=zH 7

7. Albert Einstein (1915)

b. Time dilation:

At
At =——— — V=C

v 2
- (%)
8. Louis Victor Pierre Raymond de Broglie (1929)

_ h
l_mV

« and

1 1
m V
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9. Edwin Powell Hubble (1929):

Hubble constant — Hubble flow — Hubble — Lemaitre law

10. Werner Karl Heisenberg (1932)

h h
> — =~ (: >
Ax_Z-Ay « Ay = 0; Ay_Z-Ax « Ax
~0
11. Erwin Rudolf Josef Alexander Schrodinger (1933)

Ay h? d2y 1

— — —
in ot 2m dx? + Uy m

12. Hideki Yukawa (1949)

2

®
|
]
3
g
S| e

Vyukawa (1) = —9

13. Speed and speed limit

S
4 =z[s%] <

& | =

The limit of speed is the limit of time. Since t ~ 0.000000003 sec = 3.33 - 10? sec.
14. Pressure

b F 1
= — “— —
S S
15.  Propagation of sound
1 1
~ — — —
p r r
1 1
VR — — —
r r
1 1
[=pr=5 <2

So forth. We can list a long series.

Do you think the above laws of nature are perfect? If so, we don't have to think or do anything. If not,
what are their shortcomings and reasons? Can we solve them?

In my opinion, it is possible if we do it in the exact opposite direction, that is, from infinity to
infinitesimal smallness.

Il THEISL AND IPL

Newton's law of universal gravitation is usually stated as that every particle attracts every other particle
in the universe with aforce that is directly proportional to the product of their masses and inversely
proportional to the square of the distance between their centers [2].
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This is a general physical law derived from empirical observationsby whatlIsaac Newton
called inductive reasoning [3].

What are the backgrounds of gravity or electromagnetic interaction that take two quantities (two
masses or two charges) on the unit surface (over the square)?

The law of gravity is equal to the product of the masses divided by the square of the distance.
It looks like the weight of a body. Does it mean gravity or attraction?
Like it, the electric charges also lie over a square according to Coulomb’s law.

The origin and the mathematical description of the inverse-square law are unclear. Its author maybe
Isaac Newton or Robert Hooke.

It is a part of classical mechanics and was formulated in Newton's work Philosophiee Naturalis
Principia Mathematica ("the Principia™), first published on 5 July 1687. When Newton presented Book
1 of the unpublished text in April 1686 to the Royal Society, Robert Hooke claimed that Newton had
obtained the inverse square law from him [3].

Above mentioned theories and formulas include the singularities by expression 1/x. This expression
lurks in the shadow of ISL because we only give attention to ISL but apply mainly to the IPL.

ye =5 ad  yl® =5 3)
10
5
v(x)
IEI
-5
-10

Figure 1: Graphs of ISL and IPL

Figure 1 illustrates the graphs of the continuity to plus and minus infinity. The ISL is written by a
mathematical equation, which is infinite (Equation (4) and Equation (5)) for short-range:

. 1
Fgravity = Gmymy, - lim,_, 7z Y (4)

: 1
Fcoulomb = keqqu . llm,,_>0 r_z = o (5)

The results of the physical (or biological, chemical, economic, and so on) processes calculated by ISL
and IPL have not any saturates. It means that the magnitudes of forces, the strength, the intensity, and
so on have infinite. Since, all forces as gravity, mechanical, electromagnetic, seismic, acoustic, and
thermal become infinite. Consequently, everything cannot exist in the universe. Indeed, these laws
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include always somewhat imperfections and finally remained unsolved. The ISL and IPL cause trouble
in science because they have a common error, which is infinite. Consequently, plus and minus values of
physical parameters lose the meaning of nature.

What if a violation of the 1/r2 law were observed? [4] This problem is mathematical, not physical. What
we do if mathematics works wrong? If the ISL is wrong, so many laws become wrong too.

The development of modern physics and cosmology reveals that ISL becomes a big source of two
problems.

A) On cosmic scales it becomes a source to the serious problems in cosmology and modern
physics:

1. Anomalous rotation of galaxies. If the force of gravity is a lot messier than Newton and Einstein
thought, then it could account for the speedy rotation of spiral galaxies without requiring dark
matter. For gravity to speed up stars on a galaxy's edge, it must deviate from the "inverse-square
law" — the rule that gravity decreases by the square of the distance away from something — at
galactic distances [5].

Galactic rotation curves of about 1000 Galaxies [6] have provided by far the strongest evidence for
the disagreement of ‘dynamical’ and visible mass. Assuming that all mass of a spiral galaxy is
contained within its optical radius, one expects due to

v =— (6)

a radial dependency v~r_% in the velocity profile of clouds that can be measured by Doppler shifts.
Interestingly, up to multiples of the optical radius, practically all galaxies show rather constant
(‘flat’) velocities than the expected Keplerian behavior. Usually, an explanation with ‘dark matter’ is
given, though this requires a particular distribution. While the deviation is already visible within
the optical radius, in the outer regions the ratios of dark and luminous matter up to 1000 are
required [7]. The form of the galactic rotation curves seems to depend just on the size of the galaxy
[7], [8] a fact that is hard to explain by the properties of any dark matter candidate. Many precision
profiles are conflict with the standard model [9], among these the most extended velocity profile of
NGC 3741 [10]. While many questions are still open [11], [12], the anomaly itself is beyond any
experimental doubt (see overviews [13], [14]). There are clear hints that the morphology of galaxies
is dominated by systematics we do not understand yet [15], [16].
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1. Weak gravitation. One of the big puzzles about gravity is the fact that it is so much weaker than the
other forces: it is a factor of about 104° times weaker than the electrostatic and magnetic forces [17]

2. Limit in Earth’'s magnetotail. At the night side of the earth, the magnetic field is stretched far

downstream to form the magnetic tail. The diameter of the tail is between 40 and 60 earth radii; its
length exceeds 1000 earth radii [18].
It means that the charged particles of the earth magnetic field don’t go to infinity, but more than
1000 earth radii and then come back to the earth pole. The magnetic field extensions of the stars
and galaxies exceed more and more far distance, but not to infinity. The nature of everything is
cyclical. In other words, everything goes and comes back to the initial point.

3. The accelerating expansion of the universe is the observation that the expansion of the universe is
such that the velocity at which a distant galaxy is receding from the observer is continuously
increasing with time [19], [20], [21]. So, the expansion of the universe has not been slowing due to
gravity, as everyone thought, it has been accelerating. No one expected this, no one knew how to
explain it. But something was causing it. Eventually, theorists came up with three sorts of
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explanations. Maybe it was a result of a long-discarded version of Einstein's theory of gravity, one
that contained what was called a "cosmological constant." Maybe there was some strange kind of
energy-fluid that filled space. Maybe there is something wrong with Einstein's theory of gravity and
a new theory could include some kind of field that creates this cosmic acceleration. Theorists still
don't know what the correct explanation is, but they have given the solution a name. It is called
dark energy [22].

B) At short interparticle distances the ISL and IPL cannot work perfectly:

1. Coulomb's inverse-square law is an experimental law [23] of physics that quantifies the amount of
force between two stationaries, electrically charged particles. The electric force between charged bodies
at rest is conventionally called electrostatic force or Coulomb force.[24] Coulomb's law was essential to
the development of the theory of electromagnetism, maybe even its starting point,[23] as it made it
possible to discuss the quantity of electric charge in a meaningful way.[25] The law states that the
magnitude of the electrostatic force of attraction or repulsion between two point charges is directly
proportional to the product of the magnitudes of charges and inversely proportional to the square of
the distance between them,[26]

IF| = k, - 23 ™
Here, ke is Coulomb's constant (ke = 8.988x%10° N-m2-C-2), [23] g: and gz are the signed magnitudes of
the charges, and the scalar r is the distance between the charges.

2. Van der Waals Interactions

In molecular physics, the Van der Waals force is a distance-dependent interaction between atoms or
molecules. Unlike ionic or covalent bonds, these attractions do not result from a chemical electronic
bond; they are comparatively weak and therefore more susceptible to disturbance. The Van der Waals
force quickly vanishes at longer distances between interacting molecules.

Van der Waals force plays a fundamental role in fields as diverse as supramolecular chemistry,
structural biology, polymer science, nanotechnology, surface science, and condensed matter physics. It
also underlies many properties of organic compounds and molecular solids, including their solubility in
polar and non-polar media.

If no other force is present, the distance between atoms at which the force becomes repulsive rather
than attractive as the atoms approach one another is called the Van der Waals contact distance; this
phenomenon results from the mutual repulsion between the atoms' electron clouds.[27] The Van der
Waals force has the same origin as the Casimir effect, which arises from quantum interactions with the
zero-point field.[28]

The Van der Waals forces [29] are usually described as a combination of the London dispersion forces
between "instantaneousky induced dipoles™ [30], Debye forces between permanent dipoles and induced
dipoles, and the Keesom force between permanent molecular dipoles whose rotational orientations are
dynamically averaged over time.

3. The Lennard-Jones (L-J) 12-6 potential (Nanoparticle Attraction Force)

The common way to describe intermolecular forces is to use the so-called Lennard-Jones potential
which is an expression for the interaction energy of the pair potential () of two molecules at a distance
T
c
WD) =—+= (8)
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with the constants C and B for the attractive Van der Waals and repulsive Born repulsion, respectively.
At first, the second term (Born repulsion) will be neglected [31], [32]. This law is in many respects
DLVO-like interaction energy

The Lennard-Jones potential models soft repulsive and attractive interactions. Hence, the Lennard-
Jones potential describes electronically neutral atoms or molecules. The potential equation accounts
for the difference between attractive forces (dipole-dipole, dipole-induced dipole, and London
interactions) and repulsive forces [32]. The L-J potential is arguably the most widely used pair
potential in molecular simulations. It is so popular that the question is rarely asked whether it is fit for
purpose. In this paper, we argue that whilst the LJ potential was designed for noble gases such as
argon, it is often used for systems where it is not expected to be particularly realistic. Under those
circumstances, the disadvantages of the LJ potential become relevant: most important among these is
that in simulations the LJ potential is always modified such that it has a finite range. More seriously,
there is by now a whole family of different potentials that are all called Lennard-Jones 12-6, and that
are all different — and that may have very different macroscopic properties. [33]

Figure 2: Lennard-Jones potential in simulations

4. Yukawa potential.

In particle, atomic, and condensed matter physics, a Yukawa potential (also called a screened Coulomb
potential) is a potential of the form:

e—amr

Vyukawa () = —g 2 . )
Where g is a magnitude scaling constant i.e. is the amplitude of potential, mis the mass of the

particle, r is the radial distance to the particle, and a is another scaling constant so that r ~ ﬁ is the

approximate range. The potential is monotonically increasing in r and it is negative, implying the force
is attractive. In the Sl system, the unit of the Yukawa potential is (1/meters) [34].

OO rr~rr 1 rrr [ r 1 1 T [ 1 1 1T
028 T T ]
= : : : ]
S -04F -
% : k ]
= L —— Yukawa
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-1_0 -—l PR T R T ] PR TR S T T T T 1—-
-10 -5 0 5 10

Distance from nucleus (a.u)
Figure 3: A short-range Yukawa potential in relation with Coulomb’s potential [35]
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From Figure 3 we see that the distance from the nucleus goes to O, the energy also becomes infinite as
Coulomb’s potential (Equation (5)).

5. The DLVO theory [36] explains that the interaction energy between the Coulomb repulsion and the
Van der Waals attraction.

40 - .
30 4 l" Coulombic or electrostatic
(repulsive) potential

S 201 \ /
Z N
210 A '
D ~
= 0 P ————
5 -10 - \
2 f’ . .
R K Total interaction energy

-30 - \ van der Walls

! (attractive) potential
-40 - T T T T T T T T

0 10 20 30 40 50 60 70 80
Separation Distance (nm)

Figure 4: Schematic interaction energy versus distance profiles of DLVO

According to the DLVO theory, Coulomb’s repulsion, Van der Waals attraction, and their interaction
energy go to plus and minus infinities. Is it right?

6. Modified Newtonian dynamics (MOND) is a hypothesis that proposes a modification of Newton's
laws to account for observed properties of galaxies [37]. For elliptical galaxies, galaxy groups, galaxy
clusters, and larger-scale structures, the theory doesn't quite fit observations, and so it requires that
extra matter — i.e., dark matter — be invoked once again. "So instead of just using an undiscovered
particle to explain our observations of structures in the universe, MOND requires both an undiscovered
particle and a modification to the gravitational-force law” [5].

The infinity of ISL seems also in the DLVO theory. The IPL also cannot explain the physical nature of
being. Because the term “infinity” is only a mathematical trick.

Why do we Still Believe in Inverse-Square Law? [38]. Yes, it is right. This kind of a sign that we might
be missing something kind of fundamental. So maybe one way to attack this problem is to go back to
first principles. Nature is very simple and perfect with nothing to repair. Natural laws are only possible
to comprehend. To err is human. “You've been making things unnecessarily complicated” by
mathematics as said Hugh Everett (1957).

. OPEN HYSTERESIS INSTEAD OF INVERSE-SQUARE LAW

...The measurements suggest that the anomalous phenomena have a common origin [38]. What is a
common origin? It was the ISL, particularly the IPL to date. Instead of them, open hysteresis would be
more suitable.
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“We review recent experimental tests of the gravitational inverse-square law and the wide variety of
theoretical considerations that suggest the law may break down in experimentally accessible regions.”

[4]

We compare the modulations of the open hysteresis and ISL. The comparison indicates the open
hysteresis can be used in place of ISL (Figure 5).
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Figure 5: Distance from the nucleus (a.u.)

The c3(x) is the base of the Coulomb interaction (blue) and c2(x) is the base of the open hysteresis
(red). The base of the open hysteresis indicates the only accuracy, but the result of which goes to

infinite.
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inverse-square law [39]

Figure 6 is calculated by the Lennard-Jones potential, the potential energy of which flies exponentially
to infinity. It must be limited by interaction energy. For this reason, | show the change of the picture of
the interaction of the electric charges in Figure 7b.
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Figure 7: Interaction of the electrical charges
a) Superposition of potential energy (yellow curve), b) Open hysteresis

(Note: Distance and relative sizes are shown not to scale)

Opposite charges attract and like charges repel because doing so lowers their potential energy (energy
of interaction). Energy is a force exerted through a distance (E = Fr). Consequently, the potential
energy of two charged particles separated by a distance r. AE, which is referred to as the energy of
interaction, is the potential energy of the two particles separated by a distance r relative to their
potential energy when they are separated by an infinite distance (i.e., not interacting).

The energy change is negative (the energy decreases) as r decreases when g; and g2 have opposite signs,
therefore particles of opposite charge lower their energy as they get closer. Systems strive to lower their
energy, so particles of opposite signs are attracted. However, the energy change is positive (the energy
increases) when q; and gz have the same sign, which means that the energy of two particles of the same
sign increases as they get closer. Consequently, particles of the same charge move apart to lower their
energy; i.e., particles of like charge are repelled [40].

The total energy of a system is the sum of the attracting and repelling forces. The exchange interaction
forces the spins of electrons to align either parallel (ferromagnetic exchange interaction) or antiparallel
(antiferromagnetic exchange interaction). The origin of the exchange interaction is the spin-dependent
Coulomb interaction. There are three contributions to exchange interaction between localized
electrons: 1) spin-dependent electron-electron Coulomb repulsion at a short distance
(antiferromagnetic); (2) spin-dependent electron-nuclear Coulomb attraction (ferromagnetic); 3) spin-
dependent electron-electron Coulomb repulsion at a longer distance (ferromagnetic) [41].

The exchange interaction of quantum mechanics is the superposition of two forces (Figure 7a and
Figure 7b). The interaction of two forces is described by the open hysteresis in Supreme Theory of
Everything [42], [43] (Figure 7b). In other words, the equilibrium state originates from the
superposition of both energy states.

In any case, the attractive and repulsive forces have saturation limits of potential energy and the system
strives for their equilibrium state (Figure 7).
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Figure 8: The open hysteresis [44] instead of “inverse-square law” shown in Figure 6.

As shown in Figure 8, everything has a limit of v saturation. For instance, the abovementioned Earth’s
magnetotail comes back into the north pole after traveling more than 8 million kilometers. Nothing
blocks the continuous outflow of the magnetotail, but it comes back. So, its reason lies in the expression
the answer is "infinity” of calculation results by ISL.

V. THE FIRST ATTEMPT TO DETERMINE ELECTROSTATIC INTERACTIONS BY OPEN
HYSTERESIS

We need to understand that open hysteresis gives the general picture of anything that looks like the ISL
and IPL. In other words, it is independent of physical, chemical, biological, and other factors. Since the
open hysteresis is valid not only in electromagnetism but everything else. All the forces blend
harmonically with everything.

To avoid the difficulties of ISL we need to use open hysteresis. The problem becomes more and more
guantum mechanical. To do this | think presently to show interactions of electrical charges (Figure 9).

The K border is the equilibrium boundary of electromagnetic forces and separates two different
mediums (Figure 9).
K

Fquilibrium border of
different charges

Figure 9: The two charges in equilibrium

The distance between electrons has possible to determine by the ratio:

q111 = Q27> (10)
T 42
E - q1 (11)

In case that r;and r,, are little, we can use sinr = r
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sint;  q;

sinr, - q1 (12)
Itis Snell’s law, which gives the hysteresis formula:
_ . Sin(ri=12)
Fe=Q |cos(T2)] (13)

Where r1is the influence radius of g;electric charge, ; is the radius of g.

Q = Q(q1,92), which needs to determine by experiments
The interaction force between the electric charges is displayed by Figure 10.
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Figure 10: The hysteresis of the electric interaction of charges
(For simplicity Y = 1000 and r; = 10)
(Note: Distance and relative sizes are shown not to scale)

In Figure 10 A is the closed hysteresis and B is the open hysteresis. So, | would like to ask that excuse
me because it is my first attempt to use open hysteresis in electromagnetism. | truly appreciate your
critical review, comments, feedback, and questions.
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The theory is valid only as long as it is not disproved by experiments. However, ‘the great tragedy of
science — the slaying of a beautiful hypothesis by an ugly fact.” - Thomas H. Huxley. And ‘No theory
should fit all data, because some data are surely wrong’ [38].

If we use the open hysteresis in a general application, the vertical axis shows the force, intensity,
magnitude, and the horizontal axis shows the repeated processes such as distance and period (Figure
10).

I imagine that if we use the open hysteresis instead of ISL, it may make big progress in science because
the open hysteresis has a memory that causes the output value to depend on the history of the input
[45], [46]. It also has periodicity, saturation and it also works in all scales.

V. CONCLUSION

1. The inverse square law can work neither on a cosmic scale nor on the subatomic scale. A lot of
physical laws have been described based on the ISL,which has generated a large discrepancy
between the results of theory and observation.

2. When the variable (r) of the inverse-square law and inverse-proportional formula goes to O, the
results become infinite. All the potential energy as van der Waals attraction potential, Coulombic
repulsion potential, and their interaction have limits or saturations. Everything has a saturation.
Nothing continues to infinity.

3. Instead of the ISL and IPL, the applications of open hysteresis are more suitable in practice due to
open hysteresis having periodicity, saturation, and memory and it works in all scales.

4. The open hysteresis describes the general picture of the geometrical entity of everything that looks
like the ISL and IPL. It is independent of physical, chemical, biological, and other factors. Since the
open hysteresis is valid not only in electromagnetism but everything else.
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ABSTRACT

Health concern about possible impact of the
cemeteries in Nigeria on the water supply has
prompted this research. The research engaged
Vertical Electrical Sounding (VES),
2-Dimensional and 3-Dimensional imaging
(tomography) to investigate the presence and
migration of leachate plumes in the cemetery,
hydro physicochemical analysis of water samples
(for multivariate analysis) and computation of
time- lapse to detect the time rate of migration in
both the vertical and horizontal directions.

The field work covered a time — lapse of six
months (June 2017 to December 2017). Three
sites at the peripheral of the cemetery and a
reference site were used as water sample sources.
Groundwater samples were collected and
analyzed. The electrical resistivity data collected
in parallel equidistant lines was processed to
obtain geoelectric models using Res2dinv and the
second survey data was also merged and
inverted as a single 3-D data set using Res3dinv
software and Voxler 4.0 to give 3-D block model
and volumetric analysis of the leachate plume.
Multivariate  analysis involving  Principle
Component Analysis, Cluster Analysis and
computation of Water Quality Index, was also
carried out to identify the major contaminants
and their levels of contamination.

The study showed that the status of the
groundwater at the vicinity of the cemetery is fit
for drinking and other domestic purposes though
with some degree of contaminations. The main
parameters constituting the contaminants

© 2021 London Journals Press

include pH, EC, Cl, NO, SO, and Na, which are
mostly influenced by the on-site activities in the
cemetery. The leachate plumes in the cemetery
migrate vertically and horizontally at different
rates. The research also showed that repeated
ERT surveys can track movement of leachate
plume emanating from decomposed dead bodies
over time in active cemetery.

Keywords: groundwater, contamination, cemetery,
hydro-physicochemical, geophysical.

|, INTRODUCTION

The investigation of cemeteries is always difficult
and challenging task in geoforensic prospective.
The identification of individual graves through
geophysical techniques is relatively problematic
and thus in the prospection of cemeteries and
graves there are no rules or specific guidelines.
The success of such a survey depends on the
conservation of the graves, the various artifacts
that may accompany a burial, the depth and
dimensions of the burial, the environmental noise,
the geology, etc.

Geoforensic, which simply means Forensic
Geology, is defined as the gathering and analysis
of geological evidence of a crime. It is the study of
evidence relating to minerals, oil, petroleum, and
other materials found in the earth, used to answer
questions raised by the legal system (Murray and
Tedrow 1975). However, the implications of land
utilization for burial of dead human bodies in the
form of cemeteries and many cases associated
with coffin and caskets used for interment of
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remains has received no consideration in Nigeria.
Interment of bodies in cemeteries remains a
widespread practice and the only alternative
endpoint to dead bodies in Nigeria. In Nigeria,
this practice had not been perceived as having a
significant potential contaminant effect in the
environment and especially the groundwater
component as search of literature attracted no
such study to the country. In Benin City and
Nigeria in general, the major cemeteries are
located close to human residential areas and
virtually all the populace within this locality
depends on groundwater as the primary water
source for various domestic purposes Idehen, O
and Ezenwa,l. M (2019). According to DOC
(2016), cemetery sites/graveyards have the
potential to result in impact on the local water
environment and in particular, the groundwater
underlying such sites.

Toxic chemicals that may be released into
groundwater include substances that were used in
embalming and burial practices as well as
varnishes, sealers and preservatives and metal
component of ornaments used on wooden coffins
(Jonker and Olivier, 2012). Wood preservatives
and paints used in coffin construction contain
compounds such as copper, naphthalene and
ammoniac or chromated copper arsenate
(Spongberg and Becks, 2000). Paints contain
lead, mercury, cadmium, and chromium; arsenic
is used as a pigment, wood preservative and
anti-fouling ingredient while barium is used as a
pigment and a corrosion inhibitor (Katz and
Salem, 2005; Huang et al., 2010; Jonker and
Olivier, 2012).

This underpins the importance of carrying out
studies aimed at investigating the impact and
attendant risks that cemeteries present to the
populace living close to them. This project has
been carried out to provide information on
whether the cemetery located at Third Cemetery,
Benin City, impacts the groundwater resources in
aquifer within that zone.

Studies on the impact of cemeteries on the quality
of groundwater in unsaturated and saturated
zones are usually conducted within or at some
distance from the cemeteries (Schraps, 1972;

Zychowski et al., 2000b). Over 40% of cemeteries
in South Africa contaminate water resources
(Fisher and Croukamp, 1993). Local authorities
seem oblivious of the problem. Both legal
regulation and the determination to act in a way
which would limit the threat are lacking (Alfoldi
and Croukamp, 1988). Most researchers assess
the impact of interment on the environment by
comparing study results from cemeteries with
data from reference sites. This type of assessment
is satisfactory despite some possible errors
(Zychowski, 2012).

Groundwater has for many decades served as a
source of drinking water and it is still relevant for
same purpose till date (Radajevic and Bashkin,
1999) despite the fact that different human
activities have impaired its quality in some
locality.

ll.  STUDY AREA

This study was conducted in Benin City located in
south-south geopolitical zone of Nigeria. Benin
City is the capital of Edo State, bounded by
latitudes 06° 06’ N, 06° 30’ N and longitudes
005° 30" E, 005° 45 E and an area of about 500
square kilometers. The city is located within the
rain forest ecological zone with annual mean
temperature of 27.5 °C (Ikhuoria, 1987, Idehen,
2019) and an annual mean rain fall of about 2095
mm (Ikhile and Olorode, 2011). Three cemeteries
namely First, Second and Third cemeteries are
located within this city. The Third cemetery which
has existed for over 50 year was considered for
this study because of its proximity to human
residents. The cemetery which is the biggest
among the cemeteries in Benin City covers an area
of about 5.167 ha (Ibhadode et al., 2017). The
burial load of this cemetery could not be
calculated, because the record-keeping was not
always adequate regarding the number of people
buried. Also there is issue where a single grave is
used for multiple burials. Three sampling sites
were used for the collection of water samples.

II. METHODOLOGY

Electrical resistivity imaging data was acquired
twice using Pasi Earth Resistivity Meter. The
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second data set was acquired six months after the
first one. The data coverage was made over an
area defined by rectangular loop measuring 30 m
by 230 m in the first survey while in the second
survey was 30 m by 200 m. The electrical
resistivity data was collected in seven equidistant
lines as 2-D data set using Wenner-Schlumberger
Array at 5 m interval in both periods. The first
survey, the inter-electrode spacing in each line
was 10 m while in the second survey was 5 m
.Thus, first survey used to guide planning and
execution of the second. The resistance values
read from the measuring instrument was then
transformed to apparent resistivity using the
geometrical  factor  each sequence of
measurement.

In order to characterize the physicochemical
parameters of the water and further ascertain the
suitability of these groundwater resources located
near the cemetery, equal replicate of water

samples were collected from borehole located at
the peripheral of the cemetery.

Wenner -Schlumberger spread was used. In first
survey, in each line location, electrodes numbered
0- 23 were placed into the ground at intervals of
10 m along the line, while in the second survey,
electrodes numbered 0-40 at 5 m interval was
planted into the ground. Each time measurement,
was to be taken, array of four electrodes are
selected manually and connected to the PASI
earth resistivity meter via single core cable.

V. RESULTS AND DISCUSSION

The geoelectric models obtained for the first and
second surveys displayed leachate plumes starting
from the laterite (the burial environment) down to
the sandy formation (the regional water supply
source). The leachate plumes presence in the sand
bed are modeled and described as shown in the
2-D and 3-D displays (Fig. 1 to Fig. 3).
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V. DISCUSSION

The field works were conducted in two sessions
with a time interval of six (6) months. The first
ERT survey was conducted in June 2017 (early
period of rainy season) and the second ERT
survey was conducted in December 2017 (early
period of dry season) when the plumes must have
been diluted with excess infiltrating water and
move faster in the wvertical and horizontal
directions. The rate of migration depends on the
permeability of the soil, incline topography,
depressions created by decomposed corpses and
collapsed burial materials. All these aid
infiltration into the subsurface.

The rate of migration in the horizontal direction is
higher than the rate of migration in the vertical
direction. The maximum rate of migration in the
vertical direction is 4.1 cm/day while the
maximum rate of migration in the horizontal
direction is 32.8 cm/day. It is observed that

horizontal migration is higher than the
corresponding vertical migration. The plume
flows vertically and outwardly into the ground,
and the horizontal permeability of sediment is
found to be higher than the vertical permeability
except in vertical solution fractures (Djebbar et
al., 2004, Idehen, 2020).

VI.  PHYSICOCHEMICAL ANALYSES OF
WATER SAMPLES MULTIVARIATE
STATISTICAL ANALYSIS

Exploratory data analysis was performed by linear
display methods (principal component analysis,
PCA) and wunsupervised pattern recognition
techniques (hierarchical cluster analysis, CA) on
experimental data. Cluster analysis allows the
grouping of obtained samples on the basis of their
similarities in chemical composition. Cluster
analysis uses all the variance or information
contained in the original data set (Razmkhah et
al., 2010).

Table.1: Summary Of Variations In The Physicochemical Variables

Variables Site 1 Site 2 Site 3 Reference (6)% NSDQW
Ph 4.96 4.34 4.05 6.80 24.51 7.50
EC 118.00 82.00 160.00 12.00 67.43 1000.00
TDS 59.00 41.00 80.00 6.30 67.04 500.00
TSS 0.58 0.07 0.66 0.00 103.80 0.00
Calcium 3.84 3.20 4.48 2.40 25.56 NA
Magnesium 1.15 2.30 3.84 3.00 44.25 0.20
Sulphate 0.17 0.25 0.00 0.43 83.75 100.00
Nitrate 0.29 1.37 1.75 0.08 03.23 50.00
Phosphate 0.64 0.83 0.33 0.24 53.65 NA
Calcium carbonate 30.50 24.40 18.60 50.80 45.11 150.00
Chloride 44.52 23.78 36.40 18.40 38.57 250.00
Sodium 37.60 16.40 32.00 2.60 71.43 200.00
Potassium 48.88 21.32 41.60 3.38 71.43 NA
Lead 0.01 0.00 0.01 0.00 115.01 0.01
Chromium 0.01 0.01 0.01 0.01 0.00 0.05
Copper 0.02 0.01 0.03 0.01 81.65 1.00
Zinc 0.02 0.01 0.02 0.02 28.57 3.00
Iron 0.04 0.02 0.03 0.08 61.88 0.30
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Manganese 0.03 0.01 0.02 0.01 81.65 0.20
Cadmium 0.00 0.00 0.00 0.00 0.00 0.00
Nickel 0.01 0.01 0.02 0.01 70.71 0.02
Mercury 0.00 0.00 0.00 0.00 0.00 0.00
DO 8.80 6.20 9.80 9.20 18.68 NA
BOD, 2.60 1.80 3.40 0.60 56.88 NA
COD 12.46 10.32 14.77 12.10 14.74 NA

NSDWQ - Nigerian Standard for Drinking Water Quality (NIS, 2007).

All variables except pH and EC were measured in
mg/l; EC was measured in uS/cm.

VII. VARIATIONS IN THE
PHYSICOCHEMICAL PARAMETERS

Table.1  shows the variations in the
physicochemical parameters characterized in the
groundwater samples obtained from the various
sites. The levels of homogeneity of the levels of the
variables across the sites including the reference
site are represented by the coefficient of variation
(CV). TSS and lead had CV values > 100; EC, TDS,
sulphate, nitrate, phosphate, sodium, potassium,
copper, iron, manganese, nickel and BOD;
recorded CV values > 50 while pH, calcium,
magnesium, alkalinity, chloride, zinc, DO and
COD had CV values < 50. The levels of chromium,
cadmium and mercury were relatively the same
across the sites including the reference site thus
no variation was recorded (CV = 0).

The groundwater was slightly acidic at all sites
except the reference; electrical conductivity (EC),
total dissolved and total suspended solids,
nutrients including nitrate and phosphate, the
alkali metals, heavy metals (excluding iron values
which was high in the reference sites and
cadmium and mercury which were not detectable
in the water samples) values were low in the water
samples obtained from reference site (Idehen and
Ezenwa,2019). Generally chloride was the
dominant anion across all the sites samples were
obtained while the least of the same group were
sulphate and nitrate for cemetery peripheral sites
and reference site respectively.

VI, CONCLUSION

The geoelectric models obtained for the first and
second surveys displayed leachate plumes starting
from the laterite (the burial environment) down to
the sandy formation (the regional water supply
source). The leachate plumes presence in the sand
bed are modeled and described as shown in the
2-D and 3-D displays. This study showed that
parts of the cemetery had been contaminated.
This was evident in the attendant low resistivity
values. This contamination was also observed to
have infiltrated into the aquifer in the cemetery.
This could pose serious health risks to the
inhabitants of the study area who depend largely
on boreholes for their drinking water supply.

The acquired two-dimensional electrical
resistivity data covered laterite, fine sand, very
coarse sand, medium sand. The sandy formation
is porous and highly permeable, and hence the
flow leachate through it is rapid. The study clearly
revealed that the status of the groundwater at the
vicinity of Third Cemetery is fit or suitable for
drinking and other domestic purposes though
with some degree of contaminations. Under
favourable hydrological and geological conditions,
the plumes delineated from the Electrical
Resistivity Imaging will slowly migrate into the
groundwater.

Human experience has taught that people shall
continue dying and they shall continue being
buried, however, we could reduce the number of
people whose death could be linked to
consumption of polluted groundwater by paying
attention to obvious risk to residents who live
close to cemeteries. This should be considered
more seriously since priority must be given to the
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living above the dead. Based on the data obtained
in this study, we conclude that there are very clear
variations between various indices of the
groundwater around the cemetery at Benin City,
Nigeria and the reference site. These variations
could have been caused by decomposition process
going on at the cemetery.
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ABSTRACT

This study aims to investigate the high
sedimentation in riverbed of Binaga Aron
Samosir Regency, North Sumatra Indonesia. The
investigation was carried out on identification of
types sediment materials, sediment distribution,
soil texture and sediment statistics based on
USDA. Sediment sampling was performed in
range points of 300 meters along the 1500
meters of the sampling area. The laboratory tests
were carried out to determine the type of grain,
sediment distribution, soil texture and sediment
statistics. The results of the study shown four
types of sedimentary materials, namely rock,
sand, silt and clay. The average percentage of
sediment grain types in the river bed of Binanga
Aron River are: rocky 7.0%, rocky sand 3.50%,
sand 18.43%, sandy silt 23.09%, silt 22.07%, silty
clay 22.07% and clay 12.82% scattered in each
points. The soil texture class for the bottom
sediment of the Binanga Aron river is rocky
sand. The sediment statistical value of sediment
sorting results are poorly sorted, the
sedimentary skewness is coarse and sedimentary
kurtosis is blunt.
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l. INTRODUCTION

Geographically, the river around Samosir
Regency, North Sumatra Indonesia, is crossed by
several rivers, one of them is Binanga Aron river.
The Binanga Aron was used as a means of
transportation and a source of livelihood. After
decades, the quality of water has decreased and in
recent years has extreme silting to drought.
Today, in several parts, the deserts and rocks are
formed due to the clogged materials of
deforestation around the river. The high base
sediment  material occurs by  erosion
[1,2,5,6,8,10,11].

The previous studies related to bed sedimentary
materials have been carried out in the same basin.
The sediment materials of Binaga Aron river are
rock (7.0%), sandy rock (3.50%), sand (18.43%),
sandy silt (23.09%), (silt 22.07%), silt clay
(22.07%), clay (12.82%), sand (85. 99%), gravel
(11.08%) and mud (2.93%). [1,2,6,10,11]. The
dominant sedimentary materials on the coast of
the river are rock, sand, and clay. Related to
trapped sediment, it was found the dominant
average sediment balance in the cross-river
direction with an average mass of 28.00 grams
[1,3,5.9,10,11]. Based on these previous findings,
the sedimentation study will be carried out to
identify the type of bed sediment materials. The
sampling will be conducted for every 300 meters
of the river along the 1500 meters of Binanga
Aron. This is due to the lunge of drought along the
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1500 meter of Binanga Aron. This research is
aimed to provide information about the sediment
distribution and riverbed sediment material of
Binanga Aron river.

1.1 Objective

The objective of this study is to investigate types
sediment materials, sediment distribution, soil
texture that related as impact of decreasing of
Binanga Aron river water surface.

Literature Review

Figure 1: The site of study

2.2 Tools and Materials

Tools and materials used in this study are: 1)
sample bag to store sample research data; 2)
distance binoculars to find out the width of the
river; 3) stopwatch to find out the length of time
used; 4) gauge; 5) digital scale to determine the
weight of the sediment sample; 6) depth meter to
measure the depth; 7) cloth as a container for
drying sediment; 8) GPS to determine the
coordinates of the research location; 9) Digital
cameras are used to take photos of the research
location situation and when conducting research;
10) Sediment grab is used to collect sediment data
at the research location.

2.3 Laboratory Testing

The laboratory testing was carried out using these
equipments: 1) oven with an adjustable
temperature at 105 — 1100 C; 2) ASTM 152 H
hydrometer; 3) distilled water; 4) measuring cup
tube 1000 ml; 5) calgon (NaPO3) as reagent
materials; 6) thermometer; 7) stopwatch; 8)
vacuum or stove; 9) suspense mixer; 10) the scale
with accuracy up to 0.01 grams; 11) Porcelain cup
with pastel to break the clods into grains without

.~ METHOD

2.1 Time and site of the study

This study was conducted from November 2017 to
November 2018 in the Binanga Aron River,
Samosir Regency. Sampling was performed at
three points with each points are 300 meters
along the 1500 meter of river. Figure 1 and 2
shows the site of study and sampling location.

Creagrhe e

Figure 2: Sampling location

damaging the granules; and 12). filter consisting
of top and bottom covers.

I1l. DATA COLLECTION
3.1 Sediment Sampling
Sediment sampling was carried out in

predetermined locations as shown in Figure 2.
Sampling was taken in 6 points, namely Points 1a,
1b, and 1d; Points 2a, 2b, 2¢ and 2d; Points 3a, 3b
and 3c; Points 4a, 4b and 4c; Points 5a, 5b, and
5c¢; and Points 6a, 6b, and 6¢ The distance
between points is determined based on the width
of the river then divided into 6 points. Sampling
was performing along the 1500 meters of the river
due to the erosion was high and more sediment
was deposited [1,4.5,10.11]. The relationship
between erosion and sediment is the
accumulation of sedimentary materials in a
location caused by erosion [4,5,9.10,11].

3.2 Treatment of sediment samples
3.2.1 Preparation

Samples were dried using an oven for about 24
hours. The dried sediment samples were filtered
using a sieve number 10. The escaped grain of the
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sieve is separated by 50 grams. Five grams of
reagent is put into a container that contains water.
Then, the samples are put into water and reagent.
The sample is left for + 24 hours so that the
sediment grains are broken down. Then, the
sediment samples were shaken using a mixer for
10 minutes. The mixed sample was transferred to
a measuring tube/glass and poured the rinsing
water into the tube and added water until the
volume became 1000 cm. The tube is closed and
then shaken by turning the tube vertically 60
times. After shaking, the tube is placed on the
table then runs the stopwatch, and is the
deposition of T = 0.

The hydrometer is read when T=2,T =5, T = 30,
T = 60, T = 250 and T = 1440. After hydrometer
measurements of all samples, the samples
contained in the tube is refiltered using a wet
sieve number 200 until the clay content contained
in the sample is completely filtered out. The
sample left on filtered number 200 is transferred
into a cup/container to be heated for + 24 hours
and cooled.

o,= bos — bis + bos — &5 (1)
4 6.6
Skl — ¢16 — ¢84 — 2¢50 + ¢5 + ¢95 — 2¢50 (2)
2(¢84 - ¢1e) 2(¢95 - ¢5)
¢95 - ¢5

Ko= 2.44(¢ .~ 4,.) (3)

In line with the formula, the phi value at a
frequency of 84% is transformed into the form of
particle diameter, and so forth. After calculating,
sediment statistics can be classified using a
standard deviation table [1,2,5,6,10,11]. Table 1 is

3.2.2 Determination of sediment grain types

The type of sediment grain is identified in the
sieving results. The remaining sediment in the
filter numbers 20, 40, 60, 80, 120, and number
200 are recorded and weighed. The grains left in
the filter were recorded into the sieve analysis
table. The percentage that appears on the sieve
analysis chart was used as a reference for
determining the type of sediment grain.

3.2.3 Determination of soil texture

The analysis of soil texture classes is classified
using the USDA Soil Classification pyramid as
shown in Figure 4. The percentage values for the
types of sediment grains (rock, sand, silt, and
clay) have been presented in Table 4 and referred
to each point. The example of point 4a that reveals
the silty clay texture was presented in Table 4,
where the soil structure is dusty clay.

3.2.4 Statistical determination

The statistical classification of sediment (sorting,
thickness and kurtosis) was determined by
equations (1), (2) and 3 [5,6,10,11]:

Where :
o, =sorting
Sk, = skewness

K. = kurtosis

the classification of the value of sediment sorting.
Table 2 is the classification of the value of
sediment thickness and Table 3 is the value of
sediment kurtosis.

Table 1. Sediment sorting, Skeweness and Kurtosis classification [1,2,3,7]

Sorting Classification

Skewness Classification

Kurtosis Classification

Values Categories Values Categories Values Categories
Very
<0.35 Very well sorted +1s/d + 0.3 Strongly fine skewed <0.67 platykurtic
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0.35-0.50 Well sorted * O'::’) S’l/ d+ Fine skewed 0.67-0.9 Platykurtic
Moderately well +0.18/d- . .

0.50-0.71 sorted o1 Nearly symmetrical 0.9 - 0.11 Mesokurtic

0.71-1.00 Moderately sorted |- o0.1s/d-0.3 Coarse skewed 1.11- 1.5 Leptokurtic
_ Strongly coarse ) Very

1.00-2.00 Poorly sorted -0.3s/d-1 skewed 1.5-3 Jeptokurtic
More

2.00-4.00 | Very poorly sorted >3 Jeptokurtic

>4.00 Extremely poorly
sorted

V. RESULTS AND DISCUSSION

4.1 General analysis on baseline sediment
grain percentage and sediment distribution

The clay type sediment has the smallest diameter
and sedimentation rate compared to sand and silt.
Based on the results of the study, it was found that
the river bed sediment material was of rock, sand,
silt, and clay. The percentages of the four types of
sediment include rock 8% to 10%, sand 20% to
30%, silt 30% to 40% and clay 30% to 40%.

The average percentage of stone and sand for each
section is more or less the same. Silt type
sediment is the sediment that has the highest
percentage compared to rock, sand, and clay
types. It can be seen that the four types of
sediment are scattered every 300 meters along the
1500 meters of the river. However, the percentage
of scattered material is dissimilar, where the
composition is rock 7%, sand 21.93%, silt 46.18%
and clay 34.89%.

4.2 Sediment analysis based on soil texture
class

The analysis of soil texture classes is classified
using the USDA gradation concept using a soil
classification pyramid. Based on the results of the
study, there are two types of soil texture, namely
dusty clay, and clayey clay dust. Table 4 shows the
results of the soil texture. in the Binanga Aron
River, is mostly sandy and silty rock. Unlike the
others, points 2¢, 4c¢, 5b, 4b, and 4a have dusty
clayey clay textured soil. This is because at that
point the percentage of stones, sand, clay is less
than 30%, while the other points have a
percentage of clay type material ranging from

30% to 40%. Of the 12 sampling points, the type
of soil texture tends to be the same, namely dusty
clay. The average percentage of sand for each
section is approximately the same.

It was found that the silt type sediment is the
highest percentage compared to sand and clay
types. Those three types of sediment are scattered
in every distance of every 300 meters along the
1500 meters of the Binaga Aron River. However,
the material percentage is various, the silt was
30%, and clay and sand was 34%.

The sediment analysis based on class Analysis of
soil texture class is classified using the USDA
(United States Department of Agriculture)
gradation concept, namely the USDA soil
classification point 4a). From the results of the
study, there are two types of soil texture, namely
sandy sand and clay located in the Binanga Aron
River, Samosir Regency. Unlike the other points,
points 2c, 4¢, 3b, 4b, and 4a have silty clay sand.
This is because at that point the percentage is less
than 30%, while the other points have a specific
material percentage between 30% to 40%.

4.3 Sediment Statistical Analysis

Sediment statistical analysis was carried out to
derive the sediment statistical classification as
presented in Table 5. The value of the sampling
sorting was dominated by the condition of the
sediment in a less sorted state. It was said to be
less unsorted because the grain size of the
sediments was not uniform.

Based on the skewness value, the station has
roughly skewness due to the most of dominant are
fine and the sediment is deposited during low
current conditions [6,7,8,11,12]. The strongly

Analysis of the Impact of Surface Volume Reduction on River Height Sedimentation Around Pangururan District, Samosir
Regency, North Sumatra, Indonesia

Volume 21 | Issue 2 | Compilation 1.0

© 2021 London Journals Press



skewness was resulted due to the fine grains fill
the spaces among the large grains. Based on the
results of sediment processing, a kurtosis value of
0.8 was also obtained, with the range categories
are blunt to quite blunt. It can be concluded in 1

120.00

100.00

80.00

60.00

40.00

20.00

4.75 236 1.18 0.60 0.30 0.15 Sisa

= Mass retained (gram)
= Mass retained (%)

= Cumulative retained (%)
m Cumulative passing (%)

Figure 3: The percentage of basic sediment at the
sampling point and the the type of soil texture

V.  SEDIMENT STATISTICAL ANALYSIS

Based on sediment statistical classification, it was
found that the sampling stations dominated by
poorly sorted, because the size of the sediment
grains was not uniform. Based on the skewness
value, the average skewness was coarse because
the sediment was more dominant in size and the
sediment is deposited when the current
conditions are low [1,2,5,6,8]. It is very coarse
causing the fine grains to fill a large space based
on the processing results. Sediment statistical
data also obtained a kurtosis value between 0.7s.d
0.8 which is in the blunt to quite a blunt category.
As shown in Table 10, it can be concluded that the

that the overall average value of sediment kurtosis
of Binaga Aron River is 0.79 that was fell in the
blunt category. Table 1 also shows that the results
of the sediment statistical analysis (sorting,
skewness, and kurtosis) tend to be uniform.

/SN0
100 50 80

70 \ 60 )
Percentage of Sand

Figure 4: Soil classification

overall average value of the sediment kurtosis
value of the Binanga Aron River is 0.79.
Moreover, the results of the sediment statistical
analysis found that the sorting, skewness, and
kurtosis tend to be uniform.

Based on the soil classification as shown in Figure
4, it was concluded that the residual samples are
rocks due to retained on the filter. The 4.75 size
filter is concluded as rocky sand, the filter size is
2.36 sand, the filter size 1.18 is called silt sand, the
filter size 0.60 is called silt, the 0.30 size sieve is
called silty clay and the 0.15 size sieve is called
clay, below is the aggregate sieve analysis table
obtained from the field, among others:

Table 2: Aggregate Sieve Analysis of Binaga Aron River 000 Meter Sample weight = 1000 grams

Sieve size rell/:ilrslz d Mass retained Cun'lulative Cum'ulative
(mm) (o) (%) retained (%) Passing (%)
Sample I
4.75 33.20 3.32 3.32 96.68
2.36 184.80 18.48 21.80 78.20
1.18 129.70 12.97 34.77 65.23
0.60 233.20 23.32 58.09 41.91
0.30 219.50 21.95 80.04 19.96
0.15 128.00 12.80 92.84 7.16
Residual 71.60 7.16 100.00 0.00
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Total 1,000.00 100.00
MHB
Sample IT
4.75 33.40 3-34 3-34 96.66
2.36 183.80 18.38 21.72 78.28
1.18 131.30 13.13 34.85 65.15
0.6 225.30 22.53 57.38 42.62
0.3 221.40 22.14 79.52 20.48
0.15 127.50 12.75 92.27 7.73
residual 77.30 7.73 100.00 0.00
Total 1,000.00 100.00
MHB
Sample III
4.75 33.20 3.32 3.32 06.68
2.36 184.80 18.48 21.80 78.20
1.18 129.70 12.97 34.77 65.23
0.60 233.20 23.32 58.09 41.91
0.30 219.50 21.95 80.04 19.96
0.15 128.00 12.80 92.84 7.16
Residual 71.60 7.16 100.00 0.00
Total 1,000.00 100.00
MHB

Table 3: Aggregate Sieve Analysis of Binaga Aron River 300 Meters Sample weight = 1000 gram

*1000 um (micro-meters) =1 mm

Sieve size Mass retained Mass Cumu} ative Cumulative
(mm) (gram) retained (%) ren(z;l)r)led Passing (%)
Sample I
4.75 4.60 3.46 3.46 96.54
2.36 85.50 18.55 22.01 77.99
1.18 31.90 13.19 35.20 64.80
0.60 226.30 22.63 57.83 42.17
0.30 222.90 22,29 80.12 19.88
0.15 128.50 12.85 92.97 7.03
Residual 70.30 7.03 100.00 0.00
Total 1,000.00 100.00
Sample II
Sieve size Mass retained Mass Cumulative Cumulative
(mm) (gram) retained (%) | retained (%) Passing (%)
4.75 36.00 3.60 3.60 96.40
2.36 186.00 18.60 22.20 77.80
1.18 129.70 12.97 35.17 64.83
0.60 233.20 23.32 58.49 41.51
0.30 219.50 21.95 80.44 19.56
0.15 128.00 12.80 03.24 6.76
Residual 67.60 6.76 100.00 0.00
Total 1,000.00 100.00
Sample III
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4.75 35.20 3-52 3.52 96.48
2.36 184.00 18.40 21.92 78.08
1.18 133.10 13.31 35.23 64.77
0.60 235.30 23.53 58.76 41.24
0.30 224.30 22.43 81.19 18.81
0.15 129.00 12.90 94.09 5.91
Residual 59.10 5.91 100.00 0.00
Total 1,000.00 100.00

* 1000 um (micro-meters) = 1 mm

Table 4: Aggregate Sieve Analysis of Binaga Aron River 600 Meters Sample weight = 1000 gram

Sieve size Mass retained Mass Cumulative Cumulative
(mm) (gram) retained (%) retained (%) Passing (%) TE“
Sample I E
4.75 33.00 3.30 3.30 96.70 ”g
2.36 183.00 18.30 21.60 78.40 =
1.18 129.70 12.97 34.57 65.43 ‘;5“
0.60 233.20 23.32 57.89 42.11 =
0.30 219.50 21.95 79.84 20.16 Z
0.15 128.00 12.80 92.64 7.36 é
Residual 73.60 7.36 100.00 0.00 g
Total 1,000.00 100.00 n
Sampe 11 E
4.75 34.10 3.41 3.41 96.59 C%
2.36 182.00 18.20 21.61 78.39 o
1.18 130.10 13.01 34.62 65.38 pqé
0.60 233.30 23.33 57.95 42.05 13
0.30 220.30 22.03 79.98 20.02 s
0.15 129.00 12.90 92.88 7.12 %
Residual 71.20 7.12 100.00 0.00 2
Total 1,000.00 100.00 ,8
Sample I1I g
4.75 38.30 3.83 3.83 96.17 =
2.36 184.00 18.40 22,23 77.77
1.18 130.90 13.09 35.32 64.68
0.6 225.30 22.53 57.85 42.15
0.3 221.40 22.14 79.99 20.01
0.15 127.50 12.75 92.74 7.26
Residual 72.60 7.26 100.00 0.00
Total 1,000.00 100.00

* 1000 um (micro-meters) = 1 mm
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Table 5: Aggregate Sieve Analysis of Binaga Aron River 900 Meters Sample weight = 1000 grams

Sieve size Mass retained ~ Mass retained Cumulative Cumulative
(mm) (gram) (%) retained (%) Passing (%)
Sample 1
4.75 33.30 3.33 3.33 96.67
2.36 186.20 18.62 21.95 78.05
1.18 129.30 12.93 34.88 65.12
0.60 236.20 23.62 58.50 41.50
0.30 219.40 21.94 80.44 19.56
0.15 128.20 12.82 93.26 6.74
Residual 67.40 6.74 100.00 0.00
Total 1,000.00 100.00
Sample IT
4.75 37.60 3.76 3.76 96.24
2.36 185.20 18.52 22.28 77.72
1.18 137.90 13.79 36.07 63.93
0.6 222.80 22.28 58.35 41.65
0.3 222.40 22.24 80.59 19.41
0.15 127.50 12.75 93.34 6.66
Residual 66.60 6.66 100.00 0.00
Total 1,000.00 100.00
Sample III
4.75 40.20 4.02 4.02 95.98
2.36 182.00 18.20 22,22 77.78
1.18 130.10 13.01 35.23 64.77
0.60 234.30 23.43 58.66 41.34
0.30 220.30 22.03 80.69 19.31
0.15 129.00 12.90 93.59 6.41
Residual 64.10 6.41 100.00 0.00
Total 1,000.00 100.00

* 1000 um (micro-meters) =1 mm

Table 6: Aggregate Sieve Analysis of Binaga Aron River 1200 Meters Sample weight = 1000 grams

Cumulative Cumulative

Mass retained = Mass retained

Sieve size

(mm) (gram) (%) retained (%) Passing (%)
Sample I
4.75 37.00 3-70 3-70 96.30
2.36 185.00 18.50 22.20 77.80
1.18 129.70 12.97 35.17 64.83
0.60 233.20 23.32 58.49 41.51
0.30 219.50 21.95 80.44 19.56
0.15 128.00 12.80 93.24 6.76
Residual 67.60 6.76 100.00 0.00
Total 1,000.00 100.00
Sample II
4.75 36.20 3.62 3.62 96.38
2.36 185.00 18.50 22,12 77.88
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1.18 130.10 13.01 35.13 64.87
0.60 234.10 23.41 58.54 41.46
0.30 220.30 22.03 80.57 19.43
0.15 129.00 12.90 93.47 6.53
Residual 65.30 6.53 100.00 0.00
Total 1,000.00 100.00
Sample III
4.75 33.60 3.36 3.36 96.64
2.36 184.00 18.40 21.76 78.24
1.18 131.90 13.19 34.95 65.05
0.6 225.30 22.53 57.48 42.52
0.3 221.40 22.14 79.62 20.38
0.15 127.50 12.75 92.37 7.63
Residual 76.30 7.63 100.00 0.00
Total 1,000.00 100.00
MHB

*1000 um (micro-meters) = 1 mm

Table 7: Aggregate Sieve Analysis of Binaga Aron River 1500 Meters Sample weight = 1000 gram

Sieve size Mass retained = Mass retained Cumulative Cumulative
(mm) (gram) (%) retained (%) Passing (%)
Sample I
4.75 33.60 3.36 3.36 96.64
2.36 184.00 18.40 21.76 78.24
1.18 130.90 13.09 34.85 65.15
0.60 225.30 22.53 57.38 42.62
0.30 221.40 22.14 79.52 20.48
0.15 127.50 12.75 92.27 7.73
Residual 77.30 7.73 100.00 0.00
Total 1,000.00 100.00
Sample II
4.75 33.00 3-30 3-30 96.70
2.36 185.00 18.50 21.80 78.20
1.18 129.70 12.97 34.77 65.23
0.60 233.20 23.32 58.00 41.91
0.30 219.50 21.95 80.04 19.96
0.15 128.00 12.80 92.84 7.16
Residual 71.60 7.16 100.00 0.00
Total 1,000.00 100.00
Sample III
4.75 34.20 3.42 3.42 96.58
2.36 183.00 18.30 21.72 78.28
1.18 130.10 13.01 34.73 65.27
0.60 234.30 23.43 58.16 41.84
0.30 220.30 22.03 80.19 19.81
0.15 129.00 12.90 93.09 6.91
Residual 69.10 6.91 100.00 0.00
Total 1,000.00 100.00
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Grain size distribution (Sieve Analysis)

Grain size (mm)
N f jizati Gravel : Si lay
100 Massach Institute =2 2to 0.06 0.06 to 0.002 <0.002
o \ of Technology (MIT)
50 A U.S. Department of >2 210 0.05 0.05 to 0.002 <0.002
2 \ iculture (USDA)
p x - S
2 60 American Association 76.2t02 2to 0.075 0.075 to 0.002 <0.002
i so \ of State Highway and
] \ Transportation
£ 40 Officials (AASHTO)
E 30 N,
s Unified Soil 76.2 to 4.75 4.75 1o 0.075 Fines
""‘"‘-‘__\ Classification System (i.e., silts and clays)
10 " (U.S. Army Corps of <0.075
0 Engi U.S. Bureau
of Reclamation)

10 1 0.1 0.01

Sieve size (mm)

The average values of sieve sizes analysis is as follows:

Sieve size Mass retained Mass Cumulative retained Cumulative
(mm) (gram) retained (%) ) Passing (%)
4.75 33.32 3.50 3.50 96.50
2.36 84.82 18.43 21.93 78.07
1.18 62.66 13.09 35.02 64.98
0.60 115.47 23.09 58.11 41.89
0.30 110.36 22.07 80.18 19.82
0.15 64.09 12.82 93.00 7.00
Residual 35.01 7.00 100.00 -
Total 1,000.00 100.00

Standar Sieve Designation (ASTME 11)

*1000 um (micro-meters) =1 mm

Nominal Sieve Opening

mm in
Coaurse Sieves

Standard Alternatif
75.0 mm 3in 75.00 3.000
63.0 mm 2-1/2in 63.00 2.500
50.0 mm 21in 50.00 2.000
37.5 mm 1-1/21in 37.50 1.500
25.0 mm 1in 25.00 1.000
19.0 mm 3/4in 19.00 0.750
12.5 mm 1/21in 12.50 0.500
9.5 mm 3/8in 9.50 0.375

Fine Sieves
4.75 mm No. 4 4.750 0.1870
2.36 mm No. 8 2.360 0.0937
1.18 mm No. 16 1.180 0.0464
600 um* No. 30 0.600 0.0234
300 um No. 50 0.300 0.0117
150 um No. 100 0.150 0.0059
Finest Sieve Normally used for aggregates

75 um | No. 200 | 0.075 | 0.0029
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Based on Table above, the classification of soils texture is ranging from clay to rock with the thickness

as presented in Table4.

Table 8: Soil texture based on the percentage of sand, silt and clay in Binanga Aron River

] 3 !
lfitsz’ltglr(::lg dzeca) S8 S e class?fsl)(lzlation
1a 7,16 21.80 36,29 34.75 RSS
Ib 7.73 21.72 35.66 34.89 RSS
Ic 7.16 21.80 36.29 34.75 RSS
2a 7.03 22.01 35.82 35.14 RSS
2b 6.76 22.20 36.25 34.75 SSC
2c 5.01 21.92 36.84 35.33 SSC
3a 7.36 21.60 36.29 34.75 RSS
3b 7.12 21.61 36.34 34.93 RSS
3C 7.26 22,23 35.62 34.89 RSS
4a 6.74 21.95 36.55 34.76 SSC
4b 6.66 22.28 36.07 34.99 SSC
4c 6.41 22,22 36.44 34.93 SSC
5a 6.76 22.20 36.29 34.75 SSC
5b 6.53 22.12 36.42 34.93 SSC
5¢ 7.63 21.76 35.72 34.89 RSS
6a 7.73 21,76 35.62 34.89 RSS
6b 7.16 21.80 36.29 34.75 RSS
6¢ 6.91 21.72 36.44 34.93 RSS

Table 9: Sediment classification based on the degree of sorting, skewness and kurtosis

Description: RSS = Rock Sand Silt; SSC = Sand Silt Clay

Station/ Distance Point Sorting Skewness Kurtosis

1a KT FS blunt

0 1b KT CS blunt
1c KT SCS blunt

2a KT SCS blunt

300 2b KT CS blunt
2¢ KT FS blunt

3a KT SFS blunt

600 3b KT CS blunt
3c KT SCS blunt

4a KT CS blunt

900 4b KT SCS blunt
4c KT CS blunt

1900 5a KT SCS blunt
5b KT CS blunt

5¢C KT SCS blunt

6a KT CS blunt

1500 6b KT SCS blunt
6¢ KT CS blunt

Description: PS= Poorly sorted; CS= Coarse skewed; SCS= Strongly coarse skewed; FS= Fine skewed; SFS=

Strongly fine skewed.
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VI, CONCLUSION

The type of sedimentary materials found in
Binanga Aron river is rock, sand, silt, and clay.
The four types of material are scattered in a range
of 300 meters along the 1500 meter of the
sampling area, with a rock percentage of 7.0%.
rocky sand 3.50%, sand 18.43%, sandy silt
23.09%, silt 22.07%, silty clay 22.07% and clay
12.82%. The average soil texture class of the
Binanga Aron River is rock, sand, and dusty clay.
Moreover, it was found that the sediment sorting
value was classified as poorly sorted, while the
slope of the sediment was categorized as strongly
coarse to coarse skewness and sedimentary
kurtosis tends to be blunt.
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