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The present study is divided into six parts — Index of Part-4

In This Paper
Following the analysis made in Part-3, the second external force is evaluated in this study.

The nuclear response to external forces is analyzed with the aim to observe any changes in
the nuclear mass and study the behavior of the refractive index under such changes.

The analysis will be performed in the time domain as well as in the frequency domain by means of
the Fast Fourier Transform (FFT) method. The external forces applied to the nucleus were
classified into three types:

e The force originated by a polarized transverse electromagnetic wave (TEM) (see Part-
3)

e The force originated by a polarized TEM plus a static electric field

e The force originated by a signal plus a static electric field (see Part-5)

Abstract
Some efforts have been made to prove negative mass behavior through some experiments
performed in mechanics [1], and other disciplines [9], as well as some theories in electrostatics

elementary mass given by the atomic nucleus is to be found.

e Is the second Newton’s law still valid with negative mass?

e What could happen if we make the atom behave in a negative mass regime?
e Is the negative refractive index related to negative mass?

e Are we able to control the magnitude of mass?

e Are we able to control the sign of mass?

The answers to these questions are given through this series of papers, with results that are
coincident with experimental data, except for the negative mass regime. Experiments must be
done to confirm or invalidate the theory developed in these articles. Needless to say, if
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experiments validate this theory, then a significant change in mankind is going to happen. In that
case, | strongly ask scientists to cooperate by making use of the derived technologies for good

and refrain from doing it for evil.

Introduction

The theory presented in these papers, as described in Part-1, is based on three fundamental
aspects that have proved to be extremely effective to describe physical phenomena and predicting
results that agree with experimental data [10, 11, 12]:

e Spinning Ring Model of Elementary Particles (toroidal ring of continuous charge)

¢ New Atomic Model

e The Universal Electrodynamic Force

Based on the new atomic model, a shell arrangement of the nuclear particles has been assumed

in Part 1, as shown in Fig. 1.

Figure 1
Assumed shell arrangement for Aluminum atomic
nucleus

This sandwich configuration keeps the particles very
tightly bound together. Note that at three shells in from
the outermost shell, there are always two proton shells
in a row for the larger nuclides.

This weak binding allows the outermost sandwich of
shells to have liquid-like properties and forms the
proper justification for a Liquid Drop Model of the
nucleus.

As we already know, the torus ring model of the
particles has an associated electric field as well as a
magnetic field. However, due to the very tight packing
configuration of the particles, we may safely assume
that the distance among shells is extremely tiny and
that the predominant force in the nucleus is of
electrostatic origin, while the weaker magnetic forces
will add some contribution to the equilibrium distance
between each shell.

As demonstrated in Part 1, mass is an intrinsic property
of the atomic nucleus. Under natural circumstances, it

has a constant universal magnitude and is always positive. However, with some proper external
agents, we might be able to manipulate the intrinsic mass by changing its magnitude and

sign.



II. Nuclear Response to Force Caused by a Polarized Transverse Electromagnetic
Wave (TEM) plus a Static Electric Field

Assume that a plane wave of amplitude E,,,
frequency w, and propagation velocity c in the y-
direction strikes the outer shell of the "nuclear
sphere”.

Z

Wavefront

Assume also that we add a static electric field
that is parallel to the y-z plane in the y-direction.
The components of the fields in cartesian
coordinates are: E; = 0i + E;j + 0k, and in
spherical coordinates we have,

Es
s

Figure 2
External wavefront and static electric field acting on the nucleus

E; = E;sin(0)sin(d)7 + Eysin(d)cos(8)8 + Ercos(dp)d

As the static electric field is parallel to the y-z plane, and pointing in the y direction, @ = g and 6 =
~. Then, the expression of the electric field is

As this static field is added to the wave, the composed electric field E “seen” by the nucleus will
have a constant value given by E; plus the component of the oscillating electric field
corresponding to the wave.

We disregard some minor scattering caused by the few outer electrons in the atom, which are
located at a very long distance from the nucleus. The incident wave energy may be totally
absorbed, partially absorbed, or not absorbed at all by the nuclear shells.
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The momentum density of any wave in vacuum is given by: @®_ By replacing B = 5, we get
av yrep g p g

dp

_ dp _ MogoE?
dv  pgcc?’ -
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[—]. Recall that we can write the force as the change in

c Lms3

which, by replacing c?gives so that the momentum density in function of

only one of the EM fields is: Z—I’j =

momentum, i.e., F = %, S0 we can write the momentum density as the force exerted by the wave

dp dt _ gE?

on the nucleus volume: - — which gives us

SoEZ

Cc

Fdt =25 qv (1)

Where:

dt: time needed by the wave to travel with velocity c¢ (or v) across the nucleus diameter (2 n,,) from

t=0tot= 2% (ort=2 %"). Calculations will be made for a wave velocity of ¢ and v in the nucleus.

dV: the volume element for the spherical nucleus (r? sin(8) drdfd®).



Note that the force given by (1) is calculated in vacuum and contains the vacuum permittivity .

We ignore the value of the nuclear permittivity of Aluminum. Therefore, the same permittivity will
be used for further calculations to be consistent with the Coulomb Force and the Universal Force
used in the study.

The polarized wave acting on the nucleus is given by Eqg. (21) and (22) in Part-2, whose
magnitude is repeated here:

E(r,t) = E,, cos(Kr — wt) (2)
The total external field acting on the nucleus is given by
E = Ef + Epcos(Kr — wt) (2a)

We assume that the outer shell of the "nuclear sphere" is reached by a plane wavefront traveling
in the +y-direction with velocity ¢ at t = 0. That is, the origin of coordinates is taken at the incident
edge of the nucleus, which means the nucleus center is shifted (r — r;,).

To calculate the exerted force on the atomic nucleus, we need to integrate the total field given by
Eq. (1). Considering that the force is constant on the time interval, the force integrated on the
nucleus volume is:

Flydt= [ ] 2 r =) dr 6 dep @

Cc

Defining the time interval for the force integral
How to determine the time interval for integration? Three possibilities have been chosen that might
give us a kind of “average force” (though is not an average) on the nuclear volume:

Tn

1. The wave’s travel time through the nucleus for wave velocity v,,, thatis t =2 —

(absorption) i
2. The wave’s travel time through the nucleus for wave velocity c, thatis t = 2 %"
(transmission)
3. The wave period, thatist=T = %" (absorption/ transmission, depends on wave vector’s

choice)

1. Integrating the force caused by the electric field and the wave, for nuclear travel time,
with wave velocity “vw”
Replacing the wave Eg. (2) into the integral (3), and setting the time interval for this case,

2T

T g 2T ,T Ty 2
Ff dt= —f f f (Ef + E,,cos(Kr — a)t)) (r —1,)?%sin(@)drdedo
0 CJo Jo Jo

After integrating and doing some algebra, we get the expression of the wave force on the nucleus
for this case:

1) .
357211(K2T121 —5) sin(2wt) n 3EZ K cos(Qwt)
4

F, — 12E¢Ep, sin(K7, — wt) + +

_ 2mEQuy 3E3, sin(2Krp—2wt)
XU 3cK3r, 8

2
6EfEm (K*17 — 2) sin(wt) + 1, <1ZEfEm cos(wt) + K212 (EJ? + %”)) K) (4)



2. Integrating the force caused by the electric field and the wave, for nuclear travel time,
with wave velocity “c”
Replacing the wave Eg. (2) into the integral (3), and setting the time interval for this case,

2% € 2T T pTn 2
Fj dt = ?Of f f (Ef + E,cos(Kr — a)t)) (r—n,)?%sin(8)drdodo
0 o Jo Jo

After integrating and doing some algebra, we get the expression of the wave force on the nucleus

for this case:

Fopp = % - (4EF K31} + 2ER K31} 4+ 6ELK? sin(wt) cos(wt) 17 + 24EE,,137 sin(wt) K2 +

6EZK sin?(r,K — wt) 1, + 6E%K cos? (1, K — wt) 1, — 6EK sin?(wt) 1, — 6EZ sin? (1, K — wt) wt —

6Ep, cos®(mK — wt) ot + 6E7, sin®(wt) ot + 6E7, cos?(wt) wt + 48E¢E,,K cos(wt) 1, — 3EL1,K —

3Ef, sin(1, K — wt) cos(1,K — wt) — 3E7 sin(wt) cos(wt) — 48E¢E,, sin(n,K — wt) — 48E¢E,, sin(wt))
(5)

3. Integrating the force caused by the electric field and the wave, for a wave period
Replacing the wave Eg. (2) into the integral (3), and setting the time interval for this case,

%t € 2T T T 2
Ff dt = ?Of f f (Ef + Ecos(Kr — a)t)) (r—n)?%sin(0)drdodo
0 o Jo Jo

After integrating and doing some algebra, we get the expression of the wave force on the nucleus
for this case:

2 o _ 3(Kk2r2-2)E2 sin(Zwt) 2
Fext _ ;:(;(o; . (_ 3E4 sm(Z:rn 2wt) _ 12EfEm sin(Krn _ (Dt) + ( 7 2)4m in(Cw n 3EmrnK;:os(2wt) +
2
6EE,, (K212 — 2) sin(wt) + 1, [ 12E/E,, cos(wt) + K272 (E? + 22} | k (6)
f f f 2

Now that we have the three versions of the external force exerted on the nucleus by a polarized
TEM plus a static electric field, it's time to evaluate the nuclear response related to mass and
refractive index behaviors.

ll.La Nuclear Mass Analysis due to Force caused by Static Field plus Wave (4) — Partial or
Total Energy Absorption

The intrinsic net force in the nucleus was already defined with Eq. (23) in Part-1. Now we have the
action of an external force acting on the nucleus that will interact with the internal force. By
applying Newton’s second law, we have

ZFzmn'aesznet'l'Fext => mn'aesznet'l'Fext
1

m, = P (Fnet +Fext) (7
ep

By replacing the forces in (7), we obtain the expression of the nuclear mass for this case:
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1 3.410'%.q%( 1-—7—+ 7 r— g " 20510132 2meqvy
= T 2 + 2 3.
Aep(£) Tep(0) T 3cK3r,

1 .
3E%(K2T%—;) sin(2wt) + 3EZ 1K cos(2wt)
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+
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(_ Em INCKIn 200 _ 19 F, B, sin(Kry, — wt) +

8

2
6EfEm (K*n; — 2) sin(wt) + 1, <1ZEfEm cos(wt) + K?r;? (E]? + ET’")) K) (8)

Recall that:
Top(t) = (0.371;, + A, cos(wet) — Ap cos(wpt))
Vep(t) = (—A4,we sin(w,t) + Ap sin(wpt) oop)

Aep(£) = (—A.02 cos(w,t) + A,w? cos(w,t))

Some graphs as examples are shown below to have a perception of what could be done to modify
the nuclear mass magnitude and sign.

The main parameters used for the net force are:

r,=3510"[m]; A4,=210"[m]; A4, =10"34,[m]; No=378; N =312

we = 10%5 [3]; wp = 101 [7]

While for the wave: v, = v,,(t); K= Vep ()



Time Analysis of the Nuclear Mass
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w = 1017 [l] E_ = 1026 [K] E., = +2.510° [K] Same result for both polarities
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From the period of the mass plot, we determine that the oscillation frequency is approximately:

f =1.610 [Hz]



Frequency Analysis of the Nuclear Mass with FFT
Total number of samples N = 25, sampling frequency f, = 23 f,, (wave frequency), which gives a

frequency resolution Af = %[Hz] and a total acquisition time of T =\ frac{N}{f_s}[s]. The

frequency at the i-sample number on the plot is determined by f = % [Hz].

For +Ef
Amplitude
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Figure 6
Frequency spectrum for the following parameters:  w = 1012 [%] E,, = 10%¢ [%] Er = 10%¢ [%]
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Phase shift for for the following parameters: @ = 102 [%] E, = 102%° [%] Ef = 10%¢ [%]




For _Ef
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Figure 9
Phase shift for the following parameters: w = 1012 [i] E, = 10%° [%] Er = —10%¢ [%]
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For +Ef
Amplitude
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Figure 10
Frequency spectrum for the following parameters: w = 10* [%] E, = 102%¢ [%] Ef = 2.510%¢ [%]

Figure 11
Phase shift for the following parameters: @ = 1014 [i] E, = 10%° [%] Er = 2.510%¢ [5]
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For — Ef
Amplitude
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Figure 12
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Frequency spectrum for the following parameters: w = 10 [s] E, =10 [m] Ef =-2510 [m]

Phase Shift

Figure 13
Phase shift for the following parameters: o = 10* [f] E,, = 10%¢ [5] E = —=2510%[
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Figure 14
Frequency spectrum for the following parameters: w = 10* [%] E, = 102%¢ [%] Ef = 2.510%¢ [%]

Phase Shift

Figure 15
Phase shift for the following parameters: @ = 104 [i] E, = 10%° [%] Er = 2.510%¢ [%]

For -Ef

T ! T
14000 16000

The graphs are very similar for +E. The frequency spectrum always shows the same main
frequency and harmonics. However, there are some changes in amplitudes, and in the phase

behavior.

From the Fourier frequency analysis, we see that the main frequency is: f, = 1.6 101* [Hz].

In general, the main frequency and harmonics are given by the following formula:

fo=/fotnfo, n=0,1,23..
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I.Lb  Refractive Index Analysis due to Force caused by Static Field plus Wave (4) — Partial
or Total Energy Absorption

When the nucleus is under the action of external forces, and if it doesn’t break apart, then we can
assume that a dynamic equilibrium state must exist. Under such circumstances, Newton’s second

law requires that the sum of forces be equal to zero, ﬁnet + ﬁext = 0, that is,

Fret = —Fext (9)

Recall that the net nuclear force has already been written in terms of the index of refraction in
Part-1, Eq. (23a):

N 378k q> < L, v @repDaep® | 1 21 (t)aep(t)> o, 2279.035793k g*F

t _ - _——
ne 15 (t) n? n2c? n* c? 12

Now we can equate the forces according to Eq. (9), then solve for “n”,

12 2 1 Tep®aep(t) 1  2rep()aep(t)
_ 3.410°%-q (1 2t 2z That 2 n 20510"3.q _ 2meouy _ 3Ef sin(2Krp—2wt)
r2,(t) T2 3c K31y, 8

1) .
3Er2n(K2Trzl—§) sin(2wt) " 3EZ4nK cos(2wt)

12EfE,, sin(Kn, — wt) + "

+ 6E;Ep (K17 — 2) sin(wt) +
2
T, (12EfEm cos(wt) + K212 (Ef2 + %’")) K) (10)

The refractive index “n” is a somewhat long-expression which is nonsense to copy here. Some
plots as examples are shown below, where the main used parameters are:

r,=351075 [m]; A, =210"'[m]; A, =10"34,[m]; No=378; N, =312

1 1
We = 1015 [;], Wy = 10%° [;]
While for the wave: v, = v,,(t); K = v w(t)
ep
+E; ~Er

Refractive Index vs. time for the following parameters: Figure 16 Refractive Index vs. time for th:/e following paramevters:
1 v v —_ 1012 1 — 1026 — 26
w = 1012 [;] Em = 102¢ [;] Ef = 102%° [;] w =10 [;] Em =10 [;] Ef =-10 [;]
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15x 10"

Refractive Index vs. time for the following parameters: Figure 17 Refractive Index vs. time for the following parameters:
1 \4 174 1 14 v
w =101 [;] E, = 1026 [;] Er = 2.510% [;] w = 10" [;] E,, = 10% [;] Ef = —2.5102%¢ [;]
144 -1 1
-05
—14 \ e — L \
+Ef —Ef

Refractive Index vs. time for the following parameters: Figure 18
Same result for both polarities

1 14 \4
w=10"[] Ep=10%[] Ep = +2.510% []
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ll.c  Comparison of Mass with Refractive Index Behavior due to Force caused by Static
Field plus Wave (4) — Partial or Total Energy Absorption

To analyze the changes in the refractive index “n” with respect to changes in nuclear mass,
overlaid graphs of both quantities are shown below, which uncover interesting results.

Los
« 107 4
. o+ o Mt
—1x1070 I
| F-os | f—-0s
—2.x10 2.x 10714 I
1 [y 1 F-1
—3x104 _3x100 t
—ax10? T T 15 4% ' - t—15
sx10 « 10 o 510t U 1
odex =

+Ey Figure 19 —Ef
Mass & Refractive Index vs. time for the following parameters: ~ Mass & Refractive 1ndex vs. time fO; the following pare‘t/meters.:
1 14 14 — 2 — 26 — 26
w = 102 [[] Em = 1026 [] Ef= 102° [-] w = 10* [[] Em =10 [-] Ep =-10%[-]

The Refractive Index oscillates, and the period switches between n=t1 at the crossing point of
m=0, as well at some point with mass plot slope =0. It seems that the refractive index depends on
the derivative of the mass, by changing the sign at both m=0 points, that is,

da
dt
[— 31s — Refarmeinder] [0tz — &eF dex |
+Ey Figure 20 — Ey
Mass & Refractive Index vs. time for the following parameters: ~ Mass & Refractivle Index vs. time;or the following pararr‘lleters.:
1 v v — 1014 — 1026 - 26
© = 10" [}] B, = 10% [4] E =2.510% [1] © = 10" [] B, =10% [] E; = 2.5 10%° %]

The Refractive Index oscillates, and the period switches between n=x1 at the crossing point of
m=0. It seems that the refractive index depends on the derivative of the mass, by changing the
sign at both m=0 points.

n «<+—
—dt
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Figure 21
Mass & Refractive Index vs. time for the following parameters:
w=10Y [] Ep, =102 [] E; = +2.510% []

Same result for both polarities

The Refractive Index oscillates, and the period switches between n=t1 at the crossing point of
m=0, as well at some point with mass plot slope =0. It seems that the refractive index depends on

the derivative of the mass, by changing the sign at both m=0 points.

n «+—
— dt

This is an important result that tells us that the refractive index behavior is like a “beacon”,
signaling the zones of the negative mass regime.
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lll.La  Nuclear Mass Analysis due to Force caused by Static Field plus Wave (5) — Total
Energy Transmission

The intrinsic net force in the nucleus was already defined with Eq. (23) in Part-1. Now we have the
action of an external force acting on the nucleus that will interact with the internal force. By
applying Newton’s second law, we have

ZFzmn'aesznet'l'Fext => mn'aesznet+Fext
1
my = a' (Fret t Fext) (11)

By replacing the forces in (11), we obtain the expression of the nuclear mass for this case:

12 2, Vep® vepOrepDaep(t) vép(t) 2rep(t)aep(t)
) 3.410"%.q%( 1-—7—+ g = 1 2 2.051013.¢2 TE
_ — - + I ; .
Gep(® () i oK

(4EF K37 + 2ELK37 + 6ELK? sin(wt) cos(wt) 1,2 + 24E¢Ey 1 sin(wt) K? + 6E4K sin?(r, K —
wt) 1, + 6E2K cos?(r, K — wt) 1, — 6E4K sin?(wt) 1, — 6EZ sin?(1,K — wt) wt — 6E2, cos?(1,K —
wt) wt + 6EF sin®(wt) wt + 6E7, cos?(wt) wt + 48E,E K cos(wt) 1, — 3E51,K — 3E4, sin(1, K —

wt) cos(r, K — wt) — 3E2, sin(wt) cos(wt) — 48E¢Ey, sin(r, K — wt) — 48E¢Ep, sin(wt)) (12)

Recall that:
Top(t) = (0.37rn + A, cos(w,t) — 4, cos(wpt))
Vep (L) = (—A,we sin(w,t) + Ap sin(oopt) oop)

Aep (£) = (—A. 02 cos(w,t) + A,w? cos(w,t))

Some graphs as examples are shown below to have a perception of what could be done to modify
the nuclear mass magnitude and sign.

The main parameters used for the net force are:
1, =3510"[m]; A,=210"'°[m]; A4, =10"34,[m]; N, =378, N, =312
1

1
N

1

w, = 101 | -

1; w, =10 [

While for the wave: K =
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Time Analysis of the Nuclear Mass

10 3] 6.x 107" " I | r/‘,.r\“lﬂ
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Mass vs. time for the following parameters: Figure 22 Mass vs. tiTe for the foIIowi]?g parameters: )
w=1.6105 [é] E, =10V [%] E; =108 [%] ®=1610"[]] Epn = 10" [-] E; =-10"[]

+Ef — Ef
Mass vs. time for the following parameters: Figure 23 Mass vs. time for the folllc/)wing parameters:v
1 14 v —_ 108 L — 1015 — 1
w = 108 [;] Em = 1015 [;] Ef = 1017 [;] w = 10 [;] Em = 10 [;] Ef = —10 7 [;]

+Ef —Ef
Mass vs. time for the following parameters: Figure 24 Mass vs. time for the foIIc‘)/wing parameters: )
1
w = 1015 [i] E, =710 [i] E; = 810" [E] ®=10"[] E, =710" [-] E; =-810"[]

From the period of the mass plot, we determine that the oscillation frequency is approximately:

f =1.610" [Hz]
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Frequency Analysis of the Nuclear Mass with FFT
Total number of samples N = 2'3, sampling frequency f; = 23f, (proton frequency), which gives a

frequency resolution Af = % = 1.55 101%[Hz] and a total acquisition time of T = % = 6.43 107 13[s].

The frequency at the i-sample number on the plot is determined by f = % [Hz].

For +Ef
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Figure 25
Frequency spectrum for the following parameters: ~ = 1.6 10%° [%] E, = 10%7 [%] Ef = 10" [%]

Phase Shift

Figure 26
Phase shift for the following parameters: w = 1.6 10*° [i] E, = 107 [%] Er =108 [%]

20



For _Ef

Amplitude
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Figure 27
Frequency spectrum for the following parameters: w = 1.6 10%° [%] E, = 10" [%] Er = —10'® [%]

Phase Shift

Figure 28
Phase shift for the following parameters: = 1.6 10% [7] Ey, = 1077 [Z] E; = —10'° []

The frequency spectrum plots are the same. There are some differences in the phase behavior.
From the Fourier frequency analysis, we see that the main frequency is: f, = 1.6 * 2 10* [Hz].
In general, the main frequency and harmonics is given by the following formula:

fo=/fo+nfy, n=0,1,23..

The frequency measured between the first peaks of the double-peak sequence is given by

fn = 6.52 102 + n (f, — f—1), While the frequency measured between the second peaks of the
double-peak sequence is given by f,, = 9.63 1013 + n (f;, — fr_1)-

The frequency gap between peaks on each pair is f,, = 1.6 * 2 10'3 [Hz].
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For +Ef
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Figure 29
Frequency spectrum for the following parameters: @ = 108 [%] E, = 10" [%] E; = 10" [%]

Phase Shift

Figure 30
Phase shift for the following parameters: w = 108 [%] E, = 105 [%] Er = 10" [%]
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For _Ef

Amplitude
2 x 1610
15x 10"
1.x 1010_
5.x10°
T T T T T
1000 2000 3000 4000
Figure 31
. 1 14 v
Frequency spectrum for the following parameters: « = 108 [l Em = 10%° [~] Er = —10%7 (-]

Phase Shift

Figure 32
Phase shift for the following parameters: = 108 [%] E, = 10% [%] Ep = =10 [%]

The frequency spectrum plots are the same. There are some differences in the phase behavior.

The spectrum contains many frequencies. However, we see that the main frequency is: f, =
1.7 103 [Hz].

There is a visible repetition pattern of mirrored three peaks and double peaks.
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For +Ef

Amplitude

0.06

005+

004

003+

0014

Figure 33
Frequency spectrum for the following parameters: « = 10%° [%] E, =710 [%] E; =810V [%]

Phase Shift

Figure 34
Phase shift for the following parameters:  w = 10'% [-] E,, =710 [2] E; =810 []
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For 'Ef

Amplitude

0.06

005+

004

003+

0014

Figure 35
Frequency spectrum for the following parameters: = 10> [%] E, =710 [%] Er = —-810" [%]

Phase Shift

Figure 36
Phase shift for the following parameters:  w = 10'° [-] E,, =710 [Z] E; = —810" []

The frequency spectrum plots are the same. There are some differences in the phase behavior.
From the Fourier frequency analysis, we see that the main frequency is:

fo =16 x 210" [Hz]

In general, the main frequency and harmonics are given by the following formula:

fo=/fo+nfy, n=0,1,23..
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lll.Lb Refractive Index Analysis due to Force caused by Static Field plus Wave (5) — Total
Energy Transmission

When the nucleus is under the action of external forces, and if it doesn’t break apart, then we can
assume that a dynamic equilibrium state must exist. Under such circumstances, Newton’s second

law requires that the sum of forces be equal to zero, ﬁnet + ﬁext = 0, that is,
Fret = —Fext (13)

Recall that the net nuclear force has already been written in terms of the index of refraction in
Part-1, Eq. (23a):

s __378kgP( 1 vhOn0ap®) 1 2n,0am@), 2279085793k
N0 n2 n2c2 n* c2 r 12

Now we can equate the forces according to Eg. (13), then solve for “n”,

Baep®) 1 2repDaep(®)
3.41012~q2(1 > pep oy S P ) 2.051013.92 2
_ n n’c n c : q° _ _ TEoEn 3..3 2 ; 2
20 + 2 =~ (2K°1; + 6K“ cos(wt) sin(wt) 7 +
6K cos?(r,K — wt) 1, + 6K sin?(r,K — wt) 1, — 6K sin?(wt) 1, — 6 cos?(r,,K — wt) wt —
6 sin?(1,,K — wt) ot + 6 cos?(wt) wt + 6 sin?(wt) wt — 31, K — 3 cos(r,,K — wt) sin(r,K — wt) —

3 cos(wt) sin(wt))

The refractive index “n” is a somewhat long-expression which is nonsense to copy here. Some
plots as examples are shown below, where the main used parameters are:

r,=3510715 [m]; A, =210"'%[m]; A, =10"34,[m]; No =378, N, =312
1 1
we = 1018 [-]; wp =106 [1]

While for the wave: K==

Cc

——

— — - — r — — -6
2.x10" ex10? 6 tl&l" 8|10 e 12x10 “ 1410 1 ]
—34

+E; —Ef

Refractive Index vs. time for the following parameters: Figure 37 Refractive Index vs. time for the following parameters:
1 v v _ 15 1 —_ 1017 1V _ 18 [V
®=1610' [] Ep = 10" [-] Er =10 [~] w=1.610" [] E, = 10" [-] Ef = —-10""[—]
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+E; — Ef

Refractive Index vs. time for the following parameters: Figure 38 Refractive Index vs. time for the following parameters:

1 14 \4
w = 108 [i] Em = 1015 [%] Ef =107 [%] w = 108 [;] E, = 1015 [;] Ef = —1017 [;]

Refractive Index vs. time for the following parameters: Figure 39 Refractive Inldex vs. time for th:/e following parameteVrs:
1 v v — 1015 — 16 — 17
w = 101 [;] E, =710 [;] E; =8 107 [;] w =10 [;] E, =710 [;] Ef=-810 [;]

The refractive index derived from the integration that gave force (5) shows bizarre values and
might not be considered as valid in this case. It is also possible that the graph engine threw such
unreal values at asymptotic points due to the extreme oscillatory behavior of the mass in these
cases.
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lll.c Comparison of Mass with Refractive Index Behavior due to Force caused by Static
Field plus Wave (5) — Total Energy Transmission

To analyze the changes in the refractive index “n” with respect to changes in nuclear mass,
overlaid graphs of both quantities are shown below, which uncover interesting results.

While for the wave: K = %

LA ([N W

+Ef Figure 40 _Ef
Mass & Refractive Index vs. time for the following parameters: Mass & Refractive Index vs. time for the following parameters:
®=1610"[] E, =107 [2] E; =10 -] ©=1610% [I] E, =107 [Z] E; = —101° [ ]

. 10
15 x10 I
[l
‘ [l
‘ 10 |
L 2.x1070
i 2
| I
I b 0 i
I 5 x
I 1
I I I
[ | I
| E A Mas W | 4
| |l
| |
‘ g 0 | ‘ \‘
‘ =03 =Lx10 | |
| |
|
10 [ 1
‘ ] - |
|
|
5 10 |
L_1s 3o
sx10 0 sx10 P
e fndex

+Ef Figure 41 — Ef
Mass & Refractive Index vs. time for the following parameters: ~ Mass & Refractivel Index vs. time fgr the following paIr/ameters:
©=10°[2] Ep =10 [2] E =10V [] w=10°[] Ep, =10 [-] Ef=-10"[]

+Ef Figure 42 —Ef
Mass & Refractive Index vs. time for the following parameters: ~ Mass & Refracti\{e Index vs. time fgr the following parar:)eters:
1 v v — 1015 _ -
w = 105 [[] Em=7 1016 ] E-=8 1017 ] w =101 [[] En=7 1016 [] E=-8 10%7 [

As stated in the previous paragraph, it is impossible to make any comparison between mass and
refractive index in these cases, because the high-frequency oscillations of the mass yield very
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sharp changes in the refractive index. As a result, it is highly probable that the graph engine can’t
follow such changes the right way.

IV.a Nuclear Mass Analysis due to Force caused by Static Field plus Wave (6) — Energy
Absorption/Transmission

The intrinsic net force in the nucleus was already defined with Eq. (23) in Part-1. Now we have the
action of an external force acting on the nucleus that will interact with the internal force. By
applying Newton’s second law, we have

ZFzmn'aesznet'l'Fext => mn'aesznet+Fext
1
my = a' (Fret t Fext) (14)

By replacing the forces in (14), we obtain the expression of the nuclear mass for this case:

12 2 vgp ® vép ®Orep®aep(t) Vgp @) 2rep(Baep(t)
3.41012.q2( 1-—&4 : L 5 13 o
_ 1 c c c c + 2.0510"°-q A
aep(t) T8y () T2 3cK3

1 .
Kz?‘%—g)Ean sin(2wt) + 3EZ, K cos(2wt)

3
— 12E¢Ep, sin(K7, — wt) + ( " "

( 3EZ, sin(2Krp,—2wt)
8

6 Ep (K212 — 2) sin(wt) + 1, (12EfEm cos(wt) + K7 (E? + %)) K) (15)

Recall that:
Top(£) = (0.377, + A, cos(w,t) — A, cos(w,t))
Vep (L) = (—A,we sin(w,t) + A sin(oopt) oop)

Aep (t) = (—AewE cos(wet) + Apw? cos(w,t))

Some graphs as examples are shown below to have a perception of what could be done to modify
the nuclear mass magnitude and sign.

The main parameters used for the net force are:
m,=3510""°[m]; A4,=210"°[m]; A,=10"%4,[m]; N, =378, N, =312
]

While for the wave: K =% and K =

1
N

1

w, = 101° [ -

1; w, =10 [

Vep (L)
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Time Analysis of the Nuclear Mass for Wave Velocity “c” and “vep(t)” and electric field
polarity + E¢

For + Et¢

K= ® K= «
T c . ~ Vep(D
Mass vs. time for the following parameters: Figure 43 Mass vs. time for the following parameters:
1 14 v
w =610 E] E,, = 10%¢ [i] E; = 3107 [%] ® = 610" [] E, =10% [—] E; =310% []

For - Et
003 I 0
001 —6.x 107!
— 001 —12x 107
R —16x 10704
—0.03+ -10 |
k=2 K=_2
c _ Vep(D)
Mass vs. time for the following parameters: Figure 44 Mass vs. time for the foll?wmg parameters: )
1 v 4 _ 14 1 — 1024 — 26

®=610"[] Ep =10 [-] Ef =—-1510%[-] w=610"[7] Ep = 10" [] Er =-1510[~]
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For + Et

2 \\\,_/) U \
22107
; I\M“ MI\I\AAAM MAAAMA nﬂmmf\ il MJ — pio e s
vww quvvvvw uuvvvvvvu UUW”MW vavvuuu o o
K = d K = d
¢  Vep(D)
Mass vs. time for the following parameters: Figure 45 Mass VS.ltime for the followling parameters: )
©=210"[] E, =810% [] Ep = 3102 [] ®=210"[]] E, =810%°[-] E; =310%°[-]
For - Es
00002 2.x10"°
i AMA MI\AAM\AA NAaanh nnAAAAAAn nMAAnM\ nﬂ ' ‘ ‘ .
W] vavvvuv TV uuuvmw vvvvvvw Ux,o.u e T e
~0.0001 ~1x107%
k=2 K=—"_
T c  Vep(D)
Mass vs. time for the following parameters: Figure 46 Mass vs. t1ime for the fOIIO\II/ving parameters: )
w =210 [i] E,, = 10%* [%] Ep = —10%° [i] ®=210"[] Ep =10** [-] E = —10°° [--]
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K= © K = o
o«  Vep(D
Mass vs. time for the following parameters: Figure 47 Mass vs. time for the following parameters:
1 v v _ 1018 11 —_ 1023 Y _ 24 1V
w =108 [l En = 1023 [~] Ef=25 1024 [~] w =10 [] Ep =10% [] Er = 2.510%" [-]
For - Es
0.000010 4.%10 10 4 U U \
2.x10714
0.0000054 I .
| [[TUAT I | ‘l N ll.l' I l et l
T ! W)\ il “"1 !'“" ' ’ —ax107®
—0.000005 s 10 10 ]
-1 10
—0.0000104 .
=1 10
K= d K = o
e  Vep(D)
Mass vs. time for the following parameters: Figure 48 Mass vs. time for the following parameters:
1 v v —_ 1018 1t —_ 1023 1~ _ _ 24 [V
©=10"[F] E, =103 [] E; =-710% [;] ®=10"[] Ep =107 [] Ef = =7 10°*[]

From the period of the mass plot, we determine that the oscillation frequency is approximately:

f = 1.6 10 [Hz]
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Frequency Analysis of the Nuclear Mass with FFT for Wave Velocity “c” and Electric field

Polarity + Es
Total number of samples N = 21* or 215, sampling frequency f, = 23f,, (wave frequency), which

gives a frequency resolution Af = %[Hz] and a total acquisition time of T = fﬂ[s]. The frequency at

N

the i-sample number on the plot is determined by f = % [Hz].

For +Es¢

T o o o T T VY VA O v LTy W 1 e
2000 3000 000 5000 6000 7000 5000

Frequency spectrum for the following parameters; ' 19U"€ 49 Phase shift for the same parameters

w=610"[3] E, = 102 [4] E, = 310" [] k=2
s Tm m f m c

For -Es

I
l !
| |
I i | Ll |
T I T O U T VPR W S 0 Wl et WP
1 ! 3000 1000 5000 6000 100 $000

Frequency spectrum for the following parameters; " 194"€ 50 Phase shift for the same parameters

w
1 174 174 _
®=610"[] E, =10""["] E =-1510"[] K=

Both frequency spectrum plots are very similar, but phase behavior differs. The spectrum contains
many frequencies, being the main measured at the small amplitudes near the origin to be: f, =
2.33 102 [Hz]. In general, the main frequency and harmonics are given by the following formula:
fn=fo+nfy, n=0,1,2,3.., and for this case,

f, = 233102 +n 7102 [Hz].

There is a visible repetition pattern of high amplitude mirrored double peaks which repeat
periodically. However, it's somewhat difficult to determine the repetition frequency.
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For +Es

Amglitute Phase Skif

|
A VTN TC TRy RN W VO A O B R OY | W1 O WY W1 Y PO VU A P PO URPU O T I P
1000 2000 3000 100 500 6000 00 w000

Frequency spectrum for the following parameters: Figureas)l Phase shift for the same parameters
1 14 14 —
w=210"[] E, =810 [-] E =310°["] K=7
For -Et

. Iy

A AT A 0 e A Y O W T T VRV ST TN L o
1000 2000 3000 000 5000 000 700 8000

Frequency spectrum for the following parameters: Figurea5)2 Phase shift for the same parameters
1 14 14 —
©=210"[] E, =10*[4] E=-105[1] K=7

Both frequency spectrum plots are very similar, but phase behavior differs. The spectrum contains
many frequencies, but by measuring the high amplitude peaks we get the main frequency to be:
fo =2 = 1.6 10 [Hz]. In general, the main frequency and harmonics are given by the following
formula: f, = fo + nfy;, n=0, 1, 2, 3..., and for this case,

fo=2 %1610 +n2 * 1.6 10'* [Hz].
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For +Es

Frequency spectrum for the following parameters: Figure (‘5)3 Phase shift for the same parameters
108 B =108 E o—2510%Y K=
®=10"[] Ep =107 [] E; = 2.510%*[] c

For +Ef (expanded)

$ 18 | 2| £ | &)@
Sl 0 o B 8 o 0

g %
Joi g

Frequency spectrum for the following parameters: Figure 24 Phase shift for same parameters
_ 1 a3V _ 24 [V =—
w=10"[] En =102 [] E=2510"[] K=

For -Ef

Amplinde

Frequency spectrum for the following parameters: FigureaS)S Phase shift for the same parameters
- 1 _ 14 _ 24 [V =—
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For -Ef (expanded)

| il |

| I| il
il ]

|l\
l.

'” 1l I,I i
THTIAET ST N A

_,' I v I

Figure 56 Phase shift for the same parameters

l.m.‘“' I‘II‘I \|\ I \’?”W‘
THATH A

Frequency spectrum for the following parameters: »
1 |4 14 -
w=10"%[] E, =102 [-] E;=-710%*[] K=<

Both frequency spectrum plots are very similar, but phase behavior differs. The spectrum contains
many frequencies, but by measuring the high amplitude peaks, we get the main frequency to be:
fo = 3.5 10'* [Hz]. In general, the main frequency and harmonics are given by the following
formula: f, = fy, + nfy, n=0,1,2,3..., and for this case,

f, = 3.510% + n 3.1 10 [Hz].
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Frequency Analysis of the Nuclear Mass with FFT for Wave Velocity “vep(t)” and Electric

Field Polarity + Es
Total number of samples N = 2% or 215, sampling frequency f; = 23f,, (wave frequency), which

gives a frequency resolution Af = %[Hz] and a total acquisition time of T = fﬂ[s]. The frequency at

Mm
dll

the i-sample number on the plot is determined by f = % [Hz].

For +Es¢

NNNNN

14x1074

W

N

:
|

“:i . ’ ’ L ‘ L'JLJ

1000 2000 3000 4000 5000 6000 00 8000

Frequency spectrum for the following parameters; ~ 194"€ 57 Phase shift for the same parameters

= 610" [4] B, = 10%[1] E =3107 [4] K=y
=610 ] By = 10 [5] B =310 5] K=y
For -Et

Amglitode

o 01 5

Frequency spectrum for the following parameters; " 19U"€ 58 Phase shift for the same parameters

1 v v =2
w= 610" [;] E, = 1024 [;] Ef = —1.5102%° [;] K= Uep(t)

We get the main frequency to be: f, = 1.6 10'* [Hz]. In general, the main frequency and
harmonics are given by the following formula: f, = f, + nf,, n=0,1,2,3...
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For +Es

Frequency spectrum for the following parameters: Flgure(ig Phase shift for the same parameters

1 174 v =

Amgltade

Frequency spectrum for the following parameters: Figurego Phase shift for the same parameters
— 16 11 _ 10241V _ 25 [V =
®=210"[] E, =10 [] E; =—-10°[] K Vep®D

We get the main frequency to be: f, = 1.6 10'* [Hz]. In general, the main frequency and
harmonics are given by the following formula: f,, = f, + nf,, n=20,1,2,3...

For +E;¢

Al H“

i Lullulllllhmm..‘unlm.mmm_.u.ulhi“llnmlmmmm“mn“_.L..udmlllﬁluuu,,unlle.m s nsal( LA s LA s
100 2000 00 400 s000 00 700 100

Y

Frequency spectrum for the following parameters: Figuregl Phase shift for the same parameters
— 1018 L — 1023 1% — 24 [V =—
w=10"[] E, =102 [] E; =2510*[] K Vep(®
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For +Ef (expanded)

Phase Shift

Frequency spectrum for the following parameters; " 194"€ 62 Phase shift for the same parameters

w =108 [l] E_=102%3 [K] E. = 2.510%* [1] K=—2_
s1 M mi ) m Vep(D)

Figure 63 Phase shift for the same parameters

Frequency spectrum for the following parameters: »
_ 1018 1 _ 1023V _ 24 1V =

Expanded graphs for -Etlook like those for +Et.

We get the main frequency to be: f, = 3.8 10* [Hz]. In general, the main frequency and
harmonics are given by the following formula: f, = f, + nf,, n =0,1,2,3..., and for this case,

fn=3810"+n x 2 x 1.6 10 [Hz].

39



IV.b Refractive Index Analysis due to Wave Force (6) for Wave Velocity “c” and “vep(t)”
and Electric Field Polarity + E¢

When the nucleus is under the action of external forces, and if it doesn’t break apart, then we can
assume that a dynamic equilibrium state must exist. Under such circumstances, Newton’s second

law requires that the sum of forces be equal to zero, ﬁnet + ﬁext = 0, that is,

Fret = —Fext (16)

Recall that the net nuclear force has already been written in terms of the index of refraction in
Part-1, Eq. (23a):

S 378k q* 1 v5Onp®ag,(t) 1 21n,(0ae,(t)) . 2279.035793k ¢*F
= - ——+ ot =y
n? n?c? n* c? ;2

1ép ()

net —

Now we can equate the forces according to Eg. (16), then solve for “n”,

12 2 1 Tep®aep(t) 1  2rep)aep(t)
_ 3.4107"-q (1 2t 2z That -z 20510"%g> _ 2e0w [ 3Efsin(2Krp—2wt)
r2,(t) T2 3cK3 8

1 .
3(K27"r21 —E)E,Zn sin(2wt) n 3EZ4 1K cos(2wt)
4 4

2
" (12EfEm cos(wt) + K257 (EF + ETm)> K)

12E¢Ep, sin(Kr, — ot) + + 6ErEp (K?1;7 — 2) sin(wt) +

The refractive index “n” is a somewhat long-expression which is nonsense to copy here. Some
plots as examples are shown below, where the main used parameters are:

r,=3510"[m]; A4,=210"[m]; A4, =10"34,[m]; No=378; N =312
|

1

we = 10 []; wp = 1016 [

While for the wave: K =

B Vep (1)
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For + Et

0 U!u-‘.z ! . _}0.1.- l,wlm:‘ 0}___/4 / / | |
02+
—0.001+
—0.002 4 "
| 0 o T 1 1 .
—0.003 4 V 5.x107° 1 xlrn"‘ 15% 10 2x107"
014
e 031 L L -
K = © K = o
o ~ Vep(D
Refractive Index vs. time for the following parameters: Figure 64 Refractive Index vs. time for the following parameters:
1 4 4 — 14 1 —_ 1026 ¥ _ 27 1V
w= 610" [l En = 1026 [-] Ep=3 1027 [~] ® = 610" [1] En=10%° -] E =310%" [~]
For - E¢
1 i
0 0s
oAt L et ™ . ] | 1
s.x 107 1.x 10" 15x10M 1.x 107! 1fs x 107 2.x 107
K = d K = o
G  Vep(D)
Refractive Index vs. time for the following parameters: Figure 65 Refractive Index vs. time for the following parameters:
1 v 4 _ 14 1 _ 1024 1V _ 26 [V
®=610"[] Ep =10 [-] Ef =—-1510%[-1] w=610"[7] Ep = 10°* [~] E; = —-1510%[~]
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Refractive Index vs. time for the following parameters: Figure 66 Refractive Index vs. time for the following parameters:
1 1% v _ 16 1 _ 25 [V — 26 [V
w =210 [[] En=8 1025 [-] Ef=3 1026 [~] w=210 [;] E, =810 [;] Ef =310 [;]
For - Es
0 s.x107! ' 1x10M 15x10°M
1= \ — \ — \ —
005
=03 ’ Sxigs Lo Lsxo™ 2 xfo
—020 —05
—030 \

K = © K = o
c " Vep(D)
Refractive Index vs. time for the following parameters: Figure 67 Refractive Index vs. time for the following parameters:
1 v v _ 16 1 — 1024V — 25 [V
w =210 [;] E, = 10% [;] Ef = —10% [;] w=210 [;] E, =10 [;] Ef =—10 [;]
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Refractive Index vs. time for the following parameters: Figure 68 Refractive Index vs. time for the following parameters:
1 v % _ 1 _ v _ %
w=10"[1] E, =102 [] E; =2.510%[Z] w =10 [] E, =10% [] Ef =2510* []
For - Es
0 ) s.x 107 , Lot 1% 107 os-/ _/ _/ R
] W
1 mhmn Ui !
—03 02
_04 0 - -
=07 —075
-08 —os4
K = © K = d
T c  Vep(t)
Refractive Index vs. time for the following parameters: Figure 69 Refractive Index vs. time for the following parameters:
1 v v — 1018 11 —_ 1023 1Y — v
w=10"%[] E, =102 [] B =-710%[] w =10" [] Ep =102 [] Ef =—710%* ]

We observe that for wave velocity “c”, under the given conditions, the refractive index is negative
in most of the cases.
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IV.c Comparison of Mass with Refractive Index Behavior due to Force caused by Static
Field plus Wave (6), for Wave Velocity “c” and “vep(t)” and + E¢

To analyze the changes in the refractive index “n” with respect to changes in nuclear mass,
overlaid graphs of both quantities are shown below, which uncover interesting results.

For + E¢

— « K = w
c ) - Vep (D)
Mass & Refractive Index vs. time for parameters:  Figure 70  Mass & Refrallctlve Index vs. It/lme for parameterg:
1 v v _ — 26 — 2
w=610%" [;] Em = 10%° [;] Ef =310% [;] w =610 [;] Em =10 [;] Ef =310% [;]

For - Et
1 6.x10 ‘*/ 1
K = @ K — d
o ) ~ Vep(®
Mass & Refractive Index vs. time for parameters:  Figure 71 Mass & Refractive Index vs. time for parameters:
1 v v _ 14 1 _ 1024 Y _ 26 [V
w=610%" [;] E, = 10%* [;] E, =-15 1026 [;] w =610 [;] En, =10 [;] E,=-1510 [;]
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Mass & Refractive Index vs. time for parameters:  Figure 72 Mass & Refractive Index vs. time for parameters:
_ 1 _ 51V _ v _ 16 11 _ 25 [V _ 26 1V
w = 210%° [;] E,, = 8102 [;] Er=3 1026 [;] w=210 [S] E, =810 [m] Er =310 [m]
For - Et
0000277 03 4 x10% s
000014 0: 3 w10 :
01 o] tos
- ol Aan . o .
Hﬂ -01 —1x10% .
~000014 . [-0s
-02 —ax1 )
—0.0002 T 4 Lo 4 ! —-03 ety
0 sx0t Lx1® 15x10™ —4x10° — " + e
K = @ K — w
¢ ) Vep(D)
Mass & Refractive Index vs. time for parameters:  Figure 73 ~ Mass & Refractive Index vs. time for parameters:
1 v v _ 16 L —_ 1024 1V — _1025 1V
w =210 [;] E, = 10% [;] Ef = —10% [;] w=210 [S] E, =10 [m] Ef =—10 [m]
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For + E¢

= Mass = Refractive Index

K = © K — o
¢ ) Vep(D)
Mass & Refractive Index vs. time for parameters:  Figure 74 Mass & Refractive Index vs. time for parameters:
1 14 %4 _ 1 _ 14 _ 14
©=10"[] E, =102 [] E=2510%[] ® =10 [] Ep =10 [] Ep =2.510% ]

For - Ef

0000010

00000054

- 0000005 —rxe
L 04 -
—ax1004
—~0.000010 : h - 1
0 < 1ol o 1 . . L-1s
S i : sx107? PRl : 2.x10M
einde

—— Mass —— Reffactive Index

K = © K = w
o ) ~ Vep(®
Mass & Refractive Index vs. time for parameters:  Figure 75  Mass & Refractive Index vs. time for parameters:
1 v v — 10181 — 1023 1% — 24 1V
w =108 5] Em = 1023 ] Er=-7 1024 [ w=10"[7] Ep =107 [] Ef =710 [~]

In Fig. 71 right, we observe that, also during a full negative mass regime, the refractive index
changes with mass changes. The Refractive Index depends on the slope of the mass plot, that is,
the rate of change of mass.

In general, though this is not the rule, for wave velocity “c”, it decreases with negative mass slope,
and vice versa, until reaching the m=0 point, where abruptly switches between n=t1. It seems that
the Refractive Index is proportional to the derivative of the mass, and the sign of the derivative
changes when the mass sign changes, also at mass minima/maxima (slope = 0) as well as at
indeterminate points (slope = «).

For wave velocity “v,,, ()", the Refractive Index oscillates and switches between n=+1 at m=0 and
when the slope of the mass =0. It seems that the refractive index depends on the derivative of the
mass.

dm
n «+—
dt

These are important results that tell us that the refractive index behavior is like a “beacon”,
signaling the zones of the negative mass regime, as well as mass changes.
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Conclusions

It has been demonstrated that the application of the Universal Electrodynamic Force to the new
Atomic Model predicts important changes in nuclear mass when an external force caused by a
TEM with an added Static Electric Field is acting on the atomic nucleus.

As we have demonstrated in previous papers, mass is an electrodynamic quantity and as such, it
can be manipulated at will. It was demonstrated in this paper that one means to achieve mass
changes is not only by striking the nucleus with a TEM but also by the addition of a static electric
field.

It was clearly seen from the results, that the magnitude and the sign of the mass can be modified
by changing the amplitude and/or frequency of the external wave, within a certain range, and by
modifying the magnitude and sign of the static electric field.

The somewhat abrupt sign change of the refractive index values during mass sign change was
also clearly demonstrated. There is clear evidence that the refractive index is proportional to the
rate of change of the mass, i.e., to the derivative of mass with respect to time.

The refractive index can be used as an aid to search for the negative mass region of the nucleus,
as well as in any piece of “macro” material. The refractive index is a “beacon” that signals the
exact point of mass sign change and its range, and any mass changes in general.

Fourier's analysis shows in the phase shift graphs many swings of phase between *1r, which
clearly indicate resonance states in the nucleus at those frequencies, as well interferences with
the external agent.

In previous papers, we described that the main force that keeps the nuclear shell in a very tight
packing structure in such a tiny space is the electrostatic force. This is really an enormous force. It
means that we also need huge external electromagnetic fields to achieve some nuclear
interaction, and this may represent a technical limitation in the present time.

a7



Index of Part-4

Negative Mass and Negative Refractive Index in AtOmM NUCIEI ...........uuuuiiiiiiiiiiiiiiiiiiiiiiiie 2
NUCIEAI WAVE EQUALION .....eeeieiieitieeeeeieieee ettt 2
Gravitational and Inertial CONTIOL..........ooeuiiiiiii e 2
= L PP PP 2
LT I S = 1 1= SRR 2
Y 0L = T 2
10T [T 1o o 3
Il. Nuclear Response to Force Caused by a Polarized Transverse Electromagnetic Wave (TEM)
Plus @ StatiC EIECIIC FI@I ........uiii e e e e e e e e e e 4
Defining the time interval for the force integral.............ooooo i, 5
1. Integrating the force caused by the electric field and the wave, for nuclear travel time,
WIth WaVE VEIOCILY “Vi” ..o 5
2. Integrating the force caused by the electric field and the wave, for nuclear travel time,
WIth WaVE VEIOCITY “C7 ... 6
3. Integrating the force caused by the electric field and the wave, for a wave period........... 6
Il.a  Nuclear Mass Analysis due to Force caused by Static Field plus Wave (4) — Patrtial or
Total ENEIGY ADSOIPIION .....uiiiiiiiiiiiiiiiitiiie bbb 6
Time Analysis Of the NUCIEAr MasS ............uuiiiiii i e e 8
Frequency Analysis of the Nuclear Mass With FFT ..., 9
II.b  Refractive Index Analysis due to Force caused by Static Field plus Wave (4) — Partial or
Total ENergy ADSOIPLION ... ..ooeiiiiiiii et e e e e e e e e e e e e e e e e e an e e e eeeeeeennn 14
Il.c Comparison of Mass with Refractive Index Behavior due to Force caused by Static Field
plus Wave (4) — Partial or Total Energy AbSOIPtioN ..........coovvuiiiiiiieiieeeecee e 16
lll.a Nuclear Mass Analysis due to Force caused by Static Field plus Wave (5) — Total
ENErgy TraNSIMISSION ... .cooeiiiiiiiie e e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e ae s e e e e eeeeeeeeaaannaes 18
Time Analysis Of the NUCIEAr MasS .............oiiiiiiiiiiiece e 19
Frequency Analysis of the Nuclear Mass With FFT ... 20
ll.b Refractive Index Analysis due to Force caused by Static Field plus Wave (5) — Total
ENErgy TranSMUSSION ... 26
lll.c Comparison of Mass with Refractive Index Behavior due to Force caused by Static Field
plus Wave (5) — Total Energy TranSMISSION .......ccuviiiiiiiiiiiiiiiiiiiiieieeeee ettt 28
IV.a  Nuclear Mass Analysis due to Force caused by Static Field plus Wave (6) — Energy
ADSOIPUON/TIANSIMISSION ...ttt 29
Time Analysis of the Nuclear Mass for Wave Velocity “c” and “vep(t)” and electric field
10 =LY = 30

Frequency Analysis of the Nuclear Mass with FFT for Wave Velocity “c” and Electric field
0] Fo Y = PP PP 33

48



Frequency Analysis of the Nuclear Mass with FFT for Wave Velocity “vep(t)” and Electric

[T (o I 0] b= T Y e USRI 37

IV.b  Refractive Index Analysis due to Wave Force (6) for Wave Velocity “c” and “vep(t)”
and ElectriC Field POIAITY & Ef........iiiiiiiieeeeiiie et 40

IV.c  Comparison of Mass with Refractive Index Behavior due to Force caused by Static

Field plus Wave (6), for Wave Velocity “c” and “vep(t)” and £ Ef...........coooeeeiiii 44
(@0] o Tod 111 [0 o 1 PP 47
10 (= Qo] = U PP 48
2] 0] oo =Y o ) 2% 50

49



Bibliography

1.

10.

11.

12.

13.

14.

15.

16.

Shanshan Yao, Xiaoming Zhou and Gengkai Hu, “Experimental study on negative effective mass in a 1D mass-
spring system” (2008), New Journal of Physics (2008). https://iopscience.iop.org/journal/1367-2630

J. P. Wesley, “Inertial Mass of a Charge in a Uniform Electrostatic Potential Field” (2001), Annales Foundation
Louis de Broglie, Volume 26, nr. 4 (2001).

V. F. Mikhailov, “Influence of an electrostatic potential on the inertial electron mass” (2001), Annales
Foundation Louis de Broglie, Volume 26, nr. 4 (2001).

M. Weikert and M. Tajmar, “Investigation of the Influence of a field-free electrostatic Potential on the
Electron Mass with Barkhausen-Kurz Oscillation” (2019), ), Annales Foundation Louis de Broglie, Volume 44,
(2019).

Timothy H. Boyer, “Electrostatic potential energy leading to a gravitational mass change for a system of two
point charges” (1979), American Journal of Physics 47, 129 (1979),
https://aapt.scitation.org/doi/10.1119/1.11881

A. K. T. Assis, “Changing the Inertial Mass of a Charged Particle” (1992), Journal of the Physical Society of
Japan Vol. 62, No. 5, May, 1993, pp. 1418-142,

https://journals.jps.jp/doi/abs/10.1143 /]PS].62.1418?journalCode=jpsj

M. Tajmar, “Propellantless propulsion with negative matter generated by electric charges” (2013),
Technische Universitiat Dresden (2013), https://tu

dresden. de/1n,q/masch1nenwesen/1lr/rfs/ressourcen/datelen/forschun,q/folder 2007 08-21-

Electric-Charges.pdf?lang=en

M. Tajmar and A. K. T. Assis, “Particles with Negative Mass: Productlon Propertles and Applications for
Nuclear Fusion and Self-Acceleration” (2015), https:
p77-82(2015).pdf

M. A. Khamehchi, Khalid Hossain, M. E. Mossman, Yongping Zhang, Th. Busch, Michael McNeil Forbes, and P.
Engels, “Negative-Mass Hydrodynamics in a Spin-Orbit-Coupled Bose-Einstein Condensate” (2017), Phys.
Rev. Lett. 118, 155301 (2017), https://journals.aps.org/prl/abstract/10.1103 /PhysRevLett.118.155301
David L. Bergman, J. Paul Wesley, “Spinning Charged Ring Model of Electron Yielding Anomalous Magnetic
Moment” (1990),

http://www.commonsensescience.net/pdf/articles/spinning charged ring model of electron yields new.p
df

Joseph Lucas and Charles W. Lucas, Jr., “A Physical Model for Atoms and Nuclei”, Galilean Electrodynamics,
Volume 7, Number 1 (1996), Foundations of Science (2002-2003), Part 1, Part 2, Part 3, Part 4.

Charles W. Lucas, Jr., “Derivation of the Universal Force Law”, Foundations of Science (2006-2007), Part 1,
Part 2, Part 3, Part 4.

Arthur H. Compton, “The size and shape of the electron” (1918), Journal of the Washington Academy of
Sciences, Vol. 8, No. 1, https: //www.jstor.org/stable /24521544

David L. Bergman, “Modeling the Real Structure of an Electron” (2010), Foundations of Science,
http://www.commonsensescience.net/pdf/articles/modeling the real structure of an electron fos vi3n1.
pdf

David L. Bergman, “Shape & Size of Electron, Proton & Neutron” (2004), Foundations of Science,
http://www.commonsensescience.net/pdf/articles/nature of the physical world p2 fos v7n2.pdf

Zoran Jaksic, N. Dalarsson, Milan Maksimovic, “Negative Refractive Index Metamaterials: Principles and
Applications” (2006),

https: //www.researchgate.net/publication/200162674 Negative Refractive Index Metamaterials Principle
s and Applications

Articles’ License: you are free to do what you please with my articles, as long you keep my authorship.
Besides, if you re-publish my articles in part or whole online, please consider putting a link pointing to the
articles’ page.

50


https://iopscience.iop.org/journal/1367-2630
https://aapt.scitation.org/doi/10.1119/1.11881
https://journals.jps.jp/doi/abs/10.1143/JPSJ.62.1418?journalCode=jpsj
https://tu-dresden.de/ing/maschinenwesen/ilr/rfs/ressourcen/dateien/forschung/folder-2007-08-21-5231434330/ag_raumfahrtantriebe/JPC---Propellantless-Propulsion-with-Negative-Matter-Generated-by-Electric-Charges.pdf?lang=en
https://tu-dresden.de/ing/maschinenwesen/ilr/rfs/ressourcen/dateien/forschung/folder-2007-08-21-5231434330/ag_raumfahrtantriebe/JPC---Propellantless-Propulsion-with-Negative-Matter-Generated-by-Electric-Charges.pdf?lang=en
https://tu-dresden.de/ing/maschinenwesen/ilr/rfs/ressourcen/dateien/forschung/folder-2007-08-21-5231434330/ag_raumfahrtantriebe/JPC---Propellantless-Propulsion-with-Negative-Matter-Generated-by-Electric-Charges.pdf?lang=en
https://tu-dresden.de/ing/maschinenwesen/ilr/rfs/ressourcen/dateien/forschung/folder-2007-08-21-5231434330/ag_raumfahrtantriebe/JPC---Propellantless-Propulsion-with-Negative-Matter-Generated-by-Electric-Charges.pdf?lang=en
https://www.ifi.unicamp.br/~assis/J-Advanced-Phys-V4-p77-82(2015).pdf
https://www.ifi.unicamp.br/~assis/J-Advanced-Phys-V4-p77-82(2015).pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.155301
http://www.commonsensescience.net/pdf/articles/spinning_charged_ring_model_of_electron_yields_new.pdf
http://www.commonsensescience.net/pdf/articles/spinning_charged_ring_model_of_electron_yields_new.pdf
http://www.commonsensescience.net/pdf/articles/atomic_structure.pdf
http://www.commonsensescience.net/pdf/articles/nuclear_structure.pdf
http://www.commonsensescience.net/pdf/articles/atom3b.pdf
http://www.commonsensescience.net/pdf/articles/a_physical_model_part_4.pdf
http://www.commonsensescience.net/pdf/articles/derivation_of_the_universal_force_law_part1_fos_v9n2.pdf
http://www.commonsensescience.net/pdf/articles/derivation_of_the_universal_force_law_part2_fos_v9n3.pdf
http://www.commonsensescience.net/pdf/articles/derivation_of_the_universal_force_law_part3_fos_v9n4.pdf
http://www.commonsensescience.net/pdf/articles/derivation_of_the_universal_force_law_part4_fos_v10n1.pdf
https://www.jstor.org/stable/24521544
http://www.commonsensescience.net/pdf/articles/modeling_the_real_structure_of_an_electron_fos_v13n1.pdf
http://www.commonsensescience.net/pdf/articles/modeling_the_real_structure_of_an_electron_fos_v13n1.pdf
http://www.commonsensescience.net/pdf/articles/nature_of_the_physical_world_p2_fos_v7n2.pdf
https://www.researchgate.net/publication/200162674_Negative_Refractive_Index_Metamaterials_Principles_and_Applications
https://www.researchgate.net/publication/200162674_Negative_Refractive_Index_Metamaterials_Principles_and_Applications
https://creativecommons.org/licenses/by/4.0/legalcode

	Negative Mass and Negative Refractive Index in Atom Nuclei
	Nuclear Wave Equation
	Gravitational and Inertial Control
	Part-4
	In This Paper
	Abstract
	Introduction
	II. Nuclear Response to Force Caused by a Polarized Transverse Electromagnetic Wave (TEM) plus a Static Electric Field
	Defining the time interval for the force integral
	1. Integrating the force caused by the electric field and the wave, for nuclear travel time, with wave velocity “vw”
	2. Integrating the force caused by the electric field and the wave, for nuclear travel time, with wave velocity “c”
	3. Integrating the force caused by the electric field and the wave, for a wave period
	II.a Nuclear Mass Analysis due to Force caused by Static Field plus Wave (4) – Partial or Total Energy Absorption
	Time Analysis of the Nuclear Mass
	Frequency Analysis of the Nuclear Mass with FFT

	II.b Refractive Index Analysis due to Force caused by Static Field plus Wave (4) – Partial or Total Energy Absorption
	II.c Comparison of Mass with Refractive Index Behavior due to Force caused by Static Field plus Wave (4) – Partial or Total Energy Absorption
	III.a Nuclear Mass Analysis due to Force caused by Static Field plus Wave (5) – Total Energy Transmission
	Time Analysis of the Nuclear Mass
	Frequency Analysis of the Nuclear Mass with FFT

	III.b Refractive Index Analysis due to Force caused by Static Field plus Wave (5) – Total Energy Transmission
	III.c Comparison of Mass with Refractive Index Behavior due to Force caused by Static Field plus Wave (5) – Total Energy Transmission
	IV.a Nuclear Mass Analysis due to Force caused by Static Field plus Wave (6) – Energy Absorption/Transmission
	Time Analysis of the Nuclear Mass for Wave Velocity “c” and “vep(t)” and electric field polarity ± Ef
	Frequency Analysis of the Nuclear Mass with FFT for Wave Velocity “c” and Electric field Polarity ± Ef
	Frequency Analysis of the Nuclear Mass with FFT for Wave Velocity “vep(t)” and Electric Field Polarity ± Ef
	IV.b Refractive Index Analysis due to Wave Force (6) for Wave Velocity “c” and “vep(t)” and Electric Field Polarity ± Ef

	IV.c Comparison of Mass with Refractive Index Behavior due to Force caused by Static Field plus Wave (6), for Wave Velocity “c” and “vep(t)” and ± Ef

	Conclusions

	Index of Part-4
	Bibliography


