4

X/
*

Scientifi
o2 Resoarch
0.00 Publishing

Journal of Applied Mathematics and Physics, 2024, 12, 2302-2319
https://www.scirp.org/journal/jamp

ISSN Online: 2327-4379

ISSN Print: 2327-4352

Application of ACP Nonlinear Math in Analyzing
Arithmetic and Radiation Transmission Data
(Application 1 & 2) [4-21-2024, 820P] (V)

Ralph W. Lai?, Melisa W. Lai-Beckerz, Grace Cheng-Dodge3

128 Cornerstone Ct., Doylestown, PA, USA

*Harvard Medical School, Cambridge, MA, USA
*Independent Education Consultants, West Hartford, CT, USA

Email: ba70inpa@yahoo.com, mlaibecker@partners.org, gschengl @gmail.com

How to cite this paper: Lai, RW., Lai-
Becker, M.W. and Cheng-Dodge, G. (2024)
Application of ACP Nonlinear Math in
Analyzing Arithmetic and Radiation Trans-
mission Data (Application 1 & 2) [4-21-2024,
820P] (V). Journal of Applied Mathematics
and Physics, 12, 2302-2319.
https://doi.org/10.4236/jamp.2024.126137

Received: April 2, 2024
Accepted: June 25, 2024
Published: June 28, 2024

Copyright © 2024 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

(OMONMY e pcces:

Abstract

In this study, we explore the application of ACP (asymptotic curve based and
proportionality oriented) Alpha Beta (af) Nonlinear Math to analyze arith-
metic and radiation transmission data. Specifically, we investigate the rela-
tionship between two variables. The novel approach involves collecting ele-
mentary “y” data and subsequently analyzing the asymptotic cumulative or
demulative (opposite of cumulative) Y data. In part I, we examine the con-
nection between the common linear numbers and ideal nonlinear numbers.
In part II, we delve into the relationship between X-ray energy and the radia-
tion transmission for various thin film materials. The fundamental physical
law asserts that the nonlinear change in continuous variable Y is negatively
proportional to the nonlinear change in continuous variable X, expressed ma-
thematically as da = —Kdp. Here: da {Y, Yu, Yb} represents the change in Y,
with Yu and Yb denoting the upper and baseline asymptote of Y. df {X, Xu,
XD} represents the change in X, with Xu and Xb denoting the upper and base-
line asymptote of X. K represents the proportionality constant or rate con-
stant, which varies based on equation arrangement. K is the key inferential
factor for describing physical phenomena.

Keywords

Asymptotic Concave and Convex Curve, Upper and Baseline Asymptote,
Demulative vs. Cumulative, Coefticient of Determination, Proportionality
and Position Constant, Skewed Bell and Sigmoid Curve

1. Introduction

In the realm of Newtonian calculus, the slope and tangent of curves hold para-
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mount importance. Their utility is widely recognized in general mathematics.
However, when dealing with continuous concave or convex curves, the conven-
tional approach falls short. Specifically, it inadequately addresses the existence of
asymptotes related to continuous cumulative numbers.

In this study, we embark on a journey through ACP (Asymptotic Curve-based
and Proportionality-oriented) Nonlinear Math. Our exploration begins with a
concise review of its principles. Subsequently, we introduce essential equations
for analyzing various data. Part I focuses on the interplay between common li-
near numbers and ideal nonlinear numbers, while part II delves into the intricate
relationship between X ray energy and radiation transmission across various
thin film materials.

Let’s delve into the key feature of Alpha Beta (af) Nonlinear Math:

1.1. Categorization of Continuous Numbers

e Continuous numbers can be classified as either linear or nonlinear based on

the presence or absence of asymptotes.

Notably, asymptotes are never part of the nonlinear numbers.

1.2. Two Types of Zero

e Linear Zero: Sandwiched between positive and negative numbers.
e Nonlinear Zero: Serves as the baseline asymptote for nonlinear numbers.
Nonlinear numbers can approach nonlinear zero but never quite reach or

touch it.

1.3. Mathematical Axioms Governing Nonlinear Math

e Axiom I: Emphasizes continuity, asserting that continuous numbers are dy-
namic, non-terminating, and perpetually maintain their continuity.
e Axiom II: Declares that asymptotes are never part of nonlinear numbers; they

remain approachable but unattainable.

1.4. The 10-Based Logarithmic Scale

e Nonlinear numbers adhere to this scale.

e Its characteristic is the existence of a nonlinear zero, which is approachable
but cannot be touched or plotted on the rectilinear coordinate graph, e.g., the
baseline nonlinear zero Yb = (0) and baseline nonlinear zero Xb = (0) cannot

be plotted in the rectilinear graph.

2. We Need New Nonlinear Math That Can Address
Asymptotes

Many physical phenomena are associated with nonlinear variables where the va-
riables have continuity and are associated with asymptotes such that the two va-
riables can be expressed with an asymptotic concave or convex curve. These

concave and convex curves can be in an ordinary or secondary nonlinearity.
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Based on these asymptotic curves and their inherited proportionality, we can de-

rive various differential and integral equations to express/interpret the physical

phenomena.

3. Graphical Expressions of Basic Equations

Let’s explore the graphical expression of basic equations, focusing on nonlinear

variables and their asymptotic behavior, but first let’s familiarize ourselves with

the following terms and definitions specific to the ACP nonlinear math.

1) Face Values and True Values:
When plotting numbers on a graph, we distinguish between face values and
true values.
for linear numbers, face values are equivalent to true values.
for nonlinear numbers, the nonlinear face values represent measurements rela-
tive to their asymptotes. Examples include (Yu - Y), (Y- Yb), and (¢Yu - g¥).
True values of nonlinear numbers are obtained by applying nonlinear loga-
rithmic transformation to the face values, such as ¢ (Yu - Y), ¢(Y— Yb), and
g(gYu-gy).

2) Linear vs. Nonlinear Equations:
Linear cases involve equations like (dY = KdX), where the change in linear
() is proportional to the change in linear (X), with (K) as the proportionali-
ty constant.
When dealing with nonlinear numbers, we encounter differential equations
like (d (g (Yu - Y)) = KdX)). Here, the change in nonlinear true values (g (Yu
- 1)) is proportional to the change in linear true value (X), or the nonlinear
change in face values (Yu — Y) is proportional to the linear change in (X).

3) Types of Graphs:
Primitive Elementary Graphs: These depict vertical elementary (y) against
horizontal (X).
Primary Graphs: They illustrate cumulative (Y) or demulative (Y) against
cumulative (X).
Leading Graphs: These feature asymptotic curves with continuously chang-
ing slopes.
Proportionality Graphs: Characterized by straight lines expressible as two-
parameter proportionality equations.

4) Comparing Variables: We can express comparisons between variables in

three groups shown in Table 1 for addressing dependent variable ¥

Group A: The change in linear (Y) is proportional to the change in linear (X)
(Equation. (1)).

Group B: The change in nonlinear (¥) is proportional to the change in linear
(X) (Equation (2) has a baseline asymptote Yb, Equations (3) and (4) have an
upper asymptote Yu).

Group C: The change in nonlinear (Y) is proportional to the change in non-
linear (X) (Equations (5), (6), and (7)).
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Table 1. Basic differential and integral equations.

group | Eq.() | Differential Equation | Eq.() | Integral Equation | Asymptote in Y
AT 1] dY = -KdX [ 1a ] Y =-KX+C ] 0
Bt [ 2 | d(q(Y - Yb)) = -KdX | 2a [ q(Y-Yb)=-KX +qC | 1 (single Yb)
B2 3 d(g(Yu-Y)) = -KdX 3a qYu-Y)=-KX +qC 2 (one Yb hiding)
4 d(g(qYu - qY)) = -KdX 4a q(gYu—-qY)=-KX +qC 2 (one Yb hiding)
5 d(g(Y — Yb)) = -Kd(q(X — Xb)) 5a q(Y = Yb) =-K(q(X = Xb)) +qC 1 (single Yb & Xb)
Cc 6 d(q(Yu -Y)) = -Kd(q(X — Xb)) 6a q(Yu-Y) =-Kq(X-Xb) +qC 2 (one Yb hiding, 1 Xb)
7 d(a(gYu - qY)) = -Kd(q(X — Xb)) 7a q(qYu —qY) =-K(q(X = Xb)) +qC | 2 (one Yb hiding, 1 Xb)

Note: the above equations have two parameters K and C; when C =1, qC=ql = 0;
independent variable be either dX or d(q(X — Xb)).

Table 1 gives the basic differential and integral equations of the ACP nonli-
near math, where K is a proportionality constant and C'is an integral constant
for dictating the position of the straight-line in the graph. We also call the Cas a
position constant. In Part I of this article, we discuss Equation (3) for ideal arith-
metic data, and in Part IT discuss Equation (7) for the relationship between the X

ray energy and the radiation transmission of thin films.

3.1. Graphs and Equations in Linear-By-Linear Cases
(Equation (1), (1a))

Equations (1) and (la) describe the general linear-by-linear phenomena, where
the change of linear Y is proportional to the change of linear X, as shown in
Figure 1. The three straight lines indicate the change of Y'is proportional to the
change of X (ie, Equation (1)) and have two parameters K and C'in its integral
Equation (1a). The three K'(-1.5, -3, and 3) give the directions and slopes of the
straight lines, and the three C (64, 0, and 30) give the position of the straight
lines. All three lines can extend continuously forever in two directions and all

pass through linear zero.

Linear by linear (Y vs. X)

y=-1.5x + 64
Rz=1

linear -
zZero
\ (0, 0) I

> r T — )\ 1
linear zero
y=3x+30 y=-3x+0
Rz = 2=1
X

Figure 1. Linear by linear phenomenon.
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3.2. Graphs and Equations in Nonlinear Cases

Figure 2 gives four asymptotic curves, where Figures 2(a)-(c) are for ordinary
order of nonlinear variable ¥, with equations corresponding to Equation (2),
Equation (3), and Equation (5). Figure 2(d) is for the second order of nonlinear
variable Y'with equation corresponding to Equation (4). Solid double-arrows are
for nonlinear face values. Dashed double-arrows are for linear values. In Figure
2(d), the horizontal X can either be a linear X or be a nonlinear X. In a nonlinear
case, its nonlinear face value is (X — Xb).

In Figure 2, the solid double arrows are a measurement of face values relative
to the upper and baseline asymptotes Yu and Yb. The dashed double arrows are
measurement of face values Xrelative to zero. The relationship between the solid
double arrows and dashed double arrows is that as the solid arrow increases the
dashed arrow decreases, or vice versa. For example, in differential equation forms,
in Equation (2), it is the change of (¥ — Yb) is negatively proportional to the
change of X; or in Equation (3) the change of (Yu — Y) is negatively proportional
to the change of X; or in Equation (4) the change of (¢Yu — gY) is negatively
proportional to the change of X.

Figure 3 gives their corresponding proportionality plot for Equations (2)-(5).
In Table 1, based on dependent variable ¥, we classify Equations (2), (3), (5) and
(6) as first order nonlinear differential equations, where we have a single “¢” in
Yvariable; and classify Equations (4) and (7) as second order nonlinear differen-

«

tial equations, where we have 2 “¢” in Y'variable.

(a) First order with demulative Y (b) First order with cumulative Y
linear-by-linear scale linear-by-linear scale
40 A 25 -
30 204" TAT T~ 3 Yu
15 1
> 20 > €%
10 (Yu-Y)
10 5 | X —o—Y
0 0 T T )
0 10 20 30
X

(c) First order with demulative Y
linear-by-linear scale

(d) Second order with cumulative Y
log-by-linear scale

100
100.0 -
75
10.0 A1
> 50 4 >
1.0 |
25
<«—(Y-YDb) oA
0 ' < 0 1 2 3

0 10 y 20 30

Figure 2. Asymptotic curves: (a) is first order with demulative ¥; (b) is first order with
cumulative Y; (c) is first order with demulative ¥; (d) is second order with cumulative Y.
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(a) Proportionality Graph
qY vs. X
nonlinear-by-linear scale

(b) Proportionalty graph,
g(Yu-Y)vs. X
log-by-linear scale

100.0 . 100.00 y = 200~0.05%
> 10.00
10.0 !
> >3_ 1.00
y= 300~ 0-05x ~ 0.10 y= 20e0.115x
1.0 " ' R2 = 1
y= 309-0.115x > 0.01
2 _ .01 +4 T T s
01 4 i R*= .1 ) 0 10 20 30
1 2
0 0 X 0 30 X
(c) First order / demulative Y (d) Proportionality graph
q(Y - Yb) vs. q(X - Xb) a(gYu-qY)vs. X
log-by-log scale log-by-linear scale
10.00 ~
—~ 10 + - y = 2.805500-9474x
Q > N
> S 400 { ™. y=2.8055¢2 182
o 2 e, R?=0.9965
vt AS) Q\
- y= 0.9964x1:5015 0 0.10 ~ .
2=1 > \Qb\
0.1 | | 0.01 : —
0.1 1 10 0 1 2 3
x = (X - Xb) X

Figure 3. Proportionality plots: (a) is derived from Figure 2(a) with demulative ¥; (b) is
derived from Figure 2(b) with cumulative ¥; (c) is derived from Figure 2(c) with demul-

ative Y and demulative .X; (d) is derived from Figure 2(d) with second order nonlinearity
in cumulative Y.

4. Principle for Identification of Unique or Optimal Upper
Asymptote Yu

A convex asymptotic curve is always associated with a unique upper asymptote.
In analyses we may not necessary get that unique asymptote, but we can use
guided estimation to identify an optimal asymptote based on the last value of ¥
data. In principle, we use the last Y (the largest acquired number) value as base
to generate 7 - 8 estimated Yu, as shown in Figure 4(a), where the COD (coeffi-

cient of determination) for comparing of two variable in a given estimated Yu

(a) An lllustration of probable Yu (b) Locating Unique/Optimal Yu

25 4 mmmmm——————— Yu? 1.005 - .
Yub <«—— Optimal
20 .= optimal.  1.000 - Yu
Yu2
Yu1 4
. & 0.995 N
> g 0.990 - Yu3
10 A Q \
O 0.985 Yu2
5 Yu7
0.980 { b vy
0 T T 1 0.975 -
0 10 20 30 15.2 15.6 16 16.4 16.8
X Estimated Yu

Figure 4. (a) An illustration for assigning estimated Yz, and (b) Locating unique Yu with
estimated Yuvs. COD (R?).
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increases from the base to reach an optimal then decrease, as shown in Figure
4(b), e.g., the COD increase from Yu0 to Yul and Yu2 to reach a maximum at
Yu3, then decrease to Yu4 toward Yu7. COD is a measure of the goodness of fit

for a straight-line to relating two variables.

5. An Illustration with Ideal Nonlinear Numbers 0.9, 0.99,
0.999, 0.9999, 0.99999...

In the traditional math classes, students are taught that 0.999999... or 0.9, 0.99,
0.9999... = 0.9 = 1. This expression is erroneous because 0.9, 0.99, 0.999,
0.9999... are dynamic non-terminating and forever continuously moving nonli-
near numbers, they cannot equate to 1, because the “1” is static, never moves
and never being a part of the nonlinear numbers. What is wrong is the use of an
equal sign “=”. The correct expression should be 0.9, 0.99, 0.999, 0.9999,
0.99999....... > 1. We can use “>” or “~” but not “=”. A dynamic moving num-
ber cannot equate to a static number, Newton’s law cannot be violated.

In this analysis, we aim to demonstrate that the number “1” serves as the
unique asymptote for nonlinear numbers. To illustrate this, we’ll refer to Figure
5 (Left) (Image of Excel table).

In the table:

1) Data Columns:

e Column A: Contains elementary numbers denoted as “x”.

e Column B: Corresponds to the cumulative number “X”, which cumulates as
we progress through the values of “x”.

e Column C: Represents elementary numbers “y” (e.g., 0.9, 0.09, 0.009, etc.).

e Column D: Displays the cumulative numbers “Y” for succession of X.

B10 - —R9+C10 o - f< || =CORREL(B2:B6,F2:F6) "2
A B c D £ F G A B C D E F G

1 X X y Y (Yu-Y) | q(vu-Y) 1 X X y ¥ (Yu-Y) | q(vu-Y)

2 1 1 0.9 09 | 0099992 |-1.000035 2 L 1 09 09 0.099992 | -1.000035

3 1 2 0.09 099 3 1 2 0.09 0.99 0.009992 | -2.000348

4 1 3 0.009 0.999 4 1 3 0.009 0999 | 0.000992 |-3.003488

5 1 4 0.0009 | 0.9999 5 1 4 0.0009 09999 | 92E-05 |-4.036212

6 1 5 0.00009 | 099999 6 1 5 0.00009 | 0.99999 2E-06 -5.69897

7 L2 S I N |

8 Avu= | Active Yu = 0.999992 8 Avu= | Active IYu = 0.999992
9 | Yudo= 099999 RAD = i “DIV/O! 9 | Yud=  0.99999 R2= | 0.98678
10| vui= | 0.999992 | 0.000002 | 0.98678 10 | Yul= | 0999992 | 0.000002 | 0.98678
11| yu2= 11| Yu2= | 0.999994 | 0.000002 | 0.99533
12 | yus= 12 | Yu3= | 0999996 | 0.000002 | 0.99848
13| vua= 13 | Yud= | 0999998 | 0.000002 | 0.99970
14 | Yu5= 14 | Yu5= 1 0.000002 1
15 | yus = 15 | Yu6= | 1.000002 | 0.000002 | 0.99979
16 | yur= 16 | Yu7= | 1.000012 | 000001 | 0.99693
17 | vus= 17 | Yu8= | 1.000052 | 0.00004 | 0.97825

Figure 5. (Image of Excel table) Left: initial input; Right: partially filled with active ¥10.999992.
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2) Connectivity:

e Cumulative numbers exhibit connectivity, whereas elementary numbers do
not.

e When comparing two numbers, it is essential to compare cumulative num-
bers against other cumulative numbers, rather than elementary numbers.

3) Continuous Cumulative Numbers:

We focus on Continuous cumulative numbers, which is monotonically in-

creasing and ensure both continuity and incremental behavior.

The last value of “Y” in Column D is 0.99999 (represented by five nines in
Cell D6).
4) Base of Estimated Yu ( Yu0):
We take this value (0.99999) as the base for our estimated Yu.
e [tisinputinto Cell B9.
5) Incremental Yu (A Yu):
We enlist a small incremental value, A Yz, in Column C (C10:C17).

These increments will help calculate eight estimated Yu values, ranging from

Yul to Yus8.

The first A Yuzis 0.000002 (located in Cell C10).
6) Generating Estimated Yu:

e Using the formula “B10 = B9 + C10”, we compute the first estimated Yu in
Cell B10.

e We repeat this process for the remaining seven Yu values (from Yu2 to Yu8),
copying the formula down the column.

Next, we reserve Cell G8 for inputting an active upper asymptote, Active Yu.
We input Yul value in Cell B10, Ze, 0.999992, into Cell G8, as shown in Figure
5 (Right) (Image of Excel table). We shall use this active Yu to calculate (Yu - Y)
in Column E. Formula for Cell E2 is “=$G$8-D2”, e.g., 0.999992 - 0.9 = 0.09992.
We then copy Cell E2 into Cell E3 through Cell E6 to complete the column, shown
in the right-hand side of table. Column F is for the calculation of log of column E,
e.g.,10g(0.999992) = -1.0000347, as shown in the right-hand side table.

To obtain COD for Yul, Yu2, Yu3....to Yu8 in Column D (D10:D17), we first
input Yul value 0.999992 into Cell G8, then use formula to get COD in Cell G9.
Formula for Cell G9 is “= CORREL (B2:B6, F2:F6)A2”. Figure 5 (Right) (Image
of Excel table) has complete data in Column E and F; thus we get the value
0.98678. We record this value into Cell D10 parallel to Yul, as 0.98678.

Let us continue to use Figure 5 and generate Figure 6 (Image of Excel table).
First, selecting A Y
e Our goal is to choose 4 A Yu values that generate numbers between 0.99999

(five nines) and 0.999999 (six nines) and select 3 A Yu slightly above 1 for
Column B (B10:17), as shown in Column C (10: 17) of Figure 6.

Then, by inputting Yu5 value “1” into Active Cell G8, whence all the (Yu - Y),
q(Yu - Y), and the COD value in Cell G9 all changed. The Formula bar for COD
is shown on the top line of the table. We record the COD value in Cell G9 into
Cell D14 parallel to Yu5 line. We sequentially input the rest value of Y2, Yu3,
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Y4, etc. value into Cell G8 and sequentially record the obtained COD in Cell
G9 into Colum D (D10:D17).

What we have in mind is that when the estimated Yu is between the last ¥
(0.99999) and the unique Yu, the COD for comparing two equation variables,
e.g., ¢ (Yu- Y) versus Xand g (qYu - g¥) versus X, is less than 1 but will in-
crease toward 1. After reaching 1, the COD will decrease as the estimated Yu in-
creases. By plotting Column B (B10:B17) vs. Column D (D10:D17) in Figure 6
(Image of Excel table), we obtain Figure 7 for Estimated Yu vs. R* in a linear
scale, where the data line initially increases to reach the maximum of unique
asymptote at R* = 1 and then decreases.

By plotting Column F (F2:F6) versus Column B (B2:B6) for g (Yu — Y) versus

X in linear-linear scale, we obtain Figure 8(a) showing the data line on a

G9 i fe =CORREL (B2:B6, F2:F6) "2

A B C D E F G
1 X X y Y (Yu-Y) q(Yu-Y)
2 1 1 0.9 0.9 0.1 -1
3 1 2 0.09 0.99 0.01 2
4 1 3 0.009 0.999 0.001 3
5 1 4 0.0009 0.9999 1E-04 -4
6 1 5 0.00009 0.99999 1E-05 5
7

m—————— e . jm——————— T

8 ! AYu = : ) Active Yu = ! 1 ]
9 [ vwo= oo | E___R_";:_ j: T ] 1.00000
10 | Yul= | 0999992 “0__0?)550_2“ 0.98678 o T
11 Yu2= | 0999994 0000002 | 099533
12| vus= | 0999996 | 0000002 | 0.99848
13| vus= | 0999098 | 0000002 | 0.99970
14| Yu5= 1 0000002 1
15 Yu6= | 1.000002 0000002 | 099979
16| vur= | 1000012 | 000001 | 0.99693
17| vus= [ 1000082 | 000004 | 0.97825

Figure 6. (Image of Excel table) Data calculation with Yu5 = 1.

Searching for Unique Yu
1.005 1 ¢ Unique Yu at R=1
1.000 -
0.995 -
&0.990 .
0.985 -
0.980 -
0.975 . r r )
0.99998 1 1.00002 1.00004 1.00006
Estimated Yu

Figure 7. Searching for Unique Yu.
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straight-line and a regression equation y= -1x+ 8E-13 or ¢ (Yu—- ¥) = -1X+
8E—-13, where the proportionality constant Kis 1 (KX = 1X) and equation COD
is at R* = 1. Alternatively, by plotting Column E (E2:E6) versus Column B
(B2:B6) for (Yu - Y) versus X in log-linear scale, we obtain Figure 8(b) showing
a straight-line and a regression equation y= 16~ or le **®= (6= 10).

Next, let us copy the worksheet of Figure 6 (Image of Excel table) (with active
Yu in Cell G8 at 1) into four new worksheets in Excel, and with each one work-
sheet change the active Yz in Cell G8 into 1.00052, 1.000052, 0.999992, and
0.9991. Subsequently, let us copy Figure 8(a) into Figure 9, and then click inside
Figure 9 to get Excel manual of “select data”, as shown in Figure 10. After se-
quentially adding the four data sets, we obtain Figure 9, indicating we get the
straight-line only at Yu = 1 with R? = 1, other values of estimated Yu give either
concave bend up curve or convex bend down curves.

Overall, we use four depositions in Figures 6-9 to confirm that the nonlinear
numbers 0.9, 0.99, 0.999, 0.9999...have a unique upper asymptote 1. (A): Green
Cells of Cell B14 and Cell D14 in Figure 6 (EI template) have the highest esti-
mated Yu of 1 and the largest COD of 1; (B): Figure 7 for Estimated Yu vs. R

(a) Plot of Column F vs. Column B (b) Plot of Column E vs. Column B
0 - in linear-linear scale q(Yu-Y)vs, X
] in log-linear scale
- —o—Yu=1,R2=1 1
>»-_~ -2 1 ; 0.1
'3 1l 0.01
=} =1
z Z  0.001 y =16%
S -4
=-1x + 8E-13 0.0001 y = 162303
-5 4 2 =1 0.00001 R2=1
6 0.000001 - T T )
0 ; ; ; o 2 4 e
X X

Figure 8. (a) Plot of Column F vs. Column B, (b) Plot of Column E vs. Column B.

Plot of Column B vs. Column F
in linear-linear scale
0 -
——@— Yu (1.00052),
1] RA2 (0.89908)
—A— Yu (1.000052),
R*2 (0.97825)
2 ——Yu=1,RR2 (1)
>
5 -3 1 —&— Yu (0.999992),
s R*2 (0.98678)
T 4 ——®— Yu (0.99991),
RA2 (0.96945)
5 Y=-IX+H8E-13 0 N0 NN ceeeeeenn Linear (Yu =1,
- =1 R”2 (1))
_6 T T T 1
0 2 4 6 8
X

Figure 9. Plot of Column B vs. Column F.
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| Select Data Source

Chart data range:

shows the data line initially increases to reach the maximum of unique asymp-
tote at R? = 1 and then decreases; (C): Figure 8 shows the data line on a straight-
line with a regression equation having the proportionality constant Kat 1 (KX =
1X) and equation COD is at R* = 1; (D): Figure 9 indicates that we get a
straight-line only at Yu = 1 with R? = 1, other values of estimated Yu give either
concave bend up curve or convex bend down curves.

Overall, to view the nonlinear number 0.9, 0.99, 0.9999...in graph form, we
can summarize them in sequence as: primary graph, leading graph, pre- propor-
tionality graph, and proportionality graphs. Referring to Figure 6 (Image of Ex-
cel table), by plotting Column D (D2:D6) vs. Column B (B2:B6) for Y'vs. X, we
obtain a primary graph, as shown in Figure 11. It is also a leading graph due to
its continuous change in the slope of the line. By placing an upper asymptote Yu
line as reference line, we consider the graph as a leading graph for deriving the
differential Equation (3). Where it indicates that the nonlinear change in face
value (Yu - Y) is negatively proportional to the linear change of X; as shown in
the graph, ie, we see that as the solid double arrow increases the shaded
double arrow decreases, or vice versa. In this case, the primary graph is also a

leading graph.

? X

b

The data range is too complex to be displayed. If a new range is selected, it will replace all of the series in the Series

| panel.
] !

Switch Row/Column

@#H S

Legend Entries (Series) Horizontal (Category) Axis Labels | Edit Series rd hd
Egdd Fy’gdit > Remove BZ edit |
Series name:
1
Yu (1.00052), R*2 (0.89908) ="Yu (1.00052), R2 (0.89908)"| 2| = vu(1.00052), ..
Yu (1.000052), R"2 (0.97825) 2 Series X values:
Yu =1, RA2 (1) 3 =1 (52)1$B$2:$B$6 * =12345
Yu (0.999992), R~2 (0.98678) 4 Series Y values:
Yu (0.99991), R*2 (0.96945) 5 =1 (52)"1$F$2:5F56 2| - -099774752, -... |

Hidden and Empty Cells

OK ‘ Cancel oK ‘ Cancel

Figure 10. Excel “Select Data” manual and series input.
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Figure 11. Primary graph for nonlinear number 0.9, 0.99, 0.999...
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By plotting Column E (E2:E6) vs. Column B (B2:B6) for (Yu — Y) vs, X, we
obtain Figure 12 as a pre-proportionality graph. Subsequently, by converting its
y-axis into logarithmic scale, we obtain the proportionality graph Figure 8(b) in
log-by-linear scale. Alternately, when we plot Column F (F2:F6) vs. Column B
(B2:B6), we obtain proportionality graph Figure 8(a) in linear-by-linear scale.

Pre-proportionality graph
(Yu-Y)vs. Xin linear scale

0.12
5 0.08
5
> 0.04

0.00
0 2 4 6 8

X

Figure 12. Pre-proportionality graph for nonlinear number 0.9, 0.99, 0.999...

6. Relationship between X-Ray Energy and X-Ray
Transmission of Diamond, Be, and Kapton Films

In the last section we have discussed the simple case of nonlinear-by-linear phe-
nomenon, where the nonlinear numbers have a single nonlinearity and a single
asymptote. In this section we expand the nonlinear phenomena to include a higher
order of nonlinearity and a possibility of nonlinear numbers having two asymp-
totes by using an example to relate X-ray transmission versus x-ray energy.

The relationship between the transmissions of x-rays through beam line win-
dows and x-ray energy in the soft x-ray energy range is a nonlinear-by-nonlinear
phenomenon. As part of their research at the Brookhaven National Laboratory,
Monowitz and Gordon compared the differences in transmission of soft x-rays
through windows comprised of different materials, such as beryllium (Be), Kap-
ton, and diamond [1]. Figure 13 gives the transmissions (7' = 7/4) of diamond
film, Be, Kapton, and a combination of Be plus Kapton versus the x-ray energy.
This graph is plotted on a semi-log (log-linear) scale, where the slope of the curves
is changing continuously, indicating that we can describe the physical phenome-
non with a simple equation. This graph is called a leading graph because it can lead
us to a proportionality graph where the straight line in the graph can directly pro-
vide desired equation for describing physical phenomenon.

Now, let us convert the scale of y-axis in Figure 13 into a linear scale. We ob-
tain Figure 14 showing a series of sigmoid curves. This graph is a plot of cumu-
lative numbers of Y versus cumulative numbers of X on a Cartesian coordinate
graph and is called a primary graph. This type of graph is a familiar graph that
one may encounter in many science and engineering data presentations. Figure 13
and Figure 14 indicate that Y numbers are nonlinear numbers and that ¥ numbers
have an upper asymptote Yu =1 and a baseline asymptote Y5 = (0) (Note: non-

linear logarithmic scale always has nonlinear zero as its bottom asymptote, which
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X-ray transmission and X-ray energy relationship
(after Manowitz and Gordon)
qY versus X in Log-linear scale

e —— aYy
T
/7 // Diamond film
,'é-{/'i 1-mil Kapton
l:
F————  10-mil Be
I
,ié — Be + Kapton
2 4 6 8 10

X, X-ray energy, KeV

Figure 13. X-ray transmission vs. X-ray energy, log-by-linear scale.

Primary graph
X-ray transmission versus X-ray energy
linear-by-linear scale
1.2 +

Y, Transmission

0 2 4 6 8 10
X, X-ray energy, KeV

Figure 14. X-ray transmission vs. X-ray energy, linear-by-linear scale.

cannot be reached or touched, and cannot be shown on the scale).

Next, let us examine two double arrows along the curve in Figure 13. Since
the slope of the curve changes continuously, it reveals that as the vertical dis-
tance of solid double arrow from the upper asymptote, (¢Yu — g¥), increases,
the horizontal distance of double arrow measured from the bottom asymptote,
(X — XD), decreases, or vice versa. By plotting these two arrow quantities as non-
linear face-values on a log-log graph, we obtain four straight lines, as shown in
Figure 15.

Figure 16 is a graph of d¥/dX vs. X, where a series of skewed bell-shaped
curves are shown. This graph is called a primitive graph. A primitive graph (e.g.,
Figure 16) is different from a primary graph (e.g., Figure 14). The primary
graph is a plot of cumulative Y numbers vs. cumulative X number with mono-
tonic increasing of both Y and X, while the primitive graph has data up and

down.
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Proportionality plot for x-ray transmission
g(aYu - gY) vs. q(X - Xb)
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Figure 15. Proportionality plot for X-ray transmission.
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Figure 16. Plot of dY/dXvs. X.

The equation of the straight line in Figure 15 is Equation (7a) in Table 1,
where Kis the proportionality constant, and C'is a position constant or integral
constant. The differential form of the equation is Equation (7) in Table 1.

It states that the change of true-values g(gYu - gY) is negatively proportional
to the change of true-values (X - Xb), or the nonlinear change of face-values
(gYu - qY) is negatively proportional to the nonlinear change of face-values (X
— Xb). Nonlinear face-values are to be calculated and plotted on logarithmic
nonlinear scale, as shown in Figure 15, while we can also plot true-values vs.
true-values on linear-linear scale to show the 4 straight lines (not shown).

Since Xb = (0), Yu= 1 and log 1 = 0, Equation (6) simplifies to —g(—qY) =
—KgX + gC. The four straight lines for diamond film, Be, Kapton, and Be plus
Kapton have K values given as 2.71, 2.95, 3.10, 3.01 and C values are 0.3979,
4.5454, 12.5, and 16.6667, for diamond film, Kapton, Be, and Kapton + Be, re-
spectively. These straight lines suggest that the proportionality exists and that
there is a simple physical law governing the relationship between x-ray trans-
mission and x-ray energy.

In the above phenomenon, we simply take the Y numbers and calculate its lo-

garithm gYand plot - gY versus ¢X on a log-log nonlinear scale to obtain the fi-
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nal proportionality graph. There is no need to search for asymptotes because one
(bottom) asymptote is nonlinear zero, Xb = 0 and the other (upper) asymptote is
Yu=1, and logl = 0.

In the data collection, Figure 13 shows only the asymptotic convex curve with-
out showing the nonlinear nature of the curve, e.g., it did not show the nonlinear
additive nature of Be plus Kapton from the individual Be and Kapton. However,
by advancing the analysis to include Figures 14-16, we have more understand-
ing of the nonlinear nature of the nonlinear phenomena. For example, it should
be interesting to notice, from examining Figure 13, that the algebraic additive
property of logarithms is applicable to the combination of films, e.g., for a given
x-ray energy, transmission of Kapton (Y1) times transmission of Be (¥2) equals
transmission of Kapton plus Be (Y12), ie.,

Y1xY2=Y12 or
logY1l+logY2=1logY12

The numerical examples are:

at X=4KeV, Y1 =0.83, Y2 = 0.68, and Y12 = 0.56, which gives 0.83 x 0.68 =
0.56;

at X=3KeV, Y1 =0.64, Y2 = 0.38, and Y12 = 0.24, which gives 0.64 x 0.38 =
0.24.

The above knowledge may help researchers in advancing their design of expe-
riments.

A nonlinear phenomenon of higher order of nonlinearity, in general, can have
multiple graphs including primitive graph, primary graph, leading graph and
proportionality graph, as demonstrated in the above example. In this type of
nonlinear phenomenon, we will obtain a straight-line on a log-log graph when
plotting one nonlinear face-value on a logarithmic scale versus the other nonli-
near face-values on the other logarithmic scale. The data will yield a convex
asymptotic curve on a semi-log graph as leading graph and a sigmoid curve on a
linear-by-linear graph as primary graph.

In summary, this physical example is the simplest nonlinear phenomenon that
happened to be without any need of math skill to solve or search for asymptotes.
In other examples we may encounter a more complex situation and require in-

tense search for asymptote to understanding the real nonlinear phenomena.

7. Discussions

Discussion on Nonlinear Numbers and Asymptotic Curves

We explore the use of nonlinear numbers, specifically 0.9, 0.99, 0.999, 0.9999,
and 0.99999, to illustrate the concept of convex asymptotic curves. Our goal is to
derive a differential equation expressed as: [d(q(Yu - Y)) = - KdX]. Here:
e (Y) represents a variable that exhibits nonlinear behavior.

o (X) represents a linear variable.

(Yu) denotes the upper asymptote.

(Yu - Y) represents the nonlinear face value, and (g(Yu - Y)) represents the
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nonlinear true value.

e We systematically input data to an Excel table, using the last acquired (Y)
value as the base to estimate upper asymptotes.

e By assigning an active upper asymptote, we calculate the nonlinear face and
true value.

o We then determine the coefficient of determination (COD) for all estimated
upper asymptotes.

e The resulting table and graph confirm the existence of a unique upper
asymptote.

e We conclude that the nonlinear numbers (0.9, 0.99, 0.999, 0.9999, 0.99999)
should be expressed as approaching 1, rather than using an equal sign (e.g.,
0.9 = 1). The latter is incorrect.

In a previous publication, we extended this analysis to include 9 nonlinear
numbers up to 0.999999999, yielding consistent results [2]. The true is that the
nonlinear numbers 0.9, 0.99, 0.9999... are an ideal nonlinear number having a
unique upper asymptote Yu, Yu = 1. It is a one-sided nonlinear number without
a bottom asymptote. In general cases, a nonlinear number has both baseline
asymptote and an upper asymptote, with baseline asymptote assumes nonlinear
Zero.

Expression of X-Ray Energy and Radiation Transmission

The second part of presentation for the expression of the relationship between
X-ray energy and the radiation transmission of various thin film materials is a
good illustration to demonstrate the connectivity among asymptotic convex
curve, sigmoidal curve, straight-line proportionality graph, and various skewed
bell primitive graph, all arise from the second order nonlinear equation. This
example is the simplest case of the second order nonlinear phenomenon that
assumes an upper asymptote of Yu = 1 and baseline asymptote of Y6 = (0). In
general cases all physical phenomena need to identify their upper asymptote Yz,
as will be illustrated in Part 3 and 4 of this series [3].

In our analysis, we compare the monotonic increasing nonlinear numbers ¥
with the other monotonic increasing nonlinear numbers X. Specifically; we com-
pare their nonlinear face value or true value with each other. The analysis is sim-
ple and easy such that every high school student can do it. In contrast, the tradi-
tional analysis may involve tedious calculations or may need help with commer-
cial software or help from statistician. Moreover, we need minimal numbers of
sampling around 7 to 10.

Traditional XY math is insufficient to describe the nonlinear phenomena; we
need to extend the XY math into the af Math to account for the existence of
asymptotes, Ze., we need to extend XY = {(X),(Y)} into ap = {a( Y, Yu, YD), /X,
Xu, Xb)}. The aff Math classifies continuous monotonic numbers into linear and
nonlinear numbers. Nonlinear numbers are associated with asymptotes, and
their measurement of difference is the face value of the nonlinear numbers. The
nonlinear face value can be a difference, a ratio of difference, or with logarithmic

transformation (a logarithmic transformation is also called the nonlinear trans-
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formation), such as (Yu - Y), (Y- YD), (Yu—- Y)/(Y - Yb), and (¢Yu - ¢?¥).

The Alpha Beta (af) Math is a science for connecting a straight line to con-
cave and convex asymptotic curves, sigmoid, and various bell curves such as in
biomedical and physical sciences [4]. We provide illustration for building Excel
Templates to solve for upper asymptotes and building a straight-line proportio-

nality equation.

8. Conclusions

We use ACP (asymptotic curves based and proportionality oriented) nonlinear
math for mathematical analysis and graphical interpretation. In the realm of
nonlinear mathematics, we encounter continuous variables that exhibit asymptotic
behavior. These variables necessitate careful consideration in their differential
equation and graphical representations. Specific items are:

1) We use the ACP nonlinear math to confirm that a continuous nonlinear
variable needs to account for its asymptote in their differential equation and
graphical expression for their changes. The variation in arithmetic data can be
described by the first order nonlinear equation, while the variation in radiation
transmission data can be described by the second order nonlinear equation. We
can describe the second order nonlinear phenomena with second order propor-
tionality equation and four types of graphs: primitive, primary, leading, and pro-
portionality graphs.

2) It is important to learn how to distinguish between a primitive elementary
graph and a primary graph. We cannot use a primitive elementary graph alone
to build a mathematical relationship, because each elementary “y” has no ma-
thematical connectivity, and one elementary number cannot mathematically re-
late to the other cumulative numbers. Instead, we must resort to relating one
cumulative number with the other cumulative numbers and using the primary
graph for mathematical analysis, where we can have both continuous numbers
Y, and continuous numbers X exist as cumulative Y and cumulative X. Cumula-
tive numbers are monotonically increasing numbers that guarantee continuity
and the increment of number.

3) We can build a straight-line proportionality relationship for the dependent-
independent variables in a log-linear and log-log graphs. This article demon-
strates a methodology for solving the key upper asymptotes for the proportio-
nality equation using Microsoft Excel via determining the “coefficient of deter-
mination”. Our example includes systematic demonstration of Excel data mani-
pulation and extensive graphing.

The aff Math classifies continuous monotonic numbers into linear and nonli-
near numbers. Nonlinear numbers are associated with asymptotes, and their
measurement of difference is the face value of the nonlinear numbers. The non-
linear face value can be a difference, a ratio of difference, or with logarithmic
transformation (a logarithmic transformation is also called the nonlinear trans-

formation).
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Symbols

f=10

g = Log (nonlinear logarithmic)

ap (extension of XY)

¢ = (0) (nonlinear zero)

x = elementary independent variable,

yor (y) = elementary dependent variable or y= equation y (inside the graph)

X = cumulative of x; Y= cumulative of yor (y)
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