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Abstract  7 

Conventional differentiation has many problems, they are no-smoothness, singularity, and non-simultaneous.  8 

The origin of those problems is: 9 

1. Since the differentiation value of conventional differentiation has the infinitesimal real number (include the 10 

problem of direction), simultaneous equations are impossible (rotation, vibration, and instability). Moreover, it 11 

generates singularity.  12 

2. The problem concerning the existence of minus, There is no apple of a minus piece.  13 

 A minus piece (a minus time and a minus space) does not exist in the macro world, although it is able to exist in the 14 

world of the uncertainty principle. Therefore, don't use the number of minuses absolutely. It is defined as an absolute 15 

arithmetic. Relatively, the number of minuses should be used. It is defined as a relative arithmetic (operation).  16 

In this study, relative differential equation (RDE) by Zai Pair which element-ized Nature World solves those 17 

problems. Concretely, RDE is able to obtain smoothness by Str Zai, obtain the solution from the singularity by Zai 18 

Pair, obtain Kyoku without the infinitesimal real number by Zai Pair and obtain independent from the conventional 19 

absolute coordinate system. Moreover, the RDE has self-operating computing, the RDE self-operating computer 20 

(SOC) is not model, and the RDE SOC is solution itself and the graph itself. In an example, inflammation itself is 21 

RDE SOC itself.  22 

Intro  23 

Conventional differentiation was convergence differential equation (CDE) has problems which is lacking the 24 

smoothness [1], lacking of the simultaneous equations [2-6], having singularities [7-16] (by infinitesimal real number) 25 

and having direction problems [17-19] (by the absolute arithmetic).  26 

In this study, relative differential equation (RDE) by Zai Pair which element-ized Nature World solves those 27 

problems. Concretely, RDE have advantages [20, 21], that is able to obtain smoothness by Str Zai, obtain the 28 

solution from the singularity by Zai Pair, obtain Kyoku without the infinitesimal real number by Zai Pair and obtain 29 

independent from the conventional coordinate system.   30 

The background to the work Branch point at Newton era : In this paper, I have proposed real mathematics [20], 31 

which consists of primitive operator (Zai, Kyoku, Str, etc). The real mathematics has a big branch point at Newton era 32 

[17] (Newton wrote, "in the direction of the right line in ~" in Principia. It is branch point term.), and the history had 33 

the big branch point during the period. [22-24]. Newton chose the real apple, but other Human beings chose the 34 

apple of the minus piece. It was selection of Imaginary mathematics. However, the real mathematics equivalent to 35 

Nature should be used for the mathematics of Natural Science.  36 
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Methods and Definitions relative differential equation (RDE) Basic model (detail is ref. 20 include supplementary),  37 

N is a variable of observation object, N1 and N2 is the number of observation object (condition) 1 and 2, time Po is τ, 38 

phase Po is m, it is phase Potential. γ is the coefficient of solution. Pure Element Number is pEN=1[20]. Kyoku is, 39 𝐾|τnN𝑍|τn
=
𝐾|𝑛Nτ𝑍|𝑛τ

= dτnr Ndτnr = d𝑛r Nτd𝑛r τ = dr Nτndr τn  40 

C is condition, the each condition as the following. (with self-operating computer: SOC [20]) 41 

C1 and C2 from C3 [20, 21]  42 

Condition 1(C1) (Existence 1)  43 

dr Nτndr τn = nn−m 𝑁2𝜏
nn−m 𝜏 − n+mn 𝑁1𝜏

n+mn 𝜏   =
nn+S1m 𝑁2𝜏
nn+S1m 𝜏 − n+S2mn 𝑁1𝜏

n+S2mn 𝜏  44 

Condition 2(C2) (Existence 2)  45 

dr Nτndr τn = − nn−m 𝑁2𝜏
nn−m 𝜏 + n+mn 𝑁1𝜏

n+mn 𝜏    = −
nn+S1m 𝑁2𝜏
nn+S1m 𝜏 + n+S2mn 𝑁1𝜏

n+S2mn 𝜏     46 

C3 and C4 [20, 21]  47 

Condition 3(C3):  dτnr Ndτnr = + nn−m 𝑁2𝜏
nn−m 𝜏

+ n+mn 𝑁1𝜏
n+mn 𝜏

= + nn−m 𝑁𝐿𝜏
nn−m 𝜏

+ n+mn 𝑁𝑅𝜏
n+mn 𝜏

  48 

= + nn+S1m 𝑁2𝜏
nn+S1m 𝜏 + n+S2mn 𝑁1𝜏

n+S2mn 𝜏       49 

Condition 4(C4):  dr Nτndr τn = + nn−m 𝑁2𝜏
nn−m 𝜏

+ n+mn 𝑁1𝜏
n+mn 𝜏

  50 

= + nn−S2m 𝑁2𝜏
nn−S2m 𝜏 + n−S1mn 𝑁1𝜏

n−S1mn 𝜏  51 

C4 special notation of a different kind 𝑁𝜏1  and 𝑁𝜏2  is different kind (1 and 2 ).   52 



   dr Nτndr τn = + nn−m 𝑁𝜏2
nn−m 𝜏 + n+mn 𝑁𝜏1

n+mn 𝜏 = + nn−S2m 𝑁𝜏2
nn−S2m 𝜏 + n−S1mn 𝑁𝜏1

n−S1mn 𝜏  53 

Fig1 and Fig2 are the conceptual figure of C3 and C4. The examples of application are the ref 20 and the ref 21. 54 

C5 to C7 are (Supplementary S1 equations) 55 

Phase abbreviation  56 

 𝑜𝑟  57 

Calculation of τ  58 τn+S1m = τ ⋅ (n + S1m) ,       τn+S2m = τ ⋅ (n + S2m),    59 τn−S1m = τ ⋅ (n − S1m) ,       τn−S2m = τ ⋅ (n − S2m),    60 

Primitive condition is  61 Condition 0(C0)(primitive RDE):          | = ∆𝑛𝑛−?̅𝑚 + ∆𝑛−?𝑚𝑛     62 

S1=Str1=－1, S2=Str2=+1 [20] As for n and m, phase (value). The n indicates a origin (Kyoku |). t;t toki, τ;τtoki, 63 

indicates the time of τ. The n, m, and l indicate a phase (value) (n≧0,m≧0, l≧0). ta is at the time of the phase a,  tn is 64 

at the time of the phase n, tn+m is at the time of τn=tn phase n+m.  65 

In the above-mentioned example, the numerator and the denominator is both Zai.  66 

As other examples, (N as pure Number, N with Inner Kyoku, Various Functions) 67 

γ is, (C1, C2, C3), 68 

  dr Nτndr τn = dnr N𝜏dn𝜏r = γNτn = (dNdτ = γN)    69 

Therefore,  70 

  + 𝑛n+S1m 𝑁2𝜏
nn+S1m 𝜏 +

n+S2mn 𝑁1𝜏
n+S2mn 𝜏 = γ × N   71 

  γ = ( 
 + nn+S1m 𝑁2𝜏

nn+S1m 𝜏 + n+S2mn 𝑁1𝜏
n+S2mn 𝜏 ) 

  1N Bundling→=←Distributing (+ nn+S1m 𝑁2𝜏𝜏 + n+S2mn 𝑁1𝜏𝜏 ) 1N = γ   72 

N is, (The following | | is relative absolute value operator: RAO)  73 

N = (| nn+S1m 𝑁2𝜏| + | n+S2mn 𝑁1𝜏|) ⋅ 1/2 74 

(RAO and conventional absolute-value operator (AVO)is Supplementary S2 operators.) 75 



In the case of m=1  76 

γ =
( 
   nn−m 𝑁2𝜏 + n+mn 𝑁1𝜏| nn−m 𝑁2𝜏| + | n+mn 𝑁1𝜏|) 

   2𝜏 77 

C4 is 78 

γ = ( 
 nn−S2m 𝑁2 𝜏

nn−S2m 𝜏 + n−S1mn 𝑁 𝑁1 𝜏
n−S1mn 𝜏 ) 

 1N = |γ 79 

N = (| nn−S2m 𝑁2 𝜏| + | n−S1mn 𝑁1 𝜏| +) ⋅ 1/2 = |N 80 

In the case of m=1 81 

γ = ( nn−m 𝑁2 𝜏 + n+mn 𝑁1 𝜏) 1𝑁 ⋅ τ = |γ, 82 

   γ1 𝜏𝑛 = ε21 ⋅ nn−1 𝑁2 𝜏 + n+1n 𝑁1 𝜏
|ε21 ⋅ nn−1 𝑁2 𝜏| + | n+1n 𝑁1 𝜏| ⋅

2𝜏   ,   γ2 𝜏𝑛 = nn−1 𝑁2 𝜏 + ε12 ⋅ n+1n 𝑁1 𝜏
| nn−1 𝑁2 𝜏| + |ε12 ⋅ n+1n 𝑁𝜏1 | ⋅

2𝜏    83 

Existence 1 (1N) and existence 2 (2N), interference coefficient; ε12 is a predator coefficient and ε21 is a prey 84 

coefficient.  85 

 86 

Result  87 

Differentiation solution (gOOC and OOC) [20, 21]  88 

How to determine the solution of RDE, and it is proved that RDE is differentiation.  89 

In variable separation C3 RDE is, (About C2 and C1, [20])  90 

  + 𝑛n+S1m 𝑁2𝜏
nn+S1m 𝜏 +

n+S2mn 𝑁1𝜏
n+S2mn 𝜏 = γ × N   91 

Therefore (Bundling [20] and Distributing [20]) (The right equation is equivalent to Leukocyte Cluster [20].), 92 



( 
 + nn+S1m 𝑁2𝜏

nn+S1m 𝜏 +
n+S2mn 𝑁1𝜏
n+S2mn 𝜏 ) 

 × 1N Bundling→=←Distributing (+ nn+S1m 𝑁2𝜏𝜏 + n+S2mn 𝑁1𝜏𝜏 ) × 1N = γ 93 

Moving τ term to the right-hand side (RHS), (in C1,C2, and C3)  94 

 1Nn × (𝐶1n 𝑁2𝜏 −
𝐶1
n + 1𝑁1𝜏) = γ ⋅ 𝜏,   1Nn × (−

𝐶2
n − 1𝑁2𝜏 +

𝐶2
n 𝑁1𝜏) = γ ⋅ 𝜏,   1Nn × (

𝐶3
n 𝑁2𝜏 +

𝐶3
n 𝑁1𝜏) = γ ⋅ τ   95 

The both sides are done by quadrature by parts (QBP), (The character C was abbreviated if it became long.)  96 

limℎ→∞∑ 1N𝑗 × n
𝑁2𝜏 − n+1𝑁1𝜏ℎ =ℎ

𝑗=1 γ ⋅ limℎ→∞∑1𝑗 × (𝜏ℎ) ℎ
𝑗=1    97 

limℎ→∞∑ 1N𝑗 × 
−n-1𝑁2𝜏 + n 𝑁1𝜏ℎ =ℎ

𝑗=1 γ ⋅ limℎ→∞∑1𝑗 × (𝜏ℎ) ℎ
𝑗=1     98 

limℎ→∞∑ 1N𝑗 × n
𝑁2𝜏 + n 𝑁1𝜏ℎ = γ ⋅ limℎ→∞∑1𝑗 × (𝜏ℎ) ℎ

𝑗=1
ℎ
𝑗=1    99 

‘×’ (and green bar) is orthogonal multiplication. ‘⋅’ is parallel multiplication. They are definite integration.  100 

RHS is, (RHS is integrating for 1.)  101 

limℎ→∞∑1𝑗 × (γ ⋅ 𝜏ℎ) ℎ
𝑗=1 = limℎ→∞∑1𝑗ℎ × (γ ⋅ 𝜏) ℎ

𝑗=1 = γ𝜏,       limℎ→∞∑1𝑗ℎ  ℎ
𝑗=1 = limℎ→∞ ℎℎ = 1, (∑1𝑗 = 1 ⋅ ℎ ℎ

𝑗=1  ) 102 

Since LHS is the QBP for integration with interval, therefore,  103 

limℎ→∞∑ 1N𝑗 × 𝑁2𝜏 − 𝑁1𝜏ℎℎ
𝑗=1    = ∫ 1𝑁𝑁2𝜏𝑁1𝜏 𝑑𝑐 𝑁 = ∫ 1𝑁𝑁2𝜏𝑁1𝜏 𝑑𝑁 = γ𝜏   104 

limℎ→∞∑ 1N𝑗 × − 𝑁2𝜏 + 𝑁1𝜏ℎℎ
𝑗=1    = ∫ 1𝑁𝑁1𝜏𝑁2𝜏 𝑑𝑐 𝑁 = ∫ 1𝑁𝑁1𝜏𝑁2𝜏 𝑑𝑁 = γ𝜏    105 

  limℎ→∞∑ 1N𝑗 × 𝑁2𝜏 + 𝑁1𝜏ℎ = ∫ 1𝑁+ 𝑁2𝜏− 𝑁1𝜏 𝑑𝑐 𝑁 = ∫ 1𝑁+ 𝑁1𝜏− 𝑁2𝜏 𝑑𝑁 = γ𝜏ℎ
𝑗=1   106 



Supplementary S3 Quadrature by parts (QBP) and definite integration, Supplementary S4 variable separation,  107 

The differential solution is, (integration constant is abbreviated. N0 and N00 are initial value.)  108    log𝑒 N = γ𝜏 + N00     ,    109 

Therefore,  110    N = N0 ⋅ exp(𝛾𝜏)   111 

They are proved that RDE is differentiation. Furthermore, it is the answer same also by MathCad. Here, since 112 

both sides are limitation similarly, there is no change of View.  113 

 114 

Discussion  115 

1. Since RDE (leukocyte continuum [20]) expresses the solution itself, it is the SOC [20] which will develop 116 

thinking, wise and intelligence of people scientifically.  117 

2. Above etc., relative differential equation (RDE) has advantages [20, 21], that can obtain smoothness by a Str 118 

operator, can obtain a solution from a conventional singularity by Zai Pair, and can obtain Kyoku by Zai.  119 

3. The simultaneous equations are easy and stable, because RDE does not have an error of the infinitesimal real 120 

number [20, 21].  121 

4. In an example of parts of RDE,  122 

ΔN are N band of Zai, Δτ are τ band of Zai. (Δτ are also space band. Replacement of Δτ are possible in space. It is (x, 123 

y, z) which has the dimension of Length.) They are the diagrammatic charts of time and the number. It can be seen 124 

the space and the number, or the space and the time. We feel as the diagrammatic chart of a calculated result [20].  125 

5. In another example of parts of RDE,  126 

∆𝑁𝜏𝑛∆𝜏𝑛  indicate that the number (dimensional space) overlaps time. It is τs.c. [20]. 127 

6. RDE is able to express the equation using uncertainty Zai in elementary particle level [20]. 128 

7. In Natural Science, RDE and primitive operators advance science greatly [20, 21]. 129 

Conclusion  130 

1. RDE has relative minuses operation.  131 

2. RDE has smoothness [20, 21].  132 

3. RDE realizes SOC (self-operating computer) [20]. 133 

4. RDE does not have an error of the infinitesimal real number [20, 21].  134 

5. RDE can acquire the Kyoku value as true 0 (without infinitesimal real number) [20, 21].  135 

6. RDE has real coordinate system [20, 21].  136 

7. A RDE with Kyoku conection has easy link to other RDE, simultaneously (RDE is able to do simultaneousness 137 

equations) [20, 21].  138 

8. The partial differential equations by C3 and C4 are also stable, because it does not have the infinitesimal real 139 

number [20, 21].  140 



9. RDE does not have singularity.  141 

10. RDE can express fluctuation velocity. 142 

11. Basic applications are [20, 21],  143 

Y. Nonomura, (2019) Measurement and self-operating computer of the leukocyte continuum as a fixed space–time 144 

continuum in inflammation, bioRxiv, http://biorxiv.org/cgi/content/short/543611v2, [Ref 20] and  145 

Y. Nonomura (2021) Characterization and eradication of the high concentration infection source of oral segment of 146 

Candida by infection examination diagnosis system. Research Square. 147 

https://www.researchsquare.com/article/rs-150782/v2. [Ref 21] 148 

DOI:10.21203/rs.3.rs-150782/v2. Download PDF 149 

  150 
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Figure 1 the image of C3 and C4 239 
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Figure 2 241 

a  b  242 

Figure 2 Water Solution Treatment Leukocyte (WSTL) image (include StrLC in see ref 20) 243 

Leukocyte (a, b) diameter is about 15μm.  244 

a, phase contrast image, b, τ time image, it is fluorescence image. And, Time Space is overlapped image.  245 
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Figures

Figure 1

The image of C3 and C4

Figure 2

Water Solution Treatment Leukocyte (WSTL) image (include StrLC in see ref 20) Leukocyte (a, b) diameter
is about 15μm. a, phase contrast image, b, τ time image, it is �uorescence image. And, Time Space is
overlapped image.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SupplementaryMaterialsfrom24W7WC5toC7.docx

https://assets.researchsquare.com/files/rs-446592/v2/8fe72524173ada98cbcfccc8.docx

