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Expansion of prime partitions -8 , (x) 2 (n)-

Maebashi H.S. The 2nd grade

The field of addictive number theorems is researched in middle age.
In the early time, some great mathematicians, Euler, Fermat, GauR,
discovered series of important theorems and demonstrated its
mechanism. However, compared to other fields, its rate of
development is markedly slow. Therefore, by extending the field of
partition numbers—an area where significant growth s
anticipated—we aim to contribute to additive number theory.

Prime Pertitions.” 6

For some natural number n, let § (n) denote the total number of ways to
express n as the sum of prime numbers only. The operation of expressing
a number as the sum of prime numbers only is called “Prime partition”.
Last year's research focused on studying this function 6. This year, we
considered two extensions of prime partitions.

Extension D Prime division product t ./ A

Prime Partition Products ©

To identify the set of prime partitions, let = (n) denote the
value of the product of all terms in the prime partitions of a
natural number n. This will be abbreviated as P.P.P. This can

be used as labels that distinguish each set.

6 =2+2+2 © (6)
{ “+7 - “x” =2x2x2=8
6 = 3+3 =3x3=9

A inverse function of ¢

Here, let us consider A as the inverse mapping or weak inverse
function of <. If we regard this ¢ as a mapping® (in the broad
sense) from the set of natural numbers N1 to the set of natural
numbers N2. Since for each element of N2, there exists an element of
N1 corresponding to it, we can consider its inverse mapping from N1
to N2, which is surjective. If we denote this inverse mapping as 1,

then A represents the sum of the prime factors of the number.

Kstrictly speaking, this is not a mapping since multiple outputs originate from a single input.
However, as there was no alternative way to describe this concept, we shall also call it a
mapping here.

Assuming A(n) = ((Id-1p) * 1)(n)
A(rad(n)) = A(n)
|_> A is related to existing number-theoretic functions

Introduction of 4
By applying 1 into goldbach Conjecture, the existence of twin
primes, and related problems can be summarized in one place.

Theorem®

Goldbach’s conjecture and
Vnln € N, 3k|k € N, s.t.
AM(n+k)(n—£k)) =2n

are equivalent.
q 7

Theorem@ Twin primes being infinitely existent is equivalent to
nsuchthat AM((n +1)(n—1)) = 2n
being infinitely existence. 7

Theorem@ The primes whose differences are 2k being infinitely existence
is equivalent to n such that A((n + k)(n —k)) = 2n

being infinitely existence for k.

7

|eusjew
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Extension 2: Arithmetic progression

Definition
The division of prime numbers restricted to only prime numbers p that are
congruent to k modulo n is called an arithmetic series &, denoted as & n,k (x).

Relationship of arithmetic progressions to the prime

number theorem
From the prime number theorem, about k that is mutually
prime with n, The number of prime which becomes = (x)

(Numbers of primes that holds p = k(mod n) and péx)appears in the

same order at any k, and we expectitis aswellas 6 , (x).
& & &~ @ :}_,

_,»"': Graph of § 2,2 (x)

Graph of § a0,k (x) Graph of § 2,3 (x)

However it was not true.This seems to have Chebyshev’s
bias, that is, a bias of small primes, which influences 6, (x)a
lot. In addition, 6h,k(x) has a variety of shapes and we're
doing a research about what changes the shape of the figure.

Discussion of Graph

Then, think about x of 6 | (x) classifying by mod t

Graph of §2,1:(x)x = r (mod 26)

Graph of § 2,13 (x)
At this time, let us consider about x ,which is congruent r

modulo 26 , from the blue field (all of 6, 15®),

appears and we classify 6 (x)witho  (tx + r). We
expect there is the order of the number of lines because the
curved lines appear for each t.
We call each curved line “chain” and denote the number of

chains classified by 6 n k(tx+r)as ch(n, k, t) or ch(t) |n, k.

Properties of “chain”
For some numbers, we calculated this function ch(t), and
ch (t) demonstrated some properties.

Theorem

When 4, ;. (tz + r)is a wave, the z-coordinate
difference between two adjacent points on a single chain
divided by 1 shall be ch(t)|,, . 7

Conj@— | ch(n— k) = ch(n)|, x

{Conj.® Conj.®\ 7
ch(t)=r .
For ch(t) = 1], (r > 2), { /( ) s
there exists s such holds ch(st) = 1|, . ch(s) =1 |,,,;,-

The most are r, and at least, it follows 1 < s < r = ('h(f +s) = 7‘|,,,k

If these multiple properties are present, resulting changes
complexly in the values, so we what sort of regularity exists is
currently under investigation.
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Development of “PIRD,” a product for verifying the authenticity of corporate information

Gunma Prefectural Maebashi High School Integrated Inquiry 6

Background=Hypothesis

False information is widely disseminated online, and various damages caused by such misinformation have been increasing in recent years.

1)

Particularly in cases of false information concerning corporations, corporations and their customers are suffering significant damage.

Back Developed using a fine—tuned LLM
ground ‘ Learning costs are high, and there are limits to the amount of learning resources available.

Developed the product “PIRD” using Al (fAl) that can be utilized without fine—tuning by implementing RAG.

Hypothesis

'SR

Implementing RAG to utilize LLMs rather than fine-tuning them could potentially achieve
higher accuracy and improve the efficiency of updating LLM information.

PIRD Implementation Policy

PIRD consists of a judgment unit (Figure 1) and a display unit

(Figure 2).

Judgment Section

I implemented PIRD using an LLM equipped with RAG as fAL

-

~

R Text

|nput)

Request to fAl

S
{| Data entry 'ﬁ %i Text Classification Prompt |

Figure 1: Decision Unit Operation FIow)

[ )

[ Model Output ||  Reliability [ Overall
extraction Evaluation
 /

Creating radar charts

Figure 2: Display Unit Operation Flo!

J

requiring LLM fine-tuning.

Control,” “Vector DB,” and “fAl” 2).

RAG consists of the three elements shown below: “RAG

| combined these elements to implement RAG (Figure 3).

Implementation of RAG

| adopted an Al utilization method that employs RAG
(Retrieval-Augmented Generation) technology without

RAG Control: Implemented using FastAPI as an API
server for connecting to external endpoints.

[ Vector DB:

Qdrant was used as the vector search engine.

fAl: Employed vLLM as the inference server,
using ELYZA-japanese-Llama-2-13B as the LLM.

4 S
@ Vector

¢ Data DB

(.

This study compared fact-checking performance of PIRD and
ChatGPT (ChatGPT-40) using information about Maebashi High
School as a case study. The learning source consisted of scraped
data from Wikipedia’s “Gunma Prefectural Maebashi High School”
page, which was verified for accuracy. | evaluated the truthfulness of
20 statements, including information from the school’s official website
and additional details not available online. To avoid potential data
contamination, ChatGPT’s conversation history was cleared before
each verification task. — =

[ ]

PIRD :90.0%(18/20)
ChatGPT :65.0%(13/20)

Example of Judgment Results
[ ] (Confidence Level A)

RAG not only streamlined Al training but also achieved high accuracy by
enabling the processing of vast amounts of training data.

However, since RAG performs document retrieval based on vector
similarity,it cannot fully represent the relationships between documents

or structural knowledge.

Future Outlook: Implementation of Graph RAG

By integrating RAG with the knowledge graph 3), it is expected that
more efficient and accurate verification of information authenticity
can be achieved (Figure 4).

/ ( ) ( GraphRAG ) ( \
Knowledge Base ST language model
SR

Document > Vector )
data Creation Fpiizel
— l Generative
 crank )
e N StGrth | Processing
ructure
Knowledge //ﬂYSiS—/
Graph Integration of
Contextual
\ / Information
N / ~— @@
L Figure 4: Graph RAG Implementation Diagram/
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Optimisation of the nozzle of a water rocket and its evaluation

Maebashi Prefectual H.S. Grade 2
Tomohiro.K Takuma.K Koki.F Toya.M

rockets have, by altering the shape of them.

Abstract

From learning of physics, we expected that we would be able to control the ability of propelling, which water

1 Backgrounds

We found an article’?:3)4-°) about propulsion from air
during learning of thermodynamics, and we thought we
could improve the rockets’ ability.

2 Fundamental device

We launched the research to set the criteria by launching
the following water rocket(Takagi-A400). We set up
several conditions to be controlled.

Radius of the nozzle : 4.5mm ’

Material of nozzle : ABS Resin i

<2E:£§!?'
3 Evaluation device

A device was created using a load cell. A
water rocket push the load cell and it sends a
certain digital signal to Raspberry Pi. It
enabled us to eliminate some of the

Water amount : 400ml|
Internal pressure : 400kPa

The initial investigation focuses on the internal diameter of the
nozzle. It seems the greater the nozzle, the less the area which
impedes the flow. This leads to a decrease in the pressure loss and
an increase in the flow rate. Thus, the nozzles’ performances shall
be optimized.

-
Large Radius

—

—

Small Radius

Most flow obstracted Little flow obstracted

Some different nozzles made of PLA with radii 2mm/3mm/
4.5mm/5mm are 3D printed. Additionally, the Takagi’s 4.5 nozzle is
evaluated as the standard reference. The force and time (F-t) curve
is used to calculate the power, as shown in Figure 2. The
experiments were conducted three times for each nozzle, and the
results were consistent for each nozzle.

20

H2mm = 3mm 4.5mm

Smm M Takagi(4.5mm)

15

10

thrust(N)

0.25 0.50 0.75 1.00 1.25
time(s)

Fig1 F-tcurves

Table2 F-t curves and its impulse(N-s)

4.5mm 5mm
4.21 5.46

Diameter |  2mm 3mm Takagi’'s(4.5mm)

0.0383| 0.297

Impulse

7.00

In the graphs of Takagi with inner diameters of 4.5 mm and 5 mm, the
shoulder of the curve is observed. This feature is observed when the
thrust source transitions from a pure-water jet to a water—air mixed jet.
However, for inner diameters of 2 mm and 3 mm, the force is insufficient
to elevate the rocket, and therefore the precise value can not be
determined. Additionally, for inner diameters of 4.5 mm and 5 mm, the
more the inner diameter increases, the more the effusion rate, so does
the force.

The reasons for the increase in force in Takagi can be categorized as
follows:

(1)The decrease of inner diameter is gradual, resulting in a decrease in
lost force.

(2)The air and water systems demonstrate a decline in effusion.

The 3D printer produces a lot of water drops. The discrepancies in

design precision and material properties, as well as the surface
degradation, can be attributed to the utilization of distinct materials. To
assess the impact of material properties, three distinct materials are
employed to create the components enabling a comprehensive
evaluation.

In order to investigate the impacts of material properties such as
hardness and elastic modulus, on thrust, we fabricated nozzles
consisting of three types of resin (PLA/ TPU/ PETG) and evaluated.
Inner radii are 5mm. We illustrated in Table 3 that a compendium
of material properties® pertaining to the resin utilized, alongside
Table3 Material Properties and impulses ~ the impulses ascertained
PETG from the F-t graph of the
fabricated nozzles, are
hereby delineated. Consequ-
ently, TPU demonstrated the

Material PLA TPU

impulse(N-s) 6.26 7.44 6.77

Strain at 0.4 MPa

(%) 002 | 6.48 | 0.03 greatest thrust. We conside-
Elongation at 19 586 68 |red that TPU has Low
break(%) +0.2 +15.3 +0.9 | modulus of elasticity of TPU

makes nozzles to act like
gasket, thereby it maintains
Figd F-tcurves the rockets sealed, and the
o leakage declined. Therefore,
ere It was  determined that
materials exhibiting high
flexibility, such as thermopl-
astic polyurethane (TPU),
are optimal for nozzle
160 fabrication.

Tensile modulus 2636 6.17 1472
(MPa) +330 +0.19 +270

m TPU m PLA

thrust(N)
o

0.60 0.85 1.10 1.35

Summary

=> It was found that a larger nozzle inner diameter resulted in greater thrust.

=> It was also found that nozzle materials with high flexibility are preferable.

=> The reference model had a structure in which the inner diameter gradually
decreased, designed to minimize obstruction to the flow during ejection.

=> A launch experiment using a TPU nozzle with an inner diameter of 5 mm
was also conducted and evaluated.
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