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Periodicity of remainder of the Fibonacci number

Kyoto pref. high school

member: Yamauchi Yuma Kimura Genta Miyake Kota Saito Munenori Hongo Syunsaku

Abstract

We have been investigating the periodicity of the remainder of the Fibonacci number divided by
prime number. When Fibonacci number was divided by prime numbers, and was plotted on a
graph, there was an interesting property we could discover , which we would like to share.

1. Introduction

E, given by following recurrence formula is
called the n-th Fibonacci number, and {E,} is
called the Fibonacci sequence.

Fi=1,F, =1, Fu42 = Fa1 + B, (nZ1)

We define the remainder of {F,} divided by
natural number p as {E,}. It is known that {F,}
has a period, but we don’t have the formula to
derive the length of the period. We especially
focused on the length of the period when p is
a prime number.

2. Previous study
When p is a prime number except for 2 and 5,
the length of the period of {E,} is

divisor of p-1 (p=1,4(mod5))
divisor of 2(p+1) (p=2,3(mod5))

3. Purpose

The purpose of this study is to find the
formula to derive the length of the period of
{£} .

4. The method of experiment

We searched the length of the period of {F,}
by using Python, and then organized the data
using Excel. Following program is the
program which we used.

N=1000

def prime(N):
primes=[]
foriin range(2,N+1):
primes.append (i)
for p in range(2,i):
if i % p ==0:
primes.remove(i)
break
return primes

plist=prime(N)
for law in plist:
a=1
b=1
n=2

while True:
c=a+b
if c>=law:
c=c-law
if c==1 and b==0:
break
a=b
b=c
n+=1
print(n)

5. Result

We can draw a line on the upper part of the
graph. Its slide is 2 and its intercept is 2. We can
draw 2 lines on the middle part of the graph.
Their slides are 1 but one of their intercept is 1
and the other one is -1.

6. Consideration
We think that we can draw lines whose slide is
2/n (n=1,2,3--+) from the top to bottom.

7 . After goal

We want to clear how long the slide with certain
number join is. In addition, we want to identify
how long the period divided by prime number is.

Reference list
https://manabitimes.jp/math/643
(EREZEDEU VYR

https://gembanogcga.com/python -primes/
(AI&AEEIR)
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[ Pursue safer slide]

Kyoto Prefectural Momoyama High School
Group 9 Names Yugo Nakamura Ryusuke Tanaka Yota Kawasaki Kenshin Ohashi

Abstract

Recently, a rumor was spread that something explosive was installed in a plane. And a case
happened that passengers were injured when they were evacuated from plane by using a slide.
From it, we thought it was related to the knowledge we have learned in science,
predominantly physics class and researched in theme of friction.

1. At first 5.Hypotheses

We think when we were children, in slides If the measurer is the same, the
that most people had slided, there were dynamic friction coefficient doesn't
some difference in slipperiness. change.

At that time, We didn’t know what caused it,
but we thought that we could use the science 6. Results
knowledge we had learned so far to see The graph below organizes the results of the
things from a scientific point of view. experiment.

And, through this research, we thought that But, in order to improve the accuracy, the
we could use the result in some other form , measurement is started at 4 meters after
so I worked on it. starting to slide.

Significant digits are defined as 3 digits.
(Only p’ 2 digits)

2. Preceded research

Let y“ be the coefficient of dynamic friction,

4.0m Vinyl and concrete

0 be the angle of the slope, a be the - - orationSnoed .

acceleration, and g be the gravitational Times  [Time ficceleration Spee K
acceleration. 1 1.62 3.05 4.77 0.18
p’=tan8- (a/gcos0) 2 1.30 4.73 N/A -0.15
3 1.55 3.33 5.03 0.15
3. Purpose 4 1.38 4.20 N/A 0.046
Explore safer forms of evacuation slides 5 1.68 2.83 4.56 0.20
used in Airplanes and multi-story buildings 6 1.60 313 4.85 017
7 1.57 3.25 4.85 0.15
4. Methods Average 1.53 3.50 4.81 0.17

The picture below shows that the slide

used in the experiment. ) .
R 7 . Consideration

Though the experiments were conducted by
three people, the method was unified. So it
seemed that frictional heat caused such
variations.
We thought that having researched by ourselves
has also to do with it.

8. Future prospects
Explore methods for more accurate

The graph below shows the sketch of the: slide.. -
measurement using actual measurement results.

7.000m

10.45m 9. Quoted documents
Suken Publishing  Physics fundamentals
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[ Exploring the Daimonji Mountains through
radiation measurements. |

Group 17 Member Ueda Yoshiki Tsuji Akiyoshi Nakajima Ikki Ueda Maya Sakaguchi Shiori

Abstract

We learned that we can find geology from differences in radiation dose through previous studies in Mt.Keikan, so we
decided to search for a boundary between the hornfels and the granite from differences in radiation dose. Previous
studies showed that radiation dose of granite was comparatively high and that of hornfels was comparatively low.

By using above, we measure the amount of radiation every a meter in Mt.Daimonji and we found a boundary
between the hornfels and granite at certain there points. We will make those boundaries visible by making a scale model.

3

1 .Prologue
We started this study because there were people who were
interested in radiation and in geology, so we thought that we could
find geology with radiation.

2. Preceding study

Radiation levels emitted by granite are high.

And, The radiation levels emitted by Hornfels are low.

3.Hypothesis

Based on our previous studies, we thought we could use the
difference in radiation levels between granite and hornfels to
analyze the geology.

Mt.Daimonji

geology overview

Quote & Kyoto Municipal Science Center For Youth

addition city.kyoto.jp)

4. Research method

1.Measure the radiation dose in various places using three types of
measuring instruments.

2.Predict the geology from the measurement results.

3.Compare inferred geology with existing geological maps.

Equipment used
Mr. GAMMA

It calculates only
gamma-ray.
¢ It hasn’t directivity

Inspector USB
It count the number
of ray that enter this
machine.

* It has directivity.

5.The First & Second Fieldwork

2 I' SCOUT

| |
It calculates alpha ray,
beta ray and gamma
ray.
It has directivity

InspectorUSB
\//\////\
Messuring point

Mr.GAMMA

&\

cp

Zount per minutes(
m)

Radiation dose(pSv/h
Radiation dose(pSv/h)

Measuring point Measuring point

All figures in the graph are from the first fieldwork
(Measurements from the second fieldwork are omitted.)

About the First & Second
The graph in the bottom left-hand corner shows that the values of all
devices are decreasing within the range enclosed by the green line.

As a result, the geological boundary could be estimated as shown in the
diagram below.

The green line in the diagram below is estimated to be granite to the
north and hornfels to the south.

ﬂ‘fﬂu\x OGN

?{ ;g;g;saa-; (ﬁﬁ#) Different from the first

\ The point ¢ moved

slightly to the south
There are granite
to the north of
this line

About the Third

Granite is located in the red range.

Hornfels is estimated to be in the blue range

About the yellow range, we found the Hornfels rock outcrop at that
area. But, Instrument readings exceeded those of the granite.

We have named this stratigraphic " brend“zone.

7.Conclusion

* We were able to determine the boundary position more accurately
than a geological map.

*  We could clearly distinguish between the granite belt and the
hornfels belt.

*  We specified the position and width of the “blend” zone.

¢ The measuring instrument suitable for measurement is the Geiger
counter type

8.Future prospects

* Expansion of measurement range

* Comparison with geological map

* Estimation of Penetration Angle

* Investigation of granite-hornfels “blend” zone
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