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1 Toss 10 Yen Coins to Find Pi

(1) Experimental Overview

Draw parallel lines at equal intervals vertically and horizontally (grid lines). Throw 10 yen
coins randomly onto it.

The width of the parallel lines that make up the grid is the same as the diameter of a 10
yen coin.

The thrown 10 yen coins will either overlap with a grid point , or be on a grid line and not
overlap with a grid point (The intersections of the grid lines are called grid points.)

In this case , the approximate value of pi can be calculated using the following formula.
pi=(Number of 10 yen coins overlapping with the grid points) < (Total number of 10 yen coins

thrown) X 4

(2) Experimental Results (Android Version)

(D Experiment 1 @ Experiment 2
11:00 = BB B - = .l 100% M 11:03 & = [N - w0 all 99% A

Throw Coins Throw Coins

[Throw Coins to Find the Pi}
[N
]

Pim& 3.076923076923077
Number of coine that overlap the grid point=10
Total number of coins thrown=13

M The coin that overlaps the grid point is
represented by ared circle.

H Let's observe that the pi is four times
the value obtained by dividing (the number
of coins that overlap the grid points)
by (the total number of coins thrown)

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !
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Pim= 3.144633236634894
HNumber of coins that overlap the grid point=1897
Total number of coins thrown=2413

M The coin that overlaps the grid point is
represented by a red circle.

M Let's observe that the pi is four times
the value obtained by dividing (the number
of coins that overlap the grid points)
by (the total number of coins thrown)

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further;it will be initialized.

When the screen goes dark,touch the title bar!
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Total number of 10 yen coins thrown=13 Total number of 10 yen coins thrown=2413
Number of 10 yen coins overlapping Number of 10 yen coins overlapping
with the grid points=10 with the grid points=1897
Approximate value of pi=10 = 13 X 4 Approximate value of pi=1897 = 2413 X 4

=3. 0769230769 - = 3. 1446332366- - -
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2 Scatter Sesami Seeds to Find Pi

(1) Experimental Overview
Draw a square and a quarter circle inscrbed within it.
Scatter sesame seeds randomly on them.
The scattered sesame seeds must either fall within a quarter circle or not fall within a quarter
circle within the square.
In this case , the approximate value of pi can be calculated using the following formula.
pi=(Number of sesame seeds in a quarter circle) <+ (Total number of scattered sesame seeds) X 4

(2) Experimental Results (Android Version)

(D Experiment 1 @ Experiment 2

19:05 6 = ) - = 4l 99%4 11:00 & & & - =l 98%M

Sesame Seeds

[Scatter Sesame Seeds to Find Pi]

Pi = 3.2301255230125525

Number of sesame seeds Number of sesame seeds
ina circle=193 in a circle=2290

Total number of scattered
sesame seeds=239

Pim = 3.143445435827042

Total number of scattered
sesame seeds=2914

M Let's observe that the pi is four times
the value obtained by dividing (the number of
sesame seeds in a circle) b ?the total number
of sesame seeds scatteredy

Touch the screen to automatically scatter
sesame seeds.

Touch the screen again to stop the auto.
If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !
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M Let's observe that the pi is four times
the value obtained by dividing (the number of
sesame seeds in a circle) b ?the total number
of sesame seeds scattered{

Touch the screen to automatically scatter
sesame seeds.

Touch the screen again to stop the auto.
If you touch it further,it will be initialized.
When the screen goes dark,touch the title bar!
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Total number of scattered sesame seeds=239 Total number of scattered sesame seeds=2914

Number of sesame seeds in a quarter circle=193 ~ Number of sesame seeds in a quarter circle=2290

Approximate value of pi=193 = 239 X 4 Approximate value of pi=2290 =~ 2914 X 4
=3. 2301255230--- = 3. 1434454358 --
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3 Scatter Needles to Find Pi

(1) Experimental Overview

Draw parallel lines at equal intervals. Scater needles randomly over them.

All the needles are the same length , and the distance between the parallel lines is twice the
length of the needle.

The scattered needles shall either intersect with the parallel lines or not intersect between the
parallel lines.

In this case , the approximate value of pi can be calculated by the following formulsa.

pi= (Total number of scattered needles) +— (Number of needles intersecting with parallel lines)

(2) Experimental Results (Android Version)

(D Experiment 1 @ Experiment 2
1110 M = . Zeall 97% M 1112 Gd & BY - %ol 97% M

Buffon's Needle Buffon's Needle

[Buffon's Needle] [Buffon's Needle]
‘\

Pin=3.125 Pim = 3.1498412698412697

Number of needles intersecting Number of needles intersecting

parallel lines =8 parallel lines =1575

Total number of scattered Total number of scattered

needles =25 needles =4961

M Needles that intersect parallel lines are M Needles that intersect parallel lines are

displayed in red,the others are in green. displayed in red,the others are in green.

M Let's observe that the value obtained by ML et's observe that the value obtained by

diving (the total number of scattered needles) diving (the total number of scattered needles)

by (the number of needles intersecting the by (the number of needles intersecting the

parallel lines) is the pi parallel lines) is the pi

BMHoweverthe distance between parallel lines is B Howeverthe distance between parallel lines is

twice the length of the needle. twice the length of the needle.

Tou&p the screen to automatically scatter Tougp the screen to automatically scatter

needles. needles.

Touch the screen again to stop the auto. Touch the screen again to stop the auto.

If you touch it further,it will be initialized. If you touch it further,it will be initialized.

When the screen goes dark touch the title bar ! When the screen goes dark touch the title bar!
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Total number of scattered needles=25 Total number of scattered needles=4961
Number of needles intersecting Number of needles intersecting
with parallel lines=8 with parallel lines=1575

Approximate value of pi=25 =+ 8 Approximate value of pi= 4961 = 1575

=3. 125 =3. 1498412698 -
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4 Pachinko Ball Falling Experiment

(1) Experimental Overview
When a pachinko ball hits nails and sprits into two as it falls , where will it land ?
A pachinko ball (red dot) falls along a line from the top , falling the path shown in the
image below.
However , when the pachinko balls split into left and right at the branching points , they are
split in half , left and right.

Are there any places where pachinko balla are more likely to fall ? Or , do they fall off equally
easily everywhere ?

(2) Experimental Results (Android Version)

(D Before the experiment begins (2 When 62 pachinko balls have fallen

T1Z14E-’i . =. .1 97%8 ‘|‘|‘|7E- . = .l 96%A

Pachinko Balls Pachinko Balls

[Experiment of Pachinko Balls] [Experiment of Pachinko Balls]

T T R T T T T .00 02 06 .10 15 .19 27 .16 .05 .00 .00
Total number of pachinko balls fallen = 0 Total number of pachinko balls fallen = 62

W Pachinko balls are split in half at the fork. W Pachinko balls are splitin half at the fork.

Touch the screen to drop the pachinko ball.
Touch the screen again to stop.

If you touch it further,it will be initialized.
Decimal numbers represent the percentage.
When the screen goes darktouch the title bar!

Touch the screen to drop the pachinko ball.
Touch the screen again to stop.

If you touch it further,it will be initialized.
Decimal numbers represent the percentage.
When the screen goes dark,touch the title bar!
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In mathematics , we use 2 J to find the probability that the pachinko ball will fall in the

kth position from the lefct.

Using this formula , the probability of the pachinko balls falling on both ends is 0.001.

The probability increases further inward , with the probability of a pachinko ball landing in the middle
being 0.246.

The experimental results also show that more pachinko balls fall towards the inside.
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5 Random Walk

(1) Experimental Overview
Drunk people stagger from side to side without thinking.
Drunk people often end up returning to the same place multiple times while wandering around

trying to reach their destination.

Now the drunk person is at the origin on the x-axis , as shown in the image below.

If the drunk person starts from the origin and staggers 30 times , how far away from the
starting point , the origin , will he be at the 30th stagger ?

However , the drunk person only sways in two directions , left and right , and the distance

traveled per sway is counted as 1.
(2) Experimental Results (Android Version)

(D Before the experiment begins (2 52nd experiment

1118 6 = B - ol 96%M oM@ =g - =il 96%

Random Walk Random Walk

[Random Walk] [Random Walk]

-24 -16 -8 0 8 16 24
Number of staggers = 30

-24 -16 -8 0 8 16 24
Number of staggers =

24 -16 -8 8 16
Number of experiments = 52

-24 -16 -8 0 8 16 24
Number of experiments =

© The bar graph shows

Sl e the position of the 30th staggers.

the position of the 30th staggers.

B A drunken man starts from the origin 0

MA drunken man starts from the origin 0 >
on the number line.

on the number line.
Touch the screen to move the drunken man.
Touch the screen again to stop him.

If you touch it five times,it will be initialized.
When the screen goes dark,touch the title bar!
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Touch the screen to move the drunken man.
Touch the screen again to stop him.

If you touch it five times,it will be initialized.
When the screen goes darktouch the title bar!
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In the experiment , the drunk person starts from the origin on the x-axis and sways only from side to side.
The x-coordinate of the position at which he sways the 30th times is counted and plotted on a bar graph.

The horizontal axis on the graph is rhe x-coordinate of the 30th stagger , and the vertical axis is the
degree.

From the graph , we can see that he often returns to near the origin after the 30th stagger.

Therefore . we can say "A drunk person will often end up returning to the same place multiple times

while wandering around trying to reach his destination."
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6 Even a Poor Shotgunner Can Hit Something if He Shoots Enough Times

(1) Experimental Overview

Have you ever heard of the word "Even a poor shotgunner can hit something if he shots
enough times " ?

A gun is fired by someone who is skilled enough to hit the target once out of ten shots.

Mathematically to find the probability of hitting the target at least once when firing a gun
several times , subtract the probability of missing every shot from 1.

For each experiment , consider firing 20 shots from a gun.

If at least one of the 20 shots hits the target , it is considered a "success" , if not , it is
considered a "failure".

Conduct several experiments and calculate the probability of winning at least once (number of
success / number of experiments) .

Compare the experimental results with the theoretical mathematical probabilities.

(2) Experimental Results (Android Version)

(D Ist experiment @ 502nd experiment
1216 = Y Zrall 96% M0 1129 @ & . i all 94% W
A Bad Gun A Bad Gun
[Even If You Shoot a Bad Gun, [Even If You Shoot a Bad Gun,
You Can Hit If You Shoot a Lot] You Can Hit If You Shoot a Lot]
Number of shots = 1 Number of shots = 1
Number of hits = 0 Number of hits = 0
Number of successes Number of successes
/ Number of experiments / Number of experiments
=0/1 =439 / 502
=0.0 = (0.874502
Mathematical probability Mathematical probability
of hitting at least once of hitting at least once
=0.8784233 =0.8784233
% Consider the probability of hitting at least * Consider the probability of hitting at least
once when you shoot 20 times with a gun once when you shoot 20 times with a gun
shot that hits once in 10 times. shot that hits once in 10 times.
% When you touch the screen , it repeats % When you touch the screen , it repeats
in the order of [Auto start] — [Auto stop] in the order of [Auto start] — [Auto stop]
— [Initialization). — [Initialization].
% When the screen goes dark, % When the screen goes dark ,
touch the title bar! touch the title bar !
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Each shot has a 1/10 probability of hitting. For each shot , there is a 9/10 chance of missing.

The probability that all 20 shots will miss is (9/10) *° . The probability of hitting at least one out of 20
shots is 1 — (9/10) *° = 0.8784233

In the experiment , (number of success)/(number of experiments) =439/502=0.874502

It can be seen that the experimental result and the mathematically calculated theoretical probability are
close to each other.
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7 Is Amidakuji Fair ?

(1) Experimental Overview

Do you ever use "Amidakuji" for lotteries ?

When it comes to "Amidakuji" , is the likelihood of winning equally no mater which number
you draw ?

If they are not equal , what can we say ?

As shown in the image below , draw 10 vertical bars and 50 horizontal bars randomly to create
a "ladder game" called "Amidakuji".

The red dot at the top end of the third vertical line from the left is the winning position.

Choose one of the bottom ends of the vertical lines and draw a "Amidakuji". (It is made
upside-down compaered to a regular "Amidakuji") .

For each winning entry in a "Amidakuji" lottery , a blue dot will be displayed below the
vertical line.

(2) Experimental Results (Android Version)

(D Before the experiment begins @ After the experiment

MN6EO= - 2.l 100% M8 1117 @O & - =il 100%8

Amidakuzi(a lot) Amidakuzi(a lot)

[Amidakuzi Is Fair ?] [Amidakuzi Is Fair ?]

Amidakuji is randomly created each time.

Amidakuji is randomly created each time.

The position of the red dot on the top is the hit.

Suppose you choose the bottom edge of the
Amidakuiji line.

It counts the Position of the lower end that hit
and displays the number of hits in a bar graph.

Touch the screen five times to activate.

The lottery for Amida will stop automatically.

If you touch it further,it will be initialized.

When the screen goes darktouch the title bar!

The position of the red dot on the top is the hit.

Suppose you choose the bottom edge of the
Amidakuji line.

It counts the position of the lower end that hit
and displays the number of hits in a bar graph.

Touch the screen five times to activate.

The lottery for Amida will stop automatically.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar!
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An experiment will be completed until all the blue dots , which represent winnings , are filled.

After conductering several experiments , it was found that the 1st , 2nd , and 3rd positions from the left
was most likely to win.

Based on the location of the hit , it is predicted that the side with fewer vertical lines is likely to hit.

However , this is only possible if you know where the hit is. In reality , since the location of the winning
number is unknown , it can be said that "Amidakuji is fair."
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8 Playing Cards that Are Multiplies of 3

(1) Experimental Overview
Here is a deck of cards. 52 cards are used , excluding two jokers.
The multiples of 3 are spades , clovers , diamonds , and hearts of which there are four 3 , 6, 9
, and 12 , so there are 4 X 4=16 total cards.

When a card is drawn from these 52 playing cards , consider the probability that it is a
multiple of 3.

Of the 52 cards , 16 are multiples of 3 , so mathematically , it is 16/52.

However , in reality , if you draw and put back one card at a time 52 times , it is not certain
that you will get exactly 16 cards that are multiples of 3.

So , does this relate to the mathematically determined theoretical probability of 16/52 ?

(2) Experimental Results (Android Version)

(D When 123 cards are drawn

@ When 40774 cards are drawn

11:18 b O 52 * e all T00%M

1131 @O & =il 98%M
Playing Cards Playing Cards
[Playing Cards [Playing Cards
that Are Multiples of Three] tyha%J Are Multiples of Three]
iw ive
o3 ' W}

Number of cards
that are multiples of 3 = 38

Number of all cards drawn = 123
Percentage of cards

Number of cards
that are multiples of 3 = 12543

Number of all cards drawn = 40774

drawn in multiples of 3
= 0.3089431

Theoretical percentage of t;irawin]g
cards that are multiples of 3

= 16/52 = 0.30769231

M Let's observe how percentage of cards drawn
in multiples of 3 approaches 0.30769231.

Touch the screen five times to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes darktouch the title bar!
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Percentage of cards
drawn in multiples of 3
= 0.3076225

Theoretical percentage of _drawin]g
cards that are multiples of 3

= 16/52 = 0.30769231

ML et's observe how percentage of cards drawn
in multiples of 3 approaches 0.30769231.

Touch the screen five times to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar!
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In the experiment shown in the image on the left below , playing cards were drawn and replaced one by
one 123 times. A card that is a multiple of 3 was drawn 38 times. The probability of drawing a card that
is a multiple of 3 was 38/123 = 0.3089431. In the experiment shown in the image on the right avobe ,
playing cards were drawn and replaced one by one 40774 times. A card that is a multiple of 3 was drawn
12543 times. The probability of drawing a card that is multiple of 3 was 12543/40774 = 0.3076225.

As we can see above , if you draw more playing cards , the probability of drawing a playing card that is
a multiple of 3 aproaches the mathematically calculated theoretical probability of 16/52 (0.30769231).
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9 Tossing Two Coins

(1) Experimental Overview

Toss two coins at the same time and see what happens if they land on heads or tails.

If these two coins are called coinl/coin2 respectively , there are four possible outcomes :
heads/heads , heads/tails , tails/heads , or tails/tails.

Mathematically , the probability of each of these four cases occuring is 1/4.

However , in reality , when two coins are tossed 4 times at the same time , it is not guaranteed
that the following will occur once each; heads/heads , heads/tails , tails/heads , or tails/tails.

So , what is relationship with the mathematically calculated theoretical probability of 1/4 ?

(2) Experimental Results (Android Version)

(D When thrown 89 times @ When thrown 10027 times
11833 @M Q= Reall 97%0 1136 MO 6= Zeall 97% M
Coin Toss Coin Toss
[Two Coin Toss] [Two Coin Toss]
coin 1 coin 2 coin 1 coin 2
coin [table [table |back |back coin |table [table |back |back
coin 2 |table |back |table |back coin? |table |back |table back
frequency21 22 26 |20 frequency|24892481|254412513
Number of experiments = 89 Number of experiments = 10027
Percentage of [table-table] Percentage of [table-table]
= (0.23595506 =0.24822979
Percentage of [table-back] Percentage of [table: back]
=0.24719101 =0.24743193
Percentage of [back-table] Percentage of [back-table]
= (0.29213482 =0.25371498
Percentage of [back-back] Percentage of [back-back]
=0.2247191 =0.25062332
M Let's observe how each ratio BLet's observe how each ratio
approaches 0.25 . approaches 0.25.
Touch the screen five times to activate. Touch the screen five times to activate.
Touch the screen again to stop the auto. Touch the screen again to stop the auto.
If you touch it further,it will be initialized. If you touch it further,it will be initialized.
When the screen goes darktouch the title bar! When the screen goes dark,touch the title bar!
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In the experiment shown in the image on the left above , two coins were tossed simultaneously 89
times. There were 21 table/table , with the ratio being 0.23595506. There were 22 table/back , with the
ratio being 0.24719101. There were 26 back/table , with the ratio being 0.29213482. There were 20
back/back , with the ratio being 0.2247191.

In the experiment shown in the image on the right above , two coins were tossed simultaneously 10027
times. There were 2489 table/table , with the ratio being 0.24822979. There were 2481 table/back , with
the ratio being 0.24743193. There were 2544 back/table , with the ratio being 0.25371498. There were
2513 back/back , with the ratio being 0.25062332.

As can be seen above , the more often two coins are tossed at the same time , the closer the probability
of getting table/table , table/back , back/table , or back/back becomes to 1/4 (0.25) , the mathematically
calculated theoretical probability.
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10 Three People Playing Rock—Paper—Scissors

(1) Experimental Overview

Three people A , B, and C , play rock-paper-scissors. There are nine ways that the result can
be a tie.

There are three ways in which only one person each of A , B , and C can win.

There are three ways in which only one person each of A, B, and C can lose.

In other words , when three people play rock-paper-scissors once , there are 27 possible
outcomes.

For example , since there are nine ways for a tie to occur , the mathematical probability of this
happenning is 9/27 , which can be simplified to 1/3 (0.333). However , in reality , if three
people play rock-paper-scissors three times , it is not guaranteed that there will be exactly one
tie. So , what is the relationship between this and the mathematically calculated theoretical
probability of a tie which is 1/3 ?

(2) Experimental Results (Android Version)

(D When played r-p-s 121 times

1138 WO * =l 96% 0

Rock-Paper-Scissors

[Three Rock-Paper-Scissors)

i) o) ol
A B C

Number of experiments 121
Number of draws 43 (0.3553719 )

Number of times
only Awon 16 (0.1322314 )

Number of times
only B won 14 ( 0.11570248 )

Number of times
only C won 13 ( 0.10743801 )

Number of times
only A lost 8 ( 0.0661157 )

Number of times
only B lost 11 ( 0.09090909 )

Number of times
only C lost 16 ( 0.1322314)

HMThe numbers in parentheses represent
the percentage of times.

Hlet's observe that draw rate approaches
0.33333:-- and Bercentages other than
draws approach 0.11111

Touch the screen five times to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar!
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@ When played r-p-s 10024 times

MATEO=

Rock-Paper-Scissors

e all 96%M

[Three Rock-Paper-Scissors]

o) &
A B C

Number of experiments 10024
Number of draws 3338 ( 0.3330008 )

Number of times
only A won 1086 ( 0.10833999 )

Number of times
only B won 1083 ( 0.108040705 )

Number of times
only Cwon 1116 (0.111332804 )

Number of times
only A lost 1166 ( 0.11632083 )

Number of times
only B lost 1126 (0.11233041 }

Number of times
only C lost 1109 ( 0.110634476 )

M The numbers in parentheses represent
the percentage of times.

ILets observe that draw rate approaches
0.33333--- and gercentages other than
draws approach

Touch the screen five times to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark touch the title bar!
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In the experiment shown in the image on the left above , three people played rock-paper-scissors 121
times. The draw rate was 0.35537. The rate that A , B, and C each had only one winner was 0.13223 ,
0.11570 , 0.10743 , respectively. Also , the rate that A , B , and C each had only one loser was 0.06611 ,
0.09090 , 0.13223 , respectively.

In the experiment shown in the image on the right above , three people played rock-paper-scissors 10024
times. The draw rate was 0.33300. The rate that A , B, and C each had only one winner was 0.10833 ,
0.10804 , 0.11133 , respectively. Also , the rate that A , B , and C each had only one loser was 0.11632 ,
0.11233 , 0.11063 , respectively.

As can be seen above , the more three people play rock-paper-scissors , the colser the probability of a
draw becomes to 1/3 (0.333) , the mathematically calculated theoretical probability. The other ratios can
be found similarly.
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Two Dice with an 0dd Product

(1) Experimental Overview

(2) Experimental Results (Android Version)

In the experiment shown in the image on the left above , two dice were thrown simulitaneously 120
times. The product of the two dice was an odd number 28 times. Therefore , the probability of the product

Two dice , one large and one small , are thrown at the same time. There are 36 different ways

the numbers can appear.

In addition , there are nine ways in which the product of the numbers on two dice , one large
and one small , will be an odd number.
Therefore , mathematically , the probability that the product of the numbers on two dice , one

large and one small , will be odd is 9/36 , which simplifies to 1/4(0.25).

However , in reality , when two dice are rolled simultaneously four times , it is not guaranteed
that the product of the numbers will be odd only once. What is the relationships with the

mathematically calculated theoretical probability of 1/4 ?

(D When the number of experiments is 120

143 A O s= ° =eall 95%0

Two Dice

[Two Dice with an Odd Product]

Dice | Dicell
Dicell
=y 1|2 (34 5|6
1 14 13 [5 |6 12 |6
2 5 13 13 12 14 13
3 14 3 4 8 1
4 12 |4 2 6 [0 |5
5 |11 |2 |58 2 |2 |5
6 2 |4 13 12 12 |4

Number of experiments = 120

Number of times
the product is odd = 28

Percentage
of odd products = 0.23333333

M Let's observe how the odd:?roduct
ratio approaches 0.25 (9/36) .

Touch the screen five times to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.!
When the screen goes darktouch the title bar!
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(2 When the number of experiments is 3136

11:45 6d O 5 * = all 95%M

Two Dice

" @] <

of two dice being odd was 0.2333333 .

In the experiment shown in the image on the right above , two dice were thrown simulitaneously 3136
times. The product of the two dice was an odd number 788 times. Therefore , the probability of the
product of two dice being odd was 0.2512755.
As can be seen above , the more often two dice are rolled simultaneously , the closer the probability of
the product of the dice being an odd number becomes to 1/4 (0.25) , the theoretical mathematical

probability.

[ Two Dice with an Odd Product]

L L
Ld
* LN

Dice | Dicell

Dicell
Dice |

11723 4|5]|6

78 |95 [75 |58 |92 (83
77 179 [96 (91 [89 [91
108|193 [77 |76 [79 [92
88 |82 |109(91 [95
92 [70 [97 |91 |90 [95
89 184 [91 [80 [89 [91

O U | o h (—
fes)
W)

Number of experiments = 3136

Number of times
the product is odd = 788

Percentage
of odd products = 0.2512755

MLet's observe how the odd groduct
ratio approaches 0.25 (9/36) .

Touch the screen five times to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.!
When the screen goes dark,touch the title bar!
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12 GCollatz Problem (3x+1 Problem)

(1) Experimental Overview

08/20/2024
Sohun

Any natural number will do , so if the number is even , divide it by 2 , and if it is odd ,
multiply it by 3 and add 1 , and repeat the process. So , is it true that no matter what natural
number you start with , it will always end up being 1 ?

For example , starting from 11 , the result is 11 — 34 — 17 — 52 — 26 — 13 — 40 — 20 —

100—>5—>16—>8—4—>2—1.

This is notoriously difficult problem that has not yet been solved. In addition , computers have
been used to search for very large numbers (up to 4 trillion), but no examples have been found that don't

result in 1.

(2) Experimental Results (Android Version)

(D When you enter the first number

11:46 6 O &5 * = all 95% M0

Collatz Problem

[Collatz Problem]

M First,touch the upperside of the line
above the [CALCULATION]button.

MEnter a natural number of 2 or more,
touch the [CALCULATION]button one
after another,and observe the change
in the number.

Collatz Problem(3x+1 Problem) is that

no matter what natural number you start
with,if the number is odd,multiply by 3 and
add 1,and if the number is even,divide by 2
and it will always be 1.(Unsolved problem)
For example 11—234—17—52—-26—>13—
40—20—10—5—16—8—4—2—1

[CALCULATION]

[INITIALIZATION]

Copyright(C) Sohun 2021.9.30
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@ When you tap [CALCULATION] once

147 @O o =+ all 95%M

Collatz Problem

[Collatz Problem)

MFirsttouch the upperside of the line
above the [CALCULATION]button.

M Enter a natural number of 2 or more,
touch the [CALCULATION]button one
after another,and observe the change
in the number.

Collatz Problem(3x+1 Problem) is that

no matter what natural number you start
with,if the number is odd,multiply by 3 and
add 1,and if the number is even,divide by 2
and it will always be 1.(Unsolved problem)
For example 11—34—17—-52—-26—>13—
40—20—>10—5-16—8—4—2—1

Calculation result : 34

1|

[CALCULATION]

[INITIALIZATION]

Copyright(C) Sohun 2021.9.30
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The image on the left above shows the result of tapping above the line above the [CALCULATION]
button and entering the number 11 in half-width characters.

The image on the right above shows the result after the [CALCULATION] button has been tapped
once. Since 11 is an odd number , we multiply it by 3 and add 1 to get 11 X 3+1=34. Therefore ,

"Calculation result : 34" is displayed.

Next , if you tap [CALCULATION] repeatly , "Calculation result : 17","Calculation result :

52","Calculation result : 26", = + - "Calculation result : 2","Calculation result : 1" will be displayed in turn.

Even if you start with a natural number other than 11 , you can observe that it always ends up at 1.
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1 3 The Encounter Experiment

(1) Experimental Overview

Dr. Boro also occasionally dates women. However , on this occasion , the meeting place was
crowded and it was getting dark. So , it took her an hour to find the doctor and they had a huge
fight. In fact , Dr. Boro , who is extreamely nearsighted and has astigmatism , thought it would
be better to stay rather than wander around searching. He was told to wait around here , so he
stayed in a certain spot within the designated area , but she didn't like that. She argues that if
they each went looking for each other , they would be able to find each other quicker. Of course
Dr. Boro believes he is absolutely right as evidenced by the word that if someone are lost in the
mountains , "Stay still and wait for help". However , his confidence began to waver a little when
he saw her anger.

Whose side would you take ? Also , why is that ?

(2) Experimental Results (Android Version)

(D When the two both move

941 KD - = all 100%

(2 When only one moves

1057 ¥ = [ - =il 100% M

Encounter Experiment Encounter Experiment

[Encounter Experiment] [Encounter Experiment]

# K
&

Number of encounters = 6
Number of movements = 3030

Number of encounters = 13
Number of movements = 3023

HLet observe whether it is easier to
meet if both Momotaro and Dog
move, or if only Dog moves.

Bl et observe whether it is easier to
meet if both Momotaro and Dog
move, or if only Dog moves.

Touch the screen to move.
Touch the screen again to stop.

You can alternately observe the situation when
oth two move and when only one moves.

When the screen goes dark touch the title bar!

Touch the screen to move.
Touch the screen again to stop.

You can alternately observe the situation when
both two move and when only one moves.

When the screen goes dark touch the title bar !

Copyright(C) Sohun 2021.11.29 Copyright(C) Sohun 2021.11.29
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In the image on the left above , both Momotaro and the dog moved around randomly 3023 times. They
met 13 times. In the image on the right above , Momotaro stayed still and the dog moved around
randomly 3030 times. They met 6 times.

Even after conducting similar experiments several times , the number of encounters was greater when
both Momotaro and the dog were active. So , it seems that she is more right than Dr. Boro. However, in
the experiment , Dr. Boro is the Momotaro and she is the dog. In addition , the distance traveled in one go
is set to 1 in either the up , down , left , or right direction.
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14 Wallis's Formula

(1) Experimental Overview
Use Wallis's formula to find an approximation of pi.

2X 2X 4X 4X 6% 6x 8% 8X
1x 3% 3% 59X 95X 7xX 7x 9X

When you increase the number of numbers in the numerator and denominator by the same
amount , the value approaches pi.

(2) Experimental Results (Android Version)

(D When the number of numbers is 2 2 When the number of numbers is 10056

945 K » 2+ all 100% 0 947 K - = all 99% M

Wallis's Formula

Wallis's Formula

[Wallis's Formula)

[Wallis's Formula]
(Find an approximation of pi)

(Find an approximation of pi)

The number of each terms of

The number of each terms of
the numerator and denominator = 2

the numerator and denominator = 10056

Approximation of pi
_22-2'4'4'6'6-8-
T S e3s3c5c50 707
= 2.6666666666666665

Approximation of pi

8-+ s 2P e Aebebl
9:-- 1+3:3+5:5:7+7-
= 3.1414364681192217

e
T

Pin
= 3.1415926535897932- - -

Pin
= 3.1415926535897932- -
Touch the screen to activate.
Touch the screen again to stop the auto.
If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !
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The image on the left above shows the Wallis's formula when the numerator and denominator have two
numbers each. This gives us an approximation of pi , 2.6666666666* - -.

The image on the right above shows the Wallis's formula when the numerator and denominator have
10056 numbers each. This gives us an approximation of pi , 3.1414364681192217- - -.

It can be seen that the more numbers in the numerator and denominator , the closer the result of the
experiments gets to the value of pi, 3.141592653- - -.
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15 Euler Number e

(1) Experimental Overview

Substitute the natural numbers 1,2, 3, <+ into the n in following formula to find an
approximation of Euler's number e ( base of natural logarithms) .

n

1
1+—

n

As the value of the natural number n increases , it approaches the value of Euler's number e.

(2) Experimental Results (Android Version)

D When n=1 @ When n=10023

948 6 ks ¢ = all 99% M 95T K - =l 98% M

Napier's Constant

Napier's Constant

[Napier's Constant]

[Napier's Constant]
(the base of natural logarithm e)

(the base of natural logarithm e )

n=1
Approximaion of Napier's constant
=lim+1/m"

n —c

=20

Napier's constant
= 2.7182818284590452- - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !

Copyright(C) Sohun 2021.9.1
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n= 10023
Approximaion of Napier's constant
=lim+1/m"
n —o
= 2.7181462386531963

Napier's constant
= 2.7182818284590452: - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !

Copyright(C) Sohun 2021.9.1
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The image on the left above shows what happens when 1 is substituted for n in (1+1/n) " .

An approximation of the Euler's number e , 2.0 , has been determined.

The image on the right above shows what happens when 10023 is substituted for n in (1+1/n) " .
An approximation of the Euler's number e , 2.718146238 + - , has been determined.

It can be seen that the larger the value of the natural number n , the closer it gets to the value of Euler's
number e , 2.718281828 - ..
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16 Euler's Formula
(1) Experimental Overview
Use the following Euler's formula to find an approximation of pi.
‘/ { 1 1 1 1
m=4 12 b ——
12 22 32 42
As the number of terms increases , the value approaches pi.
(2) Experimental Results (Android Version)
(D When the number of terms is 1 @ When the number of terms is 10018

9526 K o e all 98% M 055 Ks - Feall 98% M

Euler’s Formula Euler’'s Formula

[Euler’'s Formula) [Euler's Formula]
(Find an Approximation of Pi) (Find an Approximation of Pi)

Number of terms = 1 Number of terms = 10018
Approximation of pi Approximation of pi
=12 (1/122-1/2°2+1/3"2 - - -) =12 (1/182-1/272+1/342 - - -)
= 3.4641016151377544 = 3.141592644075717
Pin Pin
= 3.1415926535897932- - - = 3.1415926535897932- - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !
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The image on the left above shows Euler's formula when the number of terms is 1. An approximation of
pi, 3.464101615- -+ has been determined.

The image on the right above shows Euler's formula when the number of terms is 10018. An
approximation of pi, 3.141592644- - - has been determined.

It can be seen that the greater the number of terms are , the closer it gets to the value of pi ,
3.141592653+ - -.
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17 Gregory-Leibniz’'s Formula

(1) Experimental Overview
Use the following Gregory - Leibniz formula to find an approximation of pi.

1.1 1 1
=4l l——t———t—— -
3 5 7 9

As the number of terms increases , the value approaches pi.

(2) Experimental Results (Android Version)

(D When the number of terms is 1 2 When the number of terms is 10023

956 G K o = all 97% M 1000 d ks - =l 97%M

Gregory * Leibniz Gregory - Leibniz

[Gregory - Leibniz's formula]

[Gregory « Leibniz's formula]
(Find an Approximation of Pi)

(Find an Approximation of Pi)

Number of terms =1 Number of terms = 10023
Approximation of pi Approximation of pi
=4 (1-1/3+1/5-1/7+1/9 ---) =4 (1-1/3+1/5-1/7+1/9 - - +)
=40 = 3.141692424117322
Pin Pimt
= 3.1415926535897932- - - = 3.1415926535897932- -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !
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The image on the left above shows Gregory* Leibniz's formula when the number of terms is 1. An
approximation of pi , 4.0 has been determined.

The image on the right above shows Gregory*Leibniz formula when the number of terms is 10023. An
approximation of pi, 3.141692424- - - has been determined.

It can be seen that the greater the number of terms are , the closer it gets to the value of pi ,
3.141592653+ - -.
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18 Matsunaga Yoshisuke's Formula 1

(1) Experimental Overview
Use the following Matsunaga Yoshisuke's formula 1 to find an approximation of pi.

12 12 x 22 12 x 22x 32
T=y 9|1+ -+ +
3% 4 3X 4% 5X 6 3X 4X 55X X 7Tx 8

As the number of terms increases , the value approaches pi.

(2) Experimental Results (Android Version)

(D When the number of terms is 2 @ When the number of terms is 24

10:09 Gd ks . =l 96% M

10:08 ks d C = all 96% M

Matsunaga's 1

Matsunaga’s 1

[Yoshisuke Matsunaga’s Formula 1] [Yoshisuke Matsunaga's Formula 1]
(Find an approximaion of pi) (Find an approximaion of pi)

[,--’
=

e

SN £,
) >
By B
< Convergence is fast> < Convergence is fast>

Number of terms = 2 Number of terms = 24
Approximation of pi Approximation of pi
=J9{1 +142/(3-4)4+(142:272)/(3:4:5:6)+++} =/9{1+1 A2/(3:4)+(172:272)/(3+4-5:6)+: -}
=3.122498999199199 =3.1415926535897927
PiTt Pim
=3.1415926535897932- - - =3.1415926535897932- -

Touch the screen to activate.

Touch the screen to activate.
Touch the screen again to stop the auto.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized. If you touch it further,it will be initialized.
When the screen goes dark,touch the title bar ! When the screen goes dark,touch the title bar !
Copyright(C) Sohun 2021.9.8 Copyright(C) Sohun 2021.9.8
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The image on the left above shows Matsunaga Yoshisuke's formula 1 when the number of terms is 1. An

approximation of pi, 3.122498999- - - has been determined.

The image on the right above shows Matsunaga Yoshisuke's formula 1 when the number of terms is 24.
An approximation of pi, 3.1415926535897927- - -+ has been determined.

Even when the number of terms is 24 , the value is close to the value of pi, 3.1415926535897932+ - -,

which shows that the convergence speed is fast.
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19 Matsunaga Yoshisuke's Formula 2

(1) Experimental Overview
Use the following Matsunaga Yoshisuke's formula 2 to find an approximation of pi.

12 12 x 32 12 x 32 x 52
+ +
4% 6 4% 6% 8%X 10  4x gx 8x 10X 12%x 14

n=3| 1+

As the number of terms increases , the value approaches pi.

(2) Experimental Results (Android Version)

(D When the number of terms is 2 @ When the number of terms is 30

925 PO - Zeall 96% A

924 oD - e all 96% M

Matsunaga's 2

Matsunaga’s 2

[Yoshisuke Matsunaga’s Formula 2] [Yoshisuke Matsunaga's Formula 2]
(Find an approximation of pi) (Find an approximation of pi)
=8 =3
2 ) 3D
< Convergence is fast> < Convergence is fast>

Number of terms = 2 Number of terms = 30
Approximation of pi Approximation of pi
=3{14+12/(4-6)+(172:32)/(4+:6-8:10)+- -} =3{1+122/(4-6)+(142-342)/(4-6-8-10)+- :}
=3.125 =3.1415926535859513
PiTt Pim
=3.141592653589793: - - =3.141592653589793: - -

Touch the screen to activate.

Touch the screen to activate.
Touch the screen again to stop the auto.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized. If you touch it further,it will be initialized.
When the screen goes dark,touch the title bar ! When the screen goes dark,touch the title bar !
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The image on the left above shows Matsunaga Yoshisuke's formula 2 when the number of terms is 2. An

approximation of pi, 3.125 has been determined.

The image on the right above shows Matsunaga Yoshisuke's formula 2 when the number of terms is 30.
An approximation of pi, 3.1415926535859513 -+ has been determined.

Even when the number of terms is 30 , the value is close to the value of pi, 3.1415926535897932+ - -,

which shows that the convergence speed is fast.
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2 0 Approximation of Pi by Infinite Series 6
(1) Experimental Overview
Use the following approximation formula to find an approximate value of pi.
1 1 1 1
n=8 + + + -
1% 3 5x 7 9x 11 13X 15
As the number of terms increases , the value approaches pi.
(2) Experimental Results (Android Version)
(D When the number of terms is 1 @ When the number of terms is 10020

926 d PO Sl 96% M 99 W PO - =+ all 95%M

Approximation 6 of Pi Approximation 6 of Pi

[Approximation 6 of Pi by Infinite Series]

[Approximation 6 of Pi by Infinite Series]
(Find an approximation of pi)

(Find an approximation of pi)

Number of terms = 1 Number of terms = 10020

Approximation of pi Approximation of pi
=8{1/(1-3)+1/(5:7)+1/(9-11)+--} =8{1/(1-3)+1/(5-7)+1/(9-11)+- -}
—=2.6666666666666665 =3.141542753390219

Pin Pimt
=3.1415926535897932- - - =3.1415926535897932- - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !
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The image on the left above shows this approximation formula when the number of terms is 1. An
approximation of pi, 2.666666666° -+ has been determined.

The image on the right above shows this approximation formula when the number of terms is 10020.
An approximation of pi, 3.141542753- -+ has been determined.

It can be seen that the greater the number of terms , the closer it gets to the value of pi, 3.141592653 -+
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2 1 Approximation of Pi by Infinite Series 7
(1) Experimental Overview
Use the following approximation formula to find an approximate value of pi.
‘/ { 1 1 1 1
=4 6 e — -
12 22 32 472
As the number of terms increases , the value approaches pi.
(2) Experimental Results (Android Version)
(D When the number of terms is 1 @ When the number of terms is 10021

931 W PO - =eall 95%1 934 W PO - = all 95% M

Approximation 7 of Pi Approximation 7 of Pi

[Approximation 7 of Pi by Infinite Series]

[Approximation 7 of Pi by Infinite Series]
(Find an approximation of pi)

(Find an approximation of pi)

Number of terms =1 Number of terms = 10021
Approximation of pi Approximation of pi

=J6(1/1 A2+1/24241/372+1/472+ ) =J6(1 r2+1/22 241 /82241422 -)
=2.449489742783178 =3.141497364048287
Pimt Pim

=3.1415926535897932- - - =3.1415926535897932: - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !
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The image on the left above shows this approximation formula when the number of terms is 1. An
approximation of pi , 2.449489742- - - has been determined.

The image on the right above shows this approximation formula when the number of terms is 10021.
An approximation of pi, 3.141497364- - - has been determined.

It can be seen that the greater the number of terms , the closer it gets to the value of pi, 3.141592653 -+
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2 2 Approximation of Pi by Infinite Series 8
(1) Experimental Overview
Use the following approximation formula to find an approximate value of pi.
‘/ { 1 1 1 1
=4 8 e —— -
12 32 52 72
As the number of terms increases , the value approaches pi.
(2) Experimental Results (Android Version)
(D When the number of terms is 1 @ When the number of terms is 10019

936 d PO e all 94% 0 939 PO - =l 94%m

Approximation 8 of Pi Approximation 8 of Pi

[Approximation 8 of Pi by Infinite Series]

[Approximation 8 of Pi by Infinite Series]
(Find an approximation of pi)

(Find an approximation of pi)

Number of terms = 1 Number of terms = 10019
Approximation of pi Approximation of pi
=v8(1/142+1/322+1/5"2+1/7*2- ) =V8(1/172+1/3%2+1/5"2+1/7"2- +)
=2.8284271247461903 =3.141560882804746
Pin Pin
=3.1415926535897932- - - =3.1415926535897932- - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !
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The image on the left above shows this approximation formula when the number of terms is 1. An
approximation of pi, 2.828427124- -+ has been determined.

The image on the right above shows this approximation formula when the number of terms is 10019.
An approximation of pi, 3.141560882- -+ has been determined.

It can be seen that the greater the number of terms , the closer it gets to the value of pi, 3.141592653 -+
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2 3 Approximation of Pi by Infinite Series 9
(1) Experimental Overview
Use the following approximation formula to find an approximate value of pi.
‘/ { 1 1 1 1
r=4 24 -
2 2 4 2 6 2 8 2
As the number of terms increases , the value approaches pi.
(2) Experimental Results (Android Version)
(D When the number of terms is 1 @ When the number of terms is 10023

941 W PO - Zeall 93%0 IME PO - = all 93% MW

Approximation 9 of Pi Approximation 9 of Pi

[Approximation 9 of Pi by Infinite Series]

[Approximation 9 of Pi by Infinite Series]
(Find an approximation of pi)

(Find an approximation of pi)

Number of terms = 1 Number of terms = 10023
Approximation of pi Approximation of pi
=v24(1/2/2+1/4/2+1/622+ - - ) =v24(1/2/2+1/4%2+1/622+ - - +)
=2.449489742783178 =3.1414973830618025
Pin Pin
=3.1415926535897932- - - =3.1415926535897932- - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !
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The image on the left above shows this approximation formula when the number of terms is 1. An
approximation of pi , 2.449489742- - - has been determined.

The image on the right above shows this approximation formula when the number of terms is 10023.
An approximation of pi, 3.141497383- -+ has been determined.

It can be seen that the greater the number of terms , the closer it gets to the value of pi, 3.141592653 -+
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2 4 Approximation of Pi by Infinite Series 10

(1) Experimental Overview

Use the following approximation formula to find an approximate value of pi.

73\/3X 3><3>< 6><6>< 9% 9
2 2x 4 ox 7 8x 10

T

X

As the number of terms increases , the value approaches pi.

(2) Experimental Results (Android Version)

(D When the number of terms is 1 2 When the number of terms is 10014

945 @ PO -

=oall 92%m Q48 EA PO -

2l 92%M
Approximation 10 of Pi

Approximation 10 of Pi

[Approximation 10 of Pi by Infinite Series]

[Approximation 10 of Pi by Infinite Series]
(Find an approximation of pi)

(Find an approximation of pi)

Number of terms = 1 Number of terms = 10014

Approximation of pi

Approximation of pi
=(3v3/2)-{{(3-3)/(2-4)}

{(6-6)/(5-7)}-{(9-9)/(8-10)}
{(12:12)/(11-13)} +++ }
=2.92283573777248

Pim
=3.1415926535897932- - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.
when the screen goes dark,touch the title bar!
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=(3v3/2)-{(3-3)/(2-4)}
{(6-6)/(5-7)}{(9-9)/(8-10)}

=3.1415577977394133

Pin
=3.1415926535897932- - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

when the screen goes dark,touch the title bar!
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The image on the left above shows this approximation formula when the number of terms is 1. An
approximation of pi, 2.922835737+ -+ has been determined.

The image on the right above shows this approximation formula when the number of terms is 10014.
An approximation of pi, 3.141557797- -+ has been determined.

It can be seen that the greater the number of terms , the closer it gets to the value of pi, 3.141592653 -+
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25 Approximation of Pi by Infinite Series 11

(1) Experimental Overview
Use the following approximation formula to find an approximate value of pi.

{4x4} {SXSJ {12x12} {16X16J
=2 2 X X X X | — | X

3% 5 7x 9 11x 13 1517

As the number of terms increases , the value approaches pi.

(2) Experimental Results (Android Version)

(D When the number of terms is 1 2 When the number of terms is 10022

M oo0O - Zeall 100% 0 9:04 P @ - .l 100% 8

Approximation 11 of Pi Approximation 11 of Pi

[Approximation 11 of Pi by Infinite Series]

[Approximation 11 of Pi by Infinite Series]
(Find an approximation of pi)

(Find an approximation of pi)

Number of terms = 1 Number of terms = 10022

Approximation of pi

=2v2{{(4-4)/(3-5)}-{(8-8)/(7-9)}
-{(12-12)/(11-13)}
{(16+16)/(15-17)} +++ }

=3.0169889330626027

Approximation of pi

=2v2{{(4-4)/(3-5)}-{(8-8)/(7-9)}
-{(12-12)/(11-13)}
-{(16-16)/(15-17)} -+~ }

=3.1415730627762564

PiTt PiT
=3.1415926535897932- - - =3.1415926535897932- - -

Touch the screen to activate.
Touch the screen again to stop the auto.
If you touch it further,it will be initialized.

Touch the screen to activate.
Touch the screen again to stop the auto.
If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar ! When the screen goes dark,touch the title bar !
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The image on the left above shows this approximation formula when the number of terms is 1. An
approximation of pi, 3.016988933- -+ has been determined.

The image on the right above shows this approximation formula when the number of terms is 10022.
An approximation of pi, 3.141573062- - - has been determined.

It can be seen that the greater the number of terms , the closer it gets to the value of pi, 3.141592653 -+
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2 6 Approximation of Pi by Infinite Series 12
(1) Experimental Overview
Use the following approximation formula to find an approximate value of pi.
{6X6} {12x 12} {18>< 18} {24x24}
T = 3 X X X X _— X
ox 7 11x 13 1719 23% 25
As the number of terms increases , the value approaches pi.
(2) Experimental Results (Android Version)
(D When the number of terms is 1 @ When the number of terms is 10019

905 W PO - =oall 99%M0 9:08 M PO - =l 99% A

Approximation 12 of Pi Approximation 12 of Pi

[Approximation 12 of Pi by Infinite Series]

[Approximation 12 of Pi by Infinite Series]
(Find an approximation of pi)

(Find an approximation of pi)

Number of terms = 1 Number of terms = 10019

Approximation of pi Approximation of pi

=3{{(6-6)/(5-7)}-{(12-12)/(11-13)} =3{{(6-6)/(5-7)}-{(12-12)/(11-13)}
-{(18-18)/(17-19)} -{(18-18)/(17-19)}
*{(24-24)/(23-25)} -+ } -{(24-24)/(23-25)} -~ }

=3.0857142857142854 =3.1415758386222317

PiTt PiT

=3.1415926535897932: - =3.1415926535897932- - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !

Copyright(C) Sohun 2021.9.16 Copyright(C) Sohun 2021.9.16
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The image on the left above shows this approximation formula when the number of terms is 1. An
approximation of pi, 3.085714285+ -+ has been determined.

The image on the right above shows this approximation formula when the number of terms is 10019.
An approximation of pi, 3.141575838- -+ has been determined.

It can be seen that the greater the number of terms , the closer it gets to the value of pi, 3.141592653 -+
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2 7 Approximation of Pi by Infinite Series 13

(1) Experimental Overview
Use the following approximation formula to find an approximate value of pi.

1 1 1
=243 l—gx +—X

31! B}

L
33 9 34

1 1

—X

As the number of terms increases , the value approaches pi.

(2) Experimental Results (Android Version)

(D When the number of terms is 2

9209 PO - =l 98% M

Approximation 13 of Pi

[Approximation 13 of Pi by Infinite Series]
(Find an approximation of pi)

< Convergence is fast>

Number of terms = 2

Approximation of pi

=2v3{1-(1/3)-(1/3*1)+(1/5)-(1/3*2)
-(1/7)+(1/3%3)+(1/9)+(1/3%4) -+ }

=3.0792014356780038

Pim
=3.1415926535897932: - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes darktouch the title bar !

Copyright(C) Sohun 2021.9.17

@ When the number of terms is 31

G910 PO - el 98% M

Approximation 13 of Pi

" O <

[Approximation 13 of Pi by Infinite Series]
(Find an approximation of pi)

< Convergence is fast>

Number of terms = 31

Approximation of pi

=2v3{1-(1/3)-(1/3*1)+(1/5)-(1/32)
-(1/7)-(1/3%3)+(1/9)-(1/3%4) -- }

=3.141592653589794

Pim
=3.1415926535897932- - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !

Copyright(C) Sohun 2021.9.17
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The image on the left above shows this approximation formula when the number of terms is 2. An
approximation of pi, 3.079201435- -+ has been determined.

The image on the right above shows this approximation formula when the number of terms is 31.
An approximation of pi, 3.141592653589794 - - - has been determined.

Even with 31 terms , the value is close to the value of pi , 3.1415926535897932- -+ , which shows that
the convergence speed is fast.
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2 8 Approximation of the Base of Natural Logarithms e 1

(1) Experimental Overview
Use the following approximation formula to find an approximate value of the base of natural
logarithm e.

1 1 1 1
e=l4+—+t——Ft—F—F - - -
1! 2! 31 41

As the number of terms increases , the value approaches e.

(2) Experimental Results (Android Version)

(D When the number of terms is 2 2 When the number of terms is 23

912 PO - = all 98% M INEPOD - =l 98%M

Approximate e 1 Approximate e 1

[Approximation 1 of [Approximation 1 of
Napier's Constant] Napier's Constant]
< Convergence is fast> < Convergence is fast>
Number of terms =2 Number of terms =23
Approximation of Napier's constant Approximation of Napier's constant
=1+1/141/2141/34+1/41+- - - =1+1/141/2+1/31+1/4++ «
=20 =2.7182818284590455
Napier's constant e Napier's constant e
=2.7182818284590452- - - =2.7182818284590452- - -
Touch the screen to activate. Touch the screen to activate.
Touch the screen again to stop the auto. Touch the screen again to stop the auto.
If you touch it,it will be initialized. If you touch it,it will be initialized.
When the screen goes dark,touch the title bar ! When the screen goes dark,touch the title bar !
Copyright(C) Sohun 2021.9.4 Copyright(C) Sohun 2021.9.4
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The image on the left above shows this approximation formula when the number of terms is 2. An
approximation of e , 2.0 has been determined.

The image on the right above shows this approximation formula when the number of terms is 23.
An approximation of e , 2.7182818284590455- - - has been determined.

Even with 23 terms , the value is close to the value of ¢ , 2.7182818284590452+ -+ , which shows that
the convergence speed is fast.
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2 9 Approximation of the Base of Natural Logarithms e 2

(1) Experimental Overview

Use the following approximation formula to find an approximate value of the reciprocal of the
base of natural logarithm e.

As the number of terms increases , the value approaches 1/e.

(2) Experimental Results (Android Version)

(D When the number of terms is 2 @ When the number of terms is 19

914 PO - Zrall 98% M G4EA PO - =l 98%M

Approximate e 2 Approximate e 2

[Approximation 2 of

[Approximation 2 of
Napier's Constant]

Napier's Constant]

< Covergence is fast> < Covergence is fast>

Number of terms = 2 Number of terms = 19

Approximation of

Approximation of
the reciprocal of Napier's constant

the reciprocal of Napier's constant
=1-1/141/21-1/3+1/4!-- - - =1-1/141/2-1/3+1/41-- - -
=0.0 =0.36787944117144245

The reciprocal of Napier’'s constant

The reciprocal of Napier's constant
=0.36787944117144233- - -

=0.36787944117144233- - -

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !

Touch the screen to activate.

Touch the screen again to stop the auto.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !
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The image on the left above shows this approximation formula when the number of terms is 2. An
approximation of 1/e , 0.0 has been determined.

The image on the right above shows this approximation formula when the number of terms is 19.
An approximation of 1/e , 0.367879441171442- -+ has been determined.

Even with 19 terms , the value is close to the value of 1/e , 0.367879441171442- -+ |, which shows that
the convergence speed is fast.
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3 0 Approximation of the Base of Natural Logarithms e 3

(1) Experimental Overview

Use the following approximation formula to find an approximate value of the base of natural
logarithm e.

As the number of terms increases , the value approaches e.

(2) Experimental Results (Android Version)

(D When the number of terms is 1

9156 PO =l 98% M

Approximate e 3

[Approximation 3 of
Napier's Constant]

< Convergence is fast>

Number of terms = 1

Approximation of Napier's constant
=1/1+2/21+3/3'+4/4+5/5!+- - -
=1.0

Napier's constat e
=2.7182818284590452- - -

Touch the screen to activate.

@ When the number of terms is 24

916 M PO - =l 97% M

Approximate e 3

[Approximation 3 of
Napier's Constant]

< Convergence is fast>

Number of terms = 24

Approximation of Napier's constant
=1/142/2+3/3'+4/4\+5/5\+ - - -
=2.7182818284590455

Napier's constat e
=2.7182818284590452- - -

Touch the screen to activate.

Touch the screen again to stop the auto.
If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !

Touch the screen again to stop the auto.
If you touch it further,it will be initialized.
When the screen goes dark,touch the title bar !
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The image on the left above shows this approximation formula when the number of terms is 1. An
approximation of e , 1.0 has been determined.

The image on the right above shows this approximation formula when the number of terms is 24.
An approximation of e , 2.7182818284590455- - - has been determined.

Even with 24 terms , the value is close to the value of ¢ , 2.7182818284590452+ -+ , which shows that
the convergence speed is fast.

This approximation formula 3 for e is a variation of the approximation formula 1 for e mentioned above.
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3 1 Parallel Translation of a Graph of a Quadratic Fanction

(Downward Convex)
(1) Experimental Overview

Observe that graph y=(x+7)”2-9 is a translation of graph y=x"2 by -7 along the x-axis and -9
along the y-axis.

If you translate graph y=x"2 by -7 along the x-axis and -9 along the y-axis , you will see
how it overlaps with graph y=(x+7) "2-9.

At this point , you can see that graphs y=(x+7)*2-9 and y=x"2 have the same shape and extent
but differ only in position.

(2) Experimental Results (Android Version)

(D Before translation @ During parallel movement

932@0@O0 - = al 100% 8 INNEHOoOD - =l 100% W

Convex Downward Convex Downward

[Parallel Translation
of Graph of Quadratic Function]

[Parallel Translation
of Graph of Quadratic Function]

\ f v B _ 2
| /Y—X ¥Y=X

M Let's observe that the graph of y=(x+7)*2 -9
is a translation of the graph of y=x*2 by -7
in the x-axis direction and -9 in the y-axis
direction.

Touch the screen to move the graph of y=x*2.
Touch the screen again to stop the graph.

If you touch it further,it will be initialized.

When the screen goes darktouch the title bar !

HMLet's observe that the graph of y=(x+7)*2 -9
is a translation of the graph of y=x*2 by -7
in the x-axis direction and -9 in the y-axis
direction.

Touch the screen to move the graph of y=x*2.
Touch the screen again to stop the graph.

If you touch it further,it will be initialized.

When the screen goes dark,touch the title bar !

Copyright(C) Sohun 2021.9.19 Copyright(C) Sohun 2021.9.19
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The image on the left above shows graphs y=x"2 and y= (x+7)2-9.

When you tap the screen , gaph y=x"2 will start moving to the left.

After moving 7 to the left , it starts moving downwards.

The image on the right above shows gtaph y=x"2 moving 7 to the left and then moving downwards.
Graph y=x"2 moves further downwards and overlaps with graph y=(x+7) "2-9.



Interesting Simulation (Smartphone)

09/09/2024
Sohun

3 2 Parallel Translation of a Graph of a Quadratic Fanction

(Upward Gonvex)
(1) Experimental Overview

Observe that graph y=-2 (x-6) ~2+10 is a translation of graph y=-2x"2 by +6 along the x-axis
and +10 along the y-axis.

If you translate graph y=-2x"2 by +6 along the x-axis and +10 along the y-axis , you will see
how it overlaps with graph y=-2 (x-6) ~2+10.

At this point , you can see that graphs y=-2 (x-6) ~2+10 and y=-2x"2 have the same shape and
extent but differ only in position.

(2) Experimental Results (Android Version)

(D Before translation @ During parallel movement

U LoD - =l 100% W

93LLOD - Zrall 100% 8

Convex Upwards

Convex Upwards

[Parallel Translation

[Parallel Translation
of Graph of Quadratic Function] of Graph of Quadratic Function]
y 2 y
y=2(x6)" +10 y:axmzﬂu
10 i 10]
/\

| i
-10 5 q /“5 110 x
|
P
5 \ - ‘

y=2x% -0

M Let's observe the graph of y=-2(x-6)"2+10

MLet's observe the graph of y=-2(x-6)"2+10
is a translation of the graph of y=-2x*2

is a translation of the graph of y=-2x*2
by +6 in the x-axis direction and +10 in the by +6 in the x-axis direction and +10 in the
y-axis direction. y-axis direction.

Touch the screen to move the graph of y=-2x*2

Touch the screen to move the graph of y=-2x"2
Touch the screen again to stop the graph. Touch the screen again to stop the graph.
If you touch it further,it will be initialized. If you touch it further,it will be initialized.
When the screen goes darktouch the title bar !

When the screen goes dark,touch the title bar !

Copyright(C) Sohun 2021.9.20
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The image on the left above shows graphs y=-2x"2 and y=-2 (x-6) ~2+10.

When you tap the screen , gaph y=-2x"2 will start moving to the right.
After moving 6 to the right , it starts moving upwards.

The image on the right above shows gtaph y=-2x"2 moving 6 to the right and then moving upwards.
Graph y=-2x"2 moves further upwards and overlaps with graph y=-2 (x-6) *2+10.



Interesting Simulation (Smartphone)

09/10/2024
Sohun

3 3 The Spread of a Graph of a Quadratic Function

(1) Experimental Overview
Observe the spread of graph y=ax”2.
First , graph y=ax"2 when a=1 , a=2 , a=3 , a=4 , and a=5 are displayed in sequence.
Next , graph y=ax"2 when a=-1 , a=-2 , a=-3 , a=-4 , and a=-5 are displayed in sequence.
Let's see how the spread of the graph of y=ax”"2 changes depending on the value of a.

(2) Experimental Results (Android Version)
@D y =a x? (When a>0) @ y = a x? (When a<0)

93 MDD - = all 100% M

Spread of Graph

[Spread of Graph of Quadratic Function]

\ 50 y:4>\27 //
\\ 40 2 /
R 30 y=3)(,/

\\\ \\ 20 y% -
N QLQ S 10 p ’//y/: X2 .
4 3 2 1 0 1 2 3 4

When a>0 , the spread of the graph of y=ax"2
ecomes narrower as the valte of a increases.

When a<0, the spread of the graph of y=ax"2
becomes narrower as the value of a decreases.

Let's observe the above.

Touch the screen to draw the graph of y=ax*2.
Each time you touch it , a graph is drawn.

The screen will be initialized by the 6th and
12th touches.

When the screen goes dark,touch the title bar!
Copyright(C) Sohun 2021.9.21
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Spread of Graph
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[Spread of Graph of Quadratic Function]

Y
60

50
40
30
20

>~ .

7 s v\=;'xz e
P & 20 % |
/ y =2 R
/ y =-3x¥% !

-40 2\
¥ y=4x2\

When a>0, the spread of the graph of y=ax*2
becomes narrower as the valiie of a increases.

When a<0 , the spread of the graph of y=ax*2
becomes narrower as the valle of a décreases.

Let's observe the above.

Touch the screen to draw the graph of y=ax*2.
Each time you touch it, a graph is drawn.

The screen will be initialized by the 6th and
12th touches.

When the screen goes darktouch the title bar !
Copyright(C) Sohun 2021.9.21
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The images on the left above are graphs of y=x"2 , y=2x"2 , y=3x"2 , y=4x"2 and y=5x"2. You can see
that as the coefficient of x*2 increases , the spread of the graph becomes narrower.
The images on the right above are graphs of y=-x"2 , y=-2x"2 , y=-3x"2 , y=-4x"2 and y=-5x"2. You
can see that as the coefficient of x*2 becomes smaller , the spread of the graph becomes narrower.
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34 Parallel Translation of a Graph of a Quadratic Function

(1) Experimental Overview

Observe that y=a (x-b) *2+c is a translation of graph y=ax"2 by +b along the x-axis and +c
along the y-axis.

First , enter an integer in half-width characters that satisfies -3 = a = 3 and a # 0 into a.

Next , enter an integer in half-width characters that satisfies -7 = b = 7 into b.

Furthermore , enter an integer in half-width characters that satisfies -10 = ¢ = 10 into c.

When you tap the [CLICK] bar , graphs y=a (x-b) ~2+c and y=ax”2 for the values entered in a
, b, and ¢ will be displayed.

When you tap the screen , you can see that graph y=ax"2 moves by +b along the x-axis , and
then by +c along the y-axis , until it overlaps with graph y=a (x-b) *2+c.

(2) Experimental Results (Android Version)

(D Input Screen fora, b, and ¢ @ Graph Display Screen

MDD - =l 99%M LoD - =l 99% A

Quadrafic Function Quadrafic Function

About quadratic function y=a(x-b)*2+c
Enter the integer a! (However —3= a3 =3 a%0)

[ The Graphof y=a(x—b)*2 +c]

=1 .
ph =< y=a(x-b)2+c
Enter the integer b ! (However —7= b =7)
101 P
/
- /
Enter the integer ¢ ! (However —10= ¢ =10) 5 / '\
\
10 | \
10 -5 O s | 10 x
CLICK /1A \
710 ‘
/ \
f“ 10 \ 2
| y=ax
© @ Ui \.H @ : / |
a=-1 b=5 c¢=10

M Let's observe that the graph of
y=a(x—b)*2 +c is a translation of the graph
of y=ax*2 by +b in the x-axis direction and
+¢ in the y-axis direction.

Please touch the screen to move y = a x 2.
Please touch the screen again to stop.
HLS 7 8 9 B If ¥ou touch it furtherthe graph of y=ax*2
o= returns to its original position.
- When the screen goes darktouch the title bar !
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The image on the left above shows a=-1 , b=5 , and c=10 being entered in half-width characters in
y=a (x-b) "2+c.

The image on the right above shows the graph of y=- (x-5) *2+10 with the inputs a=-1 , b=5 , c=10 ,
and the graph of y=-x"2.

When you tap the screen , graph y= -x*2 moves by +5 along the x-axis , then by +10 along the y-axis ,
until it overlaps with graph y=(x-5) ~2+10.



