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In my childhood, I wondered why mechanical pencil leads break so easily. So I started 

studying to find the condition where mechanical pencil leads can break. I guess 3 
factors in breaking leads are pen pressure, length of bare leads, and angles of leads. In 
Experiment 1, the tip of the lead was pulled by the string with weights in the direction 
perpendicular to the lead axis. The critical force to break the lead was measured with 
various length of the bare lead. As a result, I found that the inverse number of the 
critical force is almost proportional to the length. In Experiment 2, a normal force was 
added to the lead by a jack with various angles on the paper. The normal force to break 
the lead was measured with electronic scale. Then, I found that the data has the 
maximum value in 100-110 . From the two experiments, it is hard to be broken when 
the bare lead is short and the angle of it is about 100 110 . 
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The nature of orbits of moving balls after rebounding  
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Abstract 
We rolled a ball to the wall and observed a trajectory. After
 rebounding from the wall, the trajectory is curved in some
 cases. We wondered at this phenomenon. So we showed a 
trajectory to a chart and investigate time dependence on   
the ball direction.  
Eventually, trajectories tend to be straight after curve excep
t for angle of incidence 0 .  
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Abstract 

In this study, I focused the causing rotation which is used as a High jump of technology. 
Causing Rotation, when it has a horizontally uniform motion, and by applying a force at 
an angle relative to the ground, with respect to when a force applied perpendicular 
refers to a theoretical jump higher. The result of experiment, I found that there is a 
close relationship between the horizontal force and the crossing angle. 
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Abstract 
We know truck accidents happen 1000 incidents per year. The deviation of loads is pointed out as 
a reason. So, this study show that maintaining driving stability. In first experiment, when a 
weight moves one edge to the other edge, we measured the 3D acceleration of the handcart. And 
we calculated the acceleration value to the force value. The result shows that the faster the 
weight moves, the more the forces increased. We suggested that the forces reduced driving 
stability. 
So, we designed the instrument to reduce the forces. The instrument has two weights. Two 
weights keep driving stability. As a result, the instrument could absorb it. 
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Changes in a Difficultly of Running by Bumps 

I examined how long bumps of ground disturb moment of a car to apply bumps to a road. I 
experimented how long it was easy to stop when I changed some condition such as a kind of 
bumps, the weight of handcart and the number of wheel. When I changed kind of bumps, the 
distance difference was about 1cm. When I changed the number of wheel, the distance 
difference between fourth and third was 12cm. When I changed the weight of handcart, the 
distance difference between 2kg and 1kg was 3cm. Therefore, I thought that when the number 
of wheel was same, the distance difference influenced kinetic energy without being related to 
frictional force. So did the experiment which changed the weight and speed. When the height 
added 1cm, the distance became 7.4cm longer on average. When the weight added 0.5kg, the 
distance became 1.75cm on average. Therefore, the amount of changes of speed is more than the 
amount of changes of weight. 
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Extension of Cycloid Pendulum 
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How the Ball Bounces on the Surface of Water 

Abstract 
I examine a connection between angle of incidence and angle of reflection when a ball 

shape bounces on the surface of water. Moreover, I examine a connection between a 
coefficient of bounce of horizontal direction and that of vertical direction. Experiment 
method is as follows I filled the tub with water, threw the ball toward the surface of the 
water and took that appearance by high-speed camera. The result shows that angle of 
reflection is larger than angle of incidence and a coefficient of bounce of horizontal direction 
is larger than that of vertical direction. 
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Change in the Physical Properties of the Wood by Various Chemical Processing 

 
 
 

 

Our study’s purpose is to control transformation of the wood by various chemicals. In 
first experiment, we soaked wood in water, saturated salt water, soapy water, limewater 
and glycerine. We dried the wood and measured curves and strengths of the soaked 
wood. As a result, when wood was soaked in limewater, it became the most difficult to 
bend and the most durable. So we soaked wood in different concentration lime water in 
next experiment. Then, the thicker concentration are, the nearer strengths are. And, 
the thicker concentration are, the more durable the wood is. It seems that there is not 
enough Ca2+ in thin concentration to help wood become durable. In last experiment We 
soaked wood in water, NaOHaq, Ca(OH)2aq. Then, wood that was soaked in metal ion 
was more durable than wood that were soaked in water. And, wood that soaked in 
NaOHaq were as durable as wood that was soaked in Ca(OH)2aq. So the valence of 
metal ion seems not to be important for the wood’s durability. Finally, conclusion is that 
physical properties of the wood are changed by various chemical processing. And, when 
the wood is soaked in metal ion, it becomes more difficult to bend and more durable. 
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The Growth Angle of a Chemical Garden  

which is Influenced by Currents 

3  
 

Chemical gardens grow in different forms. So I supposed that the current causes 
them to grow diagonally growing. The methods were that I made the current of solution 
in beaker by a magnetic stirrer. Next I made chemical gardens 1, 2, 3, 4 cm away from 
center stir bar in them. Finally I measured angles of chemical garden. The results 
were that the closest chemical gardens from the center stir bar didn’t grow up at right 
angles. On the other hand, the most distant chemical gardens grew up at 5 -25 . In 
conclusion, the current influenced chemical gardens, but strong current caused 
chemical gardens not to grow. 
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The Change of Shape, Hardness, and Mass of Gelatin Soaked in Ethanol 

’
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To be Able to Response to Visible Light in the Photocatalyc Reaction of Titanium Oxide 
By using Metal Doping in Sol-Gel method  

 

 Titanium oxide( ) does not be active when a light except UV hit it. So I tried to make 
titanium oxide( ) active when visible light hit it by metal doping in the Sol-Gel method. I mixed 
ethanol, titanium isopropoxide, and H O.I leave out it during a day. I doped titanium oxide( ) 
by soaking the thing which I mixed in iron chloride( ). I mixed titanium oxide powder and 
methylene blue solution and evaluated an ability of resolution. Doped titanium oxide’s ability was 
49.6% higher than undoped titanium oxide( )’s ability. According to this result, titanium 
oxide( ) could be active to visible light by metal doping.

.  
(1) 40mL (TTIP)5mL 5

 
(2)(1) 0.36mL 1mol/L 0.42mL 10  
(3)(2)

0.18mol/L ( ) 3  
(4) 75 1 2mm  
(5) ( )

 
.  
(1)1 0.5 g 1.0 10 4mol/L 15mL

UV A ( 365nm) LED ( 450
550nm) 30  

(2)(1)  
(3)  

100 / )×100 
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Abstract   
The - polyglutamate that Bacillus subtilis ver.natto produce have a water purification effect. 
Therefore, I carried out this study in order to examine whether they themselves there is a 
purifying effect of water quality. I have created a bioreactor with them. I was placed it into the 
water taken from the septic tank of the tank that breed guppy, after 30 minutes and after 1 hour 
I was measured water with a Pack Test. As a result ammonium they produced increased, nitric 
acid was reduced. Concentration of COD was increased, so I think they themselves don't have the 
water purification effect. 
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Learning Ability in the Case of Continued to Give Stress for the Threebands Gardenslug 
3  

 
 

Abstract  
Threebands Gardenslug take an action to withdraw their antennas when they are given 
Stimulation on it, but it is restored immediately. However, I had the question that when I 
continued giving stimulation after the slugs recover the action they continued acting to  
retract antennas, or it learned being attacked and turned the action of them wasn’t recover. 
Therefore, I wanted to test that the Threebands Gardenslug have learning ability.  
So, I repeated an experiment that when the slug recovers the action, I give stimulation 
again for ten minutes. As a result, it took a lot of time to recover after the slug stimulated 
the eighth suffered. Afterwards, it took a lot of time when even the thirteenth stimulation  
was restored equally. Thus, I understood that a recovery action of the slug may be late  
periodically. 
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The Relationship between Two Types of American ockroaches’ Excrement 
and the Effect of Their Aggregation Pheromone 

When we observed cockroaches, we found that there were two types of their excrement. 
One type was secreted on horizontal surfaces (lying excrement) and the other type was pasted on 
vertical surfaces (pasted excrement). We wanted to reveal the relationship between the two types 
of their excrement and the effect of their aggregation pheromone. We used American cockroaches 
(Periplaneta americana).  We put two houses made of cardboard into a container. And we put 
each type of their excrement into each house. We put 20 cockroaches into the container. After 3 
hours, we counted the cockroaches in each house. We found that pasted excrement had a strong 
tendency to gather American cockroaches than lying one. But it is not a significant difference. We 
will devise the way of this experiment. 
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AAbstract 
In order to reveal the differences between the usual-walk and the avoiding-walk 
of crickets, we observed them by focusing on moving pattern of legs and walking 
speed. First, we shot two crickets with a video camera or a smartphone . 
As a result of the shooting, we found that the walking speed was about 2.8 times  
faster than usual when the cricket was avoiding from the other . Besides, we 
found that the smallest angle and the largest angle of its hind legs were different 
between the usual-walk and the avoiding-walk. The former was 50° and 130°.  
The latter was40° and 110°. Considered this result, we concluded that crickets 
can avoid 2.8 times faster than usual speed by making the joint angle minimum 
and increasing the number of rotations of the legs. 
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 3  
 

 
The purpose of this experiment is to display NATTO  condition by numerical 
value. We defined NATTO  as what are changed into sticky condition by natto 
bacilli. We added natto bacilli taken from natto on the market into several beans and 
cultured them at 30 . Four days after this incubation, we absorbed changes of them 
and compared their appearance with viscosity of stayed liquid. According to this, we 
found that there is no particular relationship between whether their appearances are 
closer to natto and whether they are more viscid or not. This experiment shows we 
couldn’t display change of natto by numerical value. Next, we extracted 
-polyglutamic acid, which is main ingredient of the viscosity from cultured beans 

and measured their mass. We also observed changes of beans at the same time. We 
noticed that when the appearance is natto condition, the mass of -polyglutamic acid 
increase. As a result, -polyglutamic acid may indicate degree of natto condition. 
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Abstract 
I examined about the change of sound’s speed of the mixture made by particle and water 
changing its composition. I used two microphones and a speaker to measure it. I measured the 
time which the sound used to pass through between two microphones. 
I got data which was the sound’s speed of the mixture made by particle and water (141.6m/s, 
186.1m/s). 
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The Method to Judge the Winner of “Miyamakuzushi” If We Change Its Rule 

Abstract 
We tried to judge the winner of Miyamakuzushi by using mathematics, and we considered 
this victory pattern when changing this rule. Miyamakuzushi is the taking stones game, but 
players can take stones from only one mountain. The player who takes the last stone is the 
winner. We are able to understand which player will win by using a binary notation. By 
separating the stones we could use a binary notation when we limited the number of taking 
stones in this game. The key of this game is a binary notation. In Two Dimensional Nim 
Game, this is a kind of Miyamakuzushi, if the initial placement is point symmetry, we can 
recognize the winner. In conclusion, we are able to understand the winning strategy of  
Miyamakuzushi’s game by using a binary notation, and we are able to judge that of Two 
Dimensional Nim Game by connecting the stones. 
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The Total of Divisors in Complex Number 

 

AAbstract 
In Complex number, I tried to decide the divisors and find the relationship between the number 
and the total of the number ’s divisors. Complex number is the number which is explained  
(  is the imaginary unit which is square root of ,  and  are real numbers.) In complex 
number, prime factorization is not only one pattern, because this decomposition ignores the 
multiplication of the units. The result is that I found two ways to get the total of divisors. One way 
is that I make the prime factors even by using the units. The other way is that I make the divisors 
even by using only positive divisors. In both ways, the totals and the numbers have positive 
relationship, and several ratios have similar values. 
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The Creation of a New Cubic Puzzle and Its Mathematical Properties 

 
Abstract 

We made a new puzzle like Sudoku on a surface of a cube. The rules of this puzzle are as 
follows; First, divide each face of the cube into 3×3 squares. And the surfaces of them are 
painted in 9 different colors. Second, the squares sharing the same edge of the cube have the 
same color. We change the 9 colors into the numbers from 1 to 9, researching this puzzle. 

We put hint numbers on an expanded diagram of the cube like Sudoku, and make a game. 
When the arranged numbers from 1 to 9 are on one face of the cube, we found that there are 
734 ways to arrange remaining numbers. We paid attention to the same coloration among 
the 734 ways.  

The same coloration is grouped by the operation that shuffles numbers from 1 to 9. The 
operations are 24 ways (6 faces × 4 directions). We found that 734 ways are classified into 60 
groups. As a result, we found that the set of the 24 operations is the Permutation group for 
the operation of composition.
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