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Abstract

In the beginning, we define "bounce phenomenon" as a phenomenon in which a disk that is rotating in
the opposite direction to the direction of travel (hereinafter referred to as "backspin") bounces up in a
direction perpendicular to the direction of travel. The purpose of this study is to clarify the change in
the height of the bounce of the disk and the regularity of the bounce by using the distance between the
center of the disk and the disk's center of gravity (hereinafter referred to as "displacement of the center
of gravity") as a variable.

We fabricated several disks with different displacements of the center of gravity and reproduced the
bounce phenomenon using a device that can eject the model while applying backspin to it. We analyzed
the trajectory of the center of the model and created a graph for the height of the bounce.

The results showed that the model bounced up and down many times, and that the height of the
model's bounce tended to increase with each bounce and then decrease. We also found that the greater

the displacement of the center of gravity was, the higher the bounce height tended to be.
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Abstract

Ice stalagmites form naturally when drops from a cave or other structure gradually drip and freeze
to the ground. Because of the difficulty of creating them artificially, research on them has not proceeded.
This study examined the factors influencing the growth of ice stalagmites by creating them with
different solutions, and also clarified their crystal grains and orientation. As a result, ice stalagmites
made from electrolyte solutions containing ions in which those with small ionic radius were hydrated

grew the longest. Furthermore, we discussed the process of ice stalagmites formation by measuring

the concentration, observing the crystal grains and taking videos of it in the forming process.
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I Introduction temperature. And also, mass percentage was

Ice stalagmites are sometimes used to create
slippery ice for skating rinks. Today, with global
warming, the amount of ice that can be produced
within the natural environment is likely to be
limited. This study aims to explore the unknowns
and the factors influencing the growth, which can
be applied to the more efficient creation of
skating rinks and ice sculptures as art objects.

In a previous study in junior high school, it was
possible to create artificial ice stalagmites, and
the experiments showed that the length of the ice
stalagmites formed differently depending on the
kind of solutions (Moriyasu, 2021). However, the
experiments lacked reproducibility because they

were conducted in an environment affected by

used instead of molar concentration to determine
concentration. Therefore, we conducted this
study using improved apparatus and the molar
a method for

concentration as indicating

density.

I Method

The experimental apparatus is shown in Fig. 1.
We stacked two polystyrene boxes and placed
them on top of the freezer with the lid open. An
intravenous tubing with a plastic bottle for
pouring the solutions attached ran from the top
of the boxes into the freezer. The solution was
dripped onto the tray in the freezer through the

intravenous tubing at 4-second intervals. In the



top box, the solution was chilled in ice water to

maintain the constant temperature at 4.5 to

5.5 C.
i |

= !

}

Fig. 1 the experimental apparatus

A straw was used to keep the amount of air
entering the bottle the same, which leads to
keeping the drop rate constant. The second box
had a hole in its side to roll up or down the roller
of the roller clamp, which allowed us to control
the drop rate. The temperature in the freezer was
kept at —22 °C and continued dropping for 4
hours. The experiments were conducted with 5
kinds of aqueous solutions of sodium chloride,
sodium hydrogen carbonate, potassium nitrate,

acetic acid, and urea of 0.4 mol/L.

IV Experiments
1. Experiment 1

From the previous study, it was hypothesized
that solutes in the solutions that are bonded by
intermolecular forces will form longer ice
stalagmites than those that are ionically bonded.
So, this experiment examined the differences in
the length of ice stalagmites by changing their
solutions to create them. We conducted this 3

times in each solution, and measured the length.

2. Experiment 2

In the course of experiment 1, as the ice
stalagmites created with the acetic acid solution
started to melt, the smell was felt to be lighter

than the original solution. So, it was considered

that the concentration might differ depending on

the location inside them. Hence, in this

experiment, we cut the 1ice stalagmites
horizontally into 3 or 4 pieces and measured their
concentration after they melted. Concentrations
were measured by the second stage of double
indicator titration of sodium carbonate for
sodium hydrogen carbonate solutions, and the

Mohr’s method for sodium chloride solutions.

3. Experiment 3

Experiment 3 examined the crystal grains and
orientation of the ice stalagmites. The piece of ice
stalagmites, the ones cut horizontally into three
and the others vertically into two, were observed

using polarizing plates and LED light.

V  Results
1. Result from Experiment 1

Ice stalagmites made from sodium chloride
solution, of which the solute is an electrolyte and
ionic radius of both hydrated anion and cation in
it are small in size, grew the longest. Even if
those are made from solutions in which the solute
is an electrolyte, they didn't grow so long (an
electrolyte, such as sodium hydrogen carbonate
and potassium nitrate, the ionic radius of the
hydrated anion in the solution is big in size and
the hydrated cation is small in size). Also, those
made from solutions with large ionic radius of
hydrated molecules in them, such as urea

solution, showed the shortest length (Fig. 2).

112 i i i
687 5.43 5.60 o
I | I 227
Nacl NaHCO; KNO; CH3;COOH  CO(NH,)2

1 w2 =3 mAwg
trial

BB e
s & &

length of ice stalagmites (cm)

Fig. 2 the length in different solutions



2. Result from Experiment 2

The pieces of the ice stalagmite are numbered
like the models (Fig. 3 and 5). Fig. 4 and 6
indicates that the bottom part of the ice
stalagmite has a higher concentration and the
top part has the lowest concentration. Therefore,
in both ice stalagmites made from electrolyte and
non-electrolyte aqueous solutions, the bottom is

denser than the top.

o
@

e
4

a

e

molar concentration (mol/L)

1 2 El 4

correspoding part

Fig. 4 result NaHCO3)

o

o

e
&

ongentration (mol/L)

r ¢
o

mola
=

1 2 3
correspoding part

Fig. 5 model 2 Fig. 6 result (NaCl)
3. Result from Experiment 3

The pieces of the ice stalagmite are numbered
like Fig. 7. According to Fig. 8, 9 and 10, it can be
seen that the inner crystals of the ice stalagmite
are fine-grained, and the outer ones are coarse-
grained. This is a different result from the
previous study that showed the top of the ice
stalagmite to be a single crystal (Takahashi,
Oishi, & Matsuhashi, 2012). Moreover, Fig. 7
shows that the inner crystals are aligned roughly
vertically which is the direction of growth of the

ice stalagmite.

Fig. 7 model 3 Fig. 8 crystal grains (1)

Fig. 11 crystal orientation
However, the ice stalagmite which we
observed had been stored in the freezer for
several days after it was formed, so there was a
possibility that recrystallization had occurred.
Therefore, we observed the crystals of the ice

stalagmite just after making it.

According to Fig. 13, 14 and 15, they are
composed of alternating stacks of fine-grained
crystals and roughly vertically aligned ones,

constituting a state of rhythmic layering.



Fig. 12 model 4  Fig. 13 crystal grains (a)

Fig. 14 crystal grains (b) Fig. 15 crystal grains (c)

VI Discussion
1. Discussion of experiment 1

It is considered that if the hydrated anions
and cations in a solution are small, the ions can
get into the gaps between the water molecules,
and the solution form long ice stalagmites. In the
case that hydrated ions in a solution are various
sizes, ice stalagmites created with that don’t
grow so long. In contrast, in the case that
hydrated molecules in a solution are large, it is
difficult for crystals to pile up equally and the

ones created with it grow only a little

2. Discussion of experiments 2 and 3

The process of ice stalagmites forming is
considered as follows. The ice is formed as a
base at first and then a hole is made by
dripping solution at the top. Next, a bowl-
shaped part is formed in the center of the top,
and the solution accumulates there and
gradually freezes. When the solution overflows,
it flows down the sides. In the process of

flowing, water as a solvent gradually freezes

first, and then the concentration of the solution,
which is still liquid, increases as it flows and
freezes, too. Because of this, the bottom part of
the ice stalagmite becomes denser, and finally,
the bowled shaped part is covered. Then a hole
1s made at the top again, and continues
growing like that. This process occurs cyclic to

form ice stalagmites (Fig. 16).

» - =»

e .

/[ - I

|

Fig. 16 the process of ice stalagmites formation

VI Conclusion

(D The size of the ion radius of hydrated ions and
molecules in a solution affects the length of ice
stalagmites.

@ The process of ice stalagmites formation is

cyclical.
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