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Stamp Folding Problem with Mountain-Valley Folding

Jihwan Park - Junghun Yoo - Yoonjo Jeon — Incheon Academy of Science and Arts
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ABSTRACT

A Stamp folding problem is determining how many ways a strip of  stamps, separated by creases, can be folded
along those crease so that stamps are piled one on the top of the other. Previous researches used permutation and found
number of different ways to fold a strip of stamps by programming. But our research used Mountain-Valley folding.
We mathematically examined the basic properties shown if a strip of  stamps is folded by Mountain-Valley sequence
and proved the number of cases to fold a strip of stamps possible with a given Mountain-Valley sequence. We made a
program which calculates these numbers and researched statistical properties of stamp folding problem using this program.

Key words: Stamp folding problem, Mountain-Valley folding, Mountain-Valley sequence, Folded state sequence
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[Fig.3] Mountain folding(left) and Valley folding(right)
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[Fig.4] For strips of 9 stamps, MV sequence MVVVMMMV
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[Fig.5] Stamp folding corresponding to a mountain—valley sequence MMMM
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[Fig. 8] The relationship between folding order of stamps and MV sequence
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[Fig. 9] Stamp folding corresponding to a sequence | 1717 141"

A4, A-BA7) G VIV dstel g™ (vanr) — o) ya,
TIITLL

Z0) (V)77 WEO] Al HEL LS Ad SRR Hi AT WEdI0] A7 114 Fe A, o
SR (V1712 B0 AL REE SRS A4 2RO i AS MEste] 471 1714 Z9u 24,
(A" 712 s A7 FE2I (VA 712 A Fids 3 u, H712 A1 B2 95 S0 (vanigr1z A
Q mso] EAs] W] (V) EAR B A B3k W A% 02 (VA1 AR 7] o] Solslof ot
o (VAR AR B8 E (V) 872 A7 SR o Rlelte A2 el ( 1749 EO= Lol
Boj7lof 5)7] dhizel WA Aeo] 4= 11 Aol m

CRO & (V)73 A7 T (1) 9 23E Fefol ta) Lolma,

4915, A-=R7] Qo taf thge] JE T

e 1 (=1 e [mA1 (n=1)
DAMV)"M")=1{m+2 (n=2 2) FILA™ 12m +nin = 2)
m 4 nin 31 A
5%8)
1) Al 714 792 e Aztsiat,
i) =19, WV VY FEER 171
i) =28 o, (A1 0 R 17EA7F TElAE o] u), e e 282 £ =i 1,2, - 2. 2 + L]]TE, o
AR A7 EAEE 2 20 S8 A7 A1) 9stel 2 +1¥A $E o 2 1WA SF G -, 19
3 Yol ©= AT AL 0HA el & = QUTE F, 5 +27ER| et
i) = %_IHH Al 742 9] 792 Lol Al Azt RAL,

O (WP A AZINNL 2 27 ©37F2 +1HA 93 9 2 —18 3% ¢ -, 1A
olF V& 7 AlElE A7t A e11o] o8 fRE0] FUtEE A Uttt wekA] &
+17FA17} ek,

Q LMV WA AN AN whA ) 371 ORI Z @31 7)o F7)7F F=7HavkaL kA, A e} 7k A1) &t
2 +39A) 37 27HE 4= Q= SR A7 A1) ste] oA o, 28A SF, - 2 +2/0A] Sroltt, o] F oW
A RE 2 WA WA L= A g7 Feji1e] fste] ol H7|E 7} AldelE x50 FUhEE A
= skt webs x J71Y A= +17EA7E Qi

® @A 2 +39A) 37} 2 +20A doll 0= ALE AL o7 A B F7E —ir T AIE w ut
oF Qe 7k Aeji1e] oel A9 = 17FH soldtt, whebA a7 f& F7F AR R (171 A 7] A8
Aol Ao e —27FK]o|},

@, @, @l dsto] F A9 ==2( +1)+ -2=2 + 7}A°|t},

2) 7 E v A4t



20 | i fstEeli7 « The Journal of Youths in Scientific Research « Vol. 4 « No. 1

D) =12, (V)RR 5ol 17109) Feirt A7e o] o) Ha A 4 £ [0.1.2, . 2mlolEh, R
718 A Q273 Ael1e] olsjol 2 18R ST & 5 Y AL 2 WA
0¥ S oltt, Wb & +1747h 9l

i) 220, A A9 92 el At

O (V)" VRAANA 2 +10A SEAL 2 WA S o2 20 &

1715 27} S Hel7a G 110] o8] $mEo] 2AHE A9 fUsit), Herd Sx 170
7} 9l

@ (MV)" VRN 2 190 $37 0AR 031 oi7)o]  R717h RARCEL BR. 2 +2uA) ) 27
2 9l A1 He)7a A 110] ofste] oA gto] QI 1 RO 1A o 3RA S, -, 2 +1¥A) Qo] )
o}, o] 5 0 &, 18R o, 3¥A) o, -, 2 —19A) S0l @ Aedl He73 Hal1o] Sfste] ofF Y7 27}
ARE SH50] 2715 AL Sdaith, teha) 1 471 AL +17117F 9k,

@ @A 2 +28A 77 2 +19A o] 0 A9E AR 03714 A 7 x%ﬂ%%} Aegt u) o}
He)7a A 110] o8] 499 4= 17104 Solyth, weha) 1 1g 7L ARSI S (A1) 1A Qe
Aol %9 & ~17}Ko]t},

@, @, @) 9lgto] & A9 = +( +D+ -1=2 + 7iXo|t} =

npR e A% FEQl Ak | 22 Fefoll thel OPO}EXP o] A= FollA vt 2 ;e AMslo] FAlS
Ao g Wsgiet, o5 = EEJ%‘% 01 6?01 AT YTE B 9 gl vk Aelsiee Eoltt, Ala
FEE o] HoA Z2 FALE 7IREe R £ e %Ml EHHP FEE st gt
{Table 2) Table of F A" 17"
1% % v v d v 7 Ve v vie vz ooye v
M 1 2 4 5 6 7 8 9 10 11 12 13 14 15
M 2 4 7 11 13 15 17 19 21 23 25 27 29 31
M 4 7 11 16 22 25 28 31 34 37 40 43 46 49
M 5 11 16 22 29 37 41 45 49 53 57 61 65 69
M 6 13 22 29 37 46 56 61 66 71 76 81 86 91
M° 7 15 25 37 46 56 67 79 85 91 97 103 109 115
M 8 17 28 41 56 67 79 92 106 113 120 127 134 141
Me 9 19 31 45 61 79 92 106 121 137 145 153 161 169

M° 10 21 34 49 66 85 106 121 137 154 172 181 190 199
M 11 23 37 53 71 91 113 137 154 172 191 211 221 231
M 12 25 40 57 76 97 120 145 172 191 211 232 254 265
M 13 27 43 61 81 103 127 153 181 211 232 254 277 301
M= 14 29 46 65 86 109 124 161 190 221 254 277 301 326
M" 15 31 49 69 91 115 141 169 199 231 265 301 326 352
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(Table 3) Table of MV sequence and F1s |

Va3 Flvkarpe—f (g, =321 42) FOVEMv (g =401ER)

1 . . .
2 .

3 2

4 3

5 7

6 11 . .
7 13 15 .
8 15 17 17
9 17 19 19
10 19 21 21
11 21 23 23
12 23 25 25
13 25 27 27
14 27 29 29
15 29 31 31
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(Table 4) The process of the algorithm for calculating #1x
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[Fig. 10] Table of MV sequence and
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ol Mhgirep == dhat)
(* Noorsali+=1:
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22ERT

riurm |
H
voad dis(int *floor,int num)
|
il a;
foria=lka<num;a++)
ifl *(floor+ay=*{ floor+num})
(*Noor+a))-=1;
refurn |
H
int eheck{int *floor,int num ) 'num-2 FFhE = FE2] HA
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i
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i
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1
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H
clse
i
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return 1)
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else




A E7IetEMT| Mo ME R HY| 24 ' - YK

2

4
15

REGTHmEZEZ#A

Ky

W)
&l

wn
s
LT
U5
iy
oy
R
)
[T
[}
(1]
i
104
{[1]
10
n?
0%
{[IT]
1o
1
12
13
114
115
16
17
1158
1w
120
1}
112
[ ]
1
115
1M
127
128
129
130
131
132
133
134

miv]a)=ik
H
1
for{a=lia<leafl- | :a++)
H
illms]a]==0)
1
arrfa+1 |=am]al;
addi Moor,a+ 1 arral);
H
clse
i
arrfa+ | |=arr|aj+l;
add( Noer.a+ 1 arrfa |+ 1)
H
]
ooungss
while( 1]
|
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1
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H
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break;
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i
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H
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135 else
136 ]
137 d=1:

138 ilimv{e]==1}

139 |

140 artfe+1]=arr[c]=1:

141 adid{ Noor e+ arfe+1])
142 !

143
144 |

145 arrje+ 1 |=arr]c|]

146 add{floar,c+Lamfe+1]k
147
148 o+
149 )

150

151 |
152 printli "ed” count;
153 return {;

154

[Fig. 11] Code of the algorithm for calculating
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(Table 4) Maximum value of #1s| and MV sequence for each strip of stamps
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R S P By R P R S P R R R P 102
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[Fig. 12] Experimental results of the maximum values of #1 | for a strip of 2~18 stamps
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[Fig. 13] Comparison of /(x| and function i1.177 = 45" for a strip of 2~18 stamps
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(Table 5) Maximum value and minimum value of .| with | =] ,, =1
SE M | Z|oH%k SE M R Z[S42k

3 1 1 11 10 21
4 1 2 12 11 23
5 3 4 13 12 25
6 5 7 14 13 27
7 6 11 15 14 29
8 7 15 16 15 31
9 8 17 17 16 33
10 9 19 18 17 35
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{Table 6) Maximum value and minimum value of #.] with |=/|,, = 2
28 M Z|%% Z|oH%k SE M o Z|o4%k
3 2 2 11 10 60
4 1 2 12 11 68
5 1 4 13 12 74
6 1 7 14 13 80
7 4 11 15 14 86
8 7 20 16 15 92
9 8 36 17 16 98
10 9 48 18 17 104
224 MO L3 Ao el | 5|, = 291 AA-3H7] $E sof sl th2o] AHTH
1) 5= #of ‘:HOH R TE} st A-FR7] £E 7 WA W Ee 1-f[ AT 2= VAW E=
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il 59 497 A% s Ak Agle] Fol7h U FAL Holem S 35 gobAok stk H2 vy

{Table 7) Maximum value and minimum value of #+] with |=/|,, = i

SE NS | Z|5HZk I NS Z| %2 Z|cHzk
4 3 3 16 15 268
5 3 4 17 16 286
6 1 7 18 17 304
7 1 11 19 18 322
8 1 16 20 19 340
9 5 31 21 20 358
10 9 51 22 21 376
11 10 102 23 22 394
12 11 162 24 23 412
13 12 196 25 24 430
14 13 230 26 25 448
15 14 247 27 26 466
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A Study of Solutions of Quadratic Form Diophantine Equation z* +azy+by’ =+1
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ABSTRACT

This study examines the integer solutions of Norm Form Diophantine equation which have quadratic curve formula
and their properties. With a particular modular arithmetic on the set of solutions of NFD, many impressive mathematical
facts were discovered, such as the cyclic formation or recurrence formula among the solutions, and the generator of a
group made with the solutions. First, we did a study with separating the circumstances by the shape of the graph, which
depends on the value of discriminant. When the graph is an ellipse, the number of integer solutions of NFD is one of 2,
4, and 6, depending on the discriminant. Also the exponentiation of the generator cycles in a fixed direction. Additionally,
the tetragon or hexagon made from the solutions has a constant area, and the area of the ellipse is described in the term of
the discriminant. When the graph of NFD is a conjugate hyperbola, we clarified that solutions of equations with the equal
value of discriminant have a particular relationship, by comparing the generators and their exponentiation. It is well known
how to find the solution of each equation, but revealing that there is a special connection among the solutions of equations
with the same discriminant is one of the major accomplishment of this study.
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Developing Sound Box’s Structure of Smartphone’s Speaker Optimized to Sound Quality

Through Application of Eastern and Western Instruments’ Sound Box’s Structure
Haemin Lee - Giwook Rhee - Jaemin Song - Joonha Song - Taehyun Kim — Incheon Jinsan Science High School
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ABSTRACT

Our research team, EVA (Everting Vibration Ability), wanted to study the structure of the acoustic instruments of Western and Eastern
instruments and build sound quality-enhancing smartphone cases based on the sound quality function. We analyzes the structural
characteristics of the Eastern and Western musical instruments, selected through the experiment and produced a smartphone case based
on the structure of the particular instrument, which is deemed most effective in the vocal range corresponding to the range of sounds that
human can hear. Among the sound quality judgment criteria selected by us, we sought the structural characteristics of the vibration box
that can increase sound quality in terms of average dBA value by frequency, standard deviation of dBA value by angle, THD and IMD
value, etc. and it was manufactured by applying this technology to a Smartphone case. As a result, we found that the sound quality of the
smartphone speakers is better than before don't use our case.

Key words: Vibration Box, Smartphone Case, Enhance Sound Quality, Eastern and Western Instruments, RMAA
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[Fig. 1] Part of the Data Measured by the RMAA Program
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[Fig. 15] FFT Graph of Eastern and Western Musical Instruments

(a) Haeguem's Vibration Box (b) Violin's Vibration Box (c) Jang—Gu Vibration Box (d) Guitar Vibration Box
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(Table 1) Sound Quality Measurement of Eastern and Western Instruments Using RMAA

AEEUEE Noise Level(dBA) SHTEIE TOtSilsToarrtrig?wmc Inte[;irzt%(::frtaion
Response(dBA) Range(dBA) (THD)%) + Noise(%)
i 34,92, -9.88 -483 47.6 1,068 13.326
7)€t 28.61, 15.62 -46.8 48.7 0.639 28,196
&t 35.44, —=15.75 -54.6 54,5 1.010 4,190
Hhol & 27.77, -12.12 -52.3 53.0 0.613 34.681
s 29.19, —17.61 -55.6 54,8 0.856 11.873

Z o771 Noise Level& £46te] vl A48 A} T84 0]

Dynamic Range~ zgAol allE, A+, vrol&d, 7]

R A, A, HRol&H, iR, Ve £ 0 & Uit
, Rt &0 2 Va1, Total Harmonic Distortion(THD)= &

&9, 7]E
g4o] Hiol&d, 7|E}, i, A, R 28 U$he ™, Intermodulation Distortion E-&4d0] &, i, tix

2, 716, vl 29 %02 Uit

Al
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[Fig. 16] Comparison of Dynamic Ranges for Each Instrument

[Fig. 18] Total Harmonic Region (THD) Comparison of Each
Instrument

[Fig. 20] The Volume of the Tidal Wave is
Measured through Soil

7t Sh2e) 23 9 2o] 27
AA &7 F3)+= 300mlgaL, oH:'-,J

350) ol 7em, o) 5 R

[Fig. 17] Comparison of the Noise Levels of Each Instrument

[Fig. 19] Comparison of the Intermodulation Distortion of
Each Instrument

[Fig. 21] Measuring the Length
of the Neck of Harangue

SHAL 9 0x10 7 cm* P}, EFF

S &HEA 5 e AR 0] Ful= 200mlE S Ik webA siE 5 0] Wols 100mIgiT E
o A g 71 eL 15°CE AHH vxlo}?‘it}.
U, 339 1955 v

BEEE YN DRATHE (O e B 850 /R 1, = TR 1 T
o} oo, o} .2 g&oli, sk i £9EY B LE giHoln L dd £WE YR Bu), & &3
£Y5 B Ruo| Zololr}, k= 710t} o] F o] §3lo hFe] nf NESE FaHRATY 1089.34H29) WES7)
Uitk o)9t sl 2820 FFT e 28} H|wahA, FFT 18] 2= 1000Hz~1200Hz F-2o|A] gro] 4 2% =), o]



[Fig. 22] Sound Quality Measurement of the Vibration Box Model Using RMAA
(a) Results of the Haeguem FFT Analysis 1 (b) Results of the Haeguem FFT Analysis 2
(c) Results of the Haeguem FFT Analysis 3 (d) Results of the Haeguem FFT Analysis 4

P2 A2A GHA | & o] Ocm, 4cm, 8cm, 12cm, 16cm, BFEE] 9] upe} 50| A|Y 22 8 1, 2 thFe
2 F50) 2 5912, A1Q SHo] 2 B9 374 WP, ER, 2B $997} 1L, 2L, 3L, 4L, 5L 2L AR 4
o] et AR o2 Ak
(Table 2) Measurement value of the Vibration Box Model Using RMAA

Noise Level Dynamic Total Harmonic Intermodulation
(dBA) Range(dBA) : Distortion(THD)(%) Distortion + Noise(%)
10*10cn 434 4595 1.28 63.9
12*12cn 46,36 48.01 1.194 32,946
oA

14*14cnm 45.95 4491 0.448 63.109
16*16cm 46.84 50.96 1.059 26.469

Ocm —45.06 47.02 0.262 56.4

4cm -51.43 53.03 0.217 8.554

& Zo] 8cm —55.75 57.34 0.4595 4482
12cm —47.77 50.55 1.0127 18.067

16cm —46.7 49.07 0.2398 26,98
1 —49.74 56,12 1.0246 18.956
Bl 25 2 —49 50.36 0.8507 12,534

3 —-49 51.33 0.4322 26,625
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1L ~54.155 55.175 0.2536 29.235
2L -55.3 55.055 0.2389 12,585
3] 3L -57.135 57.28 0.20345 15.238
4L -57.625 57.35 0.4149 13.354
5L -56.05 55.87 0.1783 12,901
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2 5o vlae uol 5L 712 A8AT b £ A7
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[Fig. 23] Average Value of dBA According to the Degree of [Fig. 24] Standard Deviation of dBA According to the Degree
Eccentricity of the Vibration Box of Eccentricity of the Vibration Box

[Fig. 25] Average Value of dBA According to the Volume of [Fig. 26] Standard Deviation of dBA According to the Volume
the Vibration Box of the Vibration Box



[Fig. 27] Average Value of dBA According to the Cross Section [Fig. 28] Standard Deviation of dBA According to the Cross
Area of the Vibration Box Section Area of the Vibration Box

[Fig. 29] Average Value of dBA According to the Length of the [Fig. 30] Standard deviation of dBA According to the Length
Neck of the Vibration Box of the Neck of the Vibration Box
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Research on Efficiency Increasing of Portable Minor Hydroelectric Power Generation
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ABSTRACT

The purpose of this study is to improve the efficiency of minor hydroelectric power generation which is using environment-friendly
water energy by modulating related variables. First, the energy generation efficiency according to the shape of aberration and pitch angle
was the most in Francis aberration that expanded the blind and the lowest in Propeller aberration. Second, in the accelerating device, the
maximum current amount was higher than in the case where there is no accelerating device. Third, in the external model, the variation
of the vortex caused by the curvature of the model was investigated by using the Schlieren method. As a result, it was found that the bird
model produced the lowest amount of vortex.

Through the study, the most influential factor for the improvement of minor hydroelectric power generation efficiency is the propeller
and the external model. The improved Francis type aberration which enlarges the area of the blind, the inlet accelerator which can
increase the flow rate, and the external model shaped like a bird has shown an improvement of the power generation efficiency. Also, this
study will provide important implications for developing an efficient portable minor hydroelectric power generation device that can be
owned by individuals in the future.

Key words: minor hydroelectric power generation, propeller, acceleration device, appearance model, portable
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{Table 2) The table of a study on the improvement of efficiency of minor hydroelectric power generation
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(a) 3d printer (b) wind tunnel (c) Schlieren method

(d) flow rate sensor (e) wind speed sensor (f) Concave mirror

[Fig. 2] Research equipments

3. A g7

7 53 A4 B4
B 79 A7} % 9 apAT} 2 AFolH G A4E BR glo] WSl ol 2o YAiAES o)

% rlr

SEFAE ATUSHA ek P v 9] Bagel SELAR el 4 A §9 W} ol
Qe WERRHE MBI, ER SRR FOIAE B 1Mo A glo] AT 4 Qi W S% FRY S5k
2 TS Aol A8E A6
U, mEEE Sae) B ag B

Sejurlel tistol ot AT AR WHACIA AHESHE SR Tk SRV} Alrks 212 9A F9E, Sel 0%
ARE Aol WA B AT AR LA A 2L £, 2L Aol g 70 ool et 1
MR R olo] Sito] WebA whael 2 Xjol7 U Stk fidolut o] el npel thE 71 42 welA AL
B 228 3D 2eAE| 2 Zslo] Bhelstol WA HR-G BASIT Ao wAlo] A3t 319 Fehs mote) mokh

[Fig. 3] Waterwheel



72 | i fstEeli7 « The Journal of Youths in Scientific Research « Vol. 4 « No. 1

2 AP 4§ S [Fig. 319, eIt ARBBOIA 2 B 5 Ak FY SRl Ahed] & BEE A
NomReE WA BE7X Y AR 4emolth, 3217} 257, A2} 1 % DERSEUERNEES L
D] MIFS A Rskt 2R e 1R AR NS 111R ARSI

< F249F MBL A7 AAE A2kl $533 9 342 8~9dARE 4743 & MBLY Logger Pro T2 19-&
01%3}04 AR AlRbe] whE WFE B, H WS 7155kl

2) A9 A
(Table 3) The table of Power generation per hour
AlZH(s) 1 2 3 4 5 6 7 8 9 10
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[Fig. 4] Propeller aberration power generation
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[Fig. 6] Francis aberration current
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(c) Fish Stream line model
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(f) Jet Engine Model
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(h) Bird Stream line model
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[Fig. 9] Appearance type

[Fig. 10] Change of current flow



(Table 4) The table of The Change of Current Rate by the Speed of Water
AIZH(s)

1 2 3 4 5 6 7 8 9 10

4 (m/s) 0.075 0.078 0.082 0.087 0.091 0.094 0.097 0.099 0.090 0.084

AF(mA) 9.3 9.7 10.5 10.8 11.3 11.7 12.1 123 11.2 10.0

{Table 5) The table of The Change of Current Rate by the Speed of Wind
AlIZKs)

=TS 2 3 4 5 6 7 8 9 10
+4(m/s) 11.2 11.3 11.4 11.9 12,5 12.7 12.8 12.8 12.8 12.8

AFFmA) 1535 185.0 208.9 2272 231.6 2348 2332 230.9 230.6 2239

[Fig. 10]614] 3 vilo} o] A el 43 OIS ARSI FEAH R AR Aokl A ZAARY
o Fdol 02 AR sk 2 ARIA 10 FO10) Bt WA 215.96mA o)1 B SEo] w2 AFY W} 24
AFOIA 102 Y] it WAFL 10.89mAClth, B Siwo] 12 B AFFe] T4 AHT A7 AW 1
B 7] 57301 0,1~2.0 m/sol7] T2l 12,4~24 85mA®] £2S B2 4 ek AT, Ea F AG B 47 &
o3 ARgol HesHs A1t EEHYOHR B Aol F4E ol §ate] 14 AR AW, B o83l 2
A 482 AHATH10)

[Fig. 11] Nine-stage wind speed

(Table 6) The table of Step 9 Wind Speed Measurement
AlZHs) 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

117 121 124 125 126 126 126 124 122 120 119 119 119 115 111

ARLR LR FEA Y 8EAIA 98A Y HieE THAMR )] SASE A [Fig. 11]014] B vpe} &o] 15

& Bobe] Bgke] oF 12.3 m/sel 4t
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7k 78R 8~9DA Y FHAA 7HE: AR 7ol e T 2E g A

[Fig. 12] Graph of 8 to 9 changes in wind speed with or without accelerators

{Table 7) The table of Changes in the wind speed of 8 to 9 phases depending on the presence or absence of

the acceleration device
A|7}( )

—_ 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15
7HAA 11.8 12,1 125 127 128 128 128 128 128 128 127 127 127 127 127
0( / ) . . . . . . . . . . . . . . .
7HAA 117 118 119 119 120 122 124 12,6 12,7 127 127 128 1277 127 127
X( / ) . . . . . . . . . . . . . .

A Y 8~ A Q] HF& Lo G l= 14.4m/s9] &l A 717 9] f-5tol uhel B R F45-E 733

B AL G 22 2 B 0 102 591 4 B0) BERE o 1207 mfsolt AL e 20

Uho] F4o] 102 Fee] FEghe oF 12,23 m/solet, [Fig, 1210141 1= uls} 7o) 144 m/s8] Fsol A 714477}

W WO YR F45 7R §lS W) RESel 371] ThER] T, wEbA 92l S5l Tl e v 7R

T o6

9] ol U gol /st s 1A e B A2 AZsnt,

U. & A 2~49A1 9] SE0IA 7FEZA 9 {7l e B 2E g A

[Fig. 13] Graph of 2 to 4 changes in wind speed with or without accelerators



(Table 8) The table of Changes in the wind speed of 2 to 4 phases depending on the presence or absence of

the acceleration device

7
oM 3 4 s 6 7 8 9 10 11 12 13 14 15
oTT

2R}

RN .8 30 32 35 38 41 44 47 50 52 54 S5 59 62 62
0(m/s)

2R3
TR 06 29 31 32 31 31 31 32 37 42 44 44 45 45 46
x(m/s)

7RG 9] o7k S&0) 1200 7= 7ol vlsf vl Fol 7HE AR o] £ SR anp) A HolA] 92 AR A A
& AP, T8 FEE 2~4 WAR FEHS F5o] /AT S48 SV & Ae age S EY
k. [Fig. 13]94] Kz Hie} o) 7k A7t Je REo Wi $42 SIS 1, 20% 599 H+t £=7F oF 5.21
m/s0] 2L 7k 2] glis BEO W F4& SIS W, 202 5910 Bt £== ©F 3.79 m/solt}, [Fig. 8]oflA B
= v} o] 7HE A7 9l W Wi F5o] §ls WiETh fdeto] WA o] of 2.9(176/60) W7} 153l £5=71 1.3
Hj7F soldths A & 4 AT F5o] =1 AolA 7HgA 9] £ S7R S Belsks Aol golstgoer 7k
AT A SEE SV = ke AL BT = A3

[Fig. 14] Current graph with or without accelerators

{Table 9) The table of The change in current flow with or without the acceleration device

ZH
oM, 3 4 5 6 7 8 9 10 11 12 13 14 15
oTr
A%
7(])11%/)5] 153 185 208 227 231 234 233 230 230 223 224 223 219 219 229
222
7)1;;};51 120 130 136 160 170 177 189 191 192 193 186 187 172 170 167

O 1o
< whch o 2,100 WS © 527
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(a) Cylinder

(b) Jet Engine Model

(c) Fish line model

(d) Bird line model

[Fig. 15] Flow of fluid by external outlet

{Table 10) The table of Flow of fluid by external outlet

z= UE Do HE 2% g 2Y M2
N ZPRBM GRSt A ETREAA BRt A
dR0 EPRRAN GRA A L S0 g e ST BT gHow A7 A7E B
R ANE B, olct BOl A= Bl gy

ool Tl gt wop
A FA )
o] Agolng & 2
Py 1ol es) Ao e
I8 wisaied o) £ 3717}
Ao} LR BEA oF

2ol aRsk A En

SJgtel Fo] Q= mPe)] A
B9k 2 Fol e Hand ME 37)9) 553t 1
=2 0 -
=

AANA Kol fsto] phdt 7 3719 BEL &

o] 2 3ol B B53} FEE]

A B2 vad 550] mal

A A " 2
1502 317
th

)
=2
10 &
:Oé
]

o, g B HHoR
o]} glo] 449 &
£o] AX= At e =

Ue= {419 5570 4
Ae mEAA F2 UF
AR

£ fA7lEE AAA O
271 o] ARl 9
wlo] g vstsi 9
o] E4gol7t i
of wgol AR B
sk o]tk

9)59] izt vh ol A
tot 449 55
AL BRI 22 BF
7H 43713, o) mepol
Bo)gk YA Lo
E RATEE A
7} wol Axiet, 9
w3t IR Hgol
wslstyl g =4
Zol7} vl dRo] A
Y%7 Bk Aol

mY

BEBESE IR
o g9 BEo| PA=
BRo|q 2 157} A
7|1, Wie] mage] 917]
Falolet 449 Yeg
wel et 479 AE}
At 9 RRR0) 5ol
wsksiel oo =4
Zol7} uple] Wzel A
AR} WIS Aol

oF 20:7

2cm : 0.7cm

HHA WA hH] 3¢
S0 Wik AT,

oF5:2
2cm : 0.8cm
Z02 WAE o) vm

A g g7 A,

2:0
A5 A9 714 g

c}.

BRI ok wslol e @olet
BRAL caqnee) gae e
o] #o] W=7} o] A7)
A op=ct.
Hl-&(Ed  9F10:3
HERE 0 2cm: 0.6cm
GRwg ERd SR o e
WAE) A AL R AT,
4a0] e e 2
7 ERY, 270 2
319 )} ) meel Wshe] 2
9E mold.

u A YA 52w 3]
7t Behkin, &30 2
717k A o] Hlsto] of
2 A},

97 A4 3717 Ee)
Wi, E70) 27s %
Zrolu, A mkt 2k,

2579 A7)0} W)y
W7l 97§77} S
Ui, 20) 271 %
ol

WRIE A7 9 o
A gkt




e HUE 2Y HEZ =207 2Y¥ A 2
A
(a) Cylinder (b) Jet Engine Model (c) Fish line model (d) Bird line model
[Fig. 16] Flow of fluid by external outlet
{Table 11) The table of Flow of fluid by external outlet
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[Fig. 17] Upper section value

o A &9 T
(Table 12) The table of The wind speed of the exit by appearance

AIZKs) HE(m/s) HE(m/s) E217|(m/s) M(m/s)

0 6.188202 6.482697 6.088257 6.509399

1 6.16684 6.591797 6.041718 6.46286

2 6.247711 6.666565 6.065369 6.491089

3 6.285095 6.491089 6.087494 6.57196

4 6.246185 6.492615 6.184387 6.705475

5 6.338501 6.610107 6.271362 6.744385

6 6.252289 6.567383 6.325531 6.735992

7 6.142426 6.551361 6.377411 6.699371

8 6.16684 6.597137 6.340027 6.710052

9 6.110382 6.440735 6.299591 6.756592

10 6.089783 6.288147 6.250763 6.797791

At 6.203114 6.525421 6.211992 6.653179

o}, Z ol o= o ALt
{Table 13) The table of Calculating reynolds number by appearance
Z&(m/s) AT XIE(cm) Zols= Z|of HHA o] X1§ gols=

AE 6.203 6.68 21140.83673 6.68 21140.83673
ANE 6.525 7 23303.57143 5.99 19941,19898
E117] 6.211 5.4 1711193878 7.4 23449.69388
A 6.653 5.4 18329.69388 5.4 18329.69388

‘Holisz = AR [11]9] 7141 9] S RE ARESHI=
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[Fig. 18] Upper section value
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(c) experimental scenes

(b) experimental apparatus

(a) Completed model

[Fig. 19] Experiment on measuring actual minor hydroelectric power generation
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[Fig. 20] The Change of Current Rate by the Speed of Water
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A Study on the Molecular Modeling of Regular- or Semi-Regular Polyhedron

Resembling Fullerene
Sejun Park - Dongwon Kang - Sewon Kim — Changwon Science High School

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

o=xE
2 AT EHAY G2 FrinA 52 =4 D}UW(OPE?lUﬂEﬂA E}UM) ) 25 L +XH 7Fe3oll tigt Zleltt, &4 7Fs
A& Lot 7] $8l Gaussian programe ]88l A PRE0] A - SAHTHHEA = 4 TL‘Z]'7]' =g i AR HIlF(JE)S AAlsE

At EHAE 71208 7P YA HSlRH4E)0] & BAE AR E49 £ 7HsAS A AT, o] T lA] jhAo] =7} i
S42 oA M3l JE)o]) ARG Fe1E91, A2 ul&o] IS LR E Gaussian programol| )3k A4l B ol A AH21ES Eol“
:rLZE Hstsls AL ﬁ‘ﬂ‘;ﬁ"% 3} AR ﬁ“*ﬂt Agto] 574 o<l ¢ ALk ;}@01]/11 AT A 40 oJati éolL TREH
glot= AL Q’?lo}‘ﬁr/}. 2FH 0 &2 HrpAAet 13714 28 ThEA 9] o v x| #shgS A4bslct, Eeh JrpdA] &2 & *E’r‘?iiﬂ =
AE9] Host VA2 9] 7hHs4d-& gRlsh] el Rdgo] Eidt #449] oH& HAnky & 7#]*&0}01 7FE 4= 9 guest 3gE9] A7)0l o
o 2SR YAL, 72 Holol Al SO, wAE Yol 4 3tE = oAU AE Aktsl Ekt),

F4]o] L E29¥, SAUHA|, B el A, Gaussian program

ABSTRACT

This study is about the possibility of existence of molecules with regular or semi-regular(Archimedes polyhedron) structure except
fullerene. To investigate the possibility of existence, we used the Gaussian program to calculate the energy change (4E) when the carbon
atoms become the molecules of the regular or semi-regular structure. We present the possibility of molecules in order of molecules with
the largest energy change (4E) based on fullerene. In this process, it was confirmed that the energy change (4E) increases as the number
of carbon increases, and that the structure with a large triangular ratio changes to a structure that reduces the triangle in the calculation by
the Gaussian program. When the number of bonds formed on one atom is 5 or more, the number of bonds per atom is reduced to 4 or less
in the calculation. We also consider the size of the gueast compound that can be calculated by calculating the minimum inner radius of
the modeled molecule. In order to check the possibility of a regular or semi-regular polyhedron molecule as a host molecule, we tried to
calculate the energy stabilized by adding SO, molecule to the twelve-sided dodecahedron.

Key words: fullerene, semi-regular polyhedron, molecular modeling, potential energy, Gaussian program
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[Fig. 1] 13 types of semi-regular polyhedron
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4. Hartree—Fock SCF

YA 2AE] oY A€} dHg 3= th2 Schrodinger 7341 2] s 24] 071t}
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ChAAL A2 9l = Slaterd] P40 & Foj A},

1 . .
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[Fig. 2] Regular - Semi—regular polyhedron structure
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(Table 1) Characteristics of semi regular polyhedrons

2xt TXI™ 4 2M2| i Mol S A0 Z0ls BEMEl & HE FMol=CiE
7e A RAZVE 47
4 L= Saan BYe)
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7 A A7 870
(0 247 3674 147 37 A2 67
. A 1270
10 O T SN
EE 487) 7290 2670 ) 95719 87)
327+ 67N
72 T HA A 67N
C08) 247 367K 147} 37 R 278 874
7k ol M3 A Zys 127)
T o 1=} o = 0o
(C60) 6071 907} 3270 374 2278 20
-2 g4l oA 2 2074
o12) 607 9071 3270 3A A2 1271
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U%E(gfz]zo ])ﬁ b 607H 1207 6274 470 A2 3070
0 oz 127
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H H o1 o
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(T06) 2474 6074 3874 570 A2 6
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[Fig. 3] Geogebra and Chemcraft application (a) Geogebra screen, (b) Chemcraft molecule, (c) Enter Coordinates
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[Fig. 4] How to use the Gaussian Program
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(Table2) Optimized structures of regular polyhedrons

o o3 ZEHZ0l(R) Azt (%)
ArH Art = ArH A=
AL 1H %
0608 %A 1.8 1514 @ =90 @ =90
1.410
0120843 e1HA) 1.76 1.456 a =108 a =108
1.527
- 1.468
A oA . = =
0207301 HA) 1.83 475 a =60 a =60
U, 2YHA B4 245 A3
{Table3) Optimized structures of semi—regular polyhedrons
st o Z§Zo|(A) ARZ=(°)
- ° ALt A A= AL A AL Z
1.37
1.39 a =60 a =60
7+ A 0 1
1.46
Sl s 1.37 a =90 a=90
1O 2w}
Co8(7-2 “gZHA) 1.42 151 8=120 8=120




. 1.39 =108 a=108
C60(Z#) 1.56 146 A=120 8=120
- 1.37 a =60 a =60
ro. A
CO4(Zr-& AAFAA) L3 1.49 £=120 £=120
- 1.57 a =60 a =60
1O A ’
CO12(7+-8 Al WA 157 158 B =144 B =144
1.38 =90 ¢~
O8RS ST 164 146 £=120 =120
) y =135 y =135
1.35 @=90 a=90
C1220
] 1.32 1.49 £=120 £=120
1O A A
(7L AololdwA) 1.50 y =144 y =144
1.40
- 1.43 a =60
Al Al . —
1220(4olo] A A) 1.62 1.45 B=108
1.46
: 1.37 a =60 a=90
=0 ¢ '
TO6(THE2 51 A)) 1.3 151 £=90 £=120
- 1.64 a =60 a =60
=21 9uhy '
R68(THER %2 A)) 18 172 £=90 B=90
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o 24 oy A] Wekg

(Table4) Energy Information of each molecule

=M =0 AE AE/HA AE/ZE
1 C1220 —28.2390 -0.2353 -0.1568
2 C60 ~14,9600 —0.2493 -0.1662
3 Co12 -13.0080 -0.2168 —0.1445
4 C68 -11.0170 -0.2295 -0.1530
5 1220 —6.0430 -0.2014 —0.1590
6 CO8(=T06) —5.3330 -0.2222 -0.1481
7 C06 —4.9690 -0.2070 -0.1656
8 012 ~4,4059 -0.2203 —0.1468
9 R68 —3.3400 -0.1391 -0.0695
10 C04 ~2.2060 ~0.1838 -0.1225
11 020 -2.1780 —0.1815 —0.1555
12 06 -1.3070 -0.1633 -0.1089

1) 7P 7geh e o] ol v A9t 271 o[ JA] 2te](4E)

T3 EATE 738 WolA lo] A2 ATAE-E k4] g2 W] HEl oA (B4 T A oA x R} )9k
outitdoll A 71 kgt Ael o] HEld oA 2ke] Aol (JE=(7 AT 29 o |2 -(dA} AE Y] | A))E
Bt} £ A= Auiglo] £ A YR YdE o] Q). gk 149 ofu A& -37,5729458 hartree® ©] T3} Gaussian
program®]] 4 Y&} SRS Hof Altste] A2 2% Fholot,

[Fig. 6] Plot of 4E versus number of carbon atoms
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[Fig. 7] Molecules that deviate from the 4E graph by the carbon number (a) R68, (b) C60, (c) C012
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[Fig. 9] Plot of 4E/(number of edges) versus number of carbon atoms
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[Fig. 10] Structural change by cycle during the calculation of T06
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[Fig. 11] Structural change by cycle during the 1220 calculation
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[Fig. 12] Calculation result (a) Fullurene— after calculation, (b) Size of
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Development of Water-Resistant Metal-Organic Framework based

Hybrid Material for the Selective Capture of Carbon Dioxide
Seong—Hyeon Park - Hyunsung Jang - Woohyeong Kang — Korea Science Academy of KAIST
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ABSTRACT

In this research, we aim to solve the problem of water instability of traditional MOFs via introducing hydrophobic alkoxy
functionalities onto the monomeric ligands. By using 1,4-benzenedicarboxylic acid derivatives with alkoxy chains, we were able to
synthesize an analogous structure that was isoreticular to a previously reported honeycomb-like MOF. It was found to have exceptional
water stability towards both atmospheric moisture as well as liquid water. The new structural analogue was stable for more than 7 days in
a moisture-saturated atmosphere, and remained stable for more than 24 hours when mixed with liquid water. On the contrary, the original
structure had been degraded completely and had transformed to another unknown structure within hours when subjected to water-
rich atmospheres. While the selectivity of gas adsorption was retained in the structural analogue, the amount was decreased noticeably
due to the bulky alkyl chains blocking the pores. In order to improve this, various methods such as using microwave-assisted synthesis
to facilitate the formation of defects in which gas can be adsorbed, and increasing the length of the bipyridyl linkers, and mixing bdc
with the Cn-acids were tried. In particular, mixing bdc helped improve the problem of adsorption capacity, while microwave-assisted
synthesis dramatically shortened reaction time. The same strategy of water stability improvement was tested on another structure, MOF-
5. Ultimately, this strategy of increasing water stability will be tested for its applicability, efficacy, and universality on other various bdc-
based MOFs.

Key words: metal-organic frameworks, water stability, selective adsorption, structural transformation, alkoxy side chains
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Fo] e wefe 27k ARsk Al sk Cn—acid(bde =)=

= 2 J k. o), B4 WY el RE sFo] Sahslolof o)
U Cn-acidis 2447190 7B4719F 2547191 22717} 8 B 91308 Hhie] Sofel dhat §awrt v 5 7]
£ Q7o) AgEI skl s B4o) gek F7149) 2 AR} AT A0 AT o)) ket £, A7), §
i, G, 5w Fol o) ol 2AELS BEHA,

(Table 1) Amounts of reagents in various reaction conditions,

k- sEtEol A4 o, 22tE, bipyridyl linker)
1 0.1 mmol 0.1 mmol 0.1 mmol
2 0.2 mmol 0.1 mmol 0.2 mmol
3 0.2 mmol 0.2 mmol 0.1 mmol
4 0.02 mmol 0.02 mmol 0.01 mmol

o] &Joi= 2125 80COAA 110C7HA] Alesl) HGEaL ¥hg- Az B3t 724158 120A171704] Al=sf Releh, 24 F
Z|8} A= (Table 2)9} 2},

(Table 2) The optimized reaction condition,

ZikopA bdcR = & bipyridyl linker2| oy ec AIZH
0.2 mmol 0.2 mmol 0.1 mmol DEF 3 ml 100 € 120 A)7H
25 24
7F AR A
WA FAE A9 AXNA FElE USB An|F o2 s Bt O Ay 53 39 A74o] HEEHIY, dntEes
S o Aol Hag WS uet A2y Wigol 73 2Ao] /A7) vl S o] Harg upol] mpad Hy
TFEE 2 715 I FEE 7T 7] izl o5 thEaA ol wdE R ofe] =HQlEo] m=ts] $17
sjo] AAH o TRAY KAk Bekick([Fig, 3)
S22} 245 2204 WA 728 DA B EuelS0] Bel 77 24o] Hrks Aol F)29T o) B
of Ala AT[12]9} FAIE P02 T4 Ae] Ygtom A4 FAo] BlAUEo] ool T 4 g Aol A|heit
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JOI'

[Fig. 3] Crystal morphology of samples as observed via USB microscope.
(@), (b): low resolution (52X) (c), (d): high resolution (435X)

AEEHE Fol A B
oA 1,750cm™" F*
} 7kt 4, 3,000~
S o} o}¢d o] &

of Oh:}, ol 1A e
*éﬂ‘ii%% HojZzt}h g0 1,000cm ™9
W] 129 R AHE
FER7FEY FxREE

EY

9] C=0 stretching(A1&4%) R=9]

3, 500cm’194 O-H

2 a%
A 1,800cm’11ﬂr—34 o]
A 9] YA|ska PXRDE}
AES Wt

o gEFRay
AFFRAL 1% 37 B4 Sol4 AAHGon §780] B &
He}, o] ZaHe 27 AT WY FEE 3000 o4 LEAAE

oA e el okl AkeHEo] v o}

[Fig. 4] IR spectrum of synthesized honeycomb—
like structure (top) and IR spectrum of C6—acid
(bottom)

I
HgstthE Ae HojFo] o9 & 7

[Fig. 5] Result of thermogravimetric analysis. The black curve shows mass changes as temperature changes,
and the blue curve is the derivative of the former,
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9] AFES HF o R FAE B0 ¥y e 2ES Yslor ¥y £x9] Fe= ol [Fig. 6]} Ztt. [Fig.
6]-2 EVOTIT(Cambirdage Structural Databaseoj 4] 2+

HAGLX)[7]E Material Studio visualizer T2 104 T
A2 Co¥A7|E ol £4sto] Ajtsh= 4 X0l

[Fig. 6] The structure of a honeycomb analogue synthesized from C6-acid as bdc derivative ligand. The conformation of the
side groups were selected at random, Practically, the alkyl chains are predicted to be interacting with other alkyl chains nearby.

o Pl YA FE S oW 900 53 WS Fah N1/} el glek. 69l AEo) that Fut (Table
3ol Agso] Atk Y P2 SR ojitehtae] the ARl Aoz dA JTH7].
(Table 3) Cell parameter of the unit cell

Space Group R C3

Cell Lengths a53.188 ,b53188 ,c17.813

Cell Angles @ 90°, B 90°, v 120°

Cell Volume 43641
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A
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e
i

o) S v O R Zn/Co—acid/bpyE AMHE-Sto] F/de A A4S FRls) Byt 71Eo] Co-acid ti4l
2,5—bis(allyloxy)—1,4—benzenedicarboxylic acid& AFE3}o] AJe R 12 34 A4AS =

| = TRl B g Hp gl
TH5). ofell 219 A2 e HeA A5de S99 Hok, 23k [Fig. 713 Aot

[Fig. 7] Contact angle analysis of synthesized sample as well as a schematic diagram of the method.
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BEZEL oF 130°41° 102 240] H90m, o 908 BN Y FOE WS 45 A44S Arkn F 5 9
o} chil A4S ZhR R el wie] 2 B/l Ak ur 2 Hze] ZAYS FFEAE gou, 71Ee 8
%) PAETH 818 A4S Hrks FL wele) Bl

S 2440) ekl A4 P& A7} Bol e A% AZAS Mk & otk 44 7] 39 St g
BN F20) QPR AT E THE W4T} AEE10) U B AAS B8 Holth A 242 A8
stgom AgeIA §ulE AAR F 2 F 7H OR Bol that SPgAS Sels) more,

[Fig. 8] PXRD patterns showing structural changes of the honeycomb-like structure under exposure to atmosphere of relative
humidity of 100 %. From top to bottom, 0 day(red), 1 day(yellow), 2 days(green), 3 days(blue), 4 days(pink), 5 days(purple),
and calculated pattern of original structure(black).

WA GHE 2HS ANEE 1009EY 70
AROzH F27} B WSH=A S8 Bt
WIBH: PXRD 181 283te] Qolugron] Ag At
[Fig. 817} %t} PXRD sfgio] 5o] Y wsix]

2 Wo} 2.2l7k BT Co-acid/bpy B T2 Bel o)
] SR A & 5 A9t ol 71Ee] A5
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ARlet 43} 545 7h7to] PXRD d€lo] WMakA] 9kl o5
HiFo 2 Fo APA0ZE HEFfe ol AR F¢ F2E
0 ke A 2, 295 Ao [ttt
283t Z10]9) A4A XE7]1E 712 bde SEAE £33 o after mixing(yellow), after 17 hours(blue), after 22
Aot W7 prl Boj td] Ho- obgslth AL oF & 9) hours(green), and the calculated pattern(red).
Atk o= 5F WY AAE 254 0% el FAl) A&7 HE S8 E e £ HAE o7 il s
Helrh, 719 ¢+t w2 ¥ MOF-55 HIR3E a4 7] XA &l 93t 24 st = & 24 vg S 2Ed 2
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D|E2C 2|0} SXA} MULEMS E35
HMALRSHY|(Dorcus titanus) HE 2A

Zojul - 9SS - URY - A IS

o B =y |

Phylogenetic Analysis of Dorcus titanus using CO | and CO Il gene of mtDNA
Yebin Kim - Hyobin Park - Sehun Park - Jisang Park — Busan Il Science High School

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

22xE

2 giE T gl AR E E[W AAEE Y (Dorcus titanus), 25 AARSHE (Serrognathus consentaneus), ‘FH 5 AAMSH )
(D, titanus jejuensis, 713, MARSEH (D, rectus) W GAEHEH (D, hopei)]F} FA4F Ao A AT GAARSHY 127072 Fd 2
oA AR 1A UlE:EEE]O} DNA % cytochrome oxidase I(COI) & ©]4-3}0] A5 BlaE4s}3ict, k&2 NCBIY] 7]
SEE 53 & vk, g3, AduviAel © ej=e] YAAGHE 2] COI A G 01838te] 71 E4319ict. WA AE L 9l Al
WaFe WA B XWJ”E] R ARAAG S group 13} A R GAREEA2) group 11 25| ck, A1)
of 9l o]gol ] YA WAL HA 2] H9- COI ¥ CONE B4 A7} Boto A 7| B uH 3745 23] 447 ool 3lo] & 2po7}
LheLb) Q29I TR GRS} QLB QR A o)A 2 AEAS SIS 11 9] ofAlof o] AASR WAALHESH: e
25S YL Aol ol ke ) A4 A £9) §04 BAT ) 209 §UEE sk AR B8

4 91& Aol

4ol D WA EE, FA8A 24, COI, COIL, AR5 EE

ABSTRACT

We analyzed phylogenetic relationship of 9 stag beetles for sail in Korea (Dorcus titanus, Serrognathus consentaneus, D. titanus
Jejuenisis, D. rectus, and D. hopei) and 13 D. titanus samples collected from Busan and Uiryeong using cytochrome oxidase I and II
(COI, CO 1) gene of mitochondria DNA. Furthermore, we also analyzed COI gene sequences of D. titnaus samples from North Korea,
Japan, Taiwan, Philippines, Indonesia and Thailand registered in NCBI. As a first result, stag beetles for sail were divided into group I (D.
titanus, S. consentaneus, D. titanus jejuensis) and group II (D. rectus, D. hopei). And second, collected D. titanus samples and registered
one in Korea did not have considerable genetic variation. D. fitanus from the Korean peninsula and some areas in Japan were classified
as one group with high genetic homology , the others from asia formed another two groups. Our research can provide a basis for genetic
analysis of domestic stag beetles, and CO I and CO II gene could be used as a marker for the identification of exotic species among
various D. titanus conclusionally.

Key words: Dorcus titanus, Phylogenetic analysis, COI, COII, stag beetle
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o] EG 250 AR ARG EAS WIRT 23S /9L Aol Y WHFE A 25 Fo] AN JAE
FYOR A RAFEE BAXL 12 Selt HFHOR JAFI T ALRAE TUT 4 Ut oA S Sl
17] 913} WAL RN FE 4 Gl chFa 0] ASWAES ol §3tol F0 Feha Aol wuk oh]et £ A
o8 HAaka, SAk Aol A7 AAT A A A8 §A chopdS shelsl )2 Stk Uolh NCBI & &
o THHE Ul Q8 obAlo} Aele] WAAE Y §4 ARE An, 7] BAlsk] A% Bake] EPelag st

| o. o124 w3

1. 970l A2 E AlsEa|
7. AEY) 50 5%

1) WAARSE | (Dorcus titanus)

QRS HEE Seuol 718 2 Fo8 £ 31~82 mm7HA] Aeal, GRS G ¢ 22~44 mm 7HA] A,
T o 1~29 717 Akl 4S5 ki W2 g wom ARt =3 Hagol Rash

23%9] oFo] Qe AL BiEof Qr}, 112

2) AR A (Serrognathus consentaneus)
7 19~38 mmo|aL - 18~29mm 7HA] A}, 18|al W AARSH |9} vl S5t A AT
o] ] Zstr Z go] HiZ& A IF O R o FIA woldlrh 18 A uFad 2 2 RE

AL o=, T, o]l AARi,

2
L
T
~
=i
)

A& (Dorcus titanus jejuensis)

SAAL R 1)) 2 o] 20~30% FR, AR TYFANA AN Z0 2 FeiA ek, FOTHER
A el ool 4 L ANH RO FrhASS o) BT 2 Ho] WYEo] go] HHHM, AR oFEA) En
o127} It o]o] GAZCE fofulg Kol 7k A A mg £ o] mehA Ak

4) WARSEH (Dorcus rectus)
17~45 mm, A 20~28 mm 7HA] Aehal, =182 1~2d0]t}h, A5 FUF A4S 52 42 JUFEE

o
— = =2,
won] B 54 £l A28, S0 8 fA7E Uole, AR AREEs A 9 Fo) RES]E S,

N

) GARSEE (Dorcus hopei)

FALZ 40~75 mm, FARL 25~40 mm 7HA] Akl L 1~4d0]th, oA QARG EY thgo R & ARG

2 YEA Qirh, A9 2 82 mofo] SFAL RO R Flojxm, Qtof WA 1707F W, AR o W A2 3
o)

WrE Hom AT d, S, dE0l F2 AAstr F R0 o= jhEo] Mom §X]5 a1 Y,

1. mtDNA
A ZA47)3Q] v R Ejofo] ZA31= DNAO|tE, n]£ZE2]of DNAE A8 o] 9= DNA 5 33| IR E A5t

AMA & 7hEste, 3770 KR} oF 16,6007] @710l Sleh, AR n]EZEE]of DNAE AR §-314] 71e-d] A& 02
AL gt ARe 230 iR FojA] n]EEE o} DNAE 24 BA R fAdc 299 3
o0 A= 71919 H]EEE ] oF DNAS] A go] Bie] A Qlrt, EFH A= DNA A 82 F Aol Xaky 1A g
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3l ol AR ASeke] 27to] "k, vEF =0} DNAE E7F Q1Fetd Aejeto b Q1F 7] ¥AE vl &
At

ot COI, COll FAA

nEZEgol A FME £ AFE Foll wolElztl 250 AT wetl £2 FEEE F {35 &8
81=t CO 2 cytochrome ¢ oxidase 2FAZ 5714 FFo 5838 JT-g slal 71 F CO 1 o] HHH TS it}
A71AE Zol= CO T o] & 1,560bp (oFn| AL 2F 52070)0]5 CO I = 690bp(oHu| AL oF 23074) o]ct, -] T
H= o8 ARSEH A= CO T FAR) YREQ] 8267] V1A DL 018311 AT o YRS o=
CO 12 CO IIE &A 1,910bp7h G714 B &85t o] F FHA = 53] T, T o7} Wol e Foj4] H]

AR go] FEEE Ao A A 3]

| m. a7 3w 9 g5

1.oatod

At 9 B FHARL ZolE THotstr] Adt A WA AFolAs WHARSEA(D. titanus), FEAARSHE
(S. consentaneus), NAREEE (D, rectus), FARSEH| (D, hopei)Ztzt 4= 3 utel o} B ARG (D, titanus
jejuensis(713)) F=AS Aol ARS8, o] 52 el of e S ARl 48Tt

Ao ARG 9] A2l Aol FE Hlwsly] 913 7 WA A= ARG E A Aol A e &, WAA
S-S AEel ARG, 71t 3uke], S74E 2uke], ol 71 2nte), B 3ute, etk 2nbe, oF 1mte] &
130H2] & o83 K1Y= qirt,

2.4 Y

Q7o) AR AL AYL 3 olF W 7122 Bgdto] Lol E A F T A4 AW shelch
(018,724, ~ 1806.12). AR FFA5| 2 AL Aol7) G2 1843 224 Aol A S

AR = Eo] 7] Wtell H37-s SHlskL Sl tiHjs] 11 HAE Al 2 o]
TR & Lol A AT HAS s =W 1 9L 3 AEE ol 91X FAIE 9L, A <
AR o|U o] 55 o]&-al 28] AWITE A A EE Ao Ao] fled Wi &S A7 ¢
7] 918l @5 Aol st

%8Hbo| A 2112](2018.08.08.), ©]7]HHol A 2m}+E](2018.07.29.), EiEtHolAl 3u+e](2018.08.02.), 714llA 3utg]
(2018.07.28., 2018.08.05.) &4kl A 21}2](2018.07.30., 2018.08.01.), &JHollA] 11}2](2018.08.05.)5 A3t =
130121 0] WA AR S Al o83kt AT 2ol uteh T AEEE 5 WA AASERRE 3o g st
SArt([Fig. 1], {Table 1)),
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[Fig. 1] D, titanus collection area

{Table 1) Number of D, titanus collected
St 0|7y EfSCH 7% Y oy

2(uha)) 2 2 3 3 2 1

3.DNA 22| & &7| ME 24

A7INE 24& S8 ATk gt 3l FAREIE mARA 9 7hsdS Belstaat |A i) He
DNA & #&% & CO 1, CO Il +44& PCR & &3l 2|34t o2 A H7|9%s =2
& T Ak 971 M 24 Aﬂﬁ}‘ﬁﬂ}. o] W} Rt} getetal ST AU

AFelstol thtol ?‘féﬂ AL 5 thA] efele RS 371 AP A8 dake AES
=

7}. mtDNA &&

1.5 ml E-tubed] cell resuspension solution 125/4 E48¥ 2237} &3 & cell lysis solution 125/4 & @il *E‘
LA SEZE Q1FHo] AT, Alkaline protease solution 5/4¢} neutralization solution 175/45 $X}4] 0 & dof wt
SAIZIAL 10 A2olA 13,000rpm o2 94 Eejsto] 4Sg 2 FE {713 12 “ioﬂ/ﬂ A4 Ee3it}, Wash
solution ©.& 23] Washing 3}al Q4 |3t} A% 28-S A28 elution tubedl] %71 & 504 elution solutionS

o] Y45 e]sto] mDNA 5 $8Haih(Fig, 2]).

A. B. C.

[Fig. 2] mtDNA extraction (A: Kit of Plasmid extraction, B: solutions, C: Centrifuge)
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Y. PCR-CO I, CO II
Primer §-A7-2349] 7| Q JHE vl O R A7 A&tal] AR§-aF L o] A E-2 (Table 2) ¥ 21 (Table
3) 9} o] PCR & =33ttt ks 1% optEA A A7) 4502 ERlskyict.

{Table 2) Primer sequences

Primer Sequence
Co1 Forward 5’ — CAACATTTATTTTGATTTTTTGG — 3
COI Reverse 5= TCAATTGCACTAATCTGCCATATTA — 3’
COT1+CO Dt-F 5~ CCTAATACTGGGTGCCCC - 3’
cor+col Dt-R 5'— TTTCTGAACATTGACCAAAG - 3

(Table 3) PCR mixture prep and condition (CO I + CO II)

2 (10) 2% () AlZHmin)
DNA 3 93 5
F.P 2 93 1
353] e 55 1
R.P 2 72 2
Hae 14 72 5

t}. TA Cloning
{Table 4)3} Zo] DNA ligation ¥F-3-2 16°Col|A] 24A|7F A A5t}

{Table 4) TA cloning mixture

pGEM-T Vector (50ng/4) 1L
PCR product 3

DW 40

10X ligation buffer 1L

T4 DNA ligase 1L
Total 1014

Ab, 2% 291 PCR 2 A|FA 2

HjoFet E. coliol A plasmid DNAE &% & 98]= COI ¥ COIl §2AA7F A&3] vectoro] A4A= A=
A ohA] g W ERR1sky] $lal COI, COIl §-%1A2] PCRIFES & W o AF et o]u], COI, COIl 44k vector
o A Eoigls Aejo] 2R pGEM-T ME AL T7 (5 ~CAACATTTATTTTGATTTTTTGG-3")3 SP6 (5" -
TCAATTGCACTAATCTGCCATATTA-3") primerS AM3}9]11 PCR 27 (Table 5)9} 11 PCR ©0]% 1% ol7}&A
Aol 7] %Esto] Arkg FRlstSirtFig. 3).

(Table 5) PCR mixture prep and PCR program

= 2(ue) ZE () AlZHmin)
R ! 94 1
T7 primer (1.6 pmole) 2 i
353] ghE 53 1
Sp6 (1.6 pmole) 2

el 15 72 2
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[Fig. 3] PCR result - Cytochrome Oxidase I (COI) (826bp)

M=o 4 0.75kb} 1kb Afo]2l 826bpe] Aj2] oA SH1E 4 ek, Aol A D,
4% AT 826bpo]l §14]8H= M=} 4] )

S-27} ARG COI 4= A719%
hopei &719] 79 7] MET} 826bpHtt g Wol Ei=t], X

/ol A A skt

[Fig. 4] PCR result - Cytochrome Oxidase I + Cytochrome Oxidase II (1,910bp)

WES [Fig, 41014 2hlg 4 ek, 0% F4) $-2ke Col,

osmo genetecho]| sequencing< 2|25t}

T fe
ro
—
No}
—_
=
o
o]
=2
ol
T oft
ol
-

3hH CO 1+ COIl H-AAR= Q4

COIl F-3A7} &5 A vectorol] A=

4 HESE 2N
AR G714 L

Sequencing A3 Bio edit®} Microsoft Word 2010& A3 Zato|ME |93+ COI, COII
gk, NCBIOIA] 538, G2, ik, QIE=|AJo} 5 oFAlol Ao AAlsta Q= HAARS

H714 23} NCBIOIA AAgH H7148-& MEGA 7.0 i
TEE O

& 9= 9 YAlo2 JARt ®
2] COI, COI A} G714 E-& AT}, Sequencing®t
23S AME-3lo] Neighbor—Joining 492 bootstrapping 1,0003] HH25}0] 4]
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ARG AR = s el Rk i o7 A FEfetA el 4L vugiet, Ysde] Ry A e
TS Eo1F7] el =AL &0l 10827 B3t 1A, thEleh &, 558 A DHAIR] F ARE FYstal, AxRAA
FEOF WS [Fig, 5] Tai 52l ARSEY 5 27 Al AR /A &S 2202 YhE Aolth

a. b. c. d.

[Fig. 5] Samples of stag beetles on sale (a: D. titanus, b: S, consentaneus, c: D. titanus jejuensis, d: D, rectus, e: D, hopei)

| v. a7 23

) 47 AaeEel | v

A% = AR (DAL, % ﬁﬂ&—ﬁﬂ)ﬂ
ERREASE B RAEE DR Rl )
2 5} o] B 2= 919

5 4= QI ek([Fig. 6)).

SEZ A A (EARGE, oA G, FAEEE) §
_% _/': 11;]- pAYARE|

27 vl ae) Hoke ) ofF

[Fig. 6] Morphological characteristics of Stag beetles (Male)

(a: D, titanus, b: S, consentaneus, c: D. titanus jejuensis, d: D, rectus, e: D, hopei)

2) A A S S vl

[Fig. 719 &1% = /WA (Q&Aks 8, el dAsde) o @285 7 A (As2e, FASEE) Aolol A 2pol
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S
o
o
[o N

[Fig. 7] Morphological characteristics of Stag beetles (Female) (a: D, titanus, b: S. consentaneus, c: D. rectus, d: D, hopei)

TEEE ERR

1) COIf24 A il

24 8 971D BAT (Table 6)& B WAASEE &, 571 97] 2] Hol2 /A1, QAAE o, 9t
P 7] 1] ol HAIk oA E Gt 24, A E A AEE7} G7) 2} Kol S 1ol
o] SRS E AT YASRAT G7] 4R Kol & ARt kA Sl WAALE o, 2, B EAE o
FOR U 5 QUm, ohASE &, 59 AL S T IFOR F 4 Unk.
B4 (Table 7)o14 Wl §AASEE &, 571 274) AL Aol Rolr] YA o, 59}
ZH 149 G o] Helet, ohA e S RAE A G, BAEEE S30] 1709 ofulueat
A4l Aol Eou, SRAIE L GAT AL SAL oAl A o] AXT,

(Table 6) Pairwirse difference of nucleotide sequence of the COI gene between species (826 bp)

1 2 3 4 5 6 7
1. D, titanus M1 - 0.242 0.121 7.869 17.312 17.312 17.312
2. D. titanus F1 2 - 0.121 7.869 17.312 17.312 17.312
3. D, titanus jejuensis(7}73) 1 1 - 7.748 17.191 17.191 17.191
4. S. consentaneus F1 65 65 64 - 17.402 18.402 18.160
5. D. rectus M1 143 143 142 152 - 0.242 0.484
6. D, rectus F1 143 143 142 152 2 - 0.242
7. D. hopei M1 143 143 142 150 4 2 -

* 9] 3ol ThZHAL o} e Aolubis @7]9] A4S Vheb I, ThHAI0] §1% FES Rolhs o1 §A4] 2
o 28o]= H] & vehi Aol

(Table 7) Pairwirse difference of amino acid sequence of the COI gene between species (275 aa)

1 2 3 4 5 6 7

1. D, titanus M1 - 0.727 0.364 0.727 3.636 3.273 3.273

2. D, titanus F1 2 - 0.364 0.727 3.723 2.909 2.909




O|EZ=2(0t KX NEREME S5 HRASER(Dorcus titanus) AS &4 - Zoft 2|

3¢9l eaensnssin | 129

3. D, titanus jejuensis(7}3) 1 1 - 0.364 3.273 2.909 2.909
4, S. consentaneus F1 2 2 1 - 3.636 3.273 3.273
5. D, rectus M1 10 9 9 10 - 0.364 0.364
6. D. rectus F1 9 8 8 9 1 - 0.000
7. D. hopei M1 9 8 8 9 1 0 -

* ) oA A o}l FEL Holuhs @719] A4S Lehi L, hAAIS) $1% FES Aoluk CO1 A1) o]
oAb 22 ekl o]tk

2) AEE 24
ATEE 28RS o WA EY, FRdA G A, A dE 2 1Y 25T SAEE, oA g R 1A

A 1§0R tHFig. 8], AFEE TR RS ) §AASEA, AR AR, SPALEA Sk cladeS o] F
o], AR e, A e} Ste) claded o] R0 27 F IHOE Utk

[Fig. 8] phylogenetic analysis of COI gene on the sequence of base(A), amino acid sequence of amino acid(B)

2. 0pd EHAMSH 24 2t
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[Fig. 9] Phylogenetic tree of collected Dorcus titanus in Busan
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DtS, DtL, DtT, DtK, DtG, DtE A thE 242k 538H4F o)7|d), 8l&d, 713, 234t 9 FoA (- §AASE
Aok, [Fig. 91& 2431E wf QoA A7 B AAE ALe YW A /A Eo] 2 312 claded &Adght,

W B3 7]R i A4 37 24

[Fig. 10] Phylogenetic tree of Dorcus titanus in Busan and North Korea

'NCBI(7|2 AR RAE) 4] B oo] AA3 AR 3719 ZAA o] 443 AR 1S ol F7kste] 1.1
o AFme ZFAA B4l 19 ABEo|THFig, 101, AEA F718 ANEE FEMOR BN, o] ABEES
B o183] PN ARG AADE) = SHHOE HelH D A ARSS 2 5] claded AT AL
91t} o2 E3) BUHE o] AAISH: WANSEH AREY) A% 54 A0 § A

m

2 zjol= A1

4+ = gk o]
AZ YRGS f45 AR} ke shte] 102 4T 5 ook 9B 49 F7HHe) A e 9 B4l
123 Aoz AgEct

o obAlol A9 HANS A 7R FR Y 24

[Fig. 11] Phylogenetic tree of Dorcus titanus in Asia

[Fig. 11]9] %% [Fig. 10]o14] 3hd o vrol7bA] Q& FlojAle}, Hejd, tigt, QL= Alo} & ofAlol AefA] 75
1E YA §47 d7] A9E NCBIOA A4 & Z7tste] BAgh Aok, 2= At S, 281 At
ST A YA BEOR F 3782 AF-E F2l(Group I, Groupll, Grouplll)ste] 212+0] 17| aigoh= -

S A=)



[Fig. 12] Group I

[Fig. 13] Group I
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[Fig. 14] Group II

247k0] o £ WAAEEH MAES Aol AR A4 2 A Aol WA BAEk] Bk o
Group I [Fig. 12]¢] AAE Y] F i Aol AP HAEUS & 5= Ut Groupl [Fig. 13]¢]
AAE] 7S o] =A% o] e A AARH AAEUS & 4= 9lcth. Groupll [Fig, 14]9] WAIES] 3¢
e, JmvAlo}, gHo|Alof 52 FeotAloF A1 Yol AAFH HAEUS & = St

Aol #A] 270 170 $IA] HES v o R OFE R FolH [Fig, 15]9F £t

o,
o
o
i1

FHitE ] 1l

[Fig. 15] Geographical distribution of Group I, II, Il
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BlEe) AR S ol83to] A ATE A SRS W, A7) ol8F AFEA ) FEL AA F K 25 1
& 4 A9tk Group I ole WAARY S, B AAR 2, AR SN )7 ERET. S8 ddEAAs
Y (1) = AFEolA T BAE= o8 7Hold F4] 2R ¢ Folth, FHH o2 5he o] ©x] 9] moo]
Group I 7} o] gopgla 229] 2jo)7} gk AL & 4= Al E3 §2A% B 19 §AG fjedS 783 5= 9)
glek. 5, ot 2EohEske Atolel grele] 7k A ol FAL i HHAANSEACH)E 9219 FA44
B4 Arlo] 71 Zste] EA8E W) At WAAREEH S} 194 2fo]E Kol FUT), Groupll ofl= OH*FH‘EM AL
)7} akE oot

2. OFAM HEAAEF E7H0| 01Tt

—_

2

A 4 5} A9 YAANSHATE 8] AER 5L SeA stk 3 B0 ANERE SAHOR
B84 @tk e €05 AR A9 SEERAd Esebnse AR UReld 37hEe g 2 £40] glojop
28

2 0 4 9 Aol
Uol7k NCBIOIA] 413k obxjo} Alefel] A4S Qi WAL HAEL 2 A 714 1HOR e 4 9ieh 2 1
F A2 B ol lid] & sjofe] Hrh 1 2 Group 1 {196} #3314 Group Ill At
AT Fig, 16], Hakel A9 Toke 4 Lo} Group I oA AR AT AW ARA 9JehEele s+ 9
o} o)z  9170) At 9o el B8H 5 98-S At

)

[Fig. 16] A case of distintion of exotic species
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A Study on the Difference of Rapid cycling Brassica rapa Growth by Heavy Metal

Concentration and the Study of Soil Remediation through Coffee by-products and Seaweeds
Jihee Kang - Soohwan Song - Gaeun Lee - Youngjae Yi — Incheon Science High School

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

ZEZE

2 A= SEE0] AE A ofd IS HAH, Sl L dE ESP kS Astaiat Ad ke s 2R, &, o
Almt, o) o] 83 EFAE ¥ Aot EGAS aiE AE A BluE Fo dolR R} skt & At AT E-S ReBr
g olgato] FEdro] A Aol 0] g3} A 2R P 27 £ Y3} 2IE B @ 24 A7 23} 1w 7}
cH ) o [}

E o BE

2 A Pol 9 ASAAS A7, Qo] ZHAY 5 SARTE UehdS 91 4= QoiTh E3h STEAJoPI S BAdsh=
Purple stem ReBrat AJ4J5}A] ¢i+= Non—purple ReBre] A3%) J =

ol 2et ARHAE A\ o] TRIBO2A EAJoplo] A Al Qo] A=E BRI
EDS(Energy Dispersive Spectrometry) 4 A} 7o {4 sj27 & sl2771 o 71=

£2 fgol A0, JlER FH U 4B
792) 27 EA0) eh e 2E a9 1T 4 9, o] o) ZHER) 2 @H Eohe HBHAIAIE Woro 2 sl Fof 4
o] ol £ & HEEL FATO] A3 2 0.GS U, FAH L =R it AFAS AW FEA OIS B A
B2 algoto] A% $02 AERE FANUCRM FHEROE QHH B P02 4 Gl B 44 Peroz AQshe Hloltt,

&40l t ReBr, 7=, A9, 2, =EAst

ABSTRACT

This study was conducted to investigate the effects of heavy metals on the plants’ growth and to investigate the remediation strategies
of cadmium - contaminated soils using coffee and seaweeds(green laver, seaweed fusiforme, kelp, sea mustard). In this study, we used
ReBr (Rapid cycling Brassica rapa), which has a short lifespan, and investigated the effect of cadmium concentration on the germination
and growth of ReBr. The results showed that high concentrations of cadmium inhibited plant germination and plant’s growth, and showed
toxic effects such as browning of leaves. In addition, the toxic effect of cadmium was compared by the difference of individual growth of
Purple stem ReBr that produces anthocyanin and Non-purple ReBr that doesn’t produce anthocyanin. As a result, Purple stem RcBr had
a resistant to the toxicity of cadmium, and it was verified that anthocyanin can inhibit the cadmium toxicity effect in plant’s growth. The
EDS(Energy Dispersive Spectrometry) analysis showed that the seaweed had higher adsorption efficiency of cadmium than coffee. For
the growth of RcBr, green laver in seaweed showed a good effect on adsorption of cadmium and plant’s growth. As a way to purify the
contaminated soil with cadmium, the green laver mixed in the soil can prevent secondary contamination of the groundwater by adsorption
of cadmium in the soil. Sown plants that produce anthocyanins in soil will absorb cadmium on seaweed and will be able to purify the
contaminated soil with cadmium.

Key words: ReBr, cadmium, coffee, seaweed, soil remediation




3} 52 AAEo] GEt FHT} 10 %ol olith= Aol 53], E71E5 v5Ate] 39 SHE A= o] 34.5 %, 50.0 %
2 e Wl 28EoR B9 0]l AZaThE AL Be o 4 9ok, O AolZ Pol o W el old] et
218 EA9), ol %A S SRR 2oH BUHE HEY 4 Y7 AFSHA B,

SaSol el AR 23 FHEL HIFo] 4 ol He 34508 2 A gl 3 o] vt R wiEE =, nAY
ol s Zal7F HA] ar e A=A Woll AL R ZAHET SHE50R 9H EFelN BErES] A7) 7t
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(@) (b) (c)
[Fig. 2] Ramp production process and application.
(a) Step 1 of Creating Ramp, (b) Step 2 of Creating Ramp, (c) Application of Ramp.
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[Fig. 3] Plant Growth Equipment Model and Plastic Bottle Pot Model. (a) Plant growth system design for plant growth, (b)
Electrical schematics of equipment needed for plant growth, (c) Plastic Bottle Pot design for plant germination and growth,
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[Fig. 4] [Fig. 3]] (a), (b)9] A=A DAL= e} Alabsh= 2ol ot

(b) (c)

(@) (d) (e)

[Fig. 4] Plant Growth Equipment Manufacturing Process.
(a) Plant growth equipment frame with LED lighting, (b) Configuration of electrical devices required for Plant Growth
Equipment, (c) Acrylic cutting with laser cutting machine, (d) Cutting acrylic plate (part), (¢) Equipment attachment process.
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(Table 3) Experimental design of RcBr length measurement for contaminated soil with specific concentration
of cadmium

JIEE sE thAa=t Fhe
Al ARERER | \E S
= oo o —*—XI":H
[S2=1 %

S=Ea) 100 M 200 #M 300 M 400 «M

@) P.S. PS. P.S. P.S. P.S.
35 AEE(1)

© NPS. N.P.S. NP.S. N.P.S. N.PS.

) P.S. P.S. P.S. P.S. PS.
25 AEHT(2)

© N.PS. N.PS. N.PS. NPS. N.PS.

@) P.S. P.S PS. P.S. P.S.
15 AEHA(3)

© N.P.S. N.PS. N.P.S. NP.S. N.PS.
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[Fig. 5]¢} o] AnAte 9 sf2f @, &, thAmE n]9))e] 321 -2 2ol 5 Hlashy] 98] 4715 ol-8-sto] &
Mok, FAT AlREe] o] Ay Aifo] JF= FA BEF AE ol&sto AuAkE, sl2FCE, 1Y, A
) o] 2EES 2 A7 2 LR 27 AvabEt s R e, X, Ak, v E 7R o)t 2ol %le
2B HO &/ & o]2RAF AY7IE o gsto] AR WE 3T AP E ARSS FAF A AHH(SEM) R H]
&, Y W), 24 52 28T T 4 RS 2 725 ZJste] ARSI SEMOR Zg3 AR A3E 5t
ZH AR F2E T3 R4 ANFRE 71EE Aol 2Rk

@ (b) (© (d

[Fig. 5] Observation process of surface structure of sample. (a) Grinding process using grinder, (b) Sieving to control sample
size, (c) Sample ion coating using ion irradiation coater, (d) Imaging SEM for surface structure.
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[Fig. 6] Experiment of stirring and cadmium adsorption. (a) Process of heavy metal adsorption using shaking incubator(100
rpm, 24 hours), (b) Washing Stirred sample and filtration, (c) Dried sample,
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[Fig. 7] Process of EDS analysis for identification of cadmium adsorption.
(a) Process of Ion irradiation coating, (b) Process of EDS Analysis, (c) EDS Analysis Report.
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(Table 4) Experimental design of the effect of coffee and seaweed on Non—purple RcBr’s growth in cadmium

exposure
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(Table 5) Experimental design of purple stem RcBr's growth by cadmium exposure and adsorption of

cadmium
400 uM 7IEE iz Az
ASMEXR| =Y o2 Z013}%] oke Zo15}
HE=ol 7 (F7%3ml 39 (H=8 4-89 3 ml 5:2))
) Q & #Ao]* g = 77 g
35 MHE1
© & a}ef* =P & a}ef* =P
. @) & #0]* 5 & HEN 5
25 HE2 - -
© & afef* ohA I & afef* =21l

(@ AF 2 &Y O HIRE 22F/ " 12 % YE=AR 0.5 g+3 245 g)

. legos ooH mako Ao et 22
MlobEo] £57 W FFEE & of30] 12 ARAo|S v wakrh, Purple stem ReBre] A% WEe] £7 9 7= g
=% oj¥lof| wkZ Non-purple stem RcBri} Purple stem RcBro] AJAkajo] 9 ZHHFAL 5-0] A7F4 A4 A A7)
£ =2 FHEROR 0osl ofm WioHEo|A ReBro] Aol AARIA) Qobun, 7| RArE T slA R, ¥, thA
who] 9 722 o] W EDS BYATE HEom A%E wo R =R OR 0 9R £oko) 4o} Were 2Ealer

| v. a+ 2%

1. 718 SE0| T2 ReBr ot 2 A4 Xj0| %71 A}

7} FMER 800 A =58 3¢ 559 ReBr Yok 54 A1

(Table 63} o] FEFA 0 &= 7tEf =8N FE 9] 500 1 M7HA] Holgol & 2to]7k ¢392 1,000 1 MolAl= &
SlLFo] ROt Jholr) 9kQkt), w3t Purple stem ReBr(P.S.)¥ Non—purple stem RcBr(N.P.S,)9] Holg- #}o]& Hi
&l] 3 A3} Purple stem RcBro] B Hol&o] =& A0 R o/ FstQ A v ol g} o2 A Wolgof Xpo]g HolX] gttt

(Table 6) Results of ReBr germination according to cadmium aqueous solution concentration

(Batat E‘rH )
o= &5+ 100 uM 200 uM 300 uM 400 uM 500 uM 1,000 p
P.S. RcBr 8 9 9 7 9 7 0
N.P.S. RcBr 8 9 9 9 7 0

3P7\1”} [Fig 8]01]*1 EEO] S thEA 500 uMoﬂ e ‘:‘*O}i‘: 1 VIS T AR AT 5 AT ol
[e]

o4 FobA|H opr} Em e 2 U 4 00, AR
o

= AATH15].
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= 5T 500 uM 1,000 uM
P.S. RcBr
(@) (b) (c)
N.P.S RcBr

(d) () ®

[Fig. 8] Actual photographic results of RcBr germination according to cadmium aqueous solution concentration, (a), (b), (c)
shows germination after one day of purple stem RcBr seeds sowing and (d), (e), (f) shows germination after one day of Non—
purple stem RcBr seeds sowing (average temperature 27.0°C, average humidity 40%), (a) Distilled water, (b) 500 M CdCl,, (c)

1,000 M CdCl,, (d) Distilled water, (e) 500 M CdCl,, (f) 1,000 M CdCl,.

u. 7tEE 80 A4 =5H 39 F=E ReBr A% 2bo] |l A}
[Fig. 9], [Fig. 10]7} o] 45 ° Z&9] Z At ol 4] 4742t Purple stem ReBrt Non—purple stem ReBr B 7HE
78N FETL Holdes AAFo] Folbe e & 4 AeH, 53] E7|Hths HE Y Aol AsjEE & o A

o}, T3, 500 # MO A= 8N RS Ao AWa T 3 4= glolon, SRt thEA A |
o}, o= FtEFO] AlEo S AT Wt ot AE4 Aol FFS nHTE AS F2T 4 A ol 1A
@9 Arabidopsis®] 7tEE FEO| wE e A A , e 539 =

FollA Bzo] FhER o] A& Wl risiA 4 e el oJgt B ES A,
57 QU F5 da D AW 5 22 A4S Holt A AR = W8 dAgTH3, 15].
[Fig. 9] Purple stem RcBr growth difference by cadmium [Fig. 10] Non—purple stem RcBr growth difference by

aqueous solution concentration cadmium aqueous solution concentration

(Table 8)-& A& Aol a3t - 290] 33t ReBr 2 471A1E HU A HAE o] §8lo] Hat B 2o
(mm)E UEbd Zoltk, AF AifollA Rl ) 719 & gholA & 4= 91%©] P.S, ReBri} N.P.S. ReBr &7 7=4
= 2] el 2A AskEE € ¢ /\l‘?i‘i} o= AYET $H3] =wollA 7F=Fo] A
Ha, &7 4 Huﬂo AR, AA Y 5HRIES YEhdr= A -‘Jrg} AR, o3 5 R =R
Sh AISHY AEH A W diate] BEE Bh A B4 FEL ‘5, 2 A A, TF IA, Alaut w3} 5 ook
EARIE Foko] FEECAL A3, 15]. SHANE FEAJOPI S "E*ﬁ,ﬁ}-— Purple Stem RcBro| Non—purple Stem

4&



ReBrich 7SR G9S @ We A0 AT oA thaA Agtol7k 2 A ghskom, 9512 Non-
purple Stem ReBro] I Eoll A Ok B 2 AFhs 37k Ugih, ol 9839 AvpellA SHEAlolo] 7hEg B
BAE BT 4B Y AsE FRATH: @7 2ok T2 A A, o] ATE FEAOPIL AT Bt AE
Acte] 1 51 ok7] W] BRE Aokt W S gleh, $EY kB A AERO] $EA $I4F A
Aobde] go] W41, o] Q1) A= Bl I3k BB P4 FHIE /1GNN ) B2S F Aol7] thi] 4 =
2] 9§ W] BB 4o 3 93] S F21) 48 Aok 4ohA BAASRA T ARAAC) 9 1A

Il A2 e Aol Bhgshta SekE 3],

(Table 8) RcBr individual growth length results by concentration of cadmium aqueous solution
(B3t @9 imm)

s ks Bz
E82 100 uM 200 pM 300 uM 400 pM 500 pM
AR Aol 42.00 29.48 17.39 7.48 5.21 5.02
PS. £7] 4o 10.19 6.42 4.91 425 2.83 3.21
ReBr g 70| 31.81 23.06 12.48 3.23 2.38 181
wel/E7) ulg 3.12 3.59 2.54 0.76 0.84 0.56
A do] 31.33 16.63 15.60 9.84 9.25 6.91
NPS. £7) 4] 8.71 9.72 9.15 5.62 5.85 3.92
ReBr me] Zo] 2262 6.91 6.45 422 3.40 2.99
Be)/E7) v& 2.60 0.71 0.70 0.75 0.58 0.76
(T35 3 2% A3, BAH2E 274 C, FuHE 52 %)
2.EH 59 JIEEOR QYE EQHHE RcBro| A% x}o| H|m ¢i7

7}, ReBr AR A 3ol MRS $18 A2 A 23}
AR5 AR [Fig, 1117} 2th, ReBra} 9319) 72)8 A517] 18] Edlo)s Tulsio] AlEA%A )
7} Zo 59lom], 1S 919 vieho] £& 2ot HEA o2 4RGN S ST,

(@) (b)
[Fig. 11] Result of Plant Growth Equipment (a) Front of Plant Growth Equipment, (b) Side of Plant Growth Equipment
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1}, Purple Stem RcBr# Non—purple Stem RcBr 7]A2] A& x}o] H|a A3}

(Table 9)t= 4BAHHA 15, 2%, 35 545 F 593} 7%0] Rebre] 44 ZolS HulolAel 25 ol g3le] 5
ST BRGE 7129 2 AITk, (Table 9) A3HE M RS} AL HE HASHEOIA 712 .S, Rebr
T} N.P.S, ReBr W% S550] 7HEfol B E S 49 AgEo| Badts A% R, ol AT 13} 22 23YS
%4 9Tk, 2, AAERe) A wFo] HAE Q@ B & AT FOIE DHER 255 S AT & - Unt.

{Table 9) Comparison of ‘purple stem RcBr’ and ‘Non—purple stem RcBr’ growth by the concentration of

cadmium aqueous solution

(Batgk, E9imm)
T2 oE B34 100 uM 200 uM 300 pM 400 pM
59 A3t 44 60 41,70 30.40 33.10 37.40
P.S. RcBr
74 73k 55.60 57.75 52.94 42,18 44,37
LE 1.25 1.38 1.74 1.27 1.19
59 7t 40.10 33.00 33.90 32.00 33.00
N.P.S ReBr
7Y 73k 76.04 45.94 46.83 43.76 4343
RNEE 1.90 1.39 1.38 1.37 1.32
(HFLE 245 C, BAHE 42 %)
72 354 200 puM 400 uM
g F2d

(a) (b) ()

5% 7 3% T

(d) (e) ()

oE F5Y

(®) (h) (i)
[Fig. 12] Actual result of purple stem RcBr(P.S. RcBr) and Non—purple stem RcBr(N.P.S. RcBr) growth difference by the
concentration of cadmium aqueous solution, Upper: P.S RcBr, lower: N.P.S. RcBr, average temperature 24.5C, average
humidity 42%, (a), (b),(c) show the growth of 2 days after sowing, (d), (e), (f) show the growth of 3 days after sowing
and (g), (h), (i) show the growth of 5 days after sowing, (a), (d), (g) show germination in distilled water, (b), (¢), (h) show
germination in 200 #M CdCI2 and (c), (g), (i) show germination in 200 M CdCl,.
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[Fig. 13] Difference of Purple stem RcBr growth by the [Fig. 14] Difference of Non—purple stem RcBr growth by the
concentration of contaminated soil with cadmium concentration of contaminated soil with cadmium
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[Fig. 15] Classification according to surface structure of coffee by—products and seaweeds using SEM. (a) coffee by—products,
(b) kelp, (c) green laver, (d) seaweed fusiforme, (e) sea mustard, (a), (b) were classified as the porous structure and (c), (d), (e)
were classified as the rough structure.
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[Fig. 16] Comparison of adsorption of cadmium in regions [Fig. 17] Peak value quantitative analysis results by element
where the electron density differs from the surface of in EDS analysis
kelp (red: high electron density region, blue: low electron
density region)
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[Fig. 18] Analysis of adsorption of cadmium on coffee by—products and seaweeds using EDS. The yellow squares (a) to (e)
indicate the location of the set zone for the cadmium adsorption EDS analysis of the sample surface, (a) is the sea mustard,
(c) is the green laver, (d) is the sea mustard, (e) is the coffee by—products and (f) to (J) indicate the results of adsorption EDS
analysis,
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(Table 13)= HIFEES dejolo] 7lER O ¢ 9% EooA A} sfxi7} SFEAoPIS BAEHA] &= N.P.S.
RcBrf’J A7l nAlE S-S Lokt AE Axtolnt. F3 AR WEE 2 % sF3len, ALH R 400 £ M| TRl

FEI9S A% NP.S. ReBro] Ago] ol As)w] thize] haznt A8 w9 A hed] Qg Aol
2 ol91of 2ol 2414 (HIA.2 400 e WS Aioic)

(Table 133} [Fig. 19]014 % 4 S150] 751 N.P.S. ReBr Al 27 G5 v 414 £RAT s2)9) A9 o)z
e} BALE 37 mm Aol6] APEAS 510, 2519 Sk IS AL O] ARHALE 2 - A
=351, [Fig. 191014 i A £ A9 9] WAL, thAnke] 49 AW ohet go) WHE YZAgom, A
B 5 3 AR ReBre] FEER §40) S48 7145} 5He A0 E M) o]t EDS 4 2ute} o] thAlu}el %
o] AEF G0l 9. o} HRHOE ASHS YoIFAL ), FHAS et 7= o] B0 v Hofof SHAgt

B P FIER B 53] B TR SRS ¥ S50l oleid AT Uk A0 B £7, Ak
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sl A180] 4L Ash A7S Aolet HAATH10]. FoF chajute] 4.9 1B sl o] efat AFAe] 9, ehEAlo}
U2 @45k P.S ReBre] 49 7hERol ojeh A A7k dasi o] Shelo] Brkd QhE Alotle] FEE A% A%
A3 oA ZIHE AT 4 9 Fole} BRsict,

W AT, 0] A9t AR ES FHAAG FoleA|to] Hi Be] Thmo] ohje} 2t Ame] T RS0l
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UERTom, ofefat A A A4H0l FFOR AR FL FFL 1S Rolet BaE,

(Table 13) Experiment results of the difference of Non—purple stem RcBr growth between coffee and
seaweeds in contaminated soil with cadmium
(B+3k, &9l imm)

P

2 M3
7] )" cRAle %
38.5 37.5 412 12.7 34.3
(" 2 % MYE=AIR 0.5 g+3 24.5 g/a1% & 149 AT, FHLE 20 T, BAHE 32%)

= o

Yol

[Fig. 19] The effect of 'coffee and seeweeds' on soil contaminated with cadmium, N.P.S, RcBr Growth Difference Actual
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An Analysis on the Debris Flow Reduction Effect of Debris Barrier Type

Hyelim Yoon - Donghyun Shin - Chanyoung Yoo - Seoyeon Ji- Minseo Kim = Incheon Jinsan Science High School
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ABSTRACT

The current gravitational non-transferable dams used to cause more damage by flooding over completely blocked areas when landslide
was caused or causing environmental problems such as water pollution when the precipitation was low. In this research, we proposed
a new type of debris barriers that overcome for problems of the existing debris barrier but also improved the efficiency of decreasing
debris flow. However, pre-researching on the protection effects of debris barrier due to the shape and placement of the transferable dams
is inadequate. Unlike linear typed debris barrier, we produce curved typed debris barrier and ladle typed debris barrier which can capture
debris flow effectively though get out water as introduced a curve. Then we set the simulator and compared debris flow and thickness of
deposition to change to 15° and 20° the slope of the simulator. In addition, the installation angle of the debris barriers model was changed
to 30°, 60° and 90°, and we also compared effect of reducing the leakage of debris flow each new type of debris barriers. As a result,
linear shaped debris barrier, curved typed debris barrier, and ladle typed debris barrier all contributed to the decreasing debris flow. In
particular, the flow rate and prevent very efficient bottom deposition.

Key words: Debris Barrier, Debris Flow Leakage, Debris Barrier Model, Leakage Reduction Effect, Reduction flow rate
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[Fig. 4] Debris flow control dam

o
EEREERTES

-

9 A

oJt}, o] Aol Al AT

E
T

=

=

9

=
T

7]

s
a

3]

s

bt

0

243

1]

o] A ]

o

=

=

=
T

ol

3}

o

Apr1o] opd
=g

7R o A

o
< oA

), 25 B9 £ 2 Ge] 4717
=

Ak 5

=
T

gl

5

A

A
9

-y
ol
=~
B4R

£l

[

1

o

A7t
Xj‘O

RN

|25 « The Journal of Youths in Scientific Research « Vol. 4 « No. 1

b ole 3o &

RN =]

oA

SEERFE
[e]

o] alo]

1
AT
A=

]

A HAL, A =T

=}
=

AR EAF $2717) 917
o

7t e
a}

23
=
°l

)
ofy

o B 2 Alo] G ALY BAH15°8 B

2}

I
ol
mjy
N

_;L

12

o

FATE. 14" AF

[Fig. 4]} [Fig. 5]°]l Al A1 =0 1,

[Fig. 5] Debris structure

A
T

Ef

he

ANA] FEHOJ. ofof] 2

<]

ol

offy

ojy

o]

Jn
i

Zo

fol BAR/L APgae] B A7k

S

A AL 71

Ao o

[e)

T

gl

[

(friction loss of head)& %

o|J

7Mzolth, 9] o)A vk

Hr

=

mjy

v

ol £4F7L 3}

¥

<]

=3}

]

[e]
J84

<]

15

A
s

Z]
Al

upgo 2 7).

=

=

4N 4 9L Aol o]

o =
=

179

LS
|

tol &
3 A

[

27

E|

Liss

i)

o)zt ol

7

=
=

Q1

o]

3] 123D designi} Auto CADZ ]3] 3D

0|

171 91

0

A

T

Ayl Ty

i

xel
=

[Fig. 6]} 2T,

ASS

B AHANA AL

o 2



ulJ

e Areeiol Hetoll

E
E

(b) Curved typed debris barrier model (c) Ladle typed debris barrier model

(a) Linear typed debris barrier model

[Fig. 6] A new types of debris barrier

MEZF HIZ

0
3

e Aol 2 FRAA FaA
2 12m, 742 4m] FRE FAAAGNAY At mOHEL Fol Al

AA He) o] At

agge

1/62 £435)0] ola2d
Fpeols oy AEg

ZHto 2 I71E

=olE

THollA

[Fig. 7] An experimental set

SPHME & H 7}

A3he] wrek

SHA|

H9le}, weba 271 94

bk, 3, of)

| 25cmé] A9 MEZFS A&

o
=

sko] A& 180cm, 7}2 45cm,

=00

3l

¥9) o]5o] 41& ofol 4GS

oF 4
B o%

L
]

ﬂﬂ o
o)

=)
o) I

on B

Nr

i, 72 2m, A2 2mE A

9]

3|
371 9

7 A% AL

of

o

Bel 7h g e BAVE AP A g

e
=

A7 % gl

%!

ol

9]

71 9]

2}
2N

ofy
oln

m_m
o
el
ol
o
ﬂmo

el

o

3

el

I

[Fig. 8] A way to use hose

el
frat

—

<

i

o

ol

of
o5

<+

[Fig. 9] A way to use sink

el
o

o|J
—_~



|17« The Jo
urnal of Youths in Scientific Research « Vol. 4 + N
.4+No. 1

A0 T o w
Gl NFosh T
oA % T < W o o
CONE R RmEL R
& o > ol H s EX o 1_|1_|ll
HEETE o o o A E NEWeo
A =S = DE 6 g s B B AT o oy
— ~
;_o_e:meoﬂﬁ Hﬁjﬂo Wnn&o_emﬂo@um = quqa mEﬂﬂ
= ° o &y 2 ERA e a N v
B o W R W/OUW mowlamnﬂo/oo%mu ﬂu..%%#% wmu_ﬂ
- ol = mjy oy o IN = N 9
w B 4_ = ME o - - D S NOBE nE = BO o
T xS FLE BRI cEESTR w
=2 < Ko o m_ﬁea]mo zmﬂﬁ_a W e S o WP
HMM%% E_uﬂm Evzo_e E o_w_m.mnl@ 9
72 ol g mag§LWm wo 4B kR i
__o_e,u.mn‘_ﬂ W = B L_LMﬂmn; oﬁeﬂuzxﬂouo mmo@u
o = X O ﬁ%mwaw %mﬂﬂlmﬁﬂﬂﬂwﬁ mM__;m_Wo_-ALAn w
] e Mo X z_ﬁ%ﬁﬂ»ﬂioo% ATmooﬁOOHdl up B
5 T S = L__Jmad\ SN
7 o ol o) = .- ¥ WO = © NG ol @ =
v oK T ) s - Px T LW PEEELTE i
O..#ou_lﬂq Oﬂu.._. ATH.EHEm T 1.|]|, .ulu_wcn_ﬂ;o an
zTu 2 8 z.cﬂgilmm N TR X g B M = =
W N G @mﬂm%wwwwmwﬂ SN %o M
i]oﬁey_m >3 ﬂwiw_mﬂmovréd wﬁueevatmﬂﬁﬁ@r 4R
ATODEW 7u61_tLoE .thA%o z‘_ ﬂ%HT]oEﬂo T 9
.ut o ,1E|l%,ﬂul7oﬂﬂ|1_|0H%AT ‘mmeedlﬂ.rﬂw,umoﬂx_ o
‘Dlu_lm,ﬂﬂﬁ LSﬁE]P#ﬂMMMA =1 R N o < 2
%MUDHEW‘_MO ESJOO_WMOHW‘%E_LQMF hn_ ‘_ﬂﬂ_.ﬁ&o”m‘__]lﬁooi .AE_E
T O ;b%,.moﬂﬂ%ﬂriﬂ_/ - Hﬂuﬂﬁegwﬁw 2
@lﬂéev mﬂ%ﬂ%uu§7inmw@% Jlo L_LHHV%%W &N
— = At " - m° 5
SEEd GcERTis ARl BoopRTiizc L%
XS, v¢gierzcliy 2 SREZZy wh
P I Bl e O o T M
i B R FEBT - 2 Mo 80 TR BB R, <
oy K X = mﬂ4ue1r7qﬁm.ﬂe_e;h — oo 2 N o
0 T~ J %Nrizﬁnq = X ol X _E;_omﬂxo _Ta_ﬁ
mﬂurmego. mm%mmxlﬁﬁoiuewm@mov. i Jmam%}ﬂﬁ%%% B o
Bk T B 3xvﬂnﬂ_a§mﬂq E __ﬂlvmoﬂovi g
2r searbrielnis @ ATiiYES w4
I = ~— — N of — oo H
o ! — ) Zo O N 3 1100 3 ]‘leﬁ —
FEw R WE@_QF&HMOWEWW% B {5ZsEL g%
1.10%0 %0 o#g%mﬁwﬂﬂmo% W Wk dumﬂL_mozmﬂ% e
N - T NN ],sPuélMﬂuﬂ e - m 2
,aMMMﬂo X o Z,mQX];AH_E 3 fra mu H._ﬂxo]dlL.L e
A & J.E;A}o*o bl ~ X o N o
w oe B o = N o~ & " 14 Wy B0 =] = TN W A il
o8 & o %oa ,x1utJE_ae._ = = Lol&]xm“Aﬂ wj
v 7 B E < mﬂgm;ﬁou%m e Moy o o = P X o e T 9
2 g 8 T & o= [ o g N T s b X B Adr @ ey & =
Ao m BSCEAnomo BBy, N RIS A0 A B U
o~ J— —_ ! O = !
o o B o Ll:&gciﬂﬂ%]ﬂm?uﬂ = (T = o oo
ey e = 82w wox A < h QET@,HEAEL% B
Il o A ,wT@EFmo.E_E%M ol Hﬂpoﬂﬁi,lc_o 3o X
T o R 1 o & = X W T = N = & o e B0 X
™ W @ T og E < g ) N A Xx T
s WEA pT=EEME R sELxra? =B
&R s =< }xﬁ@%o_L%V% o]
te) N Hr z._adl,wu% .ﬂﬁov
i -~ -



mp

AHRH Ol SeHol|

At

=

—

7. 22| ZAtof| Ik
7h AR L

i}
k]

i

9

G

o

Ao 430] Aol whe AAtE o] L AL HhAle)E Kol7} AKITE wheb Abo] ZAAfe] T A}

b AP, Ale)71483)
APl A Aol
of e} BB Az

3}
=

7

=

o

| Z-%=7} 30°, 60°, 90° &

Az
=

‘Uﬁt“c..gl

=

EH

4

o

°o

20° 2 vt} Ay 1~49] I

A 7hs A IEETY 15°9A Az T14].

=

=

APdEl

FATHSI.
15°90 A= 247 HA3 A 39 20°00A = 24408 3t Aoz dEA .

]

o AR AA A
o

F 9%
S

15

%
3]
Qr

],

1=K
5

ol

|

=

kel
x| Ztol| HE St

A4
x

O =
=
o a—l

(Table 1)ollA B A% AEAZS] AA7L 15

3 A 1~39) BYS 4

[g)

15°, 20°% H}zo} 7k Agle}r] 2

A7V AT 5% A% £t Hol

=

el

IS

,]
1. Apeteiol M

el

jus!

ol

30° 60° 90°
239 43 25.8 12.1 39.9
235 3.5 24,5 9.1 30.2

2.2
2.1

15°
20°

(Table 1) Initial arrival time and total release time of linear typed debris barrier

M

o] E|& Ao, BAFA, 7

ol

H

xr
iy
-

i
o

(Table 2)3} 2t}

L
L

o9, 1 43

N|r
offy
Hr

e



|25 « The Journal of Youths in Scientific Research « Vol. 4 « No. 1

(Table 2) Length, thickness and width of sedimentary of linear typed debris barrier
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Functional Test Model Implementation of Cube Satellite and Construction of

1-axis Attitude Control System for Cube Satellite using Camera Gimbal
Jeongmin Lim - Youngmin Cho - Yubin Lee — Korea Science Academy of KAIST

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o
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252
 ATAE AR A A2T FHS BEL, 15 AAA 0] FEIA 2GS AR, Fe F8E olga Aol
Q9] R4S DDA ST, WA, FEAA AL ) BE DS OL8T FE914 LR AL, A2} QRS o
§3 AT 7] AR AAAC AFHFS FEIAGL. D)0 2TEY )M Fio] S3He AT 4 AES LA, o]
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ABSTRACT

In this study, with the aim of establishing a cube satellite's attitude control system, we made a 1-axis attitude control cube satellite
model and checked the possibility of a attitude control experiment using a camera gimbal. First, the model of the Cube Satellite with the
reaction wheel was manufactured to control the attitude of the Cube Satellite, and then attitude control environment using the camera
gimbal which is cheap and easy to handle was constructed. Since then, we built our own operating codes and ground station that belong to
the software sector. After making model and attitude control experiment environment, the two modes of attitude control experiment were
conducted to check the ability of our model: attitude regulation and target tracking modes. The PID control, which takes into account the
friction of the camera gimbal joint, compensated for initial instability and confirmed that the attitude is stabilized within +5 degrees of
error. We also confirmed that the target tracking mode using Pixy worked correctly. The performance of the one-axis attitude control cube
satellite model, which was manufactured through this process, was verified, and the feasibility of the one-axis attitude control experiment
was also demonstrated using the camera gimbal.

Key words: Cube Satellite, Reaction Wheel, Camera Gimbal, PID Control, Attitude Control Experiment
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[Fig. 2] 1—-axis control experiment model

[Fig. 3] 1—axis control experiment model diagram



178 | FAH pste|oiT - The Journal of Youths in Scientific Research « Vol. 4 « No. 1

(Table 1) INPUT, OUTPUT of components in the model

Component Model INPUT OUTPUT
Processor Arduino Mega 2560
Bluetooth HCO06 Command from COSMOS Data toward COSMOS
IMU EBIMU-9DOFV4 Common attitude Driving command
Reaction wheel motor Nidec 24H Motor RPM Rotation of motor
Camera Pixy Location of target Driving command
Camera Gimbal Zhiyun Crane2

7}. EBIMU-9DOFV4

EBIMU+= 7|23 02 3% Ro|ZAFE 3% 7HEEAA, 35 AA7AA7 WaH s 24F ZFA 4] 44
(AHRS)°]t}, EBIMUO|A] A}A] go]E] 9] &2-2 Euler Angles®} Quaternion®.2 7Hs3lth, A& A S AlA A 5
ATEIEE EBIMU-9DOF V4= R75]= Z18o] Brg {0k ofye} 292 3.3Vell A 7V ol g2 SAlH s Ay
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[Fig. 5] The algorithm diagram for 1-axis attitude control experiment
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[Fig. 9] Final experiment of attitude maintain model
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[Fig. 11] Final attitude control mode (90 degree)
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[Fig. 13] RPM value of final attitude control mode
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Study on Low-Latency Mobile Edge Computing Modeling
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TEXE
Fupd 71719] 2hqto] upet ARzQlEYl(loT)o] =5 glom, mutd 7]7]9) R85k A4t A2 58 ] 225 A5tE

d

o B B W gk T} 71 Seh9E AFPE B Edmoleh dAV} glow, o8 FEat] Sla) mutel A A
(MEC)o] A& seichl 0.2 AN H gt o] 71 2ol Sebos AgAe Aol Aol the} 1 Gpapolis W Afo)7h Wi},
o] AR o 71] Aol H AAEA) G A F5 Arkel 2o el wF RS X AFY w2 Aty A WaH
ERAAZ Gl S48 B BHI ALgA7E EAI5te] 5] MECS AHSE 49 CPU A2 ol HujgiA|o] chste] 37h
©(BID-PRAM, UNI-PRIM, FAID-PRIM)-& AIA|5t9IE}, 3k, 37 6A|9) Zehe-coh ool Seb9 v} i Eajoh A9 4 2}
Serero) He S d7) A7 A WD A% 5 Tt 2910] et A4 Juak) A% 245 A4St Fehers) sht &
B A1) A9 A AR ZASt0] 28 A, FEHPE ARE ]G, BEI 7]7] 2 ZeH9E] ouA] AEHS BE Telstol
B2 AT o5 2010 gal 2FHE FREE Nefstel A A FRTE FoHHOR Qus 2o, o]F B
o S5 MEC7F AT 24el A8 1) A1) B ol 5T 4 Qi o 22 7S At

Falof  2upd X AFFYMEC), o]s SeF-E A2, fHIE g, Y 7 F

ABSTRACT

Because of the spread of mobile devices, development of Internet of Things (IoT) has been accelerated. Explosive growth of mobile
data and lack of computation power and storage of mobile devices forced mobile users to use cloud computing for the quality of
experience (QoE). Traditional cloud services, however, are shown not to be appropriate for communication and computation of IoT
devices, considering huge traffic between the cloud and devices. To overcome this problem, mobile edge computing (MEC) has been
emerging as the new paradigm for cloud computing. However, the exact characteristics of MEC depend on the relationships between
cloud service provider and mobile users. In this study, we propose and analyze new models for three different situations in MEC that
have not been proposed in previous studies. First, we analyzed how a mobile user, using a single cloud, can determine the amount of
data to send to the cloud, depending on the delay time, charge for using cloud, and the consumed energy, maximizing his happiness.
Also, we optimized MEC with two clouds, considering lots of factors such as wireless network system, waiting time and the ability of
two clouds, and determined the sending order of two clouds. Lastly, 3 pricing schemes of MEC between multiple users and edge cloud
are suggested, based on game theoretic approach. We suggest mathematical analysis to these situations in MEC, and these analysis can
provide theoretical backgrounds for popularization of MEC. Finally, we conclude that the constant manipulation by the service provider
is necessary for the market to make profits.

Key words: Mobile Edge Computing, two-cloud system, utility function, Nash equilibrium
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2. 29 KA (System Model)
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Preservation of Stone Cultural Properties by Nano-Coating of Polyphenol Extract
Youngju Yoo - Eunseo Park - Junbae Seo - Seonmu Oh — Daejeon Dongshin Science High School

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

2SxE
A 4 FIAG BE FTFS U] A HE o2 TIOBEH e DYHS ASSHT AT TIO SRS 24 e
SFARS BAYA7I, 11 7h2o] 7S] MATHs Bgo] Ik ¥ AT AL ol AT 4 G FellEg 54, PP, oz 1o},
olsjollA] FEslel AlstiA B, WA O] AmohE1es] AT Belels U RAS Be 238 & Eelo) g
Asta

FEES YA 2o Yieaysle] 1 2WE SEMO R st Eel DPPH g0z A7% 3} uﬂaeuw 2 EG) B
=k
O

HTCoox Iy X %

142 B9 AL, T ASE B RS SHSHAT 1 A3 A FE R Hx BapAe] theag A2 Y A3l
o1E B IS 71 N AL BARE S astol Mokl 5 9L AR EabA it ohjeh B heaigo] 7R R
453 % 912 Aol

ABSTRACT

Although TiO 2 photocatalyst nano coating method is used as a preservation management to fill the pores of rocks, TiO 2 photocatalyst
causes whitening on the surface of rock, and its price is very expensive. Polyphenols, which can complement them, are extracted from
four plants and replaced. As a result of HPLC analysis, polyphenol contents of the extracts were high in order of green tea and mulberry.
The antioxidant activity of DPPH radical scavenging ability and methylene blue photodegradation were higher in order of green tea,
aronia, mulberry, and capae. Antimicrobial activity was higher in the order of caper, mulberry and aronia.

Key words: Stone cultural property, Nano coating, Polyphenol, Antimicrobial activity, Antioxidant ability
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[Fig. 1] Structural formulas of (a) Catechin, (b) Morin, (c) Caffeic acid, (d) Quercetin
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[Fig. 2] (A) mulberry extract, (B) green tea extract, (C) aronia extract and (D) caper extract

T EPvs A 24 B4, L4% AA A=rfE0 s £4, DPPH 22 &75 4 A ARE-SE7] 98] 50ppm

[Fig. 3] Standard solution of (A) morin, (B) catechin, (C) caffeic acid and (D) quercetin
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(Table 1) DPPH Antioxidant activity by standard polyphenol concentration

green tea mulberry tree aronia capper
Concentration[ppm] 379.884 884.648 320.739 258.793
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[Fig. 4] HPLC analysis of green tea extract
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[Fig. 5] Standard curve of green tea extract



{Table 2) The result of Catechin standard solution

Conc.(ppm) Mean Area Area
50 197414 197414
125 598572 598572
250 1878303 1878303
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[Fig. 7] Standard curve of mulberry tree extract

{Table 3) The result of Morin standard solution

Conc.(ppm) Mean Area Area
30 110645 110645
40 57760 57760

50 16029 16029
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[Fig. 8] HPLC analysis of capper

1% WA ARuEIHIE 0]8519] 0.2% acetic acid 2} acetronitriled 60%:40% B]E&= E315E Suf slofl 4]

370nm 1A 1.3 ml/min®] §42 2 quercetind}t Alo]¥ FEEL 4319 th. 30ppm, 40ppm, 50ppm morin 3
FEES j/ﬂ’B‘ ANA 2

=8NS s WA ARUEIHTE A AT} oF 3 47480 Al T]27 YEpdT, Aloly] FEES
ZulE O v 2 B4 A7) o8 I 3329 8M4 quercetin & 80 9] w39} -8 92|91 349350 oF3t w27} e}
Fu3e FEEY Z8dE 99 4= wol vehd Zolm 3,589 o9t 1]a+= quercetind]] o3t 45}

[Fig. 9] Standard curve of capper

(Table 4) The result of quercetin standard solution

Conc.(ppm) Mean Area Area
30 112210 112210
40 148072 148072
50 169772 169772

Al

f(x) = 2878.09x — 28227.7(R*=0.990) 2.2 YePFom FAA 2]
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[Fig. 10] HPLC analysis of aronia

IS A A20tE D95 0]835}9] ethanoly} purified waterE 40%:60% H]-&=2 Z315F -80) 3loA] 325nm 3}t
oA 0.7 ml/min®] §42 2 caffeic aicd®} oF2 Yo} 2HE-S B354t} 30ppm, 40ppm, 50ppm caffeic acid 3
A% AA AR EIDH T Z B3 A3t oF 6.451800 Al 727} Yepdtt, of2 Yol 2&2E-S 1145 AA|
ARuEIRYZ EAT AW 228N GARRE 927 YEhA] ggltt, o5 E8f of= U ot F=&E ol caffeic acid

7 sl 914 gk TS,

oo
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o
Kl

4, Lh-FE
Qtel 2412 ol gle] ] 74 251 e BASIAT TO,dA 9 BAE Qaste] eage Q85 o
Aol 22909 57} UF Q8] & Eee] $E0] FUsH BAEA G 2HAA LAsel AxEHA A4t
= A4o) WIS AT webd 2000 SRS BAst] oo B4 ¥ [Fig. 115 B9 Ti0,9) morin(¥1hy &
£%), catechin(7} FE2)& Bzt A o] EWE] Ao] 8 A7k GAT caffeic acid(ehZ o} #52)3}
ajo] ok B AL AT 4 At

quercetin(#| 0|1 :&5)¢] AL 24

[Fig. 11] (a) control group without nano coating., coated with
(b) TiO,, (c) green tea, (d) mulberry tree, (e) caper, (f) aronia
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12]).

[Fig. 12] This is a photograph of granite surface taken by SEM.
(A) uncoated granite, (B) TiO,, (C) green tea, (D) mulberry tea, (E) aronia, and (F) capper.
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5. DPPH EIC|Z AHs

. Belals 5891 DPPH 20i2 27124

Ze|dE 22899 DPPH &tz &A% &4 21 54 44 28952 catechin®.Z 0,027mg/mL ©]$2.H,
I th2-2 & caffeic acid 0.051mg/L, morin 0,030mg/mL, quercetin 0,031mg/mL <=°]%1t}. (Table 5) TiO,%] ICs,=
99385mg/mLE m$- =340, o] & F-3l DPPH 2|zl et 3ilst &4go] gl & 4= Sirh.

(Table 5) DPPH Antioxidant activity by standard polyphenol concentration

TiO, catechin morin caffeic acid quercetin
Absorbance 2314 0912 0.392 1.178 0.453
Antioxidant activity 0.22 91.72 83.09 49.20 80.47
ICs, 99385 0.027 0.030 0.051 0.031

. E2vEs 559 DPPH Sz 2AEA

Zd9lis F5E2 ok2Yot 0.573mg/mL, %4} 1.915mg/mLE FLHEE: Alojuof BlF] mj-¢- 2 JAtels-S 2l
th. (Table 6) FZEoll= 4] sdshe ZejHs 99 e diteksS 71 B20] 23] 97] wiel 2=
#8919 DPPH &t 2 &7 2}o) 7} Qlet,
(Table 6) DPPH Antioxidant activity by standard polyphenol concentration
green tea mulberry tree aronia capper
Absorbance 2.089 2.259 1.795 2,294
Antioxidant activity 9.92 2.58 22.59 1.07
ICs, 1.915 16.322 0.573 14.875

[Fig. 13] (a) is the DPPH antioxidant capacity of the polyphenol standard solution,
and (b) is the DPPH antioxidant capacity of the polyphenol extract,
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Ee)Hls &= MEAET Fad 54 24 23, G2 WS F §99) FF = TiO, 7 0.225% 7P 7P Wkl

= [¢) =]
™ Thg O R 52} 0.254, T 0.419, ok oL 0.544, A0 0.648 <]t £, (e whg 59 Aol UVE HIH
= o, Euls FE=2 ARt e fEdE R s Mt 79 QIglth ol EPHls olv] -OH 2 Zd< 714
al o

(Table 7) DPPH Antioxidant activity by standard polyphenol concentration

== TiO, catechin morin caffeic acid quercetin

Absorbance 0.727 0.225 0.254 0.419 0.544 0.648

A B4 A3, BRI THO,, 54, B, ool Aol &
o)) o] FUE AL e Ak

(Table 8) DPPH Antioxidant activity by standard polyphenol concentration

= TiO, catechin morin caffeic acid quercetin
Absorbance 0,727 0.612 0.620 0.615 0.619 0.624
7. X580 873 &%

7h. trypan blue GAFS B8 B Gt 3= 573

A} 2EES WA WAL FL AEEe] sl GAIElo] ek AL B 4 U, BER WA el T
o GAIEIA) 9 R SRRk OR Lheh s AL % 4 9t ATHIAL ‘Imagel B o]u] 4 MY Z2IHAL o] §te]
Asigih, QA ol Ak gl WA e] BASE 243 o, G tgel A5k Gl HASE S5l
P 39T 5 A FRAL AR AL e} 2

i - LALATELCA L

[Fig. 14] (a) DPPH antioxidant capacity of the polyphenol standard solution,
(b) DPPH antioxidant capacity of the polyphenol extract.



HYE S wfoll= £2&2 ZHsl= ZAo)7] ol exE gt ol 1A} 103] ¥ 43 F, HatS o A
skl 578 A3, AA tidtol AA|sha 9= | 9] HA = 109 Pt 23} 28631980131, FAYH tigto] AHA|s)
Q) WA A = 2356889F LERITE &utE AAAT) oF 82 308% = ATE IS = AL B4 2EE 9
o U] Al 714 8] 2 EE o] & B9l I EE SH519, At of 2} 2t
(Table 9) The result of Antimicrobial Activity of Extracts

BT 5|A ZH =Xt 5|4 gof OfZ L0t 5|4 oK Aol 5|4 g4
A gt P 2,863,198 2,827,467 2,798,574 2,815,365
FAH gt A 2,356,889 2,449,857 2,248,987 2,338,751
Pt (%) 81.095 86.645 80.362 83.071

1} C-Chip 018 F2 573
C—Chipell 9] 479] & oA A3t Bfze] ofgtat Z& Aol 28 Bl & Ao AT 9] 45
18 o

ARSIGIEE, 1213 of) 412 o) §3tol Gae AL,

rEgol S4S FANN AR ZE Pt 5

- 2 100
£ FHAA AT g T+ -

B3R 4 0 & C-Chipe B3 A}, cell$lol wo] &= g},

(Table 10) The result of observing E,coli(JM109)

o=z 2 BLIF 5|A M =Xt S|M M OfEL|0} S|A EAW  AHO|m S|A ZH

Cell 1 1607 1512 1320 1213 1345

Cell 2 1350 1285 1071 1131 1475

Cell 3 1548 1176 1654 1072 986

Cell 4 1632 1005 1432 1424 1372

Bt 1534 1244 1369 1210 1294

3 (%) - 81.095 89.230 78.878 84.354
S AL A3 52 2E2ES 5|43 BA0lA oF 89 230% 2 71 Tt o] A el Ed nE 2E5E
oA gtElo] 75% ol R Pt o] w2 AR YET
| v. 22 2 34
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Cell Separation using Acoustics in Combination with a Microchannel
Jiwon Kim - Seungjoon Rho - Seongjae Seo - Jaewon Lee — Sejong Science High School
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ABSTRACT

For the development of customized private medication and on site medical diagnosis, various techniques for cell separation have been
developed. In particular, a technique using an acoustic wave capable of separating a cell in a short time without adversely affecting the
cell is attracting attention. However, in the conventional technique, nodes of stationary waves are fixed, so that various kinds of particles
are gathered at the nodes, and it is impossible to individually move the particles according to kinds. In this study, we tried to develop a
technique to separate polystyrene particles and cells with different sizes at once by controlling the nodes. The position of the node changes
according to the phase change of the standing acoustic wave. When the phase modulation rate was 300 mHz, it was possible to separate
a mixture of 6-uM, and 15uM polystyrene beads completely. When the phase modulation rate was 50 mHz, it was possible to separate
adipose-derived stem cells from the mixture of neural stem cells and adipose-derived stem cells. We expect that from this research and
with further development, we will be able to categorize, and separate specific cells of different types. using this technique, we expect the
development of mobile devices that can sort cells with high speed and accuracy, and can be used for immediate medical diagnosis.

Key words: standing surface acoustic waves, particle separation, micro/nano particles, acoustic radiation force, drag force
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1. g7 Hig

EA% Axs Eests S A A2 FRE e B4 I IAE $ES Holu, &4 gAY A
= 918 =3, gsh, Ak ot 9 A ATte] glo] WHEA] et AA e Yo QA ED Qlet, ojefet S At
< e W o R e iy 57 Azl R = gl 2P o] &sto] ghflo] HAHE A5 o] gle Az
g 2eshs o] gl o] F 7P thaEA 9l -2 FACS(Fluorescence—activated cell sorting) 2.2 Ao 3
F 22 RAs] 33 240 W 1S AAIske] Resf W Aoltk(Fig. 1]).

e, 7129 FACSE 2313 Al 28] AHlE2 REAo)a WhE 24 W 227} 7hset HHE, Frisr] ofgle =2
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[Fig. 1] Principles of FACS (Fluorescence—Activated Cell Sorting) [2]
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[Fig. 5] A plot of average x—displacements of both 6 m and 15 m particles under continuous
phase modulation of standing surface acoustic waves
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[Fig. 6] Fluorescent images of membrane—stained neural stem cells (NSCs) and adipose—derived stem cells (ADSCs) (left)
and size distribution of neural stem cells (NSCs) and adipose—derived stem cells (ADSCs) (right)
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[Fig. 9] A plot of average x—displacement of neural stem cells (NSCs) and adipose—derived stem cells (ADSCs) over time with
error bar when the frequency shift is 50 mHz (n = 3)
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A Study of Seismic Design Using the Principle of Gyroscope
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ABSTRACT

At present, as the frequency of earthquakes in Korea is increasing and the damage from earthquakes has become visible, people have
become more and more interested in seismic design. Therefore, we have devised a method of damping the vibration of a building using
a gyroscope (rotating disk) as a structure for seismic design. This minimizes the changes needed in existing building structures. We have
studied the degree by which building shake can be reduced by the rotation of a gyroscope attached to a building through experiments
conducted with model buildings. In order to make conditions similar to that of an actual earthquake, the model building was fixed to a
vibration system, and the rotating disk was attached to the building. In an experiment, it was confirmed that the gyroscope has an effect on
attenuating vibration in the building when the disk attached to the building is rotated in proportion to the amount of angular momentum.
Also, it has been confirmed that the effect of the seismic design system in this study works better in lower buildings than that of the
existing damping structures. Therefore, seismic design using a gyroscope is an effective seismic design. In addition, this study has great
significance in that the seismic protection can be improved relatively simply by attaching the rotary disk to a building without existing
seismic design.

T

Key words: Gyroscope, Seismic design, attachable
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[Fig. 13] Maximum amplitude of a building depend on the external speed
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