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Mathematical Modeling of the Spread of MERS in Korea in 2015

Kim Minyoo - Kum Hwayeon - Ahn Junho - Choi Yunseok - Korea Science Academy
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ABSTRACT

The Middle East respiratory syndrome coronavirus(MERS) is a zoonotic pathogen that has a very high fatality rate of over
40% and the vaccine against MERS is not available. The outbreak of the MERS has caused 186 confirmed cases in the Republic
of Korea as of July 2015 within two months. Most of confirmed cases in South Korea involve not only intra-hospital transmission
but hospital-to-hospital transmission. The first patient was infected at Pyeongtaek St. Mary’s Hospital where 20& of cases have
been affected. 50% of cases were infected at the emergency room of the Samsung Medical Center in Seoul where the 14th
confirmed stayed. In this study, we focus on the transmission of MERS outbreak at Pyeongtaek St. Mary’s Hospital and Samsung
Medical Center. We construct the mathematical model for two hospitals to match the dynamics of MERS outbreak during May~July
2015 in South Korea. Furthermore, we attempt to simulate the process of infection to understand the dynamics of spreading
the virus among individuals at the emergency room at the Samsung Medical Center. Finally, we consider four different scenarios
in terms of the periods that the first case stays at the Samsung Medical Center as well as impact of the interventions to prevent
close contacts with the infected cases. The results can help evaluate the effective control interventions.

Key words:
MERS, Mathematical Modeling, ODE Model, ABM(Agent Based Model)
n=EE
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MERS, 83 2dd, ODE =49, ABM(Agent Based Model)
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<Table 1> The data of MERS patients-1

W2l mdot}. o] gk
PAE % A FYPE
b Mo oigh tigke Golr )

& BAEZ R A
9] MERS #Abel o3t zp5 ot

Y A=

=

=

W

wegos A7 5

g B Py
4 27

g gE Lto| Ehxigd oy ZeE~Ex B Al ERXI~E ST~
35 o 38 6/4 527 8
41 o 70 6/5 527 9 6/14 9
46 k1 56 6/6 5/27 10 6/23 17
47 o 68 6/6 527 10 6/8 2
48 o 39 6/6 5/28 9
49 o 75 6/6 5/27 10 6/21 15
50 o 81 6/6 5/27 10 6/29 23
95 o 36 6/6 5/26 11 6/21 15
56 o 45 6/6 5/26 11 6/15 9
G))
<Table 2> The data of MERS patients-2
=t g Exixt X ETIR} g = AFUx} SHe Ly EHEixt
6/4 1 1 0 0 1
6/5 1 2 0 1 1
6/6 15 17 0 0 16
6/7 17 34 0 0 33
6/8 3 37 0 1 35
6/9 10 47 0 0 45
6/10 10 o7 0 2 53
6/11 3 60 0 0 56
6/12 8 68 0 0 64
6/13 4 72 0 0 68
6/14 1 73 1 1 67
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| 1. clza w3

L 7183 A9y =221]

7t SIREE(S: Susceptible, I: Infectious, R: Recovered)

[Fig. 1] SIR model
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3. ABM (Agent Based Model)
Hospital
ABM(Agent Based Model, ¢4 719t 23)2 o|FdME & F AXo] Agent st q&s F

Alet AAZQ] 55& BHE o mdE AAHez & Ide] IR &, AA 479 45z

FO 7 o]RA = Wil T2 AL AAR BEJS EYF dAEC] ABME o|EFo2A 73t

A F2E FE AUt
ABME A& woe $AHoR EZAE AAHA Hed o BFAE Agentdt AF A S 2T

g I3 FAYLE 283 YRAA TS A F=u AMZ Agent] 3 $]%5 2 (decision-making

ruleS) AAs Foh B9 wEolH T Il Agentvt A A UM & & e F5S wIL

T WA E A Folof & AL Agentzte] WEYAE FAeE Aoty 479 Agent7]E] HEAES
st A ZelA TS /A F %ﬂ e aﬂf\li %J_BH dea% 5 F Utk ol%‘-ﬂl Xé% é}t&

Zr-gol FAl °‘°1b}7il = A Xﬁﬂ A FAYe ‘%EP T 9}7ﬂ o

& 2do] obid ABME o] &3te Hlelle A F 7HA FFe] itk AME ABME ©] &3 3le o] meES AuE wgAoz Jeuyd oo gk
]

ty ot &

oAm gk FFe Zdo t Hgd ol fE & F At ol Fol AAE 2Hsb= Hd F = s
Atk EAZ Agente] Y95 9% B4 1T YEYIE 2AFORA $U7t Aske A% a - oh
ool ¥ 4 Utk =3 A4, A3 Y] 2 A& E e 9 9 kA ok ‘LE_gS]l
djl bE— al,
dt — aly
a4 (1—a)bE—al
. - U7« — Gl
| m. MERS) di& ODE =1 00
W_Q(INLIQ)*CQ*CZQ
dR
1. MERS®] ODE =d =@
4D _ 40
7% SEIREd| dd WEEd Ayt He 4% 55 5718t MERSY %e AZE 2d& Hl%l dt
oh =3 HedRyAd HAAEHAY] A& Yehd AolE Wyt Ztzbel mdS wESTh
B FEHOE g o] JAATE AT
2. Parameter A7 2= A4k
S: ZEE & v BE AFEA Y 981, &4, Bi5A F)
C 2] ) 7}, Parameter MA
I, : B oA 79" s Eas xt e mdoA AFRHE Parameter(M /W5 E-S thS3 o] Holdth
I, : WA o] HAoy Yo g Uzt &4
Q : &zl AAHA) <Table 3> The parameters’ symbols, units, and sources
R 3EH A=
D : AFEA Parameters Symbols Units Sources
ZHdE B rate Optimization
o] rdle 7] SEIR EdoA 12 1, & I, 2 U+ &3A Fdel QF F713 Aoltk([Fig. 3). B A7 HEEE 3AAEY & a rate Data
MERS 37 3259 AHHE B3-S o, 5 ¥ THEHAAT A2 @ AFEC] A2lo]l 74 EolA 12 A#sts e b Y ZE7) B 59 (N1E AFAH
A B2y Adog Fopzpth WY WY o8, 8, B3I T BE AEEC] s dH, =9 Lyz Yo B we ug B ) Data
MERS® Z-dHH 57 /WA E7F Aok o714 AL Hdol wFEs 8453 AHor Fopte ey 7l Dt
== C = ata
FAEE XA Hedl F4dol UEhr] AlEskE 7474 I, J+ I, 7} €ty &x& wol A7} 5
= Q)
W Qb M3 1 F 3¥Hw R AR D7l Bk MERSE B9 UlelAE Age] Lojuba FEs)9l R d s Data

s Ade A glenR o] BdA I, tlo] & A}u-‘é—‘)ﬂﬂ] dErE 5 3
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7} ParameterS9] ghe BAEC olEE o §3tol AMSAL Asto] ofel e o
1834 234 OpinizuionclR 2 WY &Y AR 47 ol Y genz Yu ye

Parameter= 9| #t5& WUSAAZIH &30 o Jzo} 7P vlssiA = wE 2 2ot

L} ZeHdmHeIo| MERS ZHO| Parameter A&t
S A FAAT BAHF 59 15YRE ] Hel g MERS Aol thdt zAtzolt)

<Table 4> The data of P-Hospital MERS patients since 5/15

(B2l - ) (Bt - 2)
7 39 -8 16.63333
= 33
! gx~5d 15.78751
PR 6
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[Fig. 4] The result of P-Hospital ODE model



18 ‘ HAH 1fskEfo|AHTL « The Journal of Youths in Scientific Research + Vol. 1+ No. 1

P-Hospital @
35

., —a
30 " % + QData

25+
20
15-

10

il = L 1 1 L 1 L 1 L L

5 10 15 20 25 30 35 40 45 50

[Fig. 5] The change of Q value in P-Hospital ODE model
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<Table 5> The data of MERS patients in S-Hospital
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[Fig. 6] Period from infection to quarantine of MERS patients in
S-hospital according to time
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[Fig. 7] The graph that shows the change of ‘a’ by time in
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<Table 6> The definitions and the values of the parameters of P-hospital and S-hospital
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<Table 7> The values of the parameters and RO of P-hospital and S-hospital

a B S a RO
e 0.05128 0.0020911362 300 0.085960 0.3758306189
A 0.13978 0.0042279576 500 0.115009753 2.5692727599




‘@iﬁ f5FEe|TE « The Journal of Youths in Scientific Research « Vol. 1+ No. 1

ey RS AR A) SF A ROFE TR Afolnh,

o _ 0-05128><0.0020911362><300:

B RO 0.035060 0.3748306189

0.13978 > 0.0042279576 < 500

ALA] = =

78 RO 0.115009753 2.5692727599

B g n Ao o] RO #HE 12T 28 s Hol Agwo] 4A TAHAES Aojztn 4T +
UARAA T, AAAEH L] A9 RO ol 1Rt 231 Fedrydd o] RO #hET of THIAE &2
Ao wol AHAEYRNA e Feiol BAYEHANAY FAnuTt DA B3 Jojythe A4S
% 4 glgieh
4. Scenarios

7}. Scenario X

A ELT HAATE Y ODE R9S vl o g thakdl 7Y ScenarioeS A {A|7|HA AES
v 3
= hud

Hl a3 2ok}, ghellA] 4 iAo wet detd 4 Qe Parameters 5 3tURl pol HSE FO2H

Scenaﬁo—‘:—% AR T

< Scenario”ttt W3HH w7} WS A ¥ ®olth
<Table 8> The scenarios of S-hospital
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<Table 9> The scenarios of P-hospital
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[Fig. 10] The change of Q value in case of Scenario A
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[Fig. 12] The change of Q value in case of Scenario B

20161 Bt= MERS =hilof| ot 43P 2 - 4RI 2 321 - etauisty S B(KAST)RY = ntstERlstn

Number of Quarantined Patients
a0 T T T T T T

——Qriginal
80 — Scenario B2 |
70~ —
60
50+ .
40+ -
30
20~ —
10
\‘_\,_
0 5 L 1 ;i
] 20 40 60 80 100 120 140 160 180 200

[Fig. 13] Comparison of Q between original and the situation applying Scenario B
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[Fig. 14] Comparison of Q among original, the situation applying Scenario A and B
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[Fig. 20] Information of individual agent
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<Table 10> The changes in parameters according to age and underlying disease
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[Fig. 23] The emergency room's situation after two weeks

2015\ 3= MERS o] Chet 5P DA « ZRIR 2| 32! - S Iel7 [ (KAIST) R A st Rain ‘ 31

A UQ A B golth 7 Ao HalA Z9E Age] ol Hoigth ofw AdE =wel
o Uztn ARe Aol ANAA HEe Yy 5wtk

Al

O|*|o| [ofy0

O O

%Q
-

o ol JO] |o] O

21 days

[Fig. 24] The emergency room's situation after three weeks
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A Note on Improvement Plan of Subway Operation by Mathematical Modeling
Lim Soocheol - Gwak Seungshin - Jang Wooseok - Jung Hyojin - Mo Jihun - Incheon Jinsan Science High School

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

ABSTRACT

In mathematics, the theory itself is important, but submitting the solution of a problem in real life by using mathematical
theory is also important. subway line number 9 (seoul metro 9) has a different feature from other lines' general and express
trains: it runs on one line with bay-lines for the improvement of transport and to reduce the cost of construction. Because of
seoul metro 9's operation plan, there is a delay time during rail time, so previous research tried to solve these problems, and
many studies tried to make its operation more efficient. However, previous studies didn't use mathematical models to explain
the improvement of the efficiency of the operation exactly. In this research, we made a mathematical model for subway operation
through an indefinite equation and an equality and submitted a more efficient improvement plan. We expect our research will
be used as a basis for determining a better subway operation plan for all-stop and express trains.

Key words:
Indefinite Equality, Mathematical Model, All-Stop and Express Trains, Scheduled Speed
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<Table 1> Measured data of Line 9 Sl
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[Fig. 2] Mathematical modeling of all-stop and express trains
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<Table 2> Website data of Line 9

HEZ teixt a2
tl 600(x) 5280(m)
t2 1740(x) 15312(m)
t3 2700(x) 23760(m)
{Table 2>+ 954 EF o)A ve} Qe d3F A28AE dstd] AYE 78 Aot FPEAY
ZYAZHE et A gkt ol EFSEE AEUlelA 2AG 31.68 km/holth,

<Table 3> The value obtained by substituting the measurement data to equations () and @
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[Fig. 3] Graph in the master’s thesis
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[Fig. 4] An example of graph obtained by R&E
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#include <iostream>
#include <fstream>
using namespace std;

int main()

double a, b, ¢, d, t1 , t2 , t3 , sl, s2, s3;
I=FR AR &, b-dwrARe] &&, -FALAL YA Az 17, =LA Ao
FadAe AxA
ofstream fout("R&E B ©] E .txt");
s1=5200;
$2=14100;
$3=22500;
z=20;
fout<<"a"<<" "<<"p"<<! << << <! <2< << "3 <<end];
for(a=117;a<143;a++)
for(b=79;b<96;b++)
for(c=90;c<300;c=c+10)
for(d=90,d<300;d=d+10)
for(t1=0;t1<1000;t1=t1+10)
for(t2=t1;t2<2000;t2=t2+10)
for(t3=t2;t3<3000;t3=t3+10)
{
if(a/10*(tl-c-z)<s1 && b/10*(tl-z)<sl && a/l10*(tl-ctz)>sl && b/10*(tl+z)>sl && a/l10*(tl-ctz)>b/10*(t1+z)
&& a/10*(t2-c-z-(qtc))<s2 && b/10*(12-z)<s2 && a/l10*(t2-ctz-(qtc))>s2 && b/10*(12+2)>s2 &&
a/10*(12-ct+z-(q+c))>b/10*(t2+z) && a/10*(t3-c-z-2*(q+c))<s3 && b/10*(13-2)<s3 && a/10*(t3-c+z-2*(q+c))>s3
&& b/10*(t3+z)>s3 && a/10*(t3-c+z-2*(q+c))>b/10*(t3+z))
fout<<a<<" "<<b<<" M<<e<<" << <<t << <2< <<t3<<endl;
{

return 0;

}

[Fig. 5] The codeblocks algorithm used in the research
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5. Z&EYX: 2o M AL A3

<Table 4> Results when the interval between trains is the amallest

SYHEA BYEE[km/h] AR EFSE[km/h]  AE-SH 7 BRIZEA[s] St 2 HiXZHAs]
42.12 33.84 90 90
42.12 34.2 90 90
42.48 34.2 90 90
42.84 34.2 90 90

<Table 5> Results at intervals of 150 seconds and 160 seconds

SUAX} FHEE[km/h]  YBAX ZHEE[km/h]  LR-FH

-

7t uiAzIEs]  Se-uy

ZF BRIZFZ[s]

o = -
42.12 29.88 150 160
42.48 30.24 150 160
42.84 30.24 150 160
43.2 30.6 150 160
43.92 30.96 150 160
44.28 30.96 150 160
44.64 31.32 150 160
45.36 31.68 150 160
46.08 32.04 150 160
46.44 32.04 150 160
46.8 32.4 150 160
47.16 32.4 150 160
47.52 32.76 150 160
47.88 32.76 150 160
48.24 33.12 150 160
48.6 33.12 150 160
48.96 33.48 150 160
49.32 33.48 150 160
49.68 33.48 150 160
50.04 33.84 150 160
50.4 34.2 150 160
50.76 34.2 150 160
51.12 34.2 150 160
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A Study on Winning Strategies of Generalized Chopsticks Game

Cho Hanseul - Park Yunwon - Park Jonguk - Cha Junkyeong - Kim Deokwon - Incheon Jinsan science High school
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ABSTRACT

Chopsticks game is a game for two players, and each player uses their hands. In the original version, both players have
5 digits on each hand and extend one digit from each hand at the start. They take turns to be referred to as attacker and defender
respectively. The attacker can tap their own hand to the other. Then, one player changes the number of extended digits by
rule. The goal of the game is to force the opponent fold all digits. There are not any clear proofs of winning strategy of chopsticks
game. Hence we tried to prove them verifying some basic theorems. Moreover, we generalized chopsticks game by modifying
basic rules and studied the new game. We invented some symbols to devise ‘Process Table’ and ‘Strategy Table’, indicates
the process of an independent game and proper action in all situations made in a game. We also devised an algorithm for
manufacturing strategy table We could find strategy tables in computer coding where the players have more digits. Furthermore,
we found several strategic actions regardless of the situations and digits. We finally concluded several results as follows. First,
the player begins as defender always win in the original game. Second, Devising process and strategy table, strategies for any
different initial condition and number of digits are surely exist. Lastly, the outcome of all situations is already determined if
the players have no intention to lose, and there are ‘tied situations’ where both players never lose but also never win.

Key words:
Chopsticks Game, Strategy, Initial Condition, The Number of Digits, Process/Strategy Table
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]

o] JAERE W I old 4RE F2T & gon, 9 43 JoIEER okvel HHES
Zs9c,

A L g 3 wel] AlYe] B 4 AE AL Alppy), D(g,0)2 FY3sH, o|u FHA dFe
Hylppqlolth (& pupy & 0 < pupyygy < n—1, py+q = n<l 8.

R 2 oW FFoIA BE F U TS AFA FAAL DA 1 A 4P FAAE A £E
gtk T AR X, vl oEl x7b B5eE 3RS BE S AE ME A4 3 vy
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<Table 2> An ended game by X*s winning.

ICEC 1 - ¢ ==
2 X9 A X A
X (o) (op)) o (plp)) X win
v (w) (q'q) (0,0)

{Table 2904 p! o phe Al t3oA X9 & & e £718 +5 Yehit

A 13, X(p,'\py'), Yig . g )X X7F FA A0l X7F D& 7F43kAL <Table 200l 9J3td &
T A A x99 FAAHERE B¢ A 3oAM v F4 }] Itk X9 AgeE ¥(0,0)7F o
of 322 v(0,0)7t & o v AdE Fadol 3, & A5 A oA FEdoF Tt wEbA
{Table 2> A 1= &5
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Al 05l A y7F FAAJDE, Y7F Al 03] 4% X(p.p.), Yigng)oA A 13 3F X(p/'.p,)),
V(g g, )& e 5 Jod A2 1, 20 s 283 F2o] EAgte] vE ieiA e 5 th

xe

5 %t 0e 4ROIA FAAL MEA AW T A g FAAE W
BAA X, vel oS x7h Bilshe 4RE BE 4 dE ve A7 4%e v

i) lﬂ

<Table 3> An ended game by X’s losing.

Al g4 0 1 t =
=3 X9 = Yol A
X (pppy)  (2)sp) .. (0,0) Y win
v (@1,a,) (¢ q") (0"

A 13, X(p,'\p."), Yl(g g ) NA X7 FAA | x7F W= A sjujghs 7Hg3kA} <Table 3>0 <
sted £ Al oM X9 AHolnz H4 A oA v ztdelth v Ao X(0,0)7F ook
o2 X(0,0)7F & W X9 A FEdor g, F £ A oA FEsoF ok weEpA 9
<Table 3>°ll4 t= &Folth
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<Table 4> An example of Process Table shows repeating situations.

TS oE7)) 1 2 3 4
%X‘} XE] i]—ﬁﬂ SX[Qvo] SY[QO] SX[LH SY[lal]
5 1o
X (1.1) (2,0) (2,0) (1,1) (1,1) 4 ﬂ]fiyf =
Y (1,1) (1,1) (2,0) (2,0) (1,1)
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<Table 5> An Example of Strategy Table.

A
(pppz) (qlﬂb) (T17T2)
D (31»52) H{ppsl] H*[‘IPSQ] L

{Table 505 HTRE FAHOoZ 71FslA L Aoltkd W 92 ¢
D+ /‘H]X]-(Defender)ﬂ G HEgEAE & Ao, 138
o e 7

A
AR ), 19e FHlAe)
2 193 198 F02 so] FA4 Yes Fuige) JuUE S A

3L A

o

L
L

= ol 4E vlah 20el 23498 1 AN 22 EA BEA oA,

U, v7lE AL vtk AR, Hps), Spsl® 2 713E 3AAE 28T AL

A ole A dnEn B4, Hlsl, STeslot 22 BE J1Ee 55
AUAE & A02, FAAL IAT FAE A W FEL2 05 £ 3

7 ZH Attacker),
JeE 3

= T )~}\»9‘-——

EASPARECP
o u H

Z15o HIE)
o] 7]1A = &S

2 o) Ao R [ 1 RN FAAT oW AL AE v A ovd

ABEE G0 9 WEE 270 AAE obes Lo,

@ SHXT
(1.1)01:2

@

Vo d < 1717 D 20N

|

FATN

(2.8)0032 2,nma2
I

A
1D @]

Dl

IR, AT @S0,

@ a3un ; @ Fxan
SANE 2N, aRRd - 2N | L0
1N, NS BAgOle et UG 10 B L8

. 2 1)0IE EN8 I, IV &N 1M 8 cos

@ d"‘”:f ot 28, 2N Maine SN 20 m &8

SEZ JIL Q221 NN AlD =X QL2
® AN @ SN

[Fig. 2] How to read Strategy Table.

Lt &712f 70l W2 HEMMOl uPEmet Mafmo| MIZh La|

ke Aol wer AR & Qe 22 4SOl tal AFS 1S AFEE BE
S Falof @ Zlolth. webd et Aze] AFEL He| 7o Urhl: Zlolx
A% nol el Z2te] ARolA $iE A4 A Sohie 0849 1

[GA 11 $44 Ash SulA Do & €9 &7l Aeg o2 8
B (n—1,n—1)7kA, A7147}+ 714
e T ATIAY £ AEE A
(Fig. 3).
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<Table 555 AgE o] 3 W
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F4" Egolth [Fig 2] SoA #4597 9 Zg5d =

—

A 31 [Fig. 4l Sl gefo] el tisl, 44 1.2 o o3 7Fsd s d3ede A" 2o JEA
=28 & Qo 3 ARl A Ty dFoZ Z u FAAS} Fulxyt FHutdth wEba Fel e 49
Zholl A g 4 Qe A8AM F A7 ekl As ZAEE ® O e 23S 3t o9 E
o], X(1,0), Y(1,0)0]2L X7} FAAo|H o= A(1,0), D(1,0)¢] ko2 B 4 gtk o] AstoA x
ve] &vkete] Mzl &8 A Fbd glong shEd o A3l X(1,0), Y(2,0)7F Atk olA
Y7} A RE $8E o] 43S A(2,0), D(1,0) 2R EolA & 5 9tk o]d F o e
TV E A FFAA F Ao JEER oJolEth o9 T2 HAE A7 oA A dith
o, (24 2lelA o] Wl Fage| s Od ke I Ao 93 g d¥e] el EAER dern=z
I A Urke sHEEE 09 davt ok &, [Fig 519 A2 sidsEe 0¥ 48 glth

e e o 2

(DA 4] WEA7F 23] ko' Fate SMdEe xEE et of) B8 2, [Fig 6]

[DA 5] 2 ol A Wrhe sdsE7) gAY, Wite BE a7t x337F 9 202 1 3He] 9% 9o
&t} of) B 2, [Fig. 6]

lose® E3l= LE

[2H4 6] LEA7} A3 7o g dsl= spaxw

rr
rr

0XE FEh cf) A 3, [Fig. 6]

—

A 71 ZF el A Yrte SR F o shueEts o) 3l
= ?:’:‘3]' ) &gl 3, [Fig. 6]
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o
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=

(A 8] 4, 5, 6, 79] HF& o] o] WEZ F gl& 7R WEHAT of) [Fig. 7]

(A 9] LEAIZL A3 bl A Urhes s Es 25 97)a, WEAZE 338 ZheA Yrbe it

7 2 AT @7 g8 3z E BF Aot & LEE WEERE e 72 *EE §F2(oops 9
g, e BF Aok of) [Fig 8lelAe A9jok & shakart gloloh [Fig 8ol o473 ob-d
FAE o YA & ke I P A SRS O F e o] IH FAFHA ¢yl wEolth
ST AR SR, ol AHI} Qe e EAY 5 Uk [Fig 91 (92 11FH (D4 97t
A& n=3° dal A 18 ¥ ol [Fig 99 w714 3} o P o 7hEd

]
.
o] o]F&, 28 R HEE IHIA AU o

b
N
S
olr
%

(@A 10] S4ES net AA8E AYL HYEL I [Fig 100 2 P9 BE Zuldh
(& 9ol A LEAVF  2he Egho] LEAE 3k, WEAV} € 24 0¥/l B SAEE sbe BAS
NS E LEE WEE QI 38 x#E7 94 98 SRS g Jbs F4L /St B H E
L osol SIHAR *E 2k Kol Wl B he Ael 1o o8 @ 3 Wl B e 5
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e M ", A
(1.0) (1,1} (2,0} (1.0 (1.1) (2.0)
o el
(1.0} 4303 . . .
(1. Ll . . .
w

- » | @ | @ |"O

[Fig. 3] A table with finger state of Attacker/Defender.  [Fig 4] Marking situations with hollow or solid circles.

(.0 .‘;";1— (L1 .e/ Eb
re) @ ‘——% (2.0) ®) L&::o

[Fig 5] Making developmenis of gae sitetions wih arows [Fig. 6] Back-tracking amrows to judge win or lose.

A . 4
S (1.0) ({8 2.0) . (1.0) {11 (2,00
TN DN
\ N

W * W *
(1.0) .——E) (1.0) .——E)
(1.1) .( g(— (1.1) .( 8(—

L W L w
(2.0) . _)O 2.0) . _,O

[Fig. 7] End of Back-tracking. [Fig. 8] Marking drawn situation with asterisk.

4

(1.0) (1,1) (2,00

(1,0) gl 20 gl

(1.1 = Slz.0] i
D

(2,0) 5 L Hz2,2]

[Fig. 10] A completed example of Strategy Table.

[Fig. 9] Finished table as n = 3.

Aol &A% [HA 10Je14 THEoId [Fig. 1012 B+ FZAA7F AAF Frjzte] &
o® AZE FHsof st=A delEnh

pefol webA

c}. &712te] JH4E ChEA| #S ol DhaEe} MetE

S0t n=59 wel Aol YU o A UEheA 1 73

el A e dugEoz HAFsAh

AFEE A4 v 2 7HA #32E AHG
FEM e E8Splin g A o4 & o=
2 oAy &8 Ae AN ol Atk €4, & A4
SF)(ME O £ 8 2 £ A& FFA4Y) 5L
3 o] BE AAE g3 shynt A=t 93 &
EE H(2,2]9 BFE FsE e, o] E

<Table 6> Strategy Table on n=2.

AR, A 1ol sl FAATE & 3] el o]d 4 3]
Zo] B&o] ox govmg p—17 &7Es ¥

e

)
o n=4Y u A(3,2),D(2,2)°l"d FAA
& 2% D7} (2,0)0

FFEe ol 2 AL

£ Fgolne Al3,20e ol

A
(1,00 1D
D 1,0 H[1,1] Hi1,1]
(1D L H1,1]
) n=3¢ o AHFx
<Table 7> Strategy Table on n=3.
A
1,0 (1,D 2,00 2,1 2,2
(1,0) L H1,1] H[2,1] H[2,1] Hi2,1]
aD I3 H1,1] S'1,1] H1,1] H[2,1]
D (2,0) H1,2] H(1,2] H2,2] H[2,2] H[2,2]
@1 Hi1,2] H{1,2] STL,1] HT2,1] H[2,1], H2,2]
2,2 L H1,2] L H2,2] H2,2]
D n=4Y W F&FF
<Table 8> Strategy Table on n =4.
A
(1,0) 1D (2,0) (¢A)) 2,2 (3,00 3,D (3,2
(1,0) L S[2,0], AHl1,1] S(1,1] H2,1]  H2,1] H31] H31] Hi3,1]
€D L Hi1,1] L L H[21) SP21] S22 H[3,1]
2,0) L HT1,2] H(2,2] H2,2]  H[2,2] H[3,2]  H3,2] H[3,2]
(@R)) L H1,1] Hi2,2],8(1,1]  H[2,2]  H[2,2] L S2,2)  Hi3,2],H[3,1]
D @2 L L S1,1] L H2,2] L S572,2] H{3,2]
B0  H[1,3] H[1,3] H[2,3] H[2,3]  H@23] H[33] H33] H[3,3]
3D H[1,3] H[1,3] H[2,3] H2,3]  H[2,3] L H3,1]  H[3,3]),H[3,1]
(3,2 L H{1,3] L H2,2]  H2,2] L H3,2]  H[3,3),H[3,2]
(3,3 L H1,3] L H2,3]  H[]2,3] L HI3,3] HI3,3]
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Hn=59 W Aex gt gk Ut AGEY FAe o AA FAAS FuIA & FUE WA Lol ohd

<Table 9> Strategy Table on n=>5.

A o o (1,0) | (1.1) | (2.0) | (2.1) | (2.2)
10 @b eCon @D @2 G0 G G2 G3 ¢4 4D 42 43 @D
0z sko] shi] iﬁ(i]] 1?{311]} Sh2] Sl2,2] H2.1]) g[éi]} Hl4,1] H{4.1) H4,1] H4,1] H]4,1] (1.9 o L 2 3 4
(1.1) 5 6 7 8 9
10 L L S[,1] siB.0] S,3] L Hi3,1] H3,1] [;5’21]] S3,1] S03,2] [;[[g;]] ﬂgﬂ Hi4,1]
Hi12] (2,0) 10 11 12 13 14
10 L 5[2.70] L L H[2,2]H3,2] H3,2] H{3,2] H]3,2] H4,2] H[4,2] H4,2] H4,2] H4,2]
S(3,3] dence bef d whole number.
H2,2] Hi3,2] H[3,2] H{4,2] Hl4,1] H[4,1] [Fig. 11] One to one correspondence between situations and whole number.
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p 6D £ r 23 MY aps) mss) B Hss) Hss) stRal 2 e s obth. AT 21219 3gE gol ohd el tSAAW 1Y ARTEe| ARSI A9,
’ ’ Ha1] 7 O5o= dfof & o2 3-[u. &7k Sl mE AnbARl spgdsmel dErmel Alg dare]E]olA
H[3,3] 2N EAE 9F ‘gol Wl e’ o MEE BEE Aolth F, A9 bollAM AHoH &= £
G2 L L H23| H23] A23] L[ S22 HB2] H32] S22 [ HA42] f][[i i fl[[i % nI AZFEALANA TAD = de ZE FEE &, TAA A 3] DEAE F de oF
sla2] ? FRFe Tt v e sty 25 dohdiok Atk ER ol el A 1o SsiA s oR7} A

B3 L L L L H23] L L HB33) HB3] L L HA43] H4,3] HA4, & e BF Gobdiok Atk ol 2 HS GAs] fl AA Z=E T

: ‘

_>,i

c++chop.cpp’ ﬁ}%_]i “J% FAG. o] Z=E 073;(]'94'

] ] ] 3]
4,00 H{1,4) H[1,4] H2,4] H[2,4] H[2,4] 4] H3,4] H[3,4] H[3,4] H[4,4] H[4,4] H{4,4] H4,4] H[4,4]
4] 4] ] Hi4,4]
] 3] ] ]

Hi3

@D AlL] HL) B2a) B2 @G o HRal [3,1] SB:2) ') Ha) Hlan A ABTFRZ ol 84 03:% Wil e %M Tﬂﬁ} *Mm x}%%ﬂ 2zl A5
. "4"*54 a7 e ASTEY ‘vector’ & AMESIAT ‘temp’ = vectors oW G| ois] Z 4

S5°12,2] H[3,4] Hi4,4] H[4,4]
@ L L HRAlHRATHRAL L L ey SR2 L U2 o) ) £ Og Aol UgHE A4S rleo Aged (W) 3o SAT 4L Sn, ‘whie' 2=
o T vectors o1® 4ol el 1o] o3} nhE B 5 = 4 BoHw a0 UgHE 35S AR
43 L HLA L L HRA] L EB3[HRA Gt L L HAA] G SFolA (2 21e] %ol W Tzt QS Wtk ZE o] BA 5 ‘man’ AE 27t Aol
@ L L L I mbal L mba L @54 L L miaalHid 2o el e B S gl ARAA, oAE P 2 e Aol Sl oA BHsE Jse
Qo o] dox FAA TA S0 Q3 Wa & FHUES o Z £o] 90T 9TE B v}
HolZE G4 ‘od’ $hoanrTh 2 o] bW I &9 g 002 WEFE P I, Aol
FolAw 15t t$HE A5E WBNFE F5 ‘ind’, oW gl vector Zi’éi tempoll ©]v] 1=

4. x| gntsle) s g A glod T g tempoll F7181F= 3 ‘push_index
el Z=E AFH ZE2aY doje AAHF FE5E AF ‘Code:blocks’ E}: ﬁilaﬂ% o] £-3
Ags) 2 Ao ot ARG AT

4) htT.ps //drive.google. com/folderwew‘?ld:OB2zdSBRXnNy0WUVPXOVwVE1ldlk&uspkshanng 2y =) olE AP
SEEEIHS o] FREATE Bt YW oL & Uk

.
£ d
R |
>>4
3
1
é
ol
_?L
i
R
i
o
\
o,
rr
i
o[t
o
ok
tlo
oo
o
o

k)

1 o

f

2

°2i

ol

rr

P}

o

i)

ko

o

o &



68 ‘ HAE 15RO « The Journal of Youths in Scientific Research + Vol. 1+ No, 1

=

Ede Edit View Search Project Bud File Edit
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WView Search Project  Sulld

man.og

< | chopsticks.txt =

oMUt 19 fFleckiop

€

[Fig. 13]o14 ¢

Zolal, LEXL

Qo] Zz2a¥ I F
3.-[. €71 Ao u
A, Uymz gAE 98 4 Z=E -TL*OUEE}.

rQL IR
ot
rd
9,
M my

EA Z=E o] B3 F4AY Y= ‘crchopepp’ FEZ THEST. ©]

& e AT FAA ol HFOE Jhok AX gEA

-
% BAAE U1 Lo, B§ £ /1S 40D A & FAES A
¥ 3 5

el AXY Bol AW 2L Az
o]

AT 149 ABTFRE i‘i‘i(stack)# ‘ﬁ'(queue)«] —78 RE 7R 2

Cowlisersi = Bl wDeskinpichopstick_en

man.cpp % chopsticks bt >

€

483
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§E5
4EE
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[Fig. 13] Output of first code.
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@7ol AR SR
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3t Dequedl AA3t= HlolHE EF paird] FEQlH], ol&
o AAst= FHth F8 AFALE EH 7R ASAE 23 vector®!  ‘trback’ I
oL F3o=w & & & AA “‘%Lﬂr AL A3eA Z F e U A%E UsHE
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olH}5! a ZIA X2k T A S
UUSHE K72 0] HSTo 2ot A - Zots 2] 491 - QIFTtstn
- maincpp [wintree] - Code-Biocks 13.
file Edit “iew Search Project Gulld Debug Forran wacSmith Tools Took- Pluging Doyilods Settings  Help
PSR ® w3 MW E| G gobib v
¥ b % & @ Debug viip gl SGi nm|E
Hmagement % | main.cpp
+ | Projects b | oy
1) workspace 2z int main|
B3 wintree 73 =T
i B3 scurces 4 frecpen|*chopsticke.fxk", "£"  atdin);
&% Others x4 Lreupen gy -5k, “w", stdaut] ;
ZE acang ("3d
27 indmase (n* 24n=7)+({n* {n-1 +n=31 *{n*{n+1) f2-1)
28 inpun();
29 ealeulate
30 susputil:
3 return
3z -
33 wodd input()
34 -
35 int 1, t2;
38 L while(l] |
37 scant |“%d ®d”, #t1, E82) ;
38 iE¢ break
39
a0
41
. o
Logs R others
4| % Duid messages < | /) CopCheck = | /| CppCheck messages « | M Cscope x| B3 Debugper x
i 3 | | Comrramd:

Cifilizersi == BHirw DeskiopWwintres orr\l::le eWmaln.cop Windows (CR-LF) WINDOWS-049
| 7w

[Fig. 14] Second Code with Codeblocks.

s
File Edit ‘iew Search Project Build Debug Fortran wxSmith To
FeB@ e« dmE|amr)
(@ b B & B Debug w|i BEEIY L6
o main.cpp. x| chopsticks.txt  x  strategy.bxt x
|2 Erajects F 274 <91> A(2,2)D(3,1)
_)Wcrkspacc 275 H{3,3)
- ®y wintree 276
= Sources 277 <92> A(3,3)D(3,1)
= Others 278 H(3,3)
279
280 <53> n(4,0)D(3,1)
281 “5(2,2)
282
283 <54> n(4,1)D(3,1)
284 Lo=e
285
286 <95> &(4.,2)D(3,1)
287 S5(3,3) H(4,3) H(4,1)
288
289 <96> B (4,3)D(3,1)
250 H(4,3) H(4,1)
251
292 <97> B (4,4)D(3,1)
243 H(4,3) H{4.,1)
294
295 <98> A (1,0)D(3,2)
258 Tir=e
<

[Fig. 15] A part of Output of second code.
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<05 A(.ONDC1.0)
Lose
<1> AL 100L0)
Si2.00
<2> AL2,00001.00

s(h1)

<3>]!?(]2 1):'(1 W}

S AN 290(01,00
H(2.13 83, 1)
B> ACZ0ND01.0)
S

<G> AR 10000
5(2.2)

<72 AE00.0
HZ 1)

<B> AC3.30001,0)
HiZ 1) 504.2)
<g> N‘ﬂ,UJD(LlJ)
Hid, 1) #white

103 A4 D010
Hid, 1] #wdite

H3.3) dwhitz
T8> A3 FIDE0

H{3.3) #wtite
<T9> ALAOIDGE.0)
Hid.3) #white
<BO> AL, 1J0(3.0)
HI4.3) Fwhite
<81 A4 2100300
Hi4.3) #white:
<B2> ALA.3)D(3.0)
H4,3) #white
483> A4 41D03.0)
Hid. 30 #hwtite
<B4 ALLOID(S, 1)
Lose

<EE> AL 1IDES 1D
Lose

CER» M2.000031)
HZ2.3)

<B7> A2 1ID(3.1)
(2,21 HI1L3)

<BE> AL D@D
Liosa

67> A4 20042.2)
*H2.21

468> Ald. 32
Hi4.2)

469> AL AIKE 3
H(4.2)

<70 ALLDIDCR.0)
Lose

712 AL DGO
Loss

{72 ALZ0MD(3.00
HI2,3) #white
$73> A2 1I0(3.00
HI{2.3) #whitle
74> A2.2H0X3.00
HE2.3) #white
475> ABODH3.00
HI3.3) #wtite

76> AL3 DG
Hi3.3) #white

<77 A3 2ID(2.0)

BB MZZOGT)
H2.3)

<B9» A3.0003 1)
H33)

<93> AMGONDCE, 1)
22
<ad> A4 106 1)
Loge

05 ALL 2003,

9(331 Hi4.31 Hl*l 1

<96 A4.3003,1)
HA 3y HA 1)

<HT2 ALAATC3 1)
Hia.3r =4 1)

<GE> A1.00D(3.2)
Loge

D EED AN
| w7 Ea¥e

~H1az Az iom ) - |
HI2.4)

<1442 A2 21D04,1)
HEZ ¥ 53,10

<1452 ALLDID04. 1)
S(Z1) HiE 4

1467 AI3 t]DLﬂ 1
S22 HIZ 4

l <147 AL3.2ID(4,1)
Hi3.4)

148> A3, 31D(4.1)
HiZ: 41 5(4.2)
<1497 Al4.0IDM4.1)
S22 830

160> A4, 1100410
32

<1812 ALA2I0(4,1)
S(3.3) HIALA)
<1520 MA3IDI4.1)
Hi4 4y 4. 1)

153> A4, 4IDIA. 1)
H(8,4) K4, 1)

<27 Ald 4100 1)
H4, 1)

H(28> ALY OIDE2.0)
Lose

1<30> ALZ.0ID02.0)
Lose

] 108> Al 20(3.2)
H(4.2)

1425 21001, 1)
S(3.3)HA

<287 A.30D01,1)

Hid. 1 HIE 1)

Hl<2a> ALl DGO

H1.2) $2.00

< 106> AL3 300(3.3)

| H23) HE.2 S4.2)
L1075 M08 2)
S22

<108 A4 D02
Liose

v Ll
= EENH
(I5d) AlLOID.2)

Lose

41552 ALL1TIDI4.2)
Lose

< 166> A2 0)D04.2)
H(Z,4)

41673 AL2.1)D(4.2)
HiZ.4)

< 158> AL2.210(4,2)
HZ.4)

<1593 AL3.00D(4.2)
Loss

160> AL, 10042

522 =H(3.2)
<1615 AZ21D(4.2)
Lose

({4 162> A3.30D(4.2)
Hi3,4) HE3.2)

[<183> ata.ois2)
2.2

164> Al 1)D(4.2)
Lose

141655 AL 20043
*HA.2

i 255 BLEp s | BRE BEE MM

wiy

o A0, 1)
HZ 1) HEz.2)

<472 A3 0IDIZ. 1)
H3.2)
148 A3 1D, 1)
S(2,2) H(3.2)
g A3 D02 1)
HE321HE2.2)
1450 A3IDE)
H3.2)
B AL DIDE )
52.2)
<41 A4.20(2.0)
HI4.2) #uiite

42> ALOIDE )
Lose

W<43> ALL1OE D
§| S20

| E¥ Mug

w74 SR
<110 ALA,3DI3,2)
Hi4,3) HEA2)

<111 ALAAIDE2)
Hi4.3) H4.2)
<112x ALLOIE3)
Lose

<113 AL OGS
Lose

174> ALZ.0ID(3:3)
Lose

<1152 Al2,7)DI3:3) <1267 A(1.00004.0)
Lose H1L4) it

Wl<116: Az 2i0033 <1272 AL LDM0
Hiz.3) HITL4) #white

ST ABODED e 0080
Loge H(2,4) #white
<1182 AL3.1IDE3) <1297 A2 1)D.00
Losa HZ, 41 #white
141300 MZ.2004.0)
HiZ.4) #white

{<1315 ACOD0.0)
340 #whits

=E =
Ml =n ssww rnma

M uTah ERAE
<1527 AL3,1)D04,0)
HUZ, 41 #white

1< 130> A 4)004,0)
Hid, 41 #white

B
| 5T Ewm

| <56> A2.0D(2.2)
Lose

i &
EE> MAADEZT) -
Hi4,2) Hid. 1)

<BA> ALOK02.2)
Lose

BT ALY 1IDE2,2)
+5(2.0)

<502 A2 1002.2)
Lose

<B0> A2 202 2)
=H(2,2}

<B1¥ A0IDE2)
Lose

62> AC3102.2)
2.2

<63 M3.20(2.2)
Lose

<B4> A(3.310(2.2)
HiZ.21

<65 AM4.010(2.2)
*5(2.2)

S5m BLE AND

133> AI3.21D04.00
M3 4 #wite

134> AL3.3)004.00
HE3, 4} #white
<1352 ALLTID(4,0)
Hid.4) #white

41362 AL4,11D(4,0)
Hi4, 4} #white

4,
13T Al ZID(4.00
Hi4 4] #wtite

<138 A4 31D(4.00
Hi4 4] fwdie

<1407 ALLDIDM. 1
Hi.d}

<1410 AT, 1)D04,1)
Hi1.4)

142> AL2.00D04, 1)
HEZ. a1

d 1351004,

HI3,4) H3,3)
<1662 ALA.3IDI4.2) IR TTT> AL4.0ID(4.3)
HA.4) H4.2) Lose

«mhmmazy |<1785 A4 1ID4,3)
HA,4) H Lase

<168 ALL0I04.3) 141795 A4, 210(4.3)
Lose | Hid.4)

<180 AL 0.3 P 1E0s AL 30D04.3)
L@ | Hi4,4) Hig,3)
<170 M2oKa3)  <ie m.m(d 3)
Loser | Hia.4) Hia. 3)

<1712 A2 10043 <1827 A1, 00D(4.4)
Loss Lose
172 e o I8 ALY 1D 4)
HZ 4 | Lose
€173 AROID(4.3) 184> ALZ.CODM,4)
Lose | Lose

<174> A3 100(4,3) 1< 185> Al2. 1D, 4)
*H3.3) | Lose

175> ALZ.20004,3) 166> A2 2ID04.4) ' | Hid.4)
H3H ~Hiz2.4)

191> ALA.0IDA.d)
Los=

12193 A4, 210044}
“H4.4)

Loss

<1867 A2, 21004.4)
*H2.4)

<1873 A0I0M.4)
Loss

188> A3 10M.4
~H3.4)

189> A(2.20(4.40
Losa

190> M3,3)004.4)
H3.4)

1925 AL4.11D(4.4)
Loga

194> A4, 310(4.4)
A

195> AL 40(4.4)

[Fig. 16] Whole Output of second as n =25 on notepad.

Atslel sUlebiielo] Iasteio) EE ot - X6t o] 491 - OFmSmSEm | 71

Lt titstEl MRS 23t Ha|
FEE TP dA ZzRadHe T F7AVE 7 ¢ e Ad &7 ieE 2Eldle | A
gRE A1z ok 1YY BE ASE ddo] ZROYH LR EHI| e &7 nol B
wrieh AJAIZE] g o2 solttt. wrekA AIFAZEE Fol7] s 54 Aol Fxd A
Hote g dete S99 285 =73, Fokd e ol &St AdHeR Aol doldle
=9 HAO AdEe =EFstaA sl E}EW s AdHes & Aostr] el Al
Hole= 54 4¥E 2AE A5 F SHE T oAl BEES B oS v 2ol TH

AY 5 n=4Y W, FAAe} FHIAY &b eV AF Alpy,p,), D(L,0)°1 p,p,7h
n—1=p, =p, >0, (p,py) #= (1,0)9] AFo|H FAA AE WA HFolth

(5%l
Alpipy), D(1,0)2 o, 7174 X, vl tisl 344E X, FHAE v dx F, Agols
X=A, Y=Bolth. oJHE 03(Z7DE T2 n=4°¥ X9 & dHe ts T oJdrtd wEA 2

e

)Xo & &) p,=mn—1)2 o, Fa 1o o3 XE Hyln—1,1]9 2L A g ©A wo] o]z
4 9Tk py+py=2n—3,p, +p, =2n—2% ALI} HIEA] § £o] p—10]BE I

i) X7V Sylps,py] (paps = 009 52L& & F gl A5 2d A 4o o3 p, +p, > 294 E
(1,1), (2,1)¥ wigtel] ich

O n=49 9q (p,p,)=1,1)k2 3=k oju] X 5,[2,0]2 &L 314 Aok oju) y7} & 4
£ 584 Hy1,2]8eth v BAL wi Xe 5t 18] A3 vt Hy[1,2]9 55&
g ) 234 XE (3,0)0] HI, n=4% W Dol TIFHEE X L5 E£G,(2,1]¢ ETo] 7%
A n=59 e vl EFHEE X+ SITH<Table 10>).

<Table 10> Winning strategy in ii) of X(1,1) while n > 4

ARl Bl 0(=7]) 1 2 5=
% xe| e Sx[2,0] Hy[1.2] g ols
X (1,1) (2,0) (3,0) 24 og;;d el X win
Y (1,0) (1,0) (1,0)

@ n=59 W (p,p,)=(2,1)Fa 32 27 olwle 5¢[3,0]9 &< st ok ojwf y7b & F

e T2 Hy[1,3] Bolth the] A o] x& Fpolth 13 AFlA v7b Hy[1,3]9 F

Z& & o 2304 XE (4,0)] Ha, n=5Y de Dol TIHEE X e E 5,[3,1]59 £
o] 7F5ElA n=6Y We vl EFHEE X+ HFFTH<Table 11>).
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72 | 3ad osiz
<Table 11> Winning strategy in ii) of X(2,1) while n >5
AR S 0(=71) 1 2 3=
R4 X9 8 S+[3,0 Hy[1,3 -
52 o] Atz X[ ] Y[ ] 98] 0|32 i)l ‘
X (2.1) (3.0) (4,0) w59 T Xwin
Y (1,0) (1,0) (1,0)
i) x7F & 4 JE B Sh—1,1]EE Sh—1,0]5d e 295 A 4904 AL HHE o
5¢ © (3,2)% Aot

g3 Folrd n=49 u (2,1), (2, 2), n=>5

@O n=4, X(2,1)2k2 32 228 A X Hy[2,1]9 $24& a9 "ok ofgf y7F & 5 e
A4S Hyl3,2], Hy[3,1], Syl2,1] ¥olBR th&o] A3} o] x= FFolth
a) 1394 v7F H,(3,2]9 2L 89 x(1,0)0] H22 Y 14 o8 x= B5I)
<Table 12> Winning strategy in iii) (D of X after ¥ attempts H,[3,2] in (attempting number) Ist
Al 1= 0(=71) 1 2 3 =
=% X9 A Hyl2,1] Hy3,2] H,l1,3]
X (2,1) (2,1) (1,0) (1,0) X win
Y (1,0) (3,0) (3,0)
b) 1814 v7b Hy[3,1]9 52 3 x(2,0)0] HEZ A 1o o8 X D&dh
<Table 13> Winning strategy in iii) O of X after Y attempts #,[3,1] in (attempting number) Ist
Al Sl 0(=71) 1 2 3 =
52 Xo| A Hy[2,1] Hy[3,1] Hy[2,3]
X (2.1) (2,1) (2,0) (1,0) X win
v (1,0) (3,0) (3,0) (0,0)
ot oolm v(1,0)7F HeH, 3

gl

3E X= H [2,2]9 52&

= (2,2)7F Ak

0 134 v7} Sy[2,1]9 S
oA y7F & F A TS Hy1,2], Hyll,1]8e]H, 4304 x+= (3,1) &
0 - D 33AM y7F By [1,2]9] 585 W X(3,1)0 HEZE A 1o 93 X& Fsdch
<Table 14> Winning strategy in iii) O of X after Y attempts /,[1,2] in (attempting number) 3rd
Al Sl 0(=71) 1 2 3 4 5 B8
3 x| e 21 SR1] H22) H,y[1,2] Hy[3.1]
X (2,1) (2,1) (2,1) (2,1) (3,1) (3,1) X win
Y (1,0) (3,0) (2,1) (1,0) (1,0) (0,0)

0 - 2 33lA Y7 Hy[1,1]19 2 dH ivH FYER xv BFdh

Y attempts H, Y[l,l] in (attempting number) 3rd.

<Table 15> Winning strategy in iii) O of X after
g 514 3 4 ==
= _ Hyl1,1] . .
9 &9 339 43)& wv)9] 433 )
X 9 (2,2) zo% X win
Y (1,0)
@ n=4, X(2,2)3 2. FAA X Hy[2,1]9 5242 FHstd o olf y7h & & e 54
XE Bsolnh

& Hyl3.2], Syl2,1] ®olmE thge] w3} 2ol

a) 18)dlA Y7F H,(3,2]9 5&& 3t X(2,0)0] HEZ X+ AP 1o o3 st
<Table 16> Winning strategy in iii) @ of X after Y attempts Hy[3,2] in (attempting number) st
ARl = 0(=71) 1 2 3 =
5% X9] 2 Hy[2,1] Hy[3,2] Hy[2,3]
X (2,2) (2,2) (2,0) (2,0) X win
Y (1,0) (3,0) (3,0) (0,0)
b) 1894 v7F §,02,1]19 T3S A& ol XE He[2,2]9 522 4 Ao olg v (1,0)7F =
F e TR Hyll2]®eth 18 X (3,2)7F HEE X st

= 33 ¥y & F A

({Table 17).
Y attempts .Sy[2,1] in (attempting number) Ist

<Table 17> Winning strategy in iii) @ of X after
Al Sl 0(=71) 1 2 3 4 5 =2
=z Xo| =4 Hyl2,1] Syl2,1] Hy[2,2] H,[2,2] Hy[3,1] ¥
X (2,2) (2.2) (2,2) (2,2) (3.2) (3,2) win
Y (1,0) (3,0) (2,1) (1,0) (1,0) (0,0)
® n=5, X(3,2)21 A FAA X= Hy[2,1]9 2L Hstd ot ojd v/ & F e &
& Hy[3,3], Hyl3,2], Sy[2,1]®oln2 O-&9 A2 X B5olth
a) 134 Y7+ H,(3,3]9 F&FE sH XxE= (2,0)0] =2 A 19 o X7} 5otk
<Table 18> Winning strategy in iii) ) of X after ¥ attempts #[3,3] in (attempting number) Ist
Al S 0(=71) 1 2 3 =
=z X9 =y Hyl2,1] H,/[3,3] Hy[2,3]
X (3,2) (3,2) (2,0) (2,0) X win
Y (1,0) (3,0) (3,0) (0,0)
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b) 13]el A v7F Hy[3,2]9] E22 8t X& (3,0)0] HEZ A 1 o X7} dsolth

<Table 19> Winning strategy in iii) @ of X after ¥ attempts /,[3,2] in (attempting number) Ist.

Al S 0(=71) 1 2 3 =
=7 Xo| 2 Hy[2,1] Hy[3,2] Hy[3,3]
X (3,2) (3,2) (3,0) (3,0) X win
Y (1,0) (3,0) (3,0) (0,0)

0 13] F3A y7b Sy[2,1]9 4L W, X= Hy[3,2]9 2% st #oh oW yE (1,0)7)

Hed, v & F A' §34L Hy[1,3] =5 Hy[1,2] 8ot
0 - D33 vk 7,[1,3]5 & ¥ X& (4,2)°] FHBE A 19 o3 xv sk

i

<Table 20> Winning strategy in iii) @ of X after Y attempts .Sy[2,1] in (attempting number) Ist.

AlRY Bl 0(=71) 1 2 3 4 5 e
% X9 A Hy[2,1] Syl2,1] Hy[3,2] Hy[1,3] Hyl4,1]
X (3,2) (3,2) (3,2) (3,2) (4,2) (4,2) X win
Y (1,0) (3,0) (2,1) (1,0) (1,0) (0,0)
0 -2 334 Y7 Hy[1,2]5 38 XE (3.3)7F ) ol& vidl =FHEE XE et
<Table 21> Winning strategy in iii) @ of X after ¥ attempts S[2,1] in (attempting number) Ist.
TS 3 4 z2
52 . ) Hyl1,2]
X i Eij;m (3,3) 43 il 2§ X win
1% (1,0)
iv) oAl n>4Y w i) ~ il AFEHA G A$E A F, Sh—-1,1]EE Sh—1,0] ¢1E F

A%
& BE (0] ofd £o] B o] EAsE Ffolth

@ n=59 W 2<p +p, <n—3°"H FAA XT F & BF 00 HA &A £Fstd 9o F, X

Sylpsp) (pypy = 09 53¢ S Bk 18004 Y(L0)olBE xo ¥ & F @ £2 3 4

o YOBE ¥ 4 A BAS AWHS WA BT A1 p )itk I xo| F &9 T
o,

Soldth, T %ol Aae] UehtA 2om of $4¢ xo| ¢ £9 Fol n—27 B WO
A wEsE

2 r{

I

@ n=5¢ 9 p, +p,=n—2 (p;p, # 0)°]H(<Table 22>2] 2t3)), X= Syln—2,0]2 &L 34

g 289 v(L,0)022 v @ F de e Hy[l,n—2]®elth wEd X(n—1,0)
V(1,009 43e] Ha, ofu A 19 93 X& dsolth

<Table 22> Winning strategy in iv) (D~@ of X.

;I%f o(=71) 1 2 2t 2t+1 2t+2 2t+3 E=
%Z—]f A_}(Q] S)((pgvp4) Hy[lvpgz] XE] i}-i‘ﬂ SX[TL*Q,O] Hy[lvnfﬂ H){[nflal]
A X
X (p1:p,) (D3, 0y) (ps+1p) 7 (popist) (n—2,0) (n—1,0) (n—1,0) win
Yy (1,0 (1,0) (1,0) (1,0) (1,0) (1,0) (0,0)

(& t= A4 (popy) # (3ops). Pt P =p3+ 4 PP =n—2)

©® n=4%Y 9 (p,p,)=m—2,0°18 XE F & EF 0]
Sylpyps] (pspy # 009 F2& 3tA "ok 97|A v7h &
Hy[l py]¥olth 28 x9| & £9f o] n—19°] Ath(->®@)

@D n=>=54 W n—1<p +p, <2n—6 (& D7} obd wholH, FAA X ol &% 0% n—19]
HA @A BEsd ok & X5 Syl py) (papy = 009 2L &9 Do) 13]e0A4 v(1,0)0)

Xo & 2 8 £8 & Fubof glonz I 4 Qe XL gHldS 97 9 Hy[l,pg}fom. a
H X ¥ £ 1 sodth & A9 Aol UdEhA @oW o AAHE X9 & &9 F
o] 2n—5(>0)7} B w7} WESIHE Hoh

® n>=5Y¢ W p+p,=2n—>5 (&, )7} o}d w)o]H(<Table 23-24>9] 2t3]) X &S (n—2,n—3)

olth, olm] X Syln—1,n—4]% 34 Foh vE (1,0)0122 & & gt 53 Hyll.n—4]=E
), Y(1

= Hyll,n—1]8oth wefF v/ Hyll,n—4]9 52 38 X(n—1,n—3
1ol o3 x71 3 @A woll o]d 4 ok &= vk Yy Hyll,n—1]9 53
22 iv) O w2 =t

1,0)e122 A
3 X(n—4,0)°]

<Table 23> Winning Strategy in iv) ® of X while Y attempts ‘Hy[1,n—4]

g -
sx o(=71) 1 2 2t 2t+1 2t+2 2t+3 =2
X9 N
=% el Sy(pypy)  Hyll,ps) X9 2#  Syln—1,n—4] Hyll,n—4] Hyn—1,1]
X
X (prsps) (pp)  (p3+Lp) 7 (n—2n—-3) (n—1,n—4) (n—1,n—3) (n—1,n—3) win
Y (1,0) (1,0) (1,0) (1,0) (1,0) (1,0) (0,0)
<Table 24> Winning Strategy in iv) ® of X while Y attempts ‘ Hy[1,n—1]
A =7 1 2 2 2t+1 2t+2 =
sx 0(=71) ¢ t -+ t+ =z
X9 .
2 27 S(pg py) Hy[l,p3] X<}z SX['”*L"*I] Hy[1=”*3] 2t+23]
O] FE iv) X
(Pl:])g) (P37P4) (P3+17P4) (n—2,n—3) (n—1,n—4) (n—4,0) Dol win
ERE
Y (1,0) (1,0) (1,0) (1,0) (1,0) (1,0)

(&, t= A4 (pepy) # Wgopy), pL+py =py+ 1))
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9A whel o]d & Atk ® ek v Hyll,n—1]9 2L A X(n—3,0)0 22 iv) Dol B2
W "l (FAHEE <Table 23-24>9} v] &3] A

A9 D~ el o, n=4d W X(p,p,), Y(1,0)°12 p.g7t n—1=p =p, >0,

(ppy) # (1,0)Q] el 344 X HEA FFoltt

A9 6. X(1,0), Y(p,p,)¥ ®l, X7 F4AIL (p,py) = (n—1,0), (n—1,1)°1H 4 X7} shu)
o W, (pLpy)=(M—1,0), (n—1,1)°1¥ &4 FAx x7F <@t (&, 0<p,p, <n—1,
(ppr) = (0,0), n = 3)

o

[

olN

]

i) A 5 <3 (py, py) = (0,0), (1,0), (R —1,0), (n—1,1)% A5l daiA= &3 X7+ sl gich

i) A 1o 93 (p), py) = (n—1,0)& Aol T el B} Aot

i) (p,py)=(1,00¢ ®, X(1,0)7} Hyl1,1]& 3t¥ Y(2,0)0] &t} X
B2 A 5ol ofsf A x7F sful gt

i) (p,py)=(m—1,1)°18 X(1,0)7} Hy[l,n—1]< 33, ¥(1,0)E Hy[1, 1] & 5 9ok &,

XE A(2,0), Y= D(1,0)0l22 A 59 o3 x7t <3}

O:

o

= D(1,0), Y= A(2,0) °]

BERE 7 AAF SAE S = ()l B, & HES A9 Qoln, de RS OB S T
% old 4B HEOE 2= AY S = (pug) & BEE AWL WEITIL A 1AW {8 A

Y 35 <ol AREY ol 2 o3kl 7ol WrEA yehdth (&, (p,¢) = (¢.p))

ﬂ:k‘f’loé IIH, 7}'%@— ASY(]Oﬂ“\E‘ (k71)7 (k7172)7 Tty (’nhkim)', t ‘—1;——]—7m: 1727 Ty {%})7}

£ 104k oldke] AAgeln, olg GO B F 4

a0 ge g olste] AAFTh F, AR BE AFE 9o

BZAE FYAAT. G2 e sl n=k+ 12 WE APATh S8 Aol s, i)
] J

S R7EAIYel PETefol 2ist A7t - A5t o] 421 - QIMmStnEstu ‘ 77
<Table 25> Strategy table of A(n—1,n—1),D(p,q)
A
(n—1,n—1)
D (p:q) Hln—1,p] or Hln—1,q]
(59
QA 9A G AR X7 AE B T W vel g9 £2 Atk SR (B & ohd A%
o, X7l 3AAEZ ANAYH. =, X=4, Y= Dolth. A 4o 93|, 03X X= A= T2F] &

gk vel A 184 veo @ £of 0& Atk v A: FHolY ¥ FA4L T 5 Aok
HIFAA ¥7h AE B4 @k s Ae 1o sl okl HEAY X Bgolth

<Table 26> Winning Strategy of X while Y attempts Hy[py,n—1].

AR S 0(=21) 1 2 3 s=
2 Xl A Hx[n_ls%] Hy[povn_l] Hx["_lspg]
X (n—1,n—1) (n—1n—1) (n—1,0) (n—1.0) X win
Y (pm (I[]) (pmo) (poso) (0,0)

olwlel 18lo 4 y7h BEo] bed W B¥ FA4L DU A olF v (pg) & p g
= po7h BT} 28 0819} VPR R 4 814 AWstnA st Al EREH, Bebq xE A
AL @ Syl itk 2w 9 AWE Usel W v R¥shs 4L slok & Aol o9}
2ol <Table 2747 A% 34w, A% A 3 xo| AL FATH T4 A 3 ve] £eFAe] v,
Xo| &7hehe Wl §lAL, TR vE @ £o] £/ BF AT e &vlete & £

SRRt 0 Bge okl g

it

%
b

515

S

<Table 27> Winning Strategy of X while Y attempts splitting.

SH
;!j 0(=DI) 1 2 8 2t 2t+1 2t+2 2t+3 BB
%ZJ' XQ’] i]'g*“ Hx[nfls%] Sy[P]vql] HX[’H,*LQ]] Sy[lvl] HX[TL*Ll] HY[LO] f]X[n*l,l]

X
X (n—1,n—-1)(n—-1,n—1)(n—1,n—1)(n—1,n—1)""(n—1,n—1)n—1,n—1)(n—1,0) (n—1,0) win
v (ppa) (9, 0) (prar) (p,,0) (1,1) (1,0) (1,0) (0,0)

A7k £t e F &5 HE uPo R FX oY, ARy &7 FE SANSE il £
Atk 2T f9 A3 Ao R4 7S HET 5 A3, fI3 &S A AY3lS gk v o
€& (1,1)° doh old x7F AW vE (1,0)0 H, A 6ol g3l v= o oY £3e Esir) w
A Ve AE A4S & gubd 9o, wEta XE CTable 2609 o8] &4 A A 3lgrolA Do)t}

<n—-1% AFY d, FEA7} A(n—1,n—2)°l2 FHAI}
ol WEA Sl @,
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<Table 28> Strategy table of A(n—1,n—2),D(p,q)

D (p,q) Hin—1,p]

(54

Qe 9A 41 AVA x7h AL 54E & W ve) Q) £& AYT a4 (& & ohd A9
Ko BAE AAB 5, X 4, o Delth, A7 4ol S, 05194 X AL FARA T 5 g
o mebd Hyln-lglel $24¢ @ 5 Aok vel A 15614 vel @ £o] 0 Hrh vE A
Ao} B 54¢ & & Atk Tk g = 00l® olw A2 1o o8] X vz Bool

ey @)=1,1)2 ®, X7} n—17%] €22 v 3 £& 4 yE (1,0)° ot % y7b x9

n—271el £& A8 erold g2l 89 Fsk Rk ek ¥ n—1709 £ AW XE (n—2,0)7

Ha, ol A 69 A9 2oBRE yve Atk F, Y+ 1304 A 545 E Tt

<Table 29> Winning Strategy of X while (p,, q,) = (1,1).

A F= 0(=D1) 1 2 ==
&2t X<] ztd Hyln—1,1] Hy1,n—1]
3 o]lT= A
(n—1,n—2) (n—1,n—2) (n—2,0) ZﬂGQ]];%%Oa X win

~|

(1,1) (1,0) (1,0)

Q@ = 0013 py > 1EEq, > 1% d, 134 v7F U7t old o2 A& 52L& dz 7148k

a9 AE 1o o3 ofe] AAFEAE Xxv etk F, YE Ae FAS T o oot

<Table 30> Winning Strategy of X while Y attempts hitting.

;!:CE 0(x21) 1 2 3 z=
=2 Xe| Hyln—1,q,] Hylpy,(n—1) or (n—2)] Hyl(n—1)or (n—2),p,]

X (n—1,n—2) (n—1,n—2) (n—2,0) or (n—1,0) (n—2,0) or (n—1,0) X win
Y (])[]7 (I()) (p[]vo) (po-, 0) (0,0)

olWlol 15je]4 ¥7h BFske B FTL AL o F VE (pug )7t HE, W p g = p,
. 28]&= 03¢} vRVAR AP 99 AfolmE Xv Ae 84S T Futd gtk 28d 94 A
@ ulgdl Weh v A 542 @ 4 gk 2o WEoR A% A 8 xo| A: $43 £5 A
vel B850l WA xo £7hee Wl I, b v @ £of £712%e BF A1 G
here g Lol BHIE WA 1 HRS ofeeh Aok

ol
)
3

<Table 31> Winning Strategy of X while Y attempts splitting.

’

Ag -
Sn 0(=71) 1 2 3 2t 2t+1 t B
T
%34' XE] i}ﬁﬂ] Hx[nfl’QQ] Sy[plvql] HX[TL*qu] Sy[l’l] Hx[nflvl] Hx[n*lvl]
X
X (n—-1,n—-2)(n—1,n—2)(n—1,n—2)(n—1,n—2)" (n—1,n—2) (n—1,n—2) " (n—1,n—2) win
v (o> @) (p: 0) (pray) (p;0) (1,1) (1,0) (0,0)

AR £ S
gt wekA 95t 2 4% Arlel nEAY 7 A4 & YT, HI A4
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A XE 9o B ola] fa8 ABAS ko) o)7)A .
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A Study on the Dynamics of a Discrete SIR Model

Lim Jaewoong - Seol Chaeeun - Kim Seongjun - Kim Gyuri - Gyeongsan Science High School

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

ABSTRACT

In this research, we studied a study on the dynamics of a discrete SIR model by applying discretization method on continuous
disease model. This is the theme that high school students in Korea who suffered from MERS(MERS:Middle East Respiratory
Syndrome) infection situation may interested in. There’s a purpose in research to find out one method how to use mathematics
in real life. This research is based on simple differential calculus and integral calculus. Also, it was applied mathematics theory
of college level which extended by high school math. Therefore, by extension of mathematical knowledge, we selected and
used simple disease model, mathematical biology, the dynamics and mathematical modeling among many kinds of solutions.
In the paragraph, there are traits of continuous disease model detailed by discrete SIR model. In particular, to analysis the
dynamics around the two fixed points that concluded by matrix eigenvalue, we studied conditions of fixed points at attracting,
repelling, saddle, and non-hyperbolic. Lastly, by using MATLAB which is used in math usefully, we visualized numerical
examples about theoretical results we had. This results will be able to predict the population dynamics tendency about interaction
among the Susceptible, Infection and Recovered when numerous infected disease spread. Therefore, this will be standard to
establish the solution about infection situation.

Key words:
Disease Model, Dynamics, Fixed Point, Discrete Equation
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[Fig. 1] The growth curve of the number of an individual
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Liquid Metal Thermocouple

Kwon Hoonbeom - Kang Hyungu - Kim Jinwoo - Park Junyoung - Hansung Science High School
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ABSTRACT

This paper reports flexible thermocouple-type temperature sensors fabricated by using liquid metals and silicone elastomer
ultimately entended for wearable devices and medical applications. Eutectic gallium-indium and gallium were prepared and used
for two metal electrodes required to make a thermocouple junction by spray printing via shadow masks. To improve accuracy
and reliability during temperature measurements, the thermocouple circuit was designed to have a common ground electrode.
After the device fabrication, the thermal electromotive force (or voltage) and temperature characteristics of fabricated flexible
liquid metal based thermocouples were thoroughly investigated while the temperature was varied from 30 to 100C using a
hot plate. A linear relationship between the thermal electromotive force and temperature was observed and well matched with
the expected Seebeck effect. The accuracy and reliability of the fabricated flexible thermocouples are well-suited for wearable
and medical applications.

Key words:
Liquid Metal, Silicone Lastomer, Thermocouple, Thermal Electromotive Force
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<Table 1> Temperature - Thermal electromotive force Relation

) 2y yz BEER
setl set? set3 setd setd

30 5.1 4.8 5.3 4.7 5.1 5.0 0.25
40 7.8 7.6 7.2 74 7.1 7.4 0.29
50 9.5 9.3 9.3 9.2 9.6 94 0.16
60 13.2 12.8 12.7 13.0 12.8 12.9 0.20
70 15.8 16.3 16.2 15.6 15.9 16.0 0.29
80 19.3 19.1 19.0 19.3 19.6 19.3 0.23
90 22.5 22.4 22.2 22.3 22.6 22.4 0.16
100 25.3 24.8 25.2 25.3 25.0 25.1 0.22
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[Fig. 10] Temperature - Thermal electromotive force Relation
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<Table 2> Thermal conductivity comparison test Case 1 A A 030 uv/Ce 95 Fa3f ¥ "ok
Case 1 s uv
Heater Time Node 1 Node 2 Node 3 Node 4 <Table 4> Conducting plate surface temperature
0 4.2 3.8 4.5 4.2 Average s °C
15 84 8.0 59 58 Heater Time Node 1 Node 2 Node 3 Node 4
30->100 Deg 30 12.2 12.0 7.2 6.9 0 13.9 13.1 155 14.9
4 16.1 15.9 8.0 8.0 15 26.9 26.8 20.1 20.2
60 20.1 20.0 9.3 9.5 30->100 Deg 30 429 40.2 23.9 23.1
45 95.7 53.9 27.9 26.8
<Table 3> Thermal conductivity comparison test Case 2 60 69.5 68.9 32.8 32.4
Case 2 s uv
Heater Time Node 1 Node 2 Node 3 Node 4 e mao @ ATy Tc) A of2nn -
AASE TS T=j otk o] Aol FAE ATulF ofAY BF 5 mmE
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T = o ~ ~ gt 293 GHQE FFANENA FUF Fe] AUAE FFAh UL T W F A A=
: : i ’ I nZ= 2o A7F o e sl F=uk = U3 FZ g olEd A 98 sl = = T
30-5100 Deg 2 135 21 1 69 F AL AL T a7 e FAn 5UY FEHOIEANM ES tel FU] W2l Ty
o] = 2 = o] g F HERH EH 257 A AL 44 ° A
" 3 s 5 i1 o gE 2k 2 o] AFAA F A=W e e GAEAS Aol wEeltt
60 21.6 214 10.4 10.0 A=RAsTE k:ﬁomi dFrge dHEgo] olade dXES EY 0 & F 3
'w— Tc
e dFHFY dAEES 167 Wim*KelaL ofad e dAEEL 0.2 Wm*Kol AR 9] dF oA
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Study on Wind Velocity Dependence Using Asymmetric Capacitator
Kim Jaeyun - Jang Yeonsuk - Jo Yonghan - Gwangju Science High School
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ABSTRACT

For an asymmetric charge structure in a capacitor, there can be wind generation in either direction. This effect is known
as the Biefeld-Brown effect. But the apparent cause of the phenomena is still unknown, so various teams from all over the
world have researched it. In this study, we made a structure with aluminum foil and a wire to determine the factors that affect
the thrust of a capacitor with an asymmetric structure. The speed of ionic wind was measured with a speed measuring equipment.
We considered the shape, production method, and voltage value of the structure of an asymmetric capacitor as the independent
variables. As a result, the shorter the distance between the electrodes and the thinner the wire, the more the internal cells of
the asymmetric capacitor could be confirmed to generate more thrust.

Key words:
Biefeld-Brown Effect, Ionic Wind, Asymmetric Capacitor
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[Fig. 5] Cell Model of Asymmetric Capicitor
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QU7pFRL % 7+t 2EZ
30 kv 1.8 m/s 2.3 m/s 2.2 m/s
30 kv 1.9 m/s 2.4 m/s 2.3 m/s
30 kv 15 m/s 2.3 m/s 2.2 m/s

L <Table 202 Ax= =47] & W Zo|7F 6 em, 9 cm, 12 cm, 15 ¢cm, 283 18 cm HEE A
zZhsle] F49 ¥stE #Eg Aot

<Table 2> Wind Velocity Measurement Results in accordance with the Lengths of the Sides

gt ol Zo| 6 cm 9 cm 12 cm 15 cm 18 cm
49 F5 0.7 m/s 3.1 m/s 5.2 m/s 4.4 m/s 2.8 m/s
49 F5 0.7 m/s 3.2 m/s 5.2 m/s 4.2 m/s 2.9 m/s
249 T5 0.7 m/s 3.2 m/s 5.1 m/s 4.3 m/s 2.9 m/s
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[Fig. 10] Graph of <Table 2>
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<Table 3> Wind Velocity Measurement Results in accordance with the Number of Layers

Mol 54 it 25 35
44" 35 51 ms 5.2 m/s 5.2 m/s
3" ¥5 5.2 m/s 5.2 m/s 5.1 m/s
33" 35 51 m/s 5.2 m/s 5.1 m/s

“ * Data
Final Fit
= 56
= 5.4
2
5.2 T
« * ‘
r
Number of Layer (number)

[Fig. 11] Graph of <Table 3>
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<Table 4> Wind Velocity Measurement Results in accordance with the Number of Cells E
= 35 -
Ho| 4 171 4 o
=EXE Z& 5.1 m/s 5.6 m/s 6.3 m/s L 1 *
2.5 30 3s 4.0 4.5 50 55 6.0 6.5
éxo'lE._l %—J'_\‘- 5.2 m/s 5.7 m/s 6.3 m/s Length of Pole Spacing {(cm)
Z2FE =& 5.2 m/s 5.6 m/s 6.4 m/s
[Fig. 13] Graph of <Table 5>
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< 61
= QI7pHef 18 kV 21 kV 24 kV 27 kV 30 kV
N SXE =& 0.2 m/s 0.7 m/s 1.8 m/s 3.6 m/s 5.1 m/s
i I i : z s =EXE| Za 0.2 m/s 0.8 m/s 1.9 m/s 3.6 m/s 5.2 m/s
MNumber of Cells (number)
E2XE Za 0.3 m/s 0.7 m/s 1.8 m/s 3.6 m/s 5.1 m/s
[Fig. 12] Graph of <Table 4>
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<Table 5> Wind Velocity Measurement Results in accordance with the Length of Pole Spacing 'g_ 5
3324 1.5 cm 3cm 45 cm 6 cm z ]
14 L]
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<1+
EXE| Z 0 m/s 5.1 m/s 3.4 m/s 2.7 m/s 2 : . : : ; . .
18 20 1 26 28 0
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[Fig. 14] Graph of <Table 6>
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ABSTRACT

Advancements in science have allowed us to decompose water wastes using advanced photocatalysts. Among various
photocatalysts, Agl-reduced graphene oxide (RGO) nanocomposites with an excellent visible light photocatalytic efficient have
been suggested as promising candidate for the removal of organic dyes. In this work, we have successfully fabricated and
characterized the RGO enwrapped Agl nanocomposite. The photocatalytic activity of the synthesized nanocomposite was evaluated
by the degradation of Rhodamine B (RhB) under visible-light irradiation. The results indicate that Agl-RGO exhibited much
higher photocatalytic activity than the pure Agl nanostructure. In addition, to unravel the specific reactive species in the RhB
degradation, we have performed the scavengers experiments.
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ABSTRACT

Advancements in science have allowed us to decompose water wastes using advanced photocatalysts. Among various
photocatalysts, Agl-reduced graphene oxide (RGO) nanocomposites with an excellent visible light photocatalytic efficient have
been suggested as promising candidate for the removal of organic dyes. In this work, we have successfully fabricated and
characterized the RGO enwrapped Agl nanocomposite. The photocatalytic activity of the synthesized nanocomposite was evaluated
by the degradation of Rhodamine B (RhB) under visible-light irradiation. The results indicate that Agl-RGO exhibited much
higher photocatalytic activity than the pure Agl nanostructure. In addition, to unravel the specific reactive species in the RhB
degradation, we have performed the scavengers experiments.
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Qe MEAband-gap) FEE AT AT Agl theTzA) BAHEA0] FoH B0 e F
ZA-A& A4 3Helectron-hole recombination)ye 43} Al 4 QoA 7HAIBA 248d FESm=z e oA
T7F ol 78l Agle & BEjollA SFol dojut v ZEjellA xR 2 AR ¥ A

2 golrlele 44 WEol AR H8W B AGEH0] YolAThE Bl EABTHIL H4
AFAF9 EH o]Hg ALEAFo digt FHL Agl Y=7FF 48l T A(graphene oxide)S F
TAZ Agl-Te YeBFAE st Hast A S lge Aol B, ASE 4kst -
of WAHER 0 EWA Wil 7] HeHE Bal Gaol £4F Ad YeTEEY S5t Zol H,0, €—— O,
Bus et kAR AR dTolMe FEmie] B8 e HsiA B4 or vl & f7] 33t
24 wals B R0 48 uﬂﬂ»léo] FHHA @itk oleld A7 Wayel meby 2 ATolA

© Agl-28d Y BdAE FEEH webA FAstal B4 g 350 #d dAYES ot D
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gelste] oW FHAE FEAZ AEseE o  FTFS MAEAE GolRgTh B AF Ade ¥
2 189" FEojo] T #F Ao BFAE AN = A2 JoETh
[Fig. 1] The principle of nano photocatalyst
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[Fig. 2] (A) The way to compose AgI-RGO nanocomposites (B) Agl, Agl-RGO nanocomposites
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[Fig. 3] (A) SEM (B) EDS result of Agl nano structure
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[Fig. 4] (A) SEM (B) High resolution-SEM (C) EDS result of Agl-RGO nano structure
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= oS i, <Table 1> Photo decomposition efficiency of Agl-RGO nano structure
(A) (B) S HIEH BEY WS AN EE .. . 2l
X =|7|' E’é D'II?'IL-IE ,—gm El"é,*(nm) _|_7| uoE 70'.'_'—|- |=|c>E (%)
EDTA h* X 554.2 0.807 0.006 99.3

i _g_ : TBA -OH=| 2 0 542.8 1.370 0.420 69.4
[ ,

T, X BQ 0, B2 0 554.2 0.744 0.336 54.9

¢ = '.;:_;o‘o.—mr u;_- ' N 'v';‘;'.!'!ﬂulﬂl»’!:ﬂ . . Wavelengih (nm)
[Fig. 7] Agl-RGO nanocomposite photocatalytic mechanism. (A) RhB solution’s absorbance change by Agl
nanocomposite including EDTA, (B) TBA, (C) BQ by time I V, Zc-_:! %
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Study of Stable Magnetite Formation Condition in Aqueous System
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ABSTRACT

Ferrofluid is the material which has magnetic properties on fluid state. Recently, the ferrofluid formed dispersed in hydrophobic
solvent is generally used in various industry. However, still most of experiments are carried out in aqueous system. Therefore,
it is important to form stable ferrofluid in aqueous system. Changing reactant's ratio, pH of solutions and using various kinds
of surfactant and base, the best condition for strong ferrofluid, and clear peaks could be found. The condition is when mol
ratio 1:1 (FeCl, : FeCls), using ammonia for base, disperse with TMAH and washing with pH 7 solution. Stabilization of ferrofluid
depend on time should be added and then the application of ferrofluid on aqueous system will enlarge to various field.

Key words:
Ferrofluid, Aqueous System, Stability, Spike
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1 AT, AHe 20L ke 37 A8 $8908 11 B4 v EF F FRYCLE Aste] A4e TMAHE
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T8 FeolA F4E ARFA thEeR o] &2 SR JuHn.
zwo/

A3 A, & FH, dFE, 230l
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EERECIREEN
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[Fig. 2] Structure of FeCl, (left),[13] Structure of FeCl, (middle),[12] Molecular Structure of C,H,;sNO (right)[11]
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Aa) 2 wlgol w2k 250 mL ¥17 5706l 27k FeCl, in 2 M HCI, FeCly in 2 M HCIE Wol&n
(o3 @3kd § B3] FeCly, FeCly 2 E713th). olF, HIAS ] go] &2%3 vty
e 9ol §, AAE ERFH Rl 50 mLe 97] £8AE €a 124 @ PE 4 WolmgEn
(olul, AFol #d A== A viady vE =2A F=oh).

50 mLe] @7] #&4& B UM F, anbylE 13 A0 R vty ukE AARTHE I E b
of 4R Aol UF wo] Eof g A, kY uE 45 YA S50 AHAAE Dojurh).
oz, A4S ol g HAE AP f A AAGCHe W, Hzlo] wtet A
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ARMSHAE oF 3ml B3, Fojelrt RolA @e AR 108 5% FUtie FegAl AojErh
o|F, AL ol gd) ALFAZ WA B AZAS w AADY oo Mﬂg% o8 F

F2 HolZ ¥, HEY HAR $744 DA A4L o83 AYFAE

L} HI% pH, €71, AlHEExH2| Hat
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Dug
250 mL ®#A 5709 Z+zF FeCl, in 2 M HCI, FeCl; in 2 M HCI ¥37} <Table D3} 2= 2 3t}

<Table 1> Ratio of FeCl,, FeCl, in 5 beakers

=4 H| ( FeCl,:FeCly ) Hi| d| ( FeCl,:FeCl, )
H|E 1 5 : 1 25 1
HIg 2 2 1 2 2
HIg 3 15 ¢ 1 18 : 24
HIE 4 1 :1 15 : 3
HIg 5 05 @ 1 1 : 4

2) pH

ARSRAE o 3 mlL ¥, Golg|7h Holx] & A== 108 < e REgA AolET

o
o =2

%, AN ol g3l AYKAE WA A H, AFAL wek AATT DO pH 3, 7, 109 g9o
2 27 Aol E ¥, felUUR Pojelrt Bolx &e AEE REQA Aoz ¥, WEd AR §7)
Foh PhATre R A4S o g3 A RAE FA AD F §AL AABL,
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[Fig. 3] Sketch of proper measuring equipment (left) and the result (right).
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A FER] Folok Btk 2o AANA e AHS o g AYFAL NAZ YYNAL W
A7k 3 24 YHEFE A7)0l B BANE A0R FAV 2 YAHADE A v 5
4 A AR B AEY FAERE 2 am Dol AN AL A A AR 4o Mg ada
AFHE B2 A g 443 W3 2ol A olF FE Wk

[Fig. 4] Measuring peak’s height.[2]

Ch XtgaAel SEY 2HE

A AAfA A4 e 7iztel st wA HAJYE AAFAZE AdT. ofwl, AEFATE & F
AT HED HAol 24 &3 WA 2ol AT AR & FAo] HA FUTH FEA 0l
79} glom wge 2tk AAHR FAYe o AdRA 4 AEE vud ok

7} HIgol o2 xHdRFel

FeCl, :FeCly o WI&E uvpato] 7h APg AR <Table 2, 303 2Tk <Table 2>= 4" A4
A7E A7 &ellA B A71Ee ARE UERd ZoE ARA 49 £55S vehd ZlolH,
{Table 3>& AAo] e FARZAY & 2uto]ae] Ao|(3) 3 AoE YeR Zlo|th

<Table 2> The change of magnetic field depending on ratio

[FeCl] : ’.‘E'? IUI’é*(ill olst Egk NS Cke ’L“é_'%‘ g Bz EEma
[FeCls]* HS Hal (g) 22 (g) kol
setl 0.0463 0.6017 0.0770

5:1 set2 0.0692 0.2027 0.3416 0.2905 0.1577
set3 0.1016 0.2242 0.4530
setl 0.0979 0.4250 0.2303

2:1 set2 0.1762 0.3387 0.5202 0.3485 0.1275
set3 0.2950 0.3537 0.2950
setl 0.1867 0.7687 0.2429

15:1 set2 0.2284 0.4107 0.5562 0.8512 0.6468
set3 0.6593 0.3779 1.7446
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- 01966 0593 D352 o A ol Wi Bdo] gt (Mg 5le] A$ Mar AgHYoY Golel W AN 72
7 5o o 2| A 7%3—1?_]6:] 2 ZA35A] LUtk olE Es 417} A o A 5:]/‘4
11 w0 0.2310 03205 07301 14438 19761 } A= _Ui 12 Al AN S el J3HA] stth ol 5 E3) [v1E 417} A RA
20 4 ERAClE AL & Ao
3 0.7664 0.2325 3.2362 i )
- ol % te WSl o3 ATE g 48 NEeR sel 37} Weld) te) AT
setl 0.1668 1.0213 0.1634
05: 1 ) 0.1179 0.1104 1.0682 0.7007 0.3884
- L, pHoll M2 xSl 34
set3 0.0607 0.0697 0.8704 ) o )
: [FeCly) : [FeClJe] &g (1§ 412 3hel A4FA FHAH vhAS OAS 375F 483 @
STSF [FeCl] - [FeCli] = 5:1& (W& 11, [FeCh] - [FeCl] = 21% (W& 2], [FeCl) : [FeCli] = 151 (W& 3l ol ; o S ME A= sel A L] S PR A SRS e ®
[FeCl,] : [FeCly] = 11 [H1& 41, [FeCly] : [FeCll = 0.5:1< [W1§ 5lebn Fao L pH ¥skE Aef et A3t (Table 4, 5>k At
AdA nE v]gd A X]-/“‘ A7 AFERTGE AL & Utk AAFALY ArEe] A= <Table 4> The change of magnetic field depending on pH
= 4AR ¥ &(FeCly] : [FeCly] = 1 : DolA @& 3 WAssF gho] 7F8 A velhy [H& 4]9] wt
©2=z7 <o } g AolgE AL U &= 9 A A7 |=of| ofgt =2t NP CHel Zi=F g ms
SZx79] vl&o] M E9H 13} At pH e w32t () a2 () i o Zm}
<Table 3> The result of peaks' length depending on ratio setl 0.2518 0.8034 0.3134
NE & 12 20| . 3 set2 0.1931 0.8281 0.2332 0.3834 0.1591
FeClo] : [FeCl NN = 2= F HIg ¥ T3 Zo| TR (cm)”
[FeCl] : [FeCl] = 2 (cm) & @ m3 20| B2 (cm) sef3 0.2830 0.4689 0.6035
56 24 set] 0.78 setl 1.0536 0.8064 1.3066
ool set2 0.73 0.70
=15:1 7 set2 0.5693 0.7384 0.7710 1.3042 0.4343
set3 0.60
\ s setl 0.91 set3 1.8349 0.4057 1.8349
211 set2 0.69 082 setl 0.2213 05990 0.3694
set3 0.87
- — 10 set2 0.2428 0.7941 0.3058 0.4410 0.1486
*HE ¥ 93 dole 74k Ad Al Ml e I35 FE3 SHI Dol BHud.
w g W W3 o] WFe 7+ uolA A A Ad MES] Aolo] WA set3 0.4978 0.7248 0.6479
o A P 54 AEE AR Ay A 3
4E_L e EoA AAEA 7} ioiz]w JJ-OI_?. 4076—‘—i A E Ay ¥ 5971 §AHJAAY § pHell @2 AdL 183 2714 Wslo] B2 Msl2 2% 27 pH 72 A7 gEHoz 2 W
AR Fe F 71X 7 A A [H =1o: H N = - 5
051 ] =] T ]’] é“’]‘i 14']5]' E} vqfi}‘]—]—oﬂ A []E‘ ]([FeClz] [F6C3] 1/]—15 CD“*]’[]E §]_§_ ES’&B} pH 3)/]_ HIO-/] -?«01]—‘:— @51'7]' pH 7°ﬂ H H UH“?‘ Z]—% 7)_1%%_,?_9)\1:} @ﬁé@ﬂ]’ pH
4)[FeCly] : [FeCli] = 1 : D2 729 ol zkz Hagkel 0.70 cm, 0.82 cmE ehdet, ¥ A8 Tol AR FalHolEL AL o 2 gt
2 Aol HolA &= °LS€I1]“P [v& 4] =37} Jojdoz & ﬁ% %EQ F ARG 4 vlgd 93

o ¥4 A% =& [Fig 519 2th

AlS o -
pH :g ME <& m3 Zo| Bz (cm) pH & m3 Zo| ®H (cm)
setl 0.15
3 set2 0 0.14
set3 0.28
setl 1.27
7 set2 0.99 0.98
set3 0.67
[Fig. 5] Appearance of peak depending on rates (rate 1~5 from left side).
(1€ 1,2 31 927} F4EA 25 (8 4 927t 4R 2EHA 39, setl 0.31
[H& 5l 927t 6“*51‘” o Z2EEA wHAE B 10 set2 118 0.61
set3 0.35
H|S-<& = 3 AAGFAE FAAAZ] I ALRS BAE RH S 1, 2, 3] 937} AR .
122 g2 8 A4HAE AN AT A0 BAsry g le 927} 8457 N W oo ol 7 A Al A 1l Aas e Sa 2ol Baga

N o

=2
dske, £ S Gl EARAeA e P9l Fol 2R AYAT 3 AA 94 Ay Mg 8 a8 Bas
(g 419 A% W27} FARAT AR oE Ae] meke YEdTh A4S wel 2EaA &4

F RIS A Al Ao A7 AES] dole BHgpd.
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GE pHEl AHFART A2 2 AE ST 2k pH 791 £ AHE B B oplel AAZAS)
Al P

g o A 2dolgke AS & F Utk [Fig. 612 2A

[Fig. 6] Appearance of peak depending on pH.
pH 3, pH 10& AR fAZE 2XA4 Bolglz F2ole Wi $4 pHAXE AAAH ARF5A olFste A
#E2E F St

SERE FERE RS
109 A% HEHow

>

I A olE Tl pH 7o) AAAZE P Aol 2 it & 5 3o

Ch AR Bsk= g71 SRl WE xHdRAe 4

[FeClo] @ [FeCls] o Hl&S [MI& 42 & F 7] HA A @719 F7E Dosto 43T 25

{Table 6, >3} 72t}

<Table 6> The change of magnetic field depending on base

A3 29 pH 33 pH 102 SXHA AF8A ©l538tA Esch. AA=Z pH 3, pH
JAE A FA7E vl W) olyzx IE =Y, pH 79 w8 wEA A
zHAh 9= =3 golgloA Hojue AL FAT = Itk o)FAAE u HA 71 FeE A
ARAZE gtk SR pH 79 A$ole AAME Ty duy sj=vh AEEl 4% e E skA

Argéii &1 ’.“E'?f.* IPI’é_I oSt A PNyl =es | ’_é'%? g e EEmx}
g5 #HS #3512 (2) 2 (9 bl
setl 0.5659 0.3401 1.6640

NH,0H set2 0.1854 0.1056 1.7560 12711 0.6217
set3 0.1360 0.3457 0.3935
setl 0.0086 0.2478 0.0346

NaOH set2 - - - 0.3243 0.2897
set3 0.6139 0.2923 0.6139
setl 0.0223 0.0256 0.8711

KOH set2 0.0090 0.0823 0.0922 0.4677 0.3186
set3 0.0051 0.0116 0.4397

* mhadetel E7h BAHA $ge UEh.

HA Ao Agee @719 FR BE 4P AP A Aste] e RS
Hol+E AEE A9/t gEHOE 2 WaE Byt B KOH} & WaE ny

B\

o

A% A% 4m
» NaOHE A

Mol 43 5 3 M2 ANS " AUhErt 4EA &t B EFS Bee BE AYAA A
AEol Ao EH oA Fof AH A 25 gt

<Table 7> The result of peaks' length depending on base

Agsle @l u . o

z= i ME L Z= Zo| HZ (cm) HIg & T3 Zo| BF (cm)
setl 0.73
NH,OH set2 1.47 0.98
set3 0.74

*AE W A dole 7 A7 Al Al 9] vaE FEd FAT Aol HIHY.
oHlg V3 do] B A4 BBl Al Ao HY AES] Zol Bapd.

[NaOH]

[Fig. 7] Formation of peak depending on base.
NH,0HE AF&3 Aottt 927t FA45AeH Na,CO,9 A wetes 4471 jloiA
NEE FAEAMTNA Fai

1o SRHE W] T AHE AV A LIS AT ApD A} 4y,
NGOH, KOIL. NaiCO,8l 45, AHe] BoA2E ALE nol viadfol S AHHAOL A4 FA
Cwe Aoz ult ge AW BAAE A48T AL TANE @ A % o

R
& e Ao oy

gf, AlHEMN ZF0 E XFdFHe A
[FeCly] : [FeCls]e] Hl&S [H& 4]2 3 & AWHSAHA L F7FE Doste] A A= <Table 8,
9} 2t

<Table 8> The change of magnetic field depending on surfactants

M Rpimol ofst MY RMSM o mu Y

A3 a2t - N
e oE s (z) B NG iz Zmx}
setl 0.2355 0.3190 0.7384
TMAH set2 0.1756 0.3593 0.4887 0.5837 0.1103
set3 0.1898 0.3623 0.5240
setl 0.1982 0.3406 0.5820
NEZ
(C,H10,) set2 0.1295 0.2463 0.5259 0.5794 0.0426
set3 0.1256 00.1993 0.6302
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setl 0.2417 0.3990 0.6058 I V. é]’_‘- \;Ll 1“0‘1
Bo
(CoﬂHLOH) set2 0.2750 0.4730 0.5815 0.6090 0.0239
o i 02216 03463 0.6398 WA F2 ASHE AYFAE £7] $ul FACIDAN VE STl S Aol A9
= »oploAe o S o
setl 0.1862 0.3884 0.4793 ﬂi Tiﬂ *Lk%oh 3 A= gia %\1& A}%o}: T8 A ]El A 7AE ) 718 00:117}44
A= ol A oA A [o] Z1 H = 3 0"7 %/\E‘E—IO Ly;]xo
© HE](S)]H)) set2 0.0366 0.0594 0.0943 0.2156 0.1866 :’:% Aol A ET e 1 dejeA d9g & )‘ - fj JJFT] 1%l
(01, o o o 3840l 20 Aold, olF da $890 FehlAsl LA AGFAS A8 HH
- ' : ' POl FHE MAE 20lg Foh AMFAE FHHE BAY FeCly FeCL el MEE 2850
setl 0.1288 0.3407 0.3781 e _ o o
o AHgskE Baol dr4oles Aol AH A AgstE goo) pHE 2AdARIE St =8 &
i - 02127 0470 DO 04T 0096 S 97 el Sl AR B EF F FREE @ W ALNTE Y0 ¢ B HEES B
set3 0.1228 0.2337 0.3605 A}

ulge] Aol AR FeClyel ulgol AW A FAe P40 2 He AL FAT & AU
we BAo B u7b YW, = FeCly: FeCly = 1:191 AS7F A7140) o8 Agko] =7 st
2z BA W Bhe] B4 Wk 1:10) 2wyl H2 zoldy AEA
gtk o= ulAThE e A, vFAAAE FeCl, :FeCl3 —1:29 WEL
3 Aoz Azhach e A

AW 4AE rHreiZi dds APAR A °1]E* = AEEtsle Wzt 7 2 AR WHEE
Hlou TMAH, A EEM, dghes AR A7 BF vjagh apojths Bk it A S35 Al
AE AHERE dole Hnd Z AolE Kol A4 °Z1H deel Astdre Ae & F At

N
o
t
ot

N
32
=
i)

<Table 9> The result of peaks' length depending on surfactants + FavEe]E A w4 oA FeCl,# FeCly; o] Alg HIE 133
. " Al FE7IE AHEE] "R o] 23lErt Athe S 37_?45}% A5 F3} drlo] W& ko] A
A 26 55 48 WS M= ¥ m3 20| B (m) IS ¥ T3 Zo| B (om) AE YA HER, A5 ve GRRTHE FeClL o T} B¢ 2 Zolghn F38th FeCle &
el 108 &9 AHolH FeCl,nth 24, olei@ ol W&ol 2AEdel Qo] o5 Pr12aE Doy
TMAH set2 1.06 1.03
set3 0.95 OH ¢} B & & wgat) o)gd &3t FEXHOE FeCl,d OH'Y W3% HS To] dojd 4 =
* AE W W3 ol 7+ A Ao A A9 WA 2z =A3 doo HFZHY. £ 3ok vtaveelEx 3 Ho| s&AdHdlA OH ¢ whgate] 271 4kst H3t 37} =418t d &
* g W 93 Qo) FFe 7k wgolA Al e AY MES Zole FEH. #AHF ©F, Fe(OH), + 2Fe(OH);—Fe,0, + H,09 W& 53 AAHD, 54aksl Ao F4o|
AR fFA Y F5EA F FFE Fvh wEtA A AEAAE FeCld 4ol BEFE A4RHAY 3§
ol fFEsite As 958 + Aok
pHe] 7% pH 79 &H& AE3lY ALFAE AHPES wf YE=Ho 2 Yz F pHell Hlsl] F2
AHE A& F AATh o] WRlo] HF AAEC] @r]4olY pHE HSAAFH FAHOE pHE @
FolFH AAARAY Adel Z F Zojge A ARE AL 1HIE E OE ARE & F
. ! ; : - r Atk oo talAE, pHYF 7€ o) OH©o] tii& w33 Aejolng B oo w2 pHHslsp 2o
[TMAH] (2] : gelolx, whekA AR Bol @ AHEL Frhe W 1 oHE A B 4 ok =@, 4
[Fig. 8] Appearance of peak depending on kind of surfactant. B8 AFels GSARREH HVF wol "opfae ejrlelag, AA g &A7h epHe A4
TMAHE AW SAAZ A3l Z5oe BED 722 22T 5 Ak Al Bakol et T Ak webA pH 7o) HHe| zdejshn AAT & n. olsk 2ol Wl
S 243 AF AR5 Tl e 97148, A AW A7 Asta e A Ao AdH
AE GEA Y FFHRE HHFAS W ANEZA, ogrg, SEAE, AAldAE Jart AEHA R (pH 1007} 7H¢ A frAI7F & dRdvs 2Ae ¢ 5 ok

U TMAHE AHE3 A 29 ASE 337 FAEAT. A% Wal 33 okee] A4S 32 uf, Ad rtvElE dARE A7) sl ARERE d719 FRE ubre] AdsiE A, 7|2l Agstd

FAAE A AAA AAE AR BF 598 4713 b g S AT AR FHAE I M NH,0H F&4& Ad oA S4SAME 737k A& 34974 Sl Na,C0; $4e) 73
TMAHZ AHg3hE Zo] ARRA f5A0l B Ede AL ¢ 4 Utk G "wavEl BV MY FAHA e AE ST & AT olv SFAUEFO #8&9 ’“EH"ﬂ

o

Al OH o] EAIstA ¢d7] Wi #4kst Hol 44" & gV WELE Rl
AHQ1 @3l H F&AH FINEE g 59 Aol Br] Wi ALFAY FAel P
o2 HeHTh

vl IUElO| E YRS BEAMAIZ]7] Yl AR AREEA Y] FRE v AFINE AH, 7]|E
A AW A<l TMAH(tetramethylammonium hydroxide, 25% in methanoD$ AFEHS ®W 52 olx
M e 93y AARAVE FAHJATG olE T &N FEoA ZV*"']E wE7] HaAE
TMAHZF 7b¢ A3e ARZAAY S & F AR =&, A4 FA 78 20 ARGAA S F

%



Fol 9e WA W, ot YAE BAAIE At AV 2 GFe 1A @] HE
S,
Nz HRdel 9 AFHOE FRFE A HHL FAFOEA AW BAA HF 7Y

APE 53l & F A" vEH pH, E719 TR AUEIAE g2
of #3 AFE T A s &82 Aotk o] o] thxTo] Ho

B ATE T AGRA A YoM HAH wE =2 WE ZE F U, HA pHE e F
ABAT &4 FejolAe] AAFAL BE AL F7] &9 FElAET @A &Y o= #
7] & ZEiolM7E E4to]l & He AR YA 05 T3 A2 A FAll EAss R HEO
o AAFA AA L el UR wow dmArt A7 AT WR e Alddls Ao w3l
T3EI A5 2/ doh ol & dZs] el AL FAN Begs T 5 A st @l tid AUt
dasitt. E3, ol AgstA dFE] A Azt mE AMFAY &4l BF HUF 4
°2 Jd9% ZloE AZ4EY
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Exotic Plant Invasion of Pytolacca americana Affects to
Arbuscular Mycorrhizal Fungal Community
Jeon Yujin - Lim Yoojeong - Park Wooju - Jeon Sangjun - Kangwon Science High School

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

ABSTRACT

The successful invasion of exotic plants often cause a serious damage by reducing species diversity, ultimately leading to
deleterious effects on the ecosystem. There are some researches on how the invasion of exotic plants affect and change the
aboveground ecosystem. However, it is not well known how the underground microbial community is affected. Therefore, we
looked for changes of underground fungal community caused by exotic plant Phytolacca americana in the context of arbuscular
mycorrhizal fungi(AMF). AMF plays an important role in growth of vascular plants. We collected soil and root samples of
Phytolacca americana and Korean native plants Persicaria blumei and Setaria viridis, and investigated difference in AMF
community using PCR, DNA cloning and DNA sequence analysis. Analysis of soil samples revealed significant decrease in
evenness for AMF species distribution in Phytolacca americana as compare to the two native plants. In addition, a notable
difference of AMF community in the roots between the exotic plant and native plants was discovered. Acaulospora, which
is the most abundant AMF genus in Korea, was found to be the major genus colonized in the roots of exotic plant. Phylogenic
analysis of host plants indicated that two native plants share the common AMF species in spite of their far genetic distance.
The results suggest that the exotic plant has changed soil fungal community in species distribution. Also, forming symbiosis
with the most abundant local AMF species may be a factor which contributed to the successful establishment of exotic plant
Phytolacca americana in Korean peninsula.

Key words:
AMF, Exotic Plant, Phytolacca americana, Cloning, AMF Community Analysis
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24 2 AQd A E el 185 iIDNAE FE3le] DNA 2249 FH S o] &3 248 £ A, vIxe s He
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Geosiphonaceae#}oll &3t 3 & AL BE Fo] A= YAFIS JAITH2DL AR §4
2159 80% A= sidate 250,000F olde A&Eo] AMFS FARAE FAdste 202 4 A
tH29]. AMFE E% WA 22 2 EAstrt 25 eE i A5 13 Ao o 7}
2 #AF FEES AT AMFE TAHE Mol I FAE Ato]o Al W+ AHintraradical hyphae)E &
A71aL, 45 FAE AEAEZ YEZ Fste FAFEZ Y(hyphae coil), 7R 2Fe] =X]/¢Al(arbuscule)

E 22 AZY. ofE AMFE= 2] &2 B oA ZAY 2Y(vesicle) S FA37IE s, —/,:x]}\l-ﬂlg} E
& A7 A &3 AMF Ato]9] i ud A4, G AFARY 9§ dtta FAHATHTSL 7+

2 AMFSFY] S Fal A g d3=EE Y F th dE o] HEAA o EF LH«]
Q1 4Hphosphate)> 21 &9 AA e Hal7F 2 4 J=dl, AMF= A& A4 S5 FvsA S7FA1A
FtH23l =3 AMFE 25% 29 9 dEd U 735 AFHE 37209, He HAddod of
g WS STMATEA AOdog A&y BT FEdA A5 AR &S FAS= H
Fa% 93-S FTH21l oS tZtE 71T ES AMFIA FFEE 53 1AHE BdAE FFI F=
o, olgA FEHe FFA BaY o] AA @A mAHFEY 0% ol Btk A+ AFTE ATHI0L ©
2 FAL Hukgk FAA AE9 HAIEE wolv H F8F adlo] HM[18,22, 301, Yol 4+

o
AefA o] AT A= FEFS vtk AMFE thekde] AE F39 A fond wstE

T B2 AgdTEe] don AE 73 HelAe F g 9 Ho] A FFE =
HoZQith I3 22 AMF= AJE]z] B Bt OME‘r Y 2 AE A o & 4

7L 2z =g AlEe| Hel

Ay =U4F, O FAME 224 Elexotic plant)o]F A AY AAA o w T Beo] KA} of
d o0& YA o9 =S L3t Bt Algd EREE ddu A 5 SRS S3E A 9
=xo 2 =908 =14 E(introduced plant)d 1912 &2 }?ﬂ o2 9050 AEA HolA ZE A
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oz olgdA fUdd e AEEY 24% FAEE Lo, EFHAEA], A - kg T AT FHF
A FFES Fe AEE oY I AF AFd ostd T, HAE T A BAE dFS v
AAY JAZEANANA =2 A, 35t e & 7A= FE°] tF TEJG]

L}. O|=XI2IS(Phytolacca americana)
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2 AFdME FASFITY T EZ} A& NAH(Persicaria blumei), 73OV ZE(Setaria viridis)2)
geet o A= "= F(Phyolacca americana)®] H-ElolA oJw 3l xto]E Hol=3] Qlste, 9]
HBgel ool A4S HE FARW] ohiz Asknol AASY HE T4 WAE P £
o SARTEEe AAAGE Ye B1d & A8E WSAILA S

GARTERE 4% B GE BolHol TABTE AT AMNIE 4FHES SR o)
cAgEeE TAS WIE Lol 4+ Atke A AN ol whet g T e e 4%
gk A MAZ PFUT vTAYFo] vl AR AAYE w =AY TS AMFS
FABAE e Aol F WARE AARUYT v=ATTH TS AMF T2 EFAE Ao
#, BOMAEH BAKE AMF ZRT Hol7k 9 Holeh FHEE AFT AP AR,

L71F 4E 9 238 EY A3

B3 AFA U7 AUR GRAUT AAA 2L Mt ERARD vRAB(He 1)E
=4 ESF @ AR EFAEL U Eo) &3] EXste 7J'°}X]%(Setaria viridis)ZF 7]
(Persicaria blumei) 2 A8 HL, 339 AFANA 3F &S 474 A8t F 989 715 4
B9 2 E¥S FHHAHKTable 1), olwf 35 2 Eo] AA3tE wHAEo]l A4 1 m oJiolA o]
AMAEt e AT AHS ol AFs FYsiHh
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Phytolacca americana Setaria viridis Persicaria blumei
[Fig. 1] Three kinds of host plants used in this study. The exotic plant used in this study was Phytolacca americana. Two
native plants used in this study were Setaria viridis and Persicaria blumei.

<Table 1> GPS coordination of sampling sites

Sites N E

KN-1 36.609161 127.362136
KN-2 36.609912 127.36305
KN-3 36.60657 127.362763

2. 29 EgOoTHE AMF A &

E W] AMF 2 #3<& &) 98 39 2d EXA AMF 249 #215 A8t
ARE oke] EFS APHAAM AXAN F EY 10 g¥S dof o] wet sieving Z sucrose density
gradient centrifugation method® 43 ATHS] EFS FHIst7] A 40% HAEE, 60% ABES F13td
centrifugation tube®ll ZFZf 156 mL & WolFth FEt]4d 2y & 7+ E<F 10 g& FAHE A
o g3, HEZY4e && A7) 10~20%3F ZolFRa 600 4m, 150 4m 2 63 xm Z719] pore

7} e sieveE o]t &S A7 600 /Jm-/] Ee #gx 150 #met 63 yme] FL centrifugation

tubeoll 2 SATh. OlE 2000 rpmell A 18 30%7F A EYE TG FS5AE 63 pymAd AZx F
3] o] & F HEZT 4] Fof oHT?ﬂul%‘P_i #Fse A5 Bk 2719 e Al
=% TAE Bof FE3tH FA Ol%o}%lt} FE3 22 F 7t vt A4EE @ 7y

ZAFE EolE FFrd F ORELZ YFo 2¥HEI, 3 Zd= PVLG(Polyvinyl alcohol-lactic
acid-glycerol) LA YL, Th2 3 Zo= PVLGSF Melzer’s reagentE 1:12 TS v 4 NS 77 144
Agd & AW Se2E 1 A9 2 A48 2o AP P& Fo| 2AE A=FTh é-a].o]
Set2E FoAW A oA #ESEA AN o T2 g FA, FRFAL 29 YEe
(ornamentation) 53 EIES] Melzer's reagento]| A UElUE A W3l 5 335t ded EAHS 7]%'5}
S 37[13] INVAM(http:/invam.caf wvu.edu)®] & 71AE st F& TAHIATH

3. 185 rDNA BAHE o]£3 DNA E2Y 4

7. Nested PCR

I #ERo = AE B AR FASE AMFO] ¥ S AEd] ©+¥T + gl7] "WZol DNA
£ AE HYZFE FF3to] 185 DNA F2YE FIY3AT APE A AE oA Plant
DNA Isolation Mini Kit(Geneall, Korea)S] protocol®l W&} DNAES FZ3I% 1, DNA 55 Z43H0.
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F=49 DNA 99& daFE o] 83dto /10 343 ¥ PCR #H39 +3 DNAZ o] &8ttt PCRE
Nested PCR o2 P39t 13 PCRL universal primer?] NSI/NS4E ©]€3}¥ 1 12 PCR &
1.5% agarose gel FellAl 2283t A7) Y5 F WoE &Aste WErt AFsiA EAE PCRAES 23
PCR| FHO R o] &3ttt 22 PCRS AMFOl £l A2l primer?] AMLI/AML2E ©]&-3to] 35t o
#[20], 22 PCRO] B¢ & ThAl & W 7Y ES F33ke] oF 760 bpe] DNA bandE I8t F2Y
< 37] 9% UFH DNAY w25 AA3ATh

15l 11 1KD

2
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l
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NS1pp 10oop o NS4
AML1 ’Gﬁﬂbp)‘ AML2

[Fig. 2] Primers' position on tDNA and expected DNA length for polymerase chain reaction used in this study. Svedberg
sedimentation (S), internal transcribed spacer(ITS), small subunit(SSU), large subunit(LSU).

Lt PCR BISAE XA

PCR %F-&-4HE2 Solgent PCR Purification Kit(solgent, Korea)S] A& el whe} A A3t PCR HHE-
AHES 1.7 mL micro-centrifuge tubed] EF &I & WHEE F] 38 Fujof 3PSl Buffer PCRBSF
28] volume®l] | H3t= Isopropanolg A7vsted 2 4oJF & Spin columnS 2 mL collection tubedl %2
3la WES-AbEo] 419l A4S Spin column®l &7 10,000 rppmo.E 1E37F AAEHE 53, 47 &9
< W3l Spin columns THA] A2HSFATE Spin columnol] 750 x«Le] Buffer WB(80% ethanol)E 3 7}shal
12,000 pmo.2 187 YA EYE FP3ich 2 g9 M F 12,000 pmo 2 5E7F T LA
E3FH I, Spin columns THA EHdHE MZE 1.7 mL tubeoﬂ A3tk 30 «Le] Buffer EBE Spin
column®] membrane ol HIZ Bojmd F oA 28 WX F 12,000 pmoZE 187F YA &
& g5t A8 &N ligation HH-g-ol o] &3} T

C}. Ligation

0.2 mL PCR tubeo] AA|E PCR WFgAFES 2 4L Yol& % 6X T-blunt vector 1 xL, 6X T-blunt
Buffer 1 pL, BdF 2 uLE o] A Fyrt 6 uL7t HEE 3 F, o] WSES XAAHA
pipettingsto] 410} F1 24 1A Tt ¥H-SAI AT

2}, Transformation

T-blunt ¥ 5 4LE I 2o} & competent cell(Solgent, Korea) 100 #L7} B3 tubedl] FAI2FA
HojFth ojul= celle] FAE § O TR pipettingS FHFFA] FAUTE ool 1AL B¢ vESAIZ]
T 42 °CY e oA AL 3023 A7 HlZ dgol B 283 AASAHT HOE 4
d= LBHIA|I(10 g NaCl; 10 g trypton; 5 g Yeast extract/1L)E 950 u«L 747]—0}03] 37 °C && FxJA 14
7t 4087 150 rpme] &= transformants cellS WSS TH AXE vl & FF5ol vFo BTE 39,
AZe T=7F HYe o 10,000 pme 2 1083 AR E FHATh ol F HFdes My 200 xL
LBUIAE Y1 AEF AAFE §F FFS ARtk I T LB/ampicillin(G0 gf L), kanamycin(50 g/ x
L) platesol Z+Z+9] transformation® cell HlFHS 2~300 4L 3709 plated] =23t =TE plates
37 °C incubatorol| Al overnight Bl ¥& & colonyE I8ttt
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O, Transformation H{22} Insert DNA =il

Y% Loop & Needle(SPL, Korea)S ©]-83}o] plateo] H e }J]‘,] colonyE A& 9 247t 207014
AF T, AHAF colonyE 30 4L BHFSF7F £ 0.2 mL PCR tubeo] 23 pipetting= -,—636‘]-9&1:]-, o] &
S micropippet>E 1 uL# FH3+ colony PCRY FEHOZE ALY TE PCR HES2 primer2 =
AMF 971448 &A3l7] $8] ¥4 AFE AMLI/AML2 primerS AH83191 2™ PCR HHS- 3o 7]
F5S JY3tY band’t FAE DNAE &EA E(Solgent, http:/solgent.com)ell F|ste] H7IAE E4&
AP3AT. BEAE A71- L2 NCBI(http://www.ncbi.nlm.nih.gov/)°l 4] BLAST(Basic Local Alignment Search
Too)E ©]&3td YA=7} 7P 52 TS ERIst F7IAEES MEGA 65 o83t alignment & ¢
A Als S (neighbor-joining phylogenetic tree)Z LEFY ATH261.

| m. a7 23
L E¥ 22 4 &4

7t =Xt 2

AT A9 Az EY 10 gollA #ZF AMF A+ INVAM(http:/invamwyvuedu)o] e} & 714 W&
I B S THE 5% TS s ATh A" F2 Acaulospora spinosa, Acaulospora longula,
Acaulospora mellea, Ambispora leptoticha, Claroideoglomus etunicatum, Gigaspora magraita, Septoglomus

constrictum((Fig. 3]) °|t}.

3

Acaulospora spinosa Acaulospora longula Acaulospora mellea
Claroideoglomus
Ambispora leptoticha X Gigaspora margarita Septoglomus constrictum
4 P etunicatum 34p 8 Plog

[Fig. 3] Total of 7 AMF species belonging to 5 genera. AMF spore species belonging to Acaulospora genus turned

into red color when stained with Melzer’s reagent.

T4 ANE g o: AMFY ZA F1& B4 A Am. leptoticha®] FNFE7} 3329 AJA 4
A 25%%2 7HE A UBS L Gi margarita® HAHTEE 4%E 7 A YEPES A & Aok
([(Fig. 4D. & FFdA BAFE AFodAM <= Acaulosporas2] FNFE7t F 31%=2 7H4 =39t
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Gi. margarita, 4%
A. longula,

13%

Sep. constrictum,

16%
A. mellea,
10%
C. etunicatum, A. spinosa,
18% 14%

Am. leptoticha,
25%

[Fig. 4] Overall relative abundance (RA) of AMF spores. AMF species belonging to Acaulospora genera

were the most abundant.

Ao TekA olE Lolr 7] 9a] MVSP(ver 3.12) T2 IS o] &5 AMF £ TR 7
A 4~E shannon diversity indexE ©]-&3lo] E4g 73»]-([F1g 5D, 5 4

T 9T T FEEY KT Aol UBHUA 4t 22y S5 Ao ©E AMF
S FYHIE Aol BHAT F A5EE HFAEFe] 7P BA YES T AR e ot
Aol & e AT 7H°=Hl]9+ A EL HlsAYFel v T F5ET =eS 4
g AU AMAR Y} FolAE 19 AMF ¥ #55E= FYRg 2olE YERNA skt
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[Fig. 5] Shannon diversity, evenness and richness of AMF spore communities. Letters above bars indicate significant

differences among the sites(P<0.05) and the error bars represent standard errors of the mean.
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intraradical hyphae®} vesicle, arbuscule®] #2Z5 JtH([Fig. 6)).
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[Fig. 6] AMF colonized in roots of Persicaria blumei, Setaria viridis and Phytolacca americana. Vesicles(v), hyphae(h) and arbuscule(a)

of AMF in the roots were stained with trypan blue.

Ll 229 24 Zut

M AFAHANA wFAEYF, FotAE, MAH 4] A= ZF 3 site * I sF AE
o] g o] &3t DNAE FE33th o] 28 DNAE T2 AMF So|#<l =go ]uig_— }%e}
o SEZH 1 ¢S DNA Z£7Z+& F24Y0l| o] &3tk F249 ZA3 I white colonyE 717}
T2 2 2070 AEste] F 9/0A * 20 sampling F 180719 €7] A€ £4& HASHT. O 7é3’Jr 4
N &3 2AEdA F 6&50] 1A SR1E FLEE Rhizophagus sp., Rhizophagus irregularis,

Funeliformis  sp., Acaulospora sp., Acaulospora longula, Claroideoglomus claroideum, Claroideoglomus

L
ﬂ

etunicatum, Claroideoglomus lamellosum, Glomus sp., Glomus indicum, Paraglomus sp. 5°] ATh @714 4

M AsE 283t ATEE e A rk(Fig. 7).
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[Fig. 7] Neighbor-joining phylogram for partial 18S rDNA sequence that obtained from three host plants(Phytolacca

americana, Setaria viridis, Persicaria blumei). Numbers at nodes indicate percent bootstrap support(1000 replicates).
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E2% A3} Glomus sp.7t 4% 24.4%, € Y= 88.8%
=z 3—%«] ST A5 FAE SHE AAEE AS & F AATH<Table 20). 74

2 o] Byl afERl AR ek AotAEe] B Glomus %3} Rhizophagus %91 &8t AME7}
“1’%01 HAFE GRAKTable 20 & ATh 22 g A EF v=2AEF o A$ Acaulospora 40
&ate AMF7} 59.9%2 TfF 3.3%< vlwste] wl$ & FAE HYS AT £ AUy T 1
&l ®Wol AT Rhizophagus 42 A% v=AEFL 3.3%2 L/HF9 36.6%<F vlus] w9 & Aol
& JeEhdS FAT F Qi

AA LS W dosss H=

<Table 2> Overall realative abundance(RA), frequency(F) of AMF colonising roots.

Species RA(%) F(%) ’; %‘:,20,,0: Setaria viridis P‘Z’/fl’n‘:i’,’a
Rhizophagus sp 13.3 66.6 0 16.6 23.3
R. irregularis 12.2 66.6 3.3 20 13.3
Funeliformis sp 7.8 22.2 6.6 6.6 10
Acaulospora sp. 13.3 44.4 36.6 0 33
A. longula 7.8 333 23.3 0 0
C.claroideum 11 22.2 0 33 0
C.etunicatum 44 33.3 6.6 33 3.3
C.lamellosum 2.2 22.2 0 3.3 3.3
Glomus sp 24.4 88.8 23.3 23.3 26.6
G.indicum 10 55.5 0 13.3 16.6
Paraglomus  sp. 3.3 22.2 0 10 0

|

24 AHAS MEoE 74 S5 HE9 AMF T Aolg B4 A BEF A= A, Z
oA EH Y EUFAU WFAGT Y FAF Aol AU T AMTh BEF A=A AAH, Fot
AZNAE Glomus % AMFE] ZdiF=7F 7H¢ =393, A3 =4 v=AdTdA e fevet B
oA 7Hd B2 AMF %<l dcaulospora < AMFO| BUlsErt 7HE o< &9 A 22a F F9
EZNENA Acaulospora &9 FUFE7} G AoZ Kol BEZAAER Acaulospora 4 AHol2] FAYo]
Z o] FoAA B FAMHK(Fig. 8).
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[Fig. 8] Overall relative abundance (RA) of AMF colonized in three host plants. Significant difference of AMF community was
discovered between exotic plant and native plants. In exotic plant P. americana, AMF specie belonging to Acaulospora was the

most dominant. In both of the native plants, AMF species belonging to Glomus and Rhizophagus genera were the most dominant.
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P, blumei S.viridis P americana P, blumei S.viridis P americana

[Fig. 9] Shannon diversity index, and richness of AMF colonized roots. Letters above bars indicate significant differences

among the host plants (p<0.05) and the error bars represent standard errors of the mean.
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[Fig. 10] Phylogenetic tree of the three host plants used in this study.
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[Fig. 11] Non-metric multidimensional scaling plots of the AMF community composition by

colonized roots of 9 samples. Letters A, B, and C each represents Persicaria blumei, Setaria

viridis and Phytolacca americana.
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ABSTRACT

Developments of minimized robots and cyborgs are necessary due to the limitations of human resources in some parts such
as life exploration at the disaster sites, resources and terrain exploration in the wilds, and the military area reconnaissance.
Especially, development of “Cyborg Insects”, which utilizes insects’ basic capacities for locomotion and their small bodies,
is getting attention. However, cyborg insects with abilities to do stable flight and landing are not developed until now. There
are 2 reasons for this. The first reason is that selected insects for development didn't have outstanding basic locomotion. Second,
there are no enough foundational researches to understand insects’ flight mechanism. Therefore, we progressed a research for
physiological characteristic to understand outstanding flight mechanism of the dragonfly by mapping wing muscles nerve networks
through electro-stimulation, and EMG recording. As a result, we found locations of wing muscles nerve network, inducing each
wing’s upward or downward movements. Also, the best stimulating conditions to control each wings’ movement optimally were
found. This research is expected to be used as basic data for developing cyborg dragonfly with remarkable flight ability, in
the future.

Key words:
Cyborg Dragonfly, Cyborg Insect, Mapping, EMG
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[Fig. 4] Method to record movement of wings

Recording the wings’ movements by video recording whether upside, downside, or non-reaction when electro-stimulation is given
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[Fig. 5] Starting point on atlas of the dragonfly
Setting the center of dragonfly’s joint between fore and hind wing located at back of dragonfly as a
starting point
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[Fig. 6] Atlas of dragonfly’s body
a. Numbering each dragonfly wings ,shown over, for convenience in the analysis
b. Setting the Starting point(Red Circle) of the body Atlas for Mapping of wing muscles of a
dragonfly. Setting the center of dragonfly’s joint between fore and hind wing as a starting

point
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[Fig. 7] Result of mapped neural network of dragonflies’ wings Observing movement of the wings when give
electric-stimulation on unselective coordinates.
a. Indicating coordinates inducing rising or descending movement of left fore wing (1W)
b. Indicating coordinates inducing rising or descending movement of right fore wing (2W)
c. Indicating coordinates inducing rising or descending movement of left hind wing (3W)
d. Indicating coordinates inducing rising or descending movement of right hind wing (4W)
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[Fig. 9] Example of analyzed EMG Recording by MATLAB

a. Typical signal of spikes(black line).
Only spikes over threshold value(Blue dotted line) are admitted as spike(Red dots). Firing Rate increase
when wings move(Green line).

b. Average traces of spikes.
Decided overall shape of spikes by calculating the average of traces of spikes over threshold value(Unit of

x axis : ms. Unit of Y axis: Normalization by maximum to spikes)

$Hs e dH9FeE Aol Y& Wt obFd ASE THeHA ¥kS wWo Aol HlasH,
AHe g A3 A FAYS misk] 3 JH Y A 208 FE F Ae Aol A6
A Adsanh webd 99 28 Mapping A4 @2 7 @AY Ao F s &F5E FEEtE FH
® ZA Y EMG Recording A58 AHY3t /15 JAKALRE 45, 3H4 &5 Al7IH EMG 845 &
AetAtH(Fig. 9]-a). A71A e AN @A &5, 3+ +5S 4o o EMG g40°] F713Hs
& & USdEd, olF ARy fs 4 Ay ER 9A gE AAstY 2ol s A ATHFig
91-a, 91 Q).

AAE suolaEe] &5 WEE AFAE o, AAHA i &5 FEstn Y& AF R=Tt
S AT = AATK(Fig. 9l-a, oF ). £ A 1 ms o|3tZ w2 A Yeue Fas A
FolA BT wo]22A, Z PE 2Tke] 39 FHE otk H A7 AASATH(Fig. 91-b).

%
g EAe A9 &% = A EMG 240 718 F<9 & F A3 AT F E;g& F93
7] A3 &5 AHNY Frequency sHE TES A (Fig. 10D. 2 23, 1H 279 ¥ +5& =3
9] EMGE H7JA 589 Hzol A % &5 5T 4 3409 Hz2 SARETL Fofv|stAl F7tst
?it}([Flg 10]-a, paired t-Test, p=0.029). 1¥ 2719 37 &5& F=3t= <59 EMGe H+ 5.892 Hz
AN A 19.53 Hz2(Fig 10]-b, paired t-Test, p0.06), 2H /M9 A% &5 EMGE 5.6 HzolA 104 Hz

il

5 MOIET JHES et TR2] E7h MBEY Mapping H 2828 £ - gAY 2 421 - SHnelnSstn ‘ 177

((Fig. 10]-c, paired t-Test, p=0.03), 3t} *+%& EMG= 6.5 HzollA 29.9 Hz((Fig. 10]-d, paired t-Test,
p70.029), 34 2719 s EMGE 5.32 Hzoll A 29.3 Hz((Fig. 10]-e, paired t-Test, p=0.03), 3+ EMG+
5.3 Hzell A 26.2 Hz([Fig. 10]-f, paired t-Test, p=0.008), 4 2712 75 EMG+ 6.6 Hzoll A 19.5 Hz((Fig.
10]-g, paired t-Test, p=0.033), 3+7F EMG+ 6.7 Hzoll A 22.7 Hz([Fig. 10]-h, paired t-Test p=0.02)2 F7}3+
S 9T F AAYTh

a b
J0 W1, upward = 40 W1, downward
z 50 2 30
Feol . =0.006398
2 40 oy P
= 30 E 20
A ¥
w 20 S
10
10
0 ]
base stimulation base stimulation
C d
40 50 - -
W2, upward * W2, downward
30 1
20
10
[¢]
base stimulation base stimulation
e f
W3, d d
20 w3, upward 40 4 awmwar
70
60 30 -
50
40 20 1
30
=20 10 -
10
o o
base stimulation base stimulation
50 W, upward a0 Wa, dewnward
-
40
30 -«
30
20 4
20
10 10
0 ]
base stimulation base stimulation

[Fig. 10] Changes in frequency of each wing’s spikes(paired t-Test, *p<=0.05, **p<=0.01)
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[Fig. 11] Changes in amplitude of each wing’s spikes (paired t-Test, *p<=0.05, **p<=0.01)
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Study of Effects of Air Pollution on the Growth of Cloud Condensate
Lim Seunghyeon - Yun Gahui - Seo Juhyung - Yi Taedong - Daegu Il Science High School

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

ABSTRACT

Increasing aerosol concentration in the atmosphere due to urbanization is considered to act as a condensation nucleus inside
clouds causing rainfall and elevated air currents near buildings. Air pollutants are the main source of aerosol. Aerosol is not
only related to air pollution, but also to weather, as it affects cloud development. Aerosol acts as a condensation nucleus, a
seed that helps vapor clump together to form clouds. Therefore, if the concentration of aerosol increases, the probability of
cloud formation increases. In this study, we have found that air pollutants affect the solution effect and curvature effect, acting
as a better condensation nucleus than NaCl, a natural condensation nucleus. We found this by measuring the surface tensions
and performing condensation experiments. Therefore, it is speculated that aerosol also plays an important role in the climate
change model. In this study, by examining the properties of aerosol, we were able to better understand the properties of air
pollutants. Also, by examining how air pollutants affect the growth of cloud droplets from analyzing the rain of different parts
of certain regions, we investigated how air pollutants affect the formation of smog and clouds. But, further research to relate
precipitation efficiency is necessary.

Key words:
Aerosol, Surface Tension, Condensation Nucleus, Curvature Effect, Solute Effect
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[Fig. 1] Saturation ratio S as function of droplet size for pure
water(From Seinfeld and Pandis, 2006).
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[Fig. 2] Kohler curve.(From McFiggans et al. (2006).)
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[Fig. 3] Typical properties of aerosol, cloud droplets and raindrops: r is the radius in
micrometers, . the number per liter of air, and v the terminal fall speed in centimeters per
second(Wallace and Hobs, 2006; adapted from MacDonald, 1958).
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[Fig. 6] Collected rainfall sample. [Fig. 7] Automatic chemistry analyzer.
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<Table 1> Synthesis of nitrate analytical reagents

" 230 ml. flask NaOH DI water -
Sodium DI water o
H . E=ASRE
ydroxide 150 g A A A8 HoAF
1 L flask . . Na2 EDTA.
Ammonium DI water Ammonium chloride (NH4CI) 2H,0 DI water AH 5ml A 7hsh
chloride buffer HEZ 8.5¢] 9
800 mL 850 g 10 g 4 Ae = e
1 L flask
85% H;PO. sulfanilamide NED DI water
Sulfanilamide DI water o ! W 308 o)
color reagent ARk
& 600 mL 100 mL 400 ¢ 10g FAAE
Diluent for I L flask Sulfuric Acid(HSOs) DI water
DI water
Preserved
Standards 600 mL 2 mL ¥4 AL

W) Yo} o] &(NH,)

YR Yol alkaline phenol# sodium Hypochlorite®t ¥H-8-3t¢] indophenol blueE ¥ 3t W39 =&
=0]7] 98] Sodium nitroprusside(Nitroferricyanide) S 3713t} 630 nmoll Al HF A E 9H&E A=dE
(indophenol blue)®] FHFEE ZA ) (Table 2> F& BA7]oA A8E SR} o] 2EF W& AGE

Sk
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<Table 2> Synthesis of ammonia nitrogen analytical reagents

1 L flask 88% liquefied

. NaOH DI water
ﬁodn:m DI water phenol(CH;0H) RBE7)7F 3-5¢
phenolate 600 mL 88 mL R2g A AL
, 05 L flask 5.25% Sodium hypochlorite(NaOCI) DI water
Sodium DI water RE7|0 1Y
hypochlorite 800 mL 250 mL A A%
1 L flask disodium ethylenediamine
L. NaOH DI water
Buffer DI water tetraacetic acid(Na2 EDTA)
600 mL 500 g 55¢ T4 A
1 L flask . . .
Sodium DI water Sodium Nitoprusside DI water
Nitoprusside 35 ¢ 24 A

[Fig. 8] Making reagent. [Fig. 9] Synthesized ammonia nitrogen analytical reagents.
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[Fig. 10] Reagent and standard installed in the Autosampler.
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v} Calibration =412 18 & QYA = Calibration = 4([F1g 1)E 7H1A1 MES
3

243Nt Calibration 41
9] AA G (correlation coefficient)7} 0.9990K.t} ZFo ™ A B4 3o of ).

b}

Date : 2015-11-27

Author: xp
Figure : 1 (NOx)
275 /_.—"'. Area = -0.0129 * Cone*2 + 1.63 * Conc + 0.100
. 7 Conc = 5.04e-3 * Area*2 + 0.589 * Area - 5.99e-3
g o Correlation Coefficient (1) = 0.99999
o ___.//’ Weighting : None
X ,.//
6.3 //../
r./
". B —
0.00 Concentration magil 200
[Fig. 11] Calibration curve of NO,.
C} RESEo| sxof ME U ’é'*z.*
D S5, 0583 289 d=yol, A4, 34k, &5E 200 mLE Az
2 TFF, 058 289 gEYol, A4, 3 AFES 22 vAY A T 100 go] HA Herh
3) Too) HF 10/E SAo] ¥ 508, 1008 Fo] AFe =)
4 HztE Adgs BASAT

3. 4439

U7l 09 BAe) FRo) ek 39 Yol Aol g Holth F SN 2N Hart FL ]
e Bdol Y& Aolw, Aoz $AN =N Fgo] o BUol & Aolth oIzl s Lu
UL AAFY FEL WS, MHZD EAEJ Mo 2% e Fo T o A% YYHYEA Lag
Sk [Fig. 1219 2o] MAEE AR}D [Fig 1334 o] FAE AASA B0 8% 2ol dolAXAE)
£ HA3}1 3 wojHe] 25 F Agqum AR e FHe Ea 719Ash LEAE AR stn 7HE

T APE B BT

[Fig. 12] The first blueprint [Fig. 13] The final blueprint.

7v A, B9AEA Sol 2 S2A4E A
U S2AE AR #e 7
g Foll= HoAE, AEH= 2= AME Gt
o A 5S4, B o4
¥ 1 ds 543 2es A
2k ghgo] 10271 = Fgstd Ae FdstaL, MHE Ak 18
Edla
o FEo] A7 A0 R 25T Yolit =

[Fig. 14] Condensation equipment.

[Fig. 14]= A3AX A2 FA4o|th. [Fig. 151 AF AAE A AP 3t EFoltt
| v. a7 25t 9 24
L o7] 249 E29 83 34

<Table 3> The surface tension of NaCl, H,S0,, NH,OH, KCI, HNO, by concentration
0.5 mol 1 mol 1.5 mol 2 mol
NaCl 73.64 74.38 75.29 76.12
H,S0, 72.18 72.63 73.02 73.26
NH,OH 70.26 70.02 68.85 68.31
HNO, 71.93 71.25 70.86 70.34
KCl1 73.36 74.19 74.75 75.65

DI water 72.1
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78
NaCl
76
74 // === H,50,
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72 e NH4OH
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[Fig. 16] The surface tension of NaCl, H,50,, NH,OH, KCl, HNO, by concentration.
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PAREA So] &5 E 25tk
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<Table 4> NO; of melting in raindrop by analysing

EVSIONES Z o F3a NO;'(mg/L)
Sample A 25 3.46
Sample B 3T 3.25
Sample C AAAE 2.27
Sample D A 5% 0.255
Sample E ks (7Y 48k a) 0.911
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[Fig. 18] A chart of NO; of melting in raindrop by analysing.
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<Table 5> NH," of melting in raindrop by analysing

24 AR Zx 3 22 NH,'(mg/L)
Sample A 2% 1.31
Sample B =% 0.800
Sample C 84AAH 0.840
Sample D A 25 0.457
Sample E Zho g (52 8k a) 0.193
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[Fig. 19] A chart of NH," of melting in raindrop by analysing.
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<{Table 4>¢} [Fig. 17114 = 2 A Fof] & HAHF o] 28] & T 28 #9 T2 AT <Table {Table 6, >& 53 05 M, 2.0 Me EHE9 FuaFs THSYL [Fig 1918 B3 s=ol w2
5>9} [Fig. 181914 2+ Ao w& ¢ UHOW o9 Fx IHEE %9 I EE FHSIUT o] AEE F& A Ath o5 B3 NHO0H FE9& A% b2 AYEL BEn g2 TUFs By,
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ABFNA A Z4 A8 HIF NO,, NH Aol o] HEd AL ¢ & AUtk F, dlV] L9=7} oug FuEy] 9% NHOHV} JAE4E 55 A EEA 2 ZFEe e I8 + ¢tk
2 A9YTE ‘igfﬂl ol e 2 £ v2Ut w4 AFHUTE A& vk
) 4 7 H¥
3. 471 &4 £ w=d g FEF 23
Z57) 9ojx e g vud A, o3 2tk
<Table 6> Mass of a solution 0.5 M
A% @) NH,OH HNO; H,S0, NaCl DI water
508 99.49 99.79 99.4 99.74 99.67 2% A E(ux)
100+ 99.11 99.47 99.04 99.43 99.38 120 1087
- 97.8 97.6 938
LIk 0.89 0.53 0.96 0.57 0.62 100 -
78.6
80
60
<Table 7> Mass of a solution 2.0 M
40
2ZF Q) NH,OH HNO; H,S0, NaCl DI water 20
50+ 98.98 99.8 99.76 99.78 99.67 0
100% 98.26 99.5 99.52 99.53 99.38 NH,OH HNO, H,SO, NaCl
Wl 174 0.5 0.48 0.47 0.62
[Fig. 20] Change a mount of lux by reagents.
160
A% W)
20 M
1.8
100
F
50
NH,OH HNO; H,SO, NaCl DL water [}
o 20 40 60 80
A2 (s)

[Fig. 21] A change amount of lux when NH4OH is functioning as condensation nucleus.
[Fig. 19] Mass of a solution 0.5 M, 2.0 M.
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<Table 8> Change a mount of lux By species of air pollutants sta] FEo|Y S AAoE 288 FAAW B4 TS AAL & 9y wEo|th
NH,0OH HNO; H,S0, NaCl 2T
75 448 A 110.9 107.7 212.6 123.2 189.2
A 5y =
T8 A4 ¥ 2.1 9.9 115.0 30.3 1106 I VI 335
Z59| ZHaF(ux) 108.7 97.8 97.6 93.8 78.6 )
(1] 2535, 244 (198, Q7188 A w2
[2] Houze Jr, R. A. (2014). Cloud Dynamics (2nd ed.). Burlington: Academic press.
~ ~ [3] Kohler, H. (1936). The nucleus in and the growth of hygroscopic droplets. Transactions of the Faraday Society, 32, 1152~
[Fig. 20]& 7z &do] FYHEUE W FARZAE Tl SHHE F& vud tholojadlela, [Fig 1161
210 AYOIA FRUEAE ol §HE we] = g Ed 2o zolrt

= = = [4] Seinfeld J. H., & Pandis S. N. (2006). Atmospheric chemistry and physics: from air pollution to climate change (2nd ed..).
{Table 8>°A & & Uxo] FAo] gl 4 78.6 luxel "ol Z+A% WhH NH,OH, HNO,, New York: Wiley, J

=~
H,80,, NaCl F84& FZAHoZ EANAS e 90 luxo)de] 2274

FS By $Ado] gle [5] McFiggans, G., Artaxo, P., Baltensperger, U., Coe, H., Facchini, M. C., Feingold, G., Fuzzi, S., Gysel, M., Laaksonen, A.,

grck J& o 75 Aol o & HUT NH0H, HNO,, H,S0, NaCl €22 2% zhA#ge] 1 Lohmann, U., Mentel, T. F., Murphy, D. M., O’Dowd, C. D., Snider, J. R, & Weingartner, E. (2006). The effect of
25 fawko] 45 SAR0] B2 Zoly)d xHAH| A&FE AN Fo] Aotx $Ho] H él_’ physical and chemical aerosol properties on warm cloud droplet activation. Atmospheric Chemistry and Physics, 6(9), 2593-
a5 a = p. a4 = = il =]
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A Traffic Signal Control Systems to Ease Traffic Jams on Intersections and
Shorten Pedestrians Waiting Time at Crosswalk
Ryu Jiseok - Kwon Haejin - Jung Seongyeon - Chae Jeongbeom - Choi Wonseok - Incheon Science High School

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

ABSTRACT

Nowadays, traffic congestion iscommon because the number of vehicles is mounting, while roads are limited. So, we
felt a need of a new system which controls intersections efficiently by recognizing vehicles which are waiting for signal
and pedestrians. It will shorten waiting time for both vehicles and pedestrians. In this research we pay attention to
the raspberrypi. And we made real-time recognition system using raspberrypi camera module. Also, we checked the optimal
height of camera to recognize vehicles effectively. After that, we designed two algorithms called Best Fit' and 'Multi Overlap'
to control an intersection which uses data about the number of waiting vehicles and pedestrians. Finally, we confirmed whether
our algorithms are effective or ineffective through simulator which we developed ourselves by using Game Maker. Before
we simulate, we made four seeds which represent four different traffic situations. We performed experiments to check four
things: the average waiting time of vehicles and pedestrians, the number of passed people, the time that simulator take to
shut down, the number of signal transduction. As a result, 'Best Fit' and 'Multi Overlap' showed better performance than
existing intersection-controlling algorithms in all respects.

Key words:
Camera Recognition, Control Algorithm, Intersection, Signal Control System, Simulator
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GEskn A AN o AR RRE clEnle S we decis RS 7] AW DA A AA AE ARG EEAAA BHI] A8 Fold u
A PaFoleks o] SIck ST o] AN ABACl AzHE ol AU AFE EH e o A i e A At Ao e ek ot sl o e
£ AzwonE BAAdE BASCl & AFT + AAT vl AU Aot UE AT 51 e mro v wot e Bl ) Aol Bas Eotsan B
FOT S el @R e W Aol o A ) A diges ate QA EZoME o AR A5HO] Uk AT BAT, oW AL TAZ bue
& OISR F Sl UEE AR 20 weF AESE ACKHE A7V} @o) ABHU. Aolshe Aaelekn skt 4 WPel w2t Lhel A3 AT o) 4 A8E welsh
§olw R ras wds T AL e 4es Ted dues deh A avs Au poase A%e wesA Uit we A8 wd ASIAE AR w2 94
BoIRiT), 8, A9 S8 QA Wilol mrol AU AAFE FAS 0|, Ael A4 e el b ele w8l At o el B s Ao s mtel A
2 s ABe) +8 AL PHA Aol FAFAY AR AE A5, E2 weol ANE
Mas FT ATl AUL A ANE WHE ARG A 3} = EA ARE PANE
A 25 o] 9EH2, 15,211
B ATE AYUE AY 0F A2doA Yol nAAs} AL P v wF Azd B 4. 8ol Bl
84S AT ATE ALSA AT, BzMTolE e YA OpenCV ol R FE
Sgee CmAZAA WIAT BEE AT AT Ao AXE ¢ TAH] B4R 2 AFH @A TAZON BAG FRT ¢ LS 7 BF 2EH) R 5A
o) 458 uT BEHOET BT 4 Ui AE Aol AZHL AL BT - WA A e F0 HE AeE 8IS Ageld,
- =% AA ARMstart-up delay): A E7F Ao A Ao ® vy F A WA AFo|] wAEE FH
Sl EAAHER 12200l E,
2 @7 = - EZRE o AUl /17 5% ERE EAD AF AFEH) | ofE AVEL £2E E
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= ogel Bs) AR wATE A RE gL w30 AN AFEel tlsE AT
o) @e Tolth Aol HalAEel A AME FRUT/ AE AR IA9 EAE AE
2EAZS AT 0% AN Aolth AF e BAZAAE BAN FA TAHOE B
ol U 9 ABES Ko (@A A 02 AAHT SAT AR BAL AT AUH A | 1. a7 59 us
B EAZ WA A S 0 s BHoz EE 2ol gi-iold
AE 59, 0E 94 TR 94 QS AL 2209 ol AUl B wE 5
gol HEHo|ES B4 WA A’ o AT 24se] wE MRAFL, 9F 5ARE oF 847} RS
RS H2ARAE H2AF o5 Adol wek BeHol£S vzl ARE A Aol ol
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LL ‘XisE mEx7e| 43} Wotat mEAS Ho] TETH AJAY Ty 2t H11] 2t 2l=H2lmlo|E &8 Z=a:HY
Zt=2] 1TS(Intelligent Transport System)BIE 3H= A5d wEAAA2E FAAEE Fetsta w EYA AAE A Ao + e JHIAHE AAES UAE FAE eV A% =T
BAlo] Az 2T F719 2AHE AT ZAE B3] 9% nFAS Ao AEIF A"y B 2, 7tk nlo] A2 A EEZ(Micro Controller) REE 7[R0 2 ¢ 0 Z A2 HFH FAEFH &
ol ] AFst Atk A7 o] AFE A%H wEAA 2] DastthE AXE e A Edlo} M #74S Do)
Tolth B A7t F st she HA4 3 Tr*PEPX]”& AHERE WOl A Zhol 7t lefA T BATE
Fastae on 3D ZZIEE S8t A 2d M=
3 AHE A5 AS BFE B 339 BAE e Ut Ax7EE, 3D T
Ch ‘Az 2S4S MOAAR 4F 2Mz2 S5t M 2 HIH3] & o] 3xd UHE ste 71A Aot 33 A VR A UAUASE A EAE AR =
WAFHA 712 AN wFASA A2 £ AHE vgoE A g HPAs Ao g2 odth A B Ay dAE dolgE 2 ol &N =zske dAE, “Printing
ANzEE GYE, WAR7A] GjHgo] b dagEE AL AASAT AAGF Yo RE, A layer by layer” wWHE& FZFo] %ol &8 2Yst WA FF5Y Fo| AUtk HAA unEAFAAM A
AN AlaAo] o ZA o34 oJ(TRC: Traffic Response Control), 7+-8-#9J(TAC: Traffic Actuated T2 AP = glorz 3D ZHUEES o]ty AFat RS WS uEF 2 sy oJRE &
ControD), A|Z}A|o1(TOD: Time of Day) +@4H < A&& nlwste 7Hd A3 WS AASATH A3 T
AA BHoEME o] 742 AARYEE AL ek o] AF Wo] B ATt Fshe 1%
71 WS ARE Fh ks o] §5kA Fethe AolA Abelzh At Hi. CHOIE S&t ==Y
cAole A F&F vy A7t 3 AFAdA I FA HZ ATE fFez & AAdA A
2t ‘PIC Microcontrollers &83t Wil2 wSAs HOAIA-o 28t H7[7] &3t/ 98 e Z2ag dojoith ¢y AAAHoE BE HFE Az ALY F Qe
PIC microcontrollerYE o] &3t R O2 THE wE Ao Axdoz EA A Aol H@ate] A Z2IH Adojoth. Cre CollA AA AFY AolZ HE Zlojt} o] dojE FajA B Z27
Ttk o] AFA 1kE wE AT AriE wFFe] wel 3714 ModeR AlojHe AP Po] FF3te A& uF Ao AzdE FHIAT
A1 PIC microcontrollergt= & AMSSFH I, A5 A2l 2 Zol 2A4& o} Y77t ¢e F4&
AHEEEA T 2 ol AHA S Zofolsts A@ o] QlTh
3. A7 X
2. Mg 9 EFRE B AFoAe e AAE ol g3t tirlske MA FGHE 2 ZYPAHE ZASE TR st
of ATt A AL Jhs oo tiste SH4E 2¥S AAste] A g =3 A E HolE
7t AUHO[HE S35t T2 51 A= g o R HAH Jart AYHESR d1yES AFHED AYrelA ZEIARE o] &3te] B
Aduol AL vdaee AFE = aguioln, JE ZFE Udte] w4el nfEg e=nEs o] FFE whEo] AEdelds R AsAA L] E&AHS HZES LT <Table 1> & A7 AAjol
7} e ZEadolt o BE maado] Aol olgste] AYL Awse Aun o meaD A el e 2ol
6}—7%] 7“ < g 7H]j‘:_}6]’ —/;: &E% i?l-;:—l' Eilaﬂo' E‘I‘I ‘dﬂ] 1%‘”7" ‘g- /\]——9_6_}‘1 iiiE% %“Hr‘g' <Table 1> Research procedures
F 7] R Zo] Aol opUbgs b2 ZE2I9S BteEd f884 ALE F JdE ZE
Folth o] Aol A S8 BEAFS AW A B oA ATk EHA| HAZE M QAR X 23X} = UX]) 821 MS Ao d12|E L
Al g S5
Lf. Eie 53t AAIZH A 2 LT e Sae et e ansl o ERE
AAZEO R HYQ ss BYsta AFsAY "JH”% o] gste] Y 3o E st Hl AHEste ARE T2 7Y YA
4% A sivgit USB, oltyl, golvto] 5& Fa HAFEY AFE YEYIR AN o AA Az Zzad 1d _ _
N o) o S - oo . — AE Aol gugE 74
NS TFAT YA AL T2 ARPRE HY 6}1 gz sto) 2 93-S A 2 - ifz 2%94;?;3*3% HE Heqad AA A2 - Best Fit, Multi_overlap
C}. OpenCV(Open Computer Vision)= £H28H FAt Q1Al ghzu 2l utolo] A gshed &<l
3 - A AE Z2a3e gzdgsold FHEAA Aol AE o] &3 71 AlEH A

AAZE olm A ZRANE AT 2 &2 golER Y Addl 8T gYd JleEe Al

3 AANZ s B AA HdE A5
Ao A AL 4 Atk OpenCV 2

kﬂ
3
3,1
o2
ol

TG A=Y, gu2 5 oy SUEAA AT

x3t= 9 g7ARE AL

ojBH2E AHgst] Yo glo] 59 IAHEE HHOE wEFE SASN g AA AR TFs AR &l o AEdeld B8 AE BAT Qv
- &4 2EoA Cr‘\"ﬂ MA AE RS A3 G Eze F8A HW
= 1= o
5) PIC microcontrollere= $14F7], Bl 2=H, AF= F Y& & 4 Y+ one-chip microcontroller(cpu,ram,eprony/pronvrom)©] T

(&4, g, 2013).
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4, AT J& ) positive ME WA AAANLE dHolE o A4
AA JAAE AT &S HaiAE 1DA A AL onA HU(jpgs TUHE ARE3HE Ao] oY
7h Alstol| M2 RE OIAl HHH ERA : FHHE} MAME 0|23t JHH| £ ZIA| HHH g 2} vec B9 o] EFold ulolE Td Ado] FBasith Edfold tlolElE Ay fsiA

£ positive MEE] #HI HRE AL xtTHYF negative oW Ao #g FEE AR txtapYol

D AX AL g% 712 X BF a3ttt [Fig 419 o] AAAAE S 18d 1 HEES Y3 =  “GT Extractor 2.1° 6 o]gt=
MAZE A A2Ee TR Qald 2 AT YeA YeAS BRE 5 9= sFo] 9 E[171% o] &3t omA| WFolAM A-gat Akl Wie] AAAAE Y HE & dohlle A &
ook gttt o3t V|FE 9TE e AL BER7(lassifienst doh HAFEAA Y EE A$a et o] AY o= [Fig. 519 20| positive HZ5] ¥ JRE AT xe}d& BEE + U
ABs] Ao FAASE T BN S 2 Yol B O negative o740 B3 FEE [Fig 613 2ol A olnl A 2R T,
B AFAE Cascadett &= W29 EF77|(classifieE A3 ©] Cascade 42 st
w@ste Aol ofdel, oy Mo AEVE AHUE AHEste A -

o] HE7|Z MARIA ol dAE #
E A&Este A4S ARG AFole a3 AE7E AHEsta dAV S2sE Fd 9 443 . i
HAE71E A& ?]_-?_H‘s]-b A OIE]'[IB EA(feature) .2+ ‘HOG(Histogram of Oriented Gradient)’ -
EAF ‘Haar’ ©|Zta Bl 5AS AHEstHT24]

OpenCVell A= Cascade®d B €] i}ﬁ WAE 7IRke 2 kst EAd #3 ERIVIE UE T UES
A3t BR77(classifie S A dal st5A717] H8 o 22 #FES APk

7D positive = = negative HE &Y
77 (lassifieno] =AE 357171 Asixe st st BA7E U= positive A&
Al (e}

[Fig. 4] Using the tool, draw the boundary of the square

QA2 3t EAZE EoIUA R negative M E0] EF HQ3It) positive A ET negative AE
S M F FEE F e 9 BAS 2 o] BEAS 23 AYHS HEVE dv A4S b G i e LR W s LR R F s RE ka0 )| Ty N pepemrey Ept ey b o B
X 1 - - - o =3 mas Wposmw MG 2051 108 2208 pp | 110 16583 103 d:w_ﬁ;iﬂmu ¥ nsgatiwe st ULLE PO
classifier &olgta TTHI8L £ AFolAe MA A4 s5e 3 T8 AFA 2L 123D WnostveWIMG 201 51 104 2252 jpg | 126215 3396 i S S HH g el napg
=8 i = o] = o wuggmm %E”%mﬁm? 99: ‘ﬁ%%?z%ﬂ I:i"!"i"'ﬁ: Eaﬁﬂ Yo nogala sy rliid pg
. = o - ol = - = = = o 2 i Iz o
Design ZE21HL o] &31e] Tzl 1, 3D ZTUES o] &3te] T2 3D AEA BHL [Fig. 1] Egggmm& e Eg: i ss =T e ;EJE“"" ﬁ;d
lo] =83 i I SHIHD s g a1 LT,
7} o] 23ttt RO HveIMG. 201511 04 22908 [pa | 196 155 12387 o b A s A
[Fig. 5] Example of txt file about positive sample [Fig. 6] Example of txt file about negative sample

™ Edeld tlole ¢ 3t 3
OpenCVollAl&= Edlo]d dlolg W47 I& o] 43 58S Y3 £ 75 ATk
o] 7|§to g st T o|mA BdoA Z7he] oW E sl T W& Efeld HlolH
e 4 &  ‘CascadeTrainerexe’ 7 ZHe E[19]8 AE-3te] 40%60=27]2] Edo)yd dHolHE A

[Fig. 1] View of the 3D-printed model cars 3
skt
AZE AR 28 o] gk [Fig 219 2o] mule] =AW, A4, AnEAL wWHoE A% QA A g Harr %731 o #& 353 HOG 54 #3te] Cascade classifiere & 4TAZ A4
2} 2ol & positive?| FIAE 3007 7t ZYsta, Y FAE wAF L2 [Fig 319 Zo] AFA stod [Fig. 713 2] sh&< APAZ

20| gl negativeol M1 A& 1,500 EFste] Aol E&at3Th

[Fig. 2] Positive image sample [Fig. 3] Negative image sample

6) http://darkpgmr.tistory.com/16 ‘GT Extractor 2.1’ A& AOE, 94 A+ U & F E
7) http://darkpgmr.tistory.com/73 CascadeTrainer.exe A& AO|E, 94 A+ U4 F A 43 &
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[Fig. 7] Learning progress screen

- Zheleke] JhR A FAE R e H Z FYo] S dutd £ 5 Qe HAANA
2) g2H g golE o] &3 AA HE L +F JeH S AR F, 9% g9 A A de AF 7, LEH 492 HIHd A e AT
4.-7F-Dell o3 ARE A WEE 93 7]1Fo] HEd s MA HE =2 HE FE ST F A AA st A Hojof
MA AE Z2I9L NAE A&} 73S M8 =5 Fd3Ath MA HAE Z239 8 & - Fheete] AR AHA(EeD ¢ AFNAE AAAYY 15% VIR BY AFTAE F4 AXAC
Xﬂﬂauro]"ﬂ/‘i TENAA Fhvletel] A3 FFE BHEF S webA AMAS MR 2 olx AR A9 15%9 EoldA Ayt [Fig 1219 e
A A “il‘“@ TE37] A3 o MNAE HEFA N g FRE Folof Gt OpenCVol H2ES B3 7pvgt 2A] ol doegn
Ae =4 A4S 98l ‘CascadeClassifier” &= FH 2 AF3t=dl, ©& ol &3tH &Fate] 44
= Al I’Hf\f} AE7F 9 xmAYE S HEIIEE T F Ak xmiFY S AL AAE A5}
3, 12 AR5 FRlshy] f8) A" R AL S E¥ste 23S FHIAT
gz gte] FiMetE o] g3t mE FFAAE B BY Ago] AZES Higo® HA 2y
Ao £5 AP [Fig. 8-1117 Zo] 7lulgts TAHAA A4S 2y $5 npojris Fdg
Z27UL Hle o2 A F£5 A Bt
- GolAMe AT AXNE - G AF ANES QIAE AF £ - AR A" AAPIH

s«
A2 ) 2 Aefsta e} wold A E PSSRt

W) Zhelgl =o] 6.0 cmoll A HIAESE Ad
Fhmle} Eo] 6.0 cm= AA 4 m l"—Oloﬂ EHE%PE §9 Eol2 Y AsFTEG ‘%‘—8— %’4?]"]‘4
X

[Fig. 8] Photos of the test when the object is zero [Fig. 9] Photos of the test when the object is two 2 914 o]__ Ao /%] 0]'0113} A_} go 33 9%z o AT YT

[Fig. 13] Test at the height 6.0 cm

[Fig. 10] Photos of the test when the object is three  [Fig. 11] Photos of the test when the object is eight
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) Fidlgk Eo] 7.5 cmoll A HZEZ A
7hlgt Eo] 7.5 cme AA 5 m #old Pt HIEY Eo|2 I3
[Fig. 1419} Zo] =o] 6.0 cmol| BlaM = vl 3 AHo] & HI&= §‘l
© Ay el EAE F AR AAEE A9 TR 7.5 am
B

[Fig. 14] Test at the height 7.5 cm

2 7hdlgl Eo] 12.0 cmol A H2=Ed A3}
Zhle}k o] 120 cme AAl Eo] 8 moll Fete HIEY Folz IF ATFTRY & fA |t

< 70.3% 2 748 w9kt

[Fig. 15] Test at the height 12.0 cm
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FE 4340 BARA 2 FRone] $HAL VESE JMAS mE 44 RdsAg
Sasts e ABdeldo] ZATIA Gaith AEE ARk T 2ML A7 A A,
355k Aol 7)sha gltkal ST ol % o 7 Wgom bt A4 [Fig 1613}

TAROIN REE A2 SHT HTESOI BHT0] 7| AlZH EHES 95t AISS HOf AIAH S+ 21N 9] 491 - QIFDSt IS |

[Fig. 16] The number of the route

EAO BolE 0] Yolux] @ F @Aol EAE ol (Table T FAFIAT

<Table 2> Presence or absence of collision between signals

1 2 3 4 5 6 7 8 9 10 11 12
1 O o ©) o @)
2 ©) o ©) ©) ©)
3 ©) @) @) o @)
4 O o o O o
5 ©) @) @) O O
6 @) o ©) O ©)
7 O o @) O @)
8 ©) o ©) o ©)
9 ©) o ©) ©) o ©) ©)
10 @) o ©) O ©) @)
11 O O ©) ©) O o O
12 @) O O ©) O o O

(Table DE MHFOZ SAo| ABE Wobs FFo| obx F& A4 I9, F B4 Mg ¥
27] 98 ==L TESRAT. olul, DFSEIOl $4 e Agstel, ANE A%
Moz MUsts ATAA HHP A FEA eE WAE NS T4 WE] Table 3
3 gol RE @A AL T

B

<Table 3> Signal sets which don’t occur collision

SAl A HS 1 2 3 4 5 6
T4 dA 1212 569 3410 8911 24 68
Al A HS 7 8 9 10 11 12
T4 A 21112 4910 69 12 8§10 11 1612 3810
Al M HS 13 14 15 16 17

T4 EA 459 2911 1310 12 57911 9 10 11 12

2 ¢3dE % 239E 7
ABFIE gl LuElEE EEHOR AYAIT Hwsts] As 1 sl sE sagE
CRCE
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A A ZHOIE dolA AHEHE tEHY e e 2o

setset()i= globallitset Wl €& A s= ~IYEO|TL globallitsete Al AlS A= vldEA o
T dugEgelA 290 setsetOs Z2IHWS APAZ o A D53

trafficlight(argument0,argument 1) argument0, argumentl ¥ 7§2] AAE A =Z 30h argument0> E
A EE F3stua ds A HE, argument]le BAIE AR FZ3F ZAJAE 1, 022 YeRI
AAtelth ol & 0 trafficlight4,1)& S&3H 40 HAIE FAISHA At argumentlel] 00] Y= o]
A7 F8E Afode FANSE FASHL A AR T AN s FAET

a4 vas A 71 EAHQ] ¢ FOriginal 1, 27 &AL s AAE A AL F 7HA
18] F(Best fit, Multi_overlap)ol] 3t oh53 Zo] TR

7B Original 1, 2 '?—__]‘_T’_E]%

gFoz 53 3Agt §lo] <Table 4>9 #Zo] A3zl
Al *i 7éoH><1 *lﬂfﬂl @6@6}% walolt), 7t duElEe F MY A S FUIE NHE = lﬂﬂ%
T+

<Table 4> Original 1,2 order of signal sets

=M Original 1 Original 2
A A1 15 15
A A2 5 5
HAA AL 3 16 2
A A4 6 4

Original 1, 2] ®lAYEL [Fig. 1713 2t

sigld] : HA| Al =AM
term : £l3 A|ZE
i=0

sigli]
sHA A By

termZt CH 7|

i=(i+1) % 4

L |

[Fig. 17] Mechanism of Original 1, 2

W) Best fit 18 F
Best fit2 177019 &A Al = 7P AAFo] & A AL AP
(Fig. 1813 2Tt o714 AA A AAZFS A *i"“ IHE B
«] ?’J’Oi A, dAY ZAAFS @AV AAZE 7o e
F 7P LA Ed JITkd AR tiZIARb R H . A7 1d= ]“—‘r':]' 3Dﬂ°§ ﬂ-rﬂ?i@
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sig[14] : TA| Ml
val[12] : HA| & Cf 7|2
tm[12] : FA| & CH7| A
term : +lZ A|ZH
termmax : E[C} CH?| AlZH

CH 7| EF(val)
=3

TA| Ml = val*tme|
B A A

I

e Hoit =8,
TA| A e
tmo| termmaxE EIHsH
S| TE EA| M M MEH

L

termTt CH 7|
CHZ| Al ZHem) S+

[Fig. 18] Mechanism of Best fit

- Best fit Judge

[Fig. 19]& Best fit ¢g=9] Wl ~2IHEZ 17709 @A Al FolA AA o] 7 & dA A
S Thlle 23gEeIth A7 dAo d3l] AAFS Atel 25 FoE HA Mo AAFS
AL, o] g Al o2 A Fge] 7 & A A MEE A4

MAX=0;

for(i=1;i<=17;i+=1){
sum=0;
for(j=1;j<=12;j+=1)if(global.litset[1,j])sum+=global.cnt[j]*global.cvsm[j]*global.w[j];
if(sum>=MAX){MAX=sum;num=i; }

global.gnum=num;

[Fig. 19] Script of Best fit Judge

- Time check

Best fite] WHOE A5 AAE e A5, BAZFS (FA7F AAVIE 7T e AREY 9%E
AE ZITEe AFRE T 7P L35 Z10R AR di7IARbeE A ogr] wiEdd A
ZIdge A e UF 2LAEe ZIvkE ok stAY ofd A& dd & e dF AT Jtedel A
o} [Fig. 20]9] Time check 23AHEE o] EAHE A3ty 3] AAE Bx ~IHEZ, 127)
of AAA Ztzke] AAE 7HE LEEet ZITh AFE Y 7| AIRES AAES R A ZETr) o)Al
Y] H X (maxtime) & ZH3MH EEFH= ~IYEO|T o] ~2IHET Best fit Judgedt Zo] A

1F
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= S S SC i

ol 7H 23
A Fol A 2 @A A Ws
3 Best fit Judgeol Al 3&F A AlHT §

HELI, HUX ooz 7Igd dAE Xt
S5 AAST) Time checkollAl &9 dA Al ¥
AA

>,

T

00(’

bt lr

valtot : = Cj7|2F
val[12] : ®A| & 7|2
tm[12] : SA| & Cf7] A2

termfd] : 2= AjZH
tmrfd] : A1 A|ZE FL2E

MAX=0;
num=global.gnum;

term >= tmrg!
2ol =7

for(i’= 1;i<=12;i+=1)if(global.w[i]>=global.maxtime)k=i;

for(i=1;i<=17;i+=1){
if(global litset[i,k])

for(j=1;j<=12;j+=1)if(global.litset[i,j])sum+=global.cnt[j]*global.cvsm[j] *global.w[j];
=3

if(sum>=MAX){MAX=sum;num=i;}
BIA| & valttm Z|AH

}

global.gnum=num;

val*tmo| Z|Cjel #aA

=8

0|
[Fig. 20] Script of Time check A B e B e
A M5
I
h Multi overlap &g E valtot 3 vas ol
of duLZL WA A& TARIL Ao Az AR TE NS Rolstel Slge AEE EA |
S AR, A8 A5) 9 A0 £ £580 ol Bt B A 2l (19 x

ZINZHeZ =9E w7IAl frh oW, Best fit 43 2] @A Al FE (77 x t71AZH
& Tk Aol otet 4 TR 747 Fate] WHAeor FHA ol2H A 7HE BAF
o] & A& AEFT weF I Ao A EAHL de A AR FEE AL tE =99

[Fig. 21] Mechanism of Multi_overlap
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for(i=1;i<=4;i+=1){if(sig[i]) {tm[i]+=1;if(tm[i]>=tms][1]) {trafficlight(sig[i],0);ons[sig[i]]=0;sig[i]=0;cnd=1;} } }
for(i=1;i<=12;i+=1){
if(global.w[i]>global.maxtime)must[i]=1;sortv[i]=global.cnt[i] *global.w[i]*global.cvsm[i];sorti[i]=i;vsum+=sortv[i];}
for(i=1;i<=1L;i+=1)for(j=i+1;j<=12;j+=1)

if(sortv[i]<sortv[j]) {tmp=sortv[i];sortv[i]=sortv[j];sortv[j]=tmp;tmp=sorti[i];sorti[i]=sorti[]];sorti[j]=tmp; }

[Fig. 22] Script of Multi_overlap step termination decision

- step FA EA

[Fig. 2312 step_ TS HANA FET @7F x d7IADE g e g of FANE XS FAAs
FToltt. Multi overlap dug|EL 47 dAZF AXE Azl g2 @AY A AV §
w2o]l7] e tg FAE AAsE e0odE g2 AN ojn] BEAHT Yot wEdA A &
AE AAE woe dA FAHL AT FAY FEIA &5 o)A AdEsjor ot whEkA [Fig.
23] ZEA (H71F x 7IAIZD 7 =2 HARH avail 1G-S 53 A BAIHIT s EA
9} Z2E3E=ANE BATIAor Tk EF step FEBAANA 71EE mustf Dol 719 B HAA
o)

e e

e oA AAE AP 18T e FAE Astal 8 W wASAY o= @ AN
HA3] EolAA @A He AL WA Y3 [Fig 2319 A ZolA FAFHA dut HA G2
ANE ZAE F g stk mEA" R 21WA oM A &7 190l A BAHIL e
A} FES FAE F fle dAE must WjEe] Z1Ete] Ao W FAE 5 A BRAS
A,
if(cnd)
{
ords=1;
for(i=1;i<=4;i+=1)
if(sig[i])continue;
for(tmp=0;ords<=12;ords+=1)
if(ons[sorti[ords]] or cnts[sorti[ords]]<lims)continue;
tmp=0;
for(j=1;j<=12:;j+=1)if(must[sorti[ords]]=0 and must[j]'=0 and (1-avail[j,sorti[ords]])){tmp=1;break;}
for(j=1;j<=4;j+=1){if(sig[j]) {if( 1 -avail[ sig[j],sorti[ords]]) {tmp=1;break;} } }
if(tmp)continue;
sig[i]=sorti[ords];ons[sig[i]]=1;cnts[sig[i]]=0;tm[i]=0;justs[i]=1;must[sorti[ords]]=0;
for(j=1;j<=12;j+=1)ents[j]+=1;
if(sig[i]<=8)tms[i]=min(mint-Hmaxt-mint) *sortv[ords]/(vsum+1),mint+30*global.cnt[sig[i]]);
else tms[i]=pt;
break;
}
if(ons[sorti[ 1]]=0 and cnts[sorti[1]]>=lims)must[sorti[1]]=1;
)

[Fig. 23] Script of Multi_overlap step signal decision
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7h NEe) 74

IHA dagFol FLSA Aoty AT AF 9 BYAe] JHE AR HE) Al E(seed® T
MES ol &stATh A=(eed)E o84 [Fig. 24]9F 2ol R 4% vl 7HA 79 el AP o=
et

AN 7t MY 129 A28 deha, A28 oM of2 2421 Azt &
& Yehdth DHFE 123 A2l AzE Aol et v so] g Bt AA dviy e
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ol
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[Fig. 24] Four kinds of appearance of seeds
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A8 2. 14 e s2u gile 4gog ik BYAE 4 Etl HE Z4E A e
A BeE Ao

4% 3 A SEUAE By} o] BF AHA o= A4 O EFIRE I uid 2E T
o] 2o REyPAte} o] BF B Aol

4 4 AL AR A HA QUM RIPAT B FFol, I F W X gol B
g3 RYPz7E HAA & 3ot

7h W ti7IAIZE Hla

B AFdA dagses A 71RAR] BHo] girldte ARES AUE 9 BE AT R
PA7E Aok W] RA2E A5 W UYste o)y wEol, Zhzte] Ay By nAE
SAshE ARE 257 AX d7] €& MAUYtE &0 7HAE AR AAsta, A g
el Aol 39 Efal Atha pAste e EE AFREY HE di7IAE FeEETh

[Fig. 25] Startup screen of simulator o )
<Table 5> The average waiting time for each algorithm

th A B olE 23 Do| At Original 1 Qriginal 2 Best fit Multi_overlap
NEHOlEIE AANANA [Fig 26]7 e elslol2rt malT. of Eislol =g Fa) BA7} o 4F 101=D 141 07 .5 i

YA FoIALA Hsw, AF} BYAEY lFE AZHOE FAF 5 Yok 4F 20120 865 565 18 0.0
32 4gel F e gol EASEE, A WA e BARA AU A £, FoAA e R 2419 24.86 19.06 18.83
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[Fig. 27] The average waiting time for each algorithm
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{Table 5>} 2o W& vlw T = [Fig. 2713 Zo| ZF HFAND)NA AZES] HHF 7| AHE
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[Fig. 26] Running screen of simulator
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<Table 6> The number of People were passed in measuring time for seed 1

S-AZH Original 1 Original 2 Best fit Multi_overlap
2% 711 686 704 663
4% 1144 1372 1526 1512
63 2139 2140 2301 2299

3000
2500 - Original 1
2000 o
= Original 2
1500
Best fit
1000
Multi overlap
500
0
2F 4= 6=
[Fig. 28] The number of People were passed in measuring time for seed 1
- 4% 2N ED dE 2o dF A
<Table 7> The number of People were passed in measuring time for seed 2

SXAIZH Original 1 Original 2 Best fit Multi_overlap
2% 503 682 705 665
4% 999 1001 1164 1125
64 1225 1234 1563 1523

1800
1600
1400
1200 «¢- Original 1
1000 «m= Original 2
800 A Best fit
600 .
Multi overlap
400
200
0
2= 4= 6=

[Fig. 29] The number of People were passed in measuring time for seed 2
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<Table 8> The number of People were passed in measuring time for seed 3

E-AIZ Original 1 Original 2 Best fit Multi_overlap
2 300 298 350 346
4% 972 975 989 980
64 1598 1592 1663 1622

1800
1600
1400 .
1200 <> Original 1
1000 =m= Original 2
800 Best fit
600 Multi 1
400 ulti overlap
200 *
0
2= 4= 6=
[Fig. 30] The number of People were passed in measuring time for seed 3
- 8% 4N =D T BojHF A
<Table 9> The number of People were passed in measuring time for seed 4

ZXA|ZH Original 1 Original 2 Best fit Multi_overlap
28 324 311 318 311
45 747 752 768 755
63 1194 1226 1360 1298

1600

1400

1200 L
Original 1

1000 * o

800 =m= Original 2

600 Best fit

400 Multi overlap

200

0

N
AL
IN
Al
(o))
AL

[Fig. 31] The number of People were passed in measuring time for seed 4
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o FZAZ vl
FEHENEEE AEYCHE AAG glo] AN T4 nF5AEs AR A A& 250
o877t F8E W 7HA Age S AT 200
Original 1
<Table 10> End times for each algorithm 150
. Original 2
o] Atst Original 1 Original 2 Best fit Multi_overlap 100 Best fit
43 1N =D 597.13 626.9 565.13 554.53 o
48 AN ED) 749.67 748.03 495.1 519.93 %0 Multi overlap
48 3N E3) 492.67 503.37 466.73 4777 0 -
At} Atgb D ANEE 3 AEF 4
334X =) 431.73 460.1 409.57 399.37
[Fig. 33] Signal conversion frequency of each algorithm
800
700 {Table 11>¥% 1o w& Hla 1 Z [Fig. 3314 2ol vl /Mo dugFel FAHE A FE Al
288 Original 1 Ry ZE A=A Original 1, Original 2 ¥318]F XUt Best fit¥} Multi overlap &3e]&F0] o
400 I Original 2 2 HAIE ol&3sty BRE AFH A AYUZA AT Best fit?h Multi_overlap G Fo]l %
300 Best fit AA ) Gake @ wol Gulshs Azke] Atk AL & 4 ATk
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[Fig. 3] Original photo of one of the experimenter’s desk

[Fig. 415 H& A9 & ouA golth. 7 B& o|uA oA AFAE] Ala Ao YdFfo] ®el
ok oA Y dE AR RBE ojuX & A& ARl Z& dE ARl A3l EAE I&d 22l o=
AT 4 gle 1T AL AL doH olfd ARl tieiis FHEE AFge] o] ARxlo] Ahg
A8 AR dotd ¢ gtk o] Ado] & A Fa Aol FARIE WHASy] A e
FO 2 AREA AAlRko] ok JiRISHH omAE APE R oW AR Zgt ® fE & o|nA 9 g
A AAAE el FAAHE A8t O F A ARE FddE BHE AT ol T
A =2 A ZE PIL(Python Image Library)S A3t olw|2A & ThF7] £0|8 Pythond A&
ot =3, B AFoAY BE AEL MicrosoftAbe] Windows7 &% AAS] ERCE F33n
displayoll A & o]m]x1 2] 7= 100100 A= st



226 ‘ HAH 1fskEfo|HTL « The Journal of Youths in Scientific Research + Vol. 1+ No. 1 JHOIBIE! HIE 0|0|X|2 BR5H MBS SHE7| K| 7| - 27| 9| 401 - BAIEinEstn ‘ 227

<Table 1> 12 RGB values of standard colors
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[Fig. 5] Examples of Sub-images

<Table 2> Algorithm process of counting component number
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[Fig. 6] The overall process of password model
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<Table 3> Main algorithms used in this research
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[Fig. 7] Display screenshot of the first experiment
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Numerical Parametric Study of Using Variable Camber Airfoil on a Twin-Rotor Cyclocopter
Jo Jaeyoung - Lee Choongwoo - Oh Keon - Kim Seungsu - Korea Science Academy
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ABSTRACT

Cycloidal rotor is a thrust generating rotor which is made up with many blades rotating parallel to the axis of rotation.
In this study, a variable camber airfoil, which has a flap in the blade, was invented to increase the thrust generating efficiency
compared to the power consumption. As the result of comparing the traditional cycloidal rotor, using symmetric airfoil, and
the rotor with variable camber airfoil, the thrust generating efficiency increased 23.1% as the secondary angle of attack decreases
5 degrees. The effect of flap size was inadequate. Also the realization of variable camber airfoil with 7-linkage mechanism
was proved by making a test rotor. In the future, the experimental study of variable camber airfoil’s thrust changing tendency
should be performed.

Key words:
Cyclocopter, Computational-Fluid-Dynamics, Variable Camber Airfoil, Asymmetric Airfoil
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Aerodynamic Force Vector on Blade to Azimuth Angle

\\ U /////////,,/,;f

100

w
=]

A

upper farce
{0.703,-7.61) (N}
lower force
{-3.633,11.407) (N}

total farce
{-2.942,3.85) (N)

=100 |, g g
-100 —50 [} 5
x-direction force (N}

o
ot
o
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<Table 1> Design features of cycloidal rotor with 7 linkages mechanism
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[Fig. 8] Mesh of cycloidal rotor with symmetric airfoil

<Table 2> Design features of cycloidal rotor from
Seoul National University Experiment

e (e Es Seoul National
University (2006)
Radius of rotor 0.2 m
Span of blade 0.35 m
Chord of blade 0.05 m
Blade.pltch +26 deg
amplitude
Blade pitch axis 25% from LE
2 400
—=&— Lift (SNU, 2006)
1.75 | =—te— Lift(CFD) ~ 350
= W= Required Power (SNU, 2008)| —_—
1.5 Required Power [CFD) 7 300 E__
- . | ]
;50 1.25 250 g
- 1 200 o
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[Fig. 9] Lift and power consumptions to rotating speed
(compared with Seoul National University, 2006)
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<Table 3> Simultion asetting features for asymmetric airfoil cycloidal rotor with secondary angle of attack

simulation setting features value
Radius of rotor 0.2 m
Span of blade 0.3 m
Chord of blade 0.1 m
pivot axis location 8% from LE
hinge axis location 40% from LE
primary angle of attack +20 deg
rotating speed 1600 rpm
secondary angle of attack -20 deg ~ 20 deg
(independent variable) (5 deg step)
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[Fig. 15] Velocity flow pattern difference with secondary angle of attack of
asymmetric airfoil cycloidal rotor
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<Table 4> Simulation setting features for asymmetric airfoil cycloidal rotor with secondary angle of attack

simulation setting features value
Radius of rotor 0.2 m
Span of blade 0.3 m
Chord of blade 0.1 m
pivot axis location 8% from LE
primary angle of attack +20 deg
secondary angle of attack -10 deg
rotating speed 1600 rpm

hinge axis location

10/, 0,
(independent variable) 40%-70% from LE

(Fig. 16]9] €& JZ2RE A Eo]=0 et
go Z7sle AL B 4 Ytk &7 A9 A
7hHe B ol#d djlegs BEol=
H 2 Aol AgaA HE AL F

[Fig. 1712 5-¢ st o of
o} kol Ao zf]x] = -.4%]7}

S ox
<

mh:
£
i)

+ BROE o|FUSF ZEY AR BYHE F
He YRS e ofp A BYSE FH 27t FhET Gekd WA F AL B
= Hoz o|5¥5E 2He) Fo| YL ¢ & Yok



25

20

15

10

Force (N)
wn

30

-10

-15

Lift (N)

SHALO|L « The Journal of Youths in Scientific Research

—

- & __a——®

—de— Total force
—e&— Total Lift

—#—Total Thrust

40 50 60 70 80

hinge axis location (%)

+Vol. 1+ No. 1

450
430

— 390
370
350

Power (W

330
310
290
270
250

30

[+ w =
o o (=]
(=}

~
Q
Power Efficiency (W/N)

[Fig. 16] Force(right) and power(left) variation with hinge axis location

—

-— _/

—dr— upper lift
—&— |lower lift

40 50 60 70 a0

r’\

hinge axis location (%)

Thrust {N)
[

60
== pOWwer
50
=@ power efficiency
40
50 70 90
hinge axis location (%)
—
40 50 &0 70 80

—de— upper thrust
—&— lower thrust

hinge axis location (%)

[Fig. 17] Lift(right) and thrust(left) variation with hinge axis location

hinge axis location : 40% | hinge axis location : 50%

hinge axis location : 60% | hinge axis location : 70%

[Fig. 18] Velocity flow pattern difference with the hinge axis location of asymmetric airfoil cycloidal rotor
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<Table 5> Fuselage specifications

design features

Variable camber airfoil system

Symmetric airfoil system

Number of rotor 2 2
Radius of rotor 0.2 m 0.2 m
Span of blade 0.3 m 0.3 m
Chord of blade 0.10 m 0.10 m
Blade pitch amplitude +(20+12) deg +20 deg

Pitch axis location

8% from LE

8% from L.E

Hinge axis location

41% from L.E

L. EoI= =t

[Fig. 25] Production process of airfoil
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[Fig. 26] Blade hub(upper left), main frame(upper right), motor and electrical device(lower left)
assembled 2-rotor cycloidal system with variable camber airfoil(lower right)
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Development of the Air Conditioning Equipment that Minimize Air-borne Infection
for the Energy-Saving Classrooms
Oh Jinho - Lee Junho - Lee Doho - Baek Minhyeok - Yang Hyunwoo - Incheon Science High School

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o

ABSTRACT

After the 2015 MERS state, the air-borne infection has risen as a serious issue considering the feature of modern society
where people are densely populated in specific area. However, air conditioning equipment has been installed in Korean schools
in general, most of air conditioning and heating systems are attached on ceilings and only few schools have the inlet and outlet
air conditioning system. These convection dependence systems are obedient to air-borne infection. Our research is about making
the classroom a positive pressure environment for minimizing air-borne infection without changing the existing room heating
system. We proposed the new air conditioning system for our classroom by mathematical and physical solutions and verified
our system with simulation programs and real construction. Another objective was improving a waste heat recovery facility because
our new air conditioning system accompanies the thermal losses and existing waste heat recovery facilities do not work well
for our new air conditioning equipment. We changed the structure and material of the facility and verified with simulation programs.
As a result, positive pressure environment from our new air conditioning equipment reduced the convection of infective particles
effectively. An improved waste heat recovery facility showed the increase of heat exchange efficiency 0.39 points.

Key words:
Ventilation, Waste Heat Recovery, Energy Efficiency, Air Borne Infection, School Classroom
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[Fig. 1] The search of patent information [Fig. 2] Patent Map
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[Fig. 4] Classroom with air ventilation facility

[Fig. 3] Classroom without air ventilation facility(Mixing) (Mixing & Displacement)
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[Fig. 5] Existing waste heat recovery facility [Fig. 6] Existing waste heat recovery facility
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[Fig. 7] waste heat recovery device
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<Table 1> Variable and constant for calculating heat exchanger efficiency

C, A7t FAe dg c, MES A deF
q AuBHC, (8, — 1)) Cnin smin (C,; C,) whEG Ao 24
Chax max (C.; C,) Ciin min (C., C,)
NTU UA/ Cyiy A o wauy

U BAEASF C, Crin/ Crax

| m. a7 g w A
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7L MY /2371 ¥ ndMH
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AL (Table 2>l AAEAT. APl & 271 3 wi7] Az="e ity sgAryde o
W WA e 3712 AR A9 [Fig 813 Zth [Fig. 813 o] EAMUES A&l ol
TEAS

<Table 2> Data of Ceiling type air-conditioning system

EE 25 Y 22 EE2c H9 EE 2
i A 4.5~5.5 m/s 2.7 m/s 3549 C 35~40°
i A 4.0~4.3 mJs 2.7 m/s 15~20 C 35~40°

£300, 8200 2300

gal 9400

[Fig. 8] Location of desk, air conditioner, door in classroom
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<Table 3> Information of describing the human body in simulation

M2|(m) E5(m) Ct2l(m) 2(m) x| EHE(m?)
0.18x0.2x0.13 0.14%0.7x0.3 0.14%0.8%x0.3 0.01x0.02 0.101
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[Fig. 9] Classroom simulation and mesh
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[Fig. 10] Air flow at the situation of Mixing

i

2d A nde Ay AAY ] EETE e 42 3719 fA2 [Fig 1113 2o =3 o
#EAE AAse A 71RAE @ A EEE YAe [Fig 1219 e %% 3= AL

Atk WA F7] WA A whol s ARl thE e 3FVE A2 JoR HRlnh

goldollA ZEAe] fAAe HFF Wdgr19 vz ol E HASAL, AEF Zﬂxﬁﬂ T EE
0.1168 kg/solth. EZuze] dPEx= vi¢ et Aoz &A 7] #&dl 03, 05 10, 5.
pm2 & PATE dLY BE HEE ESHE J0R Stk ¥ A 2o AEdeld & A
et wd FEAA bRV BAEE T2 S BEAE FobA AEE oS s

N

-

L
1_

&

Al
&
0,

S e ot 4y =

°f

[ ram s
—_— —

[Fig. 11] Mixing streamline [Fig. 12] Movement of infective particle
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[Fig. 13] Unit boxes of count infective particles
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[Fig. 14] Classroom model [Fig. 15] Simulation result of air stream line
(Mixing & dislplacement) (Mixing & Displacement)
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[Fig. 16] Classroom model
(Downward & Displacement)

[Fig. 17] Simulation result of air stream line
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<Table 4> Constants for calculating
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[Fig. 18] Blue print of construction
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[Fig. 20] Setting for measuring concentration of fine dust
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[Fig. 24] 1st Improved wasted heat recovery facility [Fig. 25] 2nd Improved model’s additional heat exchange area

[Fig. 22] Difference between original waste heat recovery facility and st improved model
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[Fig. 26] Heat exchange simulation
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[Fig. 27] Simulation design to calculate outlet velocity [Flg 28] Measurmg initial velocny using CFD
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[Fig. 29] Way to count infective particle [Fig. 30] Amount of infective particle reaching
under breathing line each student(Mixing)
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[Fig. 31] Movement of infective particle [Fig. 32] Amount of infective particle reaching each
(Mixing & Displacement) student(Mixing & Displacement)
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[Fig. 33] Movement of infective particle [Fig. 34] Amount of infective particle reaching each
(Downward & Displacement) student(Downward & Displacement)
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[Fig. 35] Movement of infective particle on each air ventilation method

<Table 5> Simulation result of infective particle

R} mEE 2[5HZL Rt 2w

Mixing 24.48x10" 2 g 18.72x10 2 g

Mixing & Displacement 20.90<10 "2 g 418x<10° "2 g
Downward & Displacement 16.72x10 " g 2.09x107"2 g

a9 ate] N EdHold AFRE 52 A st <Table 509 2t}
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<Table 6> Variable and constant for calculating infection probability

Pz, ty) oAt =EE A gEEE
B YA #H AL ERIEE)
7 ZEUAe] BEAE 9 dukele] e A g
q A7 7]

b(z, ty) oo AA7A A FAdAe &

4 (14)% Bl Zrdzbe] o 9ol e @t 44 mbolg e Aoy A £ dnkele
H

A A wEE Aol Fasith ¥ ATold BER FEA2YY JYYAe 557 BEFS B
W Ash 29 Bl wls) =9 ColA BESHE Aol ol Auh 53% 7HF FolEY] wEel 49s7
S BAY RBALE J9 P WS oiFEe %+ 9

B 978 Fo =y ool FE WES BEIE Zlol LA AP FARES Folbw Lol
Bt A2e 92 4 Atk ok UL Uow ANHAY Qan 9 4918l AT} 4AT AR
w9 QY Pl <) Ao —%?/}7}% AR Qe A HAS R B2 A 2D
& 59 79e Hassh) s 2d o7 Bdgolehs AES 2 & Atk

3. AA AFE F% AEHIAHY AF
AAZAIAE EZ 25t <Table 7-8>7} 2T}

<Table 7> Concentration of fine dust measured in Mixing situation

Bk gk (%3] pg/m®)
184 2H 3 4H

36.07 109.51 33.94 65.45 67.59 662.90 47.38 484.05
5H 6 7 8H

48.05 662.90 48.10 180.79 49.64 197.64 41.05 101.73
g 108 118 12

37.66 136.08 43.75 81.00 36.69 141.64 36.68 107.57
13 14H 15H 168

39.41 64.15 33.45 53.78 38.19 83.59 49.77 318.16
17 18H 198 208

31.65 58.32 26.45 51.192 24.60 46.00 40.72 302.61
214 228

41.36 484.70 39.47 88.77

<Table 8> Measuring concentration of fine dust

in Downward & Displacement situation

Bk Holk (& - pg/m®)
1 2 i e

17.61 45.36 15.81 43.42 57.66 662.90 34.10 473.69
58 6tH 7H 8H

35.34 543.02 24.52 120.53 24.57 82.94 17.13 54.43
9H 10H 11H 12tH

18.15 56.38 23.10 57.67 18.20 52.49 20.90 54.43
13H 14H 15H 16'H

17.68 55.73 17.07 48.60 19.91 101.10 28.47 314.28
17 18H 19H 204

19.37 49.90 17.00 46.01 11.51 36.29 15.74 51.84
21tH 22H

16.90 51.84 21.21 55.08

2d Ast Bd C A2]E mdd AY AdAsto] no]gzgt FARRE Atolz o] mAEAI(EHE ] &3t
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[Fig. 37] Measuring fine dust using sensor

(Downward & Displacement)
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[Fig. 38] Added area(Colored) [Fig. 39] 1st Improved wasted heat recovery facility
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[Fig. 40] Blue print of improved waste heat recovery model
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[Fig. 41] Heat exchange simulation(Original waste heat exchange facility)
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[Fig. 42] Heat exchange simulation of Ist improved model(Mixing&Displacement)
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[Fig. 43] Heat exchange simulation of Istimproved model(Downward & Displacement)
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[Fig. 44] Heat exchange simulation of 2ndimproved model(Mixing & Displacement)
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[Fig. 45] Heat exchange simulation of 2ndimprovedmodel(Downward & Displacement)
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[Fig. 46] Heat distribution in waste heat recovery situation
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[Fig. 47] Heat distribution in positive-pressure situation
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