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9
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(Cz=za)
#include{stdio.h)
#include<{math . h)
FILE *out = fopen("output.txt","w");
unsigned int I;
long double sum[10001], combi=1, w, h:
int com(int m, int n)f{
int i:
combi=1;
for(i=n+1;i{(=m:i++) combi*=i;
for(i=1:;i{=m-n;i++) combi=combi/i;
return O;
}
int main({
intn, i, j:
scanf("%Ld “,&n):
sum[1]=0;
fprintf(out,"E1=");
fprintflout,"%d\n",0);
l=pow(2,n)-2;
for(i=2:i(=n—-1:1++){
w=pow(2,1)—2;
h=pow(3,i-1);
for(j=1;j<=i—1:j++){
com(i, j):
suml[il+=(combi*sumljl)/w:
}
suml[il+=(float)((float)h/(float)w);



fprintf(out,"E%Ld=%Lf\n", i, sumlil);

}
fprintf(out,"\n \n");

Sele o RO o] 83t ARt

>

715igkoll et Avp= opgak Lk [ 2]l
A Ene En= T\ & <n]3tc},

E2=1.5 E12=50.625021
E3=2.25 E13=73.740353
E4=3.214286 E14=107.993134
E5=4.485714 E15=158.868441
E6=6.219816 E16=234.573634
E7=8.646736 E17=347.394677
E8=12.104444 E18=515.729403
E9=17.091935 E19=767.135903
E10=24.349598 E20=1142.903239
E11=34.979461

3 2] no] ZHA glo] AT o AgHa 71t (2 < n < 20)

E3/E2=1.5 E12/E11=1.45
E4/E3=1.43 E13/E12=1.46
E5/E4=1.40 E14/E13=1.46
E6/E5=1.39 E15/E14=1.47
E7/E6=1.39 E16/E15=1.48
E8/E7=1.39 E17/E16=1.48
E9/E8=1.42 E18/E17=1.48
E10/E9=1.42 E19/E18=1.49
E11/E10=1.44 E20/E19=1.49

[ 3] n ol WA glo] AUe w AlzH 7| ggke] Lotk HI& (2 < n < 20)
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o
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K

cz=za#)
#include{stdio.h)
#include<{math h)
FILE *out = fopen("output.txt”,"w");
int n, k, N, K, H[1001];
double T[1001][1001], sigma, error, expe, com, resl, res2, res;
int combi(int x, int y){
unsigned int a=1;
inti, b=1, c=1;
for(i=1;i{=x;i++) a™=i;
com=a,
for(i=1:i{=y:i++) com=com/i:

for(i=1:;i{=x-y:i++) com=com/i:



return com;
}
int cal(int x, int y){
int i:
double sum=0;
for(i=1:;i{=y—1;i++){
combi(y,i);
sum+=com™T[x—1][i];
}
sigma=sum;
return O;
}
int inputO{
inti, j, L
for(i=1:i<=250:i++) T[11[i]=(float)(i/pow(3,i—1)):
for(i=1;1¢(=250si++) Tli][1]=1;
for(i=2:1<=250:1++){
for(j=2;j<{=250:j++)1
cal(i, j);

TIGI=TH- 111 (A= ((pow(2,))—2)/pow(3,j—1)))+(1/pow(3,j—1))*sigma;
}
}
return O;
}
int phi(int group){
int i:
resl=res2=1;
for(i=1:i¢=K:i++) res1*=Tl[groupl[HIill:
for(i=1:i¢=K;i++) res2*=Tlgroup—11[H[ill:

res=resl-res2;
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return 0;
}
int main({
inti, 1;
input():
while(K!=1){
scanf("%d %d” &N ,&K);
if(N1=0) {
for(i=1;1¢=K;i++) scanf("%d”, &HIi));
1=1;
while(1<{250)1
phi(1);
expet+=l*res;

1++

}
else break:
}
printf("%f”, expe);

[E9l 4]
ZFIBEIE Aol A nrg o] ZEbRIE A & uf) fAW o]l &8 25 Wrol A AY S st
A 15& e m 7P 2o Azl A™ wf o] ARHA] 7 Highe M, 02 YR 7] 2 S,

el 135 ol &ste] 7hub I Al & D o of 2] ZRA] W ol iRk AJZEA VIS e AL T
ol AR = dels ARkl digh Haof 7 sighe e i vt dr.

150| ZH==0 Zals AZtel 7|5t

ajol g 29 | T{Y)) = 3.214

212 Wi 732 + M, = 1.875+ 1.5 = 3.375

[ 4] 4%0] AYL T uf Ael A7) R



[3 410] 2Jato] 4vgo] 7hglubel i AL g uf 4o 57l A S sh= Aol o Wl 158 A%
B4 Ae AR e 4 Atk wetd M, = 1) = 3214908 o 4 9lr}
o2l = Hy 150| ZH==0 Zals AZtel 7|5t

seol ot 29 | TP = 4.485714

2:30% tHe | T35 + M, = 2.484375+ 1.5 = 3.984375

(32 510 ©ste] 5o] Zheluteln A & ) 23 31e] F 22 Lol AL sH Slo] o Wl

159 A4 5 & A0 7|0e 5 ik, webA] My = T3 + M, = 3.98437591% o 5= ek,
ol zHy 150| Z¥==0 Zals MZHA 7[5t
6ol & 29 | TP}, = 6.219816
214 i T3} + M, = 3.349396 + 1.5 = 4.849396

31308 s | T3 + M, = 2.67969 + 1.5 = 4.17969

)

2
2:2:92 W | TI33Y + My = 2.163462 + 2.25 = 4.413462

)

[3E 6] 6Tl AYS o ul Ael= A7k 713k

(3£ 6]l oJsto] 678 o] 7h9IuFSIE AlRlS & uf 24 Al 28 Uiro] A%l stz ARt 39}
39l £ &2 o] AL BH Alo] o Wl 15% AW 5 UL A0 A% 5 Urk. et
M My = T3 + My = 4.17969912 o 4= 9l},

Eoiol e = By 150] ZHel=dl Hals Aztel 7Is#
7ol gk 9l | T\, = 8.646736
2:5% Wi T(33) + My = 4.560034 + 1.5 = 6.060034
' 31408 Wi | T3 + M, = 3.633728 + 1.5 = 5.133728
2:2:3% ths | TIPHY + My = 2.672152 + 2.25 = 4.922152
[ 7] 7] AYS B uf Aele Azkel Vgt

[ 710l osto] THdo] 7hojukelE Al g uwf 278, 29, 3799 Al & o] AlelE ok A

ol o el 158 AYT 5 ole Aoy /e 5 Q. wabd M, = 775 + M, = 4.922152

o

4 o
°

o



% WAL 5o b e e AeA A 1 kAl 9] 4911 33

ojeld ESpLES 150| 2= Zel= AlZte 7|53t
8ol gk xol | T\Y)) = 12.104444
2:602 Wi | T{38) + M, = 6.259569 + 1.5 = 7.759569

]

33) 4+ M, = 4.735351 + 1.5 = 6.235351
4‘” + M, = 5.180601 + 1.5 = 6.680601

8,2

3158 U 15
8 4147 Y T
2:2140% Wis | T 2;“ + My = 3.461873 + 2.25 = 5.711873
2:3:30% s | T35 + My = 3.048075 + 2.25 = 5.298075
2:2:2:28 s | T23%Y + M, = 2.391346 + 3.214286 = 5.605632

[ 8] 8ol AL o wh Aeli Azl 7Yt

[ 8)o] of3he] gro] 7HgIubgln AR S o w4 A AR AL 28K o] 22 e
o2 she Almch 9w 3%, 3% o) Al 22 o] A shs Aol H Wel 158 AR S AL

Zlsl 4= olek, whEbA] My = T3 + My = 5.2980759)S o 4= 9l

9 3:3:30% Uk M, = T((333 + M, = 5.590742

10 | 3:3:48 s My = T5%) + My = 6.173140

11 34142 Uk My, = T35 + My = 6.638012

12 3:3:3:130%2 Ui My, = T5%Y + My = 6.85907

13 3:3:3:48 Ui My = T35 + M, = 7.35845

14 2:2:2:2:3:302 W | My, = TH5P2%Y + My = 7.521815
15 9:2:2:3:3:308 W | My = T4 + My = 7.748519
16 2:2:3:3:3:308 W | Myg = T5505%%) + My = 7.941517
17 2:3:3:3:3:308 W | My; = T5%033) + My = 8.108957
18 3:3:3:3:3:308 W | My = T\5555%%) + My = 8.25642

[ 9] 995 18974 AU & o Ao Azte] 7

—m
e
o
DO
oF
1=
>



olg& Aolatil o &3 4= 9t
HFojelgle] w2 7Hg 584 2 J A

ato] 2l BAK WHoR Ang BA§ Wkt

24 < n < 98)0] # i) Y

& Fehew 1 A3

e 2

24 8 3 49 17 2.88 74 25 2.96
25 9 2.78 o0 17 2.94 75 25 3
26 9 2.89 o1 17 3 76 26 2.92
27 9 3 52 18 2.89 77 26 2.96
28 9 3.11 593 18 2.94 78 26 3
29 9 3.22 54 18 3 79 27 2.93
30 10 3 59 18 3.06 80 27 2.96
31 10 3.1 o6 18 3.11 81 27 3
32 11 2.91 o7 19 3 82 27 3.04
33 11 3 58 19 3.05 83 27 3.07
34 12 2.83 59 20 2.95 84 28 3
35 12 2.92 60 20 3 85 28 3.04
36 12 3 61 21 2.90 86 29 2.97
37 12 3.08 62 21 2.95 87 29 3
38 13 2.92 63 21 3 88 30 2.93
39 13 3 64 21 3.00 89 30 2.97
40 14 2.86 65 22 2.95 90 30 3
41 14 2.93 66 22 3 91 30 3.03
42 14 3 67 23 2.91 92 30 3.07
43 15 2.87 68 23 2.96 93 31 3
44 15 2.93 69 23 3 94 31 3.03
45 15 3 70 24 2.92 95 32 2.97
46 16 2.88 71 24 2.96 96 32 3
47 16 2.94 72 24 3 97 33 2.94
48 16 3 73 24 3.04 98 33 2.97
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(On the solutions of cubic Pell equations)
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In this paper, we introduce the methods of finding solutions of cubic Pell equations
® +dy +d’2* —3dvyz =1, which is an open problem in number theory. We apply the method of
solving Norm Form Diophantine equations, since all cubic Pell equations are a kind of Norm
Form Diophantine equations. We first discuss our new method of finding fundamental
solutions of cubic Pell equations. Then we will show that some cases of cubic Pell equations
are easier than others to d find fundamental solutions, and what forms have in those easy
cases. We will also discuss how we find solutions of cubic Pell equations using solutions of
other cubic Pell equations. In the third section we will discuss the relationship between
Delaunay—Nagell Equations and cubic Pell equations, and which and how Delaunay—-Nagell

Equations can be used on solving cubic Pell equations.

Keywords : Norm Form, Diophantine equation, Group, Cubic Pell equation, Delaunay—Nagell equation

1. INTRODUCTION

Pell's equation has been studied since the pre—Christ era. Baudhayana, an Indian
mathematician mentioned the rational approximation of V2 in his writing. The

approximation is as follows:

1 1 1
\/5”1+§+ 3x4 3x4x34

It is surmised to be induced from quadratic Pell’ s equation when n= 2. The rational
approximation of \/g found by Archimedes, is also induced by using Pell equation.

The history of Pell’s equation in Europe began in the 17th century, when Pierre de Fermat



suggested a problem about Pell's equation. William Brouncker, a British mathematician
found a solution of the problem for the first time, then Lagrange proved that number of
solutions of Pell’s equations are infinite and it can be found by Brouncker's method. At
this time Leonhard Euler confused two British mathematicians, Brouncker and John
Pell, and named the equation Pell's equation’, though Pell had nothing to do with it.

We can solve quadratic Pell equations by using continued fractions of a square root of
an integer. But finding a continued fraction form of a cubic root of an integer is a
difficult task, and solving a cubic Pell equation using continued fractions is complex.
In "1, Edward J. Barbeau introduced a method of solving a cubic Pell equation, but that
method is quite inefficient. So we studied about the solutions of cubic Pell equations,
and we found the method to find them. With this method, we are able to solve cubic Pell
equations without using continued fractions.

First we define the norm form. Let p(z) be a monic irreducible polynomial of degree n
with integer coefficients, and suppose that the equation p(z) =0 has n distinct roots,

0,,0,,....0,.

The function

n

FOO =TTy + 2,0, + 2,07+ 42,00 1)

i=1
with A= (z¢, 2y, .., z,_,) is a polynomial with n variables zy xy, .., z,_, with real

coefficients is the norm form of p(x)[2, p.791.

If a monic polynomial p(x) has only integer coefficients, then the coefficient of

€,,€1,.6
TyT Ty ~** T

© ' is a symmetric equation of 6y, 60y, ...,6, . Hence the norm form of p(z) is
a polynomial with integer coefficients. As a result we can define the Norm Form

Diophantine equation [8l.

Definition 1. (Norm Form Diophantine equation) Let 6,,6,,....0, be the distinct

roots of a monic irreducible polynomial p(z) with integer coefficients. Then

fN)= H(x0+$10i+x29§ +'“+xn710?71)
i=1
=D Ty X1y Loy -~-a$n71)
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with A= (zg, 21, 29, ..., 2,_ ;) is @ norm form of p(z). We call
D(x07$1"r2""7mnfl):m

a Norm Form Diophantine equation of p(z) with n variables zg, z;, ..., ,_; of degree n.

From now on, the Norm Form Diophantine equation means that of p(x). There are
many Norm Form Diophantine equations. For example, the Norm Form Diophantine
equation of p(z)= z?—d with A= (z,y) is

Dl(z,y)=(z— Vdy)a+ Vdy)=2"—dy’ =1,

So a quadratic Pell equation is also a Norm Form Diophantine equation. Now we
can define the cubic Pell equation as the Norm Form Diophantine equation of
ple)=2"—d and m=1. By simple calculation we can show that the cubic Pell
equations are of the form,

ac?’—|-dyS—|—d2 3*3dxyz:1
where d is not cubic integer [2. p.82].

Definition 2. (Group) A group is a set, G, which, with an operation < , satisfies

’ ’

the following four properties.

1) For all g and h in G, the result of an operation is in G.

2) For any element g, h, kin group G, (g » h) « k=g« (h « k) holds.

3) There exists e, which is called as an Identity element, In group G, such that for
every element g in G, the equation e » g=g¢ * e=g holds.

4) For every g in G, there exists x, which is called as an Inverse element, such that

gexr=x ¢ g=e where e is the identity element.

The fact that the set of all solutions of Norm Form Diophantine equation when
m==1 forms a group is proven in (8 This means that the set of solutions satisfies

the properties of group.

Definition 3. If A = (ag, ay; ass .-, a, _ 1) is a solution of a Norm Form Diophantine equation,

D(xg, @15 Tgy s Ty 1) =m0



then there exists a polynomial s, (z) = ay+ ayz + ayz® ++-+a, 2"~ ' with

deg(s, (z)) < n—1 such that

D(ao, Ay Gy ey an,l)z H(ao +a10i+a20? +---+a
i=1

= L5,

07 1)

n—1

We will call the polynomial s, (z) the adjoint polynomial of A.

Definition 4. (Fundamental Solution) Fundamental solution of a Pell’'s equation is
a solution having the smallest value of sum of squares of all numbers consisting a

solution, with all numbers consisting a solution being a positive integer.

The focus of this research is to investigate the way to find fundamental solutions of
cubic Pell equations without using continued fractions. Now we define multiplication
on the adjoint polynomials of cubic Pell equations. In 8] Tkseung Lyou defined the
multiplication on the adjoint polynomials of Norm Form Diophantine equations. We

will adapt this operation to use when solving cubic Pell equations.

Definition 5. (Multiplication) Let A= (ag, a;, ay), (= (by, by, by) be the solutions of a
cubic Pell equation. Then there exists two adjoint polynomials of A, (¢

s, (z)= a0+a1x+a2x2
sg(a:) =b, +b1x+b2x2.

By the division algorithm there exists a polynomial 85(1‘) such that

sy(@)s (x)= qlz)p(z)+s.(x)
= sc(z) (mod p(z))

where sg(x) = ¢+t cpr’

Now we define multiplication A ¢ ¢ of A,{ such that A « (=¢, that is
(ao, a, a2) . (bo, by, b2) = (cO, ¢, 02) .

By the uniqueness of remainder 35(33) , the operation is well defined.

Note that
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D(co, Ci» (:2) = Hsg(@-)

2. FUNDAMENTAL SOLUTIONS OF CUBIC PELL EQUATIONS

In this section, we discuss how to find fundamental solutions of cubic Pell
equations. We first show a solution using the properties of Norm Form Diophantine
equations. This method is a method that always can find rational solutions of cubic
Pell equations, and sometimes an integer solution can be found by this method. We
already mentioned that the cubic Pell equation is

22+ dy® +d*2® — 3dayz =1

and also it is a Norm Form Diophantine equation of p(z)=2"—d. We first start
with the initial equation:

2 =d

Now we set adequate integers p, g, and r which satisfy
- q3 +r

d= p3

so we can change the initial equation into a from of
Pt =g +r
and solve as we solve any other Norm Form Diophantine equations.

2 2 (pm)372qg:r
(pz—q)(p'a” +pgz+q)=r

If r=1, then (—¢p,0) and (¢*, pg: p*) will be the fundamental solutions. But we
cannot guarantee that p, ¢, and r so that r=1 always exist. Or even those p, ¢

exist, it may be tough to find values of them. So we use the following theorem.



Theorem 1. For p and ¢ set as above, and D(z,y, z) = 2’ + dy’ + d*2* — 3dayz
D(—¢,p,0)=r, D(¢*,pg,p*) =7’
holds. Let A= (—¢,p,0) and (= (¢’ pg, p*) . If

EN 2(217)8((17) = sf(:z:) (mod z°—d)

and s¢(z)=a+ Bz +7z° then £ = (a, 3,7) is a solution of the cubic Pell equation.

Proof. Since D(z,y,z)=2"+dy’ + d* 3*i’)davyzzl, we substitute (z,y,z), once as

(—¢,p,0), and once as (¢, pg:p*). By simple calculation, we get

D(=q,p.0)= (—q) +dp’ =dp*— ¢ =r
D(¢ pg:p*) = () +d(pg)® + d* (p* ) — 3d () (pq) (p*)
— q6+dp3q3+d2 6_3dp3q3
& — 24P +
(dp’— ¢’ )’
,

Therefore we know that for £ = (a, 8,7), then

D(a, B,7) = D(=¢,p,0)” > D(¢,pg. p’) =7 *1* =1

Hence we get a solution for the cubic Pell equation. [1] shows a method of solving a
cubic Pell equation, but that method is more like a method of trial and error. The

following example is in [1, p.108], and the method explained in [l even fails to find

’

the fundamental solution. But we can find the fundamental solution using our new

method.,

Example 1. Solve the cubic Pell equation 3+ 16y +2562° —48zyz =1
Note that

3

A possible solution by using an idea of Norm Form Diophantine equations might
be as follows.
z? = 16
8z° —125= 3
(22— 5)(4z* + 10z +25) = 3
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And finding the inverse element of (2z—5)*:

(22 —5)(ax’ +bx+c)=1 (mod 2°—16)
& dazt + (—20a+ 4b)z® + (250 — 200+ 4¢)z” + (250 — 20¢)z + 25¢ =1 (mod z° — 16)
& (25a— 200+ 4¢)z” + (64a+ 250 — 20¢)x + (— 320a+ 64b+ 25¢) = 1

25a— 20b+ 4c¢ =0

& 64a+25b—20c¢ =0

—320a+64b+25¢c=1

100, 635
S a= 3 b=84 c 5

Therefore finding the fundamental solution:
(%Jr 84x+13£x2)(25+10x+4x2)
_ 15275 n 12§5Ox+2520x2+ 20308 2 430 2

16001 + 6350z + 25202* (mod z° —16)

And therefore we get the fundamental solution,

(16001, 6350, 2520) .

But note that «, 8,y in Theorem 1. should be integers in case to get the fundamental
solution. Because we take the inverse element during the process, we do not always get
integer solution, but get a rational solution instead as a result.

Interestingly though, when d has a particular form, we always get integer solution as

a result. We will investigate these cases from now.

We first investigate the solutions when d=m’n’+n for nonzero integers m,n.

b — (mnz)

3
=n
(x—mn)(x2+mnx+(mn )= n

Let A=(—mn,1,0). To find the inverse element of A2, we let ¢(=(c,b,a) as an

’

inverse element.

(m2 —2mnx + (mn)2)(aa:2 +box+te)=1

axrt + (—2amn+ b)x3 + (a(mn)2 —2bmn + c)x2
+ ((mn)zb— 2emn)z + c(mn)2 =1

(a (mn)2 —2bmn+ c)ac2 + (a (mn)3 +an+ b(mn)2 —2emn)x
- 2a(mn)4 —2amn’ + b(mn)3 +bn+ c(mn)2 =1

For left hand side to be 1,
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almn)? = 2bmn+c =0
a(mn)3 +an+ b(mn)2 —2cmn 0
—2a(mn)* = 2amn® +b(mn)® +on+clmn)?*=1

should hold. By calculation of these simultaneous equations, we get
1
a=3m’, b:3m3n+g, c=3m'n*+2m
as a result. Now we calculate (¢4 bz + az®)(m*n® +mna+ 2°)

(3m4n2 +2m+ (3m3n + %)x + 3m2x2)(m2n2 +mnx + xg)
= (3m6n4 +2m3n? )+ (Gm‘r’n3 + 3m2n)x + (9m4n2 + 3m)a:2
+ (6m3n + %)gc‘ns +3m2zt
= (

omSn* +9m3n?+1 )+ (97715n3 + 6m2n)x + (9m4n2 +3m )x2 (mod P d)

Therefore, we get the fundamental solution,

(1) OmSn* + 9m>n® + 1, 9m°n® + 6m>n, 9m*n’ + 3m)

and it is trivial that all the terms are integers. Note that if m=0,6 a trivial
solution (1,0,0) will appear. Also, n is self-evidently nonzero, since then d=0,

Example 2. Find the solution of z®+ 30y’ +9002® —90zyz=1.

We know that the given equation is a cubic Pell equation when d=30. Note that

30=1"x3"+3,

So we set m=1, n=3, A solution by an idea of Norm Form Diophantine equations

may be as follows.

%= 30
?—3=3
(z—3)a*+32+9)= 3

Since (z—3)>=9—6x+2*, let A=(9, —6,1), and finding the inverse element of A:

(x2—6m+9)71= (ax2+bx+c)
= (2" —6z+9)(az’ +bzr+c) =1 (mod 2° —30)
Sazrt+(—6a+b)z* + (9a—6b+c)z® +(9b—6¢)z+9c = 1 (mod z* —30)
< (9a—6b+c)z? + (30a+3b—6¢)z + (—180a+30b+9¢) = 1 (mod z*—30)

9a—6b+c =0
& 130a+9b—6¢ =0
—180a+30b+9c=1
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S a=3,b=—,c=29
Therefore finding the solution:

(29+ %x+3x2)(9+3x+x2)= 261+171x+84x2+%x3+3$4
= 811+ 261z +84z> (mod 2* —30)

Therefore we get the fundamental solution of z* +30y° + 9002 — 90zyz = 1, and it is,
(z,y,2) = (811,261, 84)
Also, if we substitute m=1, n=3 to (1), we get:

(9x1°x3"+9x1¥%x324+1,9x1° %32 +6x12x3,9x1*x32+3x1) = (811,261, 84)
Which also shows that (1) is valid.

The following example shows that this result can also be used when d has a form

’—n . Note that m*n® +n and m*n® —n are basically the same form.

of m*n
Example 3.
Find integer solutions of z*+6y® +362* —18zyz=1
This is a cubic Pell equation when d=6. Note that
6=2°—2

= (1x2)*=2

= (=10 x(=2)’+(-2)
So we can set as m=—1, n=—2_ By solving using the characteristics of Norm

Form Diophantine equations or substituting in (1), we get

’

(z,y,2) = (109, 60, 33) .
We can see that it is a valid solution by substitution on the original given equation.

. 3 .
Now we see solutions when d= (mn)’ +3n, when m, n are nonzero integers.

2 =d
2= (mn)® +3n
3 3
25— (mn)’ = 3n
(x—mn)(952+mnx+m2n2)= 3n

Let A= (—mn, 1,0), and to find the inverse element of )\2, we let (= (¢, b,a) as an

inverse element, so s¢(z)= ar’ +bx+c.



(x— mn)2 (am2 +bx+e)=

(2? — 2mnx + m2n2)(ax2 +bx+c)

292 9 3 4 2 2 2 3 2 9 2 _

am™n x” — 2amnx’ +ax” +bmnr — 2bmnx” + bx” +cmn” — 2cmnx + cx” =
(aan2 —2bmn+c)z’ + (a((mn)3 +3n)+ bm*n® — 2emn)x

+(b— 2amn)((mn)3 + 3n>+ em’n’ =1 (mod P d)

1
1
1

For left hand side to be 1,

a((mn)®+3n)+bm*n®—2cmn =0

{am%z —2bmn-+c =0
(b— 2amn)((mn)3 + 3n)+ emn’=

should hold. By calculation of these simultaneous equations, we get

m m*n?+1 m*n®+2m
a=— b=——F7—"— ¢=—"7—"—
3 3n ’ 3
as a result. Now we calculate (c+ bz + az?)(m’n® + mnz + z?) .
(¢c+bx+ axz)(m2n2 +mnx + :UQ)
mni+om  min?+1 m° o 9 9 9
= ( + z+ —a22)m*n* +mnx +z*)
3 3n 3
_ m6n4+2m3n2+(2m5n3
3 3
3 3 2 2
m'n  m'n +1y3 m" 4
(53 3 Tt
= (m6n4+3m3n2+1)+(m5n3+2m2n)x+(m4n2+m)x2 (mod :r3—d)

+ mZn)z + (m4n2 + m):c2

+

Therefore, we got the fundamental solution,

(2) (mSn* 4+ 3m3n® + 1,m’n® + 2mn,m*n®> +m)
and it is trivial that all terms are integers. Again, note that when m = 0, a trivial

solution (1,0,0) appears. We can check that this is true by some examples.

Example 4. Find solution of the cubic Pell equation, =®+ 14y +1962" — 42zyz = 1.
We know that the given equation is a cubic Pell equation when d = 14. Note that
14=1"x2"+3x2
sowe set m=1, n=2_ A solution by an idea of Norm Form Diophantine equations

may be as follows.

2= 14
2*—8=6
(x—2)2*+22+4)=6
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=0}

Let A = (-2,1,0). Finding A~ *
{(z—2)2} "= 2—dz+4)!
(aa?2+ba:+c)
& (2% — 4x +4)(aa:2 +bx+c¢)= 1 (mod P 14)
& de+ dbx — dex + dax® — 4bx? + ex® — dax® + b2 Fazt= 1 (mod 3:3—14)
&(—56a+14b+4c)+ (14a+4b— 4c)z + (da—4b+c)z* = 1 (mod 2° — 14)

—56a+14b+4c=0
=

lda+4b—4c =0
4a—4b+c =1

1 5
S a=—, b=—, c=2
a 3 b 6 c

- 1
Therefore we get A\ 2 = (27%73). Now finding the solution:

(2+%x+%x2)(4+2x+x2)= 8+ %x+5x2+%x3+%w4

= 29+ 122+ 52 (mod 2 —14)
Therefore we get the fundamental solution of 2 +14y° +1962° — 4220yz =1 ,and it is,
(z,y,2)=(29,12,5)
Also, if we substitute m=1,n=2 to (2), we get:
(19 %2 +3x1* %22+ 1,1° x 2 +2x 1?7 x 2,1* x 22 + 1) = (29,12,5)

which also shows that (2) is valid.

The following example shows that this result can also be used when d has a form

of m*n® —3n. Note that m*n® +3n and m*n® — 3n are basically the same form.

Example 5. Find integer solutions of z* 4 210y* + 441002 — 630zyz =1.
This is a cubic Pell equation when d = 210, Note that

210=6°—6
= (3x2)*—3x2
= (=3P x(—2)P+3x(-2)

So we can set as m=—3, n=—2_, Solution by using the characteristics of Norm

Form Diophantine equations or substituting in (2), we get
(x,,2)=(11341,1908,321)

We can see that it is a valid solution by substitution on the original given equation.

Also, when we know the fundamental solution of cubic Pell equation when z* =d,



we can find the fundamental solution of cubic Pell equation when z’=dp*, for

nonzero integer p. Similar proposition is introduced in [1, p.106].

Theorem 2. Let the fundamental solution of cubic Pell equation when 22 =d as
A= (a,b,c). For adequate positive integer n, if {s,(2)}" =s.(z) (mod 2° —d), when ¢
has a form of (= (a,pﬁ,pz'y) for integers p,«a, 3,7y, then (= (a,8,7) is a solution of cubic
Pell equation when z* = dp”.

Proof. Let D(z,y,2) = 2® + dy* + d*2* — 3dzyz . Since A= (a,b,¢) is a solution of a cubic
Pell equation when 2t = d,

D(a,b.c) = a’ +db’ + d’c® — 3dabe = 1,
and so
D(a,b,c)" =1" = 1.
When A" =¢ when ¢ has a form of (= (a,pB:p™y),

1= D(a,b,c)"

= D(aapﬁ’iny)
= o’ +d(pp)’ +d* (p*y)* — 3da(pB)(p*y)
= o’ + (dp*) 3 + (d*p° )7’ — 3(dB> )by

Hence, (x,y, z) = (a, 0, ’y) becomes a solution of
2+ (dp®)y* + (dp® )*2* — 3(dp®)wyz =1,

which is a cubic Pell equation when d=dp?

We examine these cases by examples.
Example 6. Find integer solution of z*+ 16y® + 2562 —48zyz =1,
This is a cubic Pell equation when d=16. This example is an identical example with
Example 1., but this time we will find the fundamental solution in a different way. Note that
16=2x2"
Finding fundamental solutions of cubic Pell equation when d=2 is easy , since
2 =1*+1. So we find the solution:

953:2
2’ —1=1
(—1+2)1+z+22)=1
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And we get the fundamental solutions A= (—1,1,0) and ¢=(1,1,1). When we take
the 8th power of ( we get the form («,26,2%y) . Note that p=2 for this case. That is,
by the fact that the adjoint polynomial of (1,1,1) is (1+z+2%),

(1+z+2%% = (16001 + 127002 + 100802°) (mod z* —2)
= (16001,2 < 6350z + 2° X 2520x2).

Therefore we get the solution (16001,6350,2520). Refer to Example 1. and we can
check that the solution is valid.
Example 7. Find the solution of cubic Pell equation when d= 24,
Note that
24 =3 x2%.

Fundamental solution of cubic Pell equation when d=3 can be found as below.

P—8=1
(2*=2)(=" +22° +4) =1
Since z* = 3,
(z'+22°+4) = 3z +22"+4) (mod 2*—3)
and hence,
(—2+2”)(4+3z+22°) =1 mod 2° — 3.
Therefore we get the fundamental solution, A=(—2,0,1) and ¢= (4,3,2). When we
take the 3rd power of ( we get the form (@,23,2%y) . Note that p=2 for this case also.
That is, by the fact that the adjoint polynomial of (4,3,2) is (4+ 3z +22%),

(4432 +22%)° = (649+ 4502 +3122°) (mod z° —3)
= (649 +2x 225z + 22 x 782%).

Therefore we get the fundamental solution, (649,225,78). By substitution, we can

check that this solution is valid.



3. CUBIC PELL EQUATIONS AND DELAUNAY-NAGELL EQUATIONS

3
‘ + ‘
From 2 =d and d= < 37“’ we get the equation p’z*—¢*=r. If r=1, finding

solutions for cubic Pell equation when #* =d is easy. In the cubic Pell equation, the
adjoint polynomial, as we once have said, is 2 =d, Here, we can think of integers a
and NV that satisfy
a’d— N*=1
so that
ad— N3=1
(ax — N)(aza:z +ax N+ N2) =1.
Now the fundamental solutions of the cubic Pell equation z° -I-aly3 +d*2? — 3dryz =1
is
A= (= Na,0), ¢=(n*aN,ad).

The form a’d— N*=1 is the form of Delaunay—Nagell equation. But what we should note
is that there are no general solution found for Delaunay—Nagell equation. We explain
what we did with finding solutions for some particular Delaunay—Nagell equations.

From the form of Delaunay—Nagell equation, we can change the expression like this:

a*d— N*=1

a’d= (N+1)(N*= N+1)

a’d= (N+1)(N+1)*=3(N+1)+3)

By the Euclidean algorithm, we get two cases:

1)N+1=3k 2)N+1# 3k

When case 1), then ged(N+1, N*— N+1) = 1

If not, then ged(NV+1,N*~N+1)=1,

First, we consider the case when N+1=3k. Then, we can change the equation as
follows:

a’d = 3k(9k*—9k+3)
s a*d= 3°k(3K* —3k+1)

We need 3° as a factor but the right hand side has only 3*. So suppose that k=3¢,
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ad=3%27* —9t+1)
a=3, d=t27*—-9t+1)

Example 8. Find the solution of cubic Pell equation when d=19.
Let t=1. Then (a,N)=(3,8).
3P x19-8"=1
3Bt -8l =1
(—8+3x)(64+24x+92") =1

Hence we get the fundamental solutions A=(—8,3,0) and (= (64,24,9). By

substitution, we can check that these solutions are valid.

22 +19y° +19%2° — 3% 19zyz = 1
64° +19x24% + 192 X 9% —3 X 19X 64x24x9= 1

Example 9. Find the solution of cubic Pell equation when d =182,
Let t=2. Then (a,N)=(3,17).
3 x182— 17" =1
Bt —17=1
(—17+32)(289+51z+92%) = 1

Hence we get the fundamental solutions A= (—17,3,0) and (=(289,51,9). By

substitution, we can check that these solutions or valid.

24182y +182%2° — 3 < 182xyz= 1
2897 + 182 < 51% + 1827 x 9% — 3 182X 289 X 51 X 9= 1

Now we are going to investigate the case when ged(N+1,N*~N+1)=1. From

ged(V4+1,N*— N+1)=1, we know that N+1 and N*— N+1 should have the form of

N+1=nt* or N>> N+1=mk>.

We will now investigate when n=m =1, since it is the easiest. First, we will

consider N+1=1¢* Then the expression should be as follows:

cd=+ 1" —32+3).

Let's see when t=2. Then (a,N)=(2,7), since t=2 and N=t—1=2"—1=7_ Also,

s

d=2°—3x23+3=143



Example 10. Find the solution of cubic Pell equation when d=43.

2P x43—-7=1
2t -1 =1
(—7+22)(49+ 14z +422) =1

Hence, we get fundamental solutions A= (—7,2,0) and ¢ = (49,14,4) . By substitution,
we can check that these are valid.

2+ 43y° +43%2° —3x43zyz =1
493 +43x14% + 432 x 43 — 343 x49x 14 x4 =1

Now we investigate when t=>5_ In this case, (a,V) = (5,124), since t=5 and

)

N=5"—1 Also, d=5"—3x5*+3=15253.

Example 11. Find the solution of cubic Pell equation when d= 15253 .

5% % 15253 —124° = 1
5323 —124% = 1
(—124+52)(15376 + 620z + 252%) = 1

Hence, we get fundamental solutions A= (—124,5,0) and (= (15376,620,25). By
substitution, we can check that these are valid.

22+ 15253y° +15253%2° — 3 < 15253zyz = 1
15376% 4+ 15253 % 620° + 15253% x 25% — 3 X 15253 X 15376 X 620 X 25 = 1

Next, we can think of the case N°—N+1=Fk We found one solution: N=19,
k=7, and when so, d=20. Finding integers that satisfy this condition is not an

easy task, but we can eliminate some cases.

Lemma 1. If 4 is an integer that satisfies i = N (mod m), ml3, and i*#—1 (mod m),
then there are no integers N and k such that N*—= N+1=mk*,
Proof. We prove this by contraposition. Suppose that there exists an integer NV
such that N*—~ N+1=mk’ Then
m|IN* = N+1.
Let i be the remainder of NV modulo m. Then

i’—i+1=0 (mod m).
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Note that if i=—1 (mod m),

N=mx—1
(mxfl)Z*(mxfl)—Fl: mk®
m?z? — 3mz + 3= mk®

m(k:3 — ma?® +3x)= 3.
Therefore m should be a divisor of 3. So if mI3, then iZ— 1. Hence we know that
i+1#0 (mod m). Therefore we can say that

i’?—i+1=0 (mod m)
i*+1=0 (mod m)
~i*=—1 (mod m).

The contraposition is true, so the original lemma is also true.

By examining all remainders of V- modulo m, we can see some more characteristics.

We first examine when m =25,

The first line is all possible remainders of N modulo m. Second line is the product
of the upper two in the first line, and the third line is the remainder of the second

line modulo m . Same goes to the other cases below.

m=7
14923 gen 5.0t 6
2.ci-s 5en G- 2
m=11
1:492ce3cecd e B5eifeerTeon 8:-9---10
2.6+ 1++9..8-+9.ec1--6---9
m=13
1v2ee 3 dece i G Teee8eeQeee 10 -+ 11 -+ 12
2-+6---12-20--30-42--56--72--90 -- 110-- 132
Qi G-r 12T el o8 T 126 e 2
m =19
1v2cce3eed i BeeGeer Toee 8o Qunn 10 -+

2. --12-20--30-42-56--72--90 - --
2eeGe-12---1-+11+4--18-15--14 ---
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By symmetry, we investigated only the first half of possible remainders of N
modulo m when m =19,

Now, we can find some characteristics. We can see when m =25 or 11, 7 that satisfies
N(N—1)=—1 (mod m) does not exist. In contrast, when m=7,13 or 19, i that
satisfies N(V—1)=—1 (mod m) exists. We can assume that the form of m being prime

and /V not existing is m=3k+2, Now we prove this.

Theorem 3. If m is a prime number and m =2 (mod 3), then there are no integers

N and k that satisfy the equation N°— N+1=mk®,

Proof. Since m is a prime number, by Fermat's little theorem we have
i"'=1 (mod m), Because m =2 (mod 3), let m=3p+2, and we have
BT =1 (Mod m) . e ()
By Lemma 1., if there are integers /N and k that satisfy the equation
mk® = N>~ N+1 then
i*=—1 (mod m) .
Therefore i* =41 (mod m), and so

From (a) and (3), we get the following equation

Tl =+i=1 (mod m).
So we have
i=+1 (mod m),
If i=1 (mod m), then let N=mt+1,

N *—~N+1= mk’
s NWV—-1)+1=mk
& mtmt+1)+1= mk®

The left hand side is not a multiple of m, while the right hand side is. A
contradiction occurs.

If i=—1 (mod m), then let N=mt—1,
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N*— N+1= mk®
NN—1)+1= mk®
(mt—1)(mt—2)+1= mk®
m*t? —3mt+ 3= mk®
m(mt2—3t)+3: mk®

1809

The left hand side is not a multiple of m, while the right hand side is. A
contradiction occurs.
Therefore, in both cases, there are no integers NV and k satisfying the equation

mk® = N>~ N+1.

By Theorem 3., we know that if m is a prime having a form of 3k+2 there are no
solutions we are finding for even though i* =—1 (mod m). Therefore those cases

can be eliminated when investigating the solutions,

4. DISCUSSION

We have shown a new method of solving a cubic Pell Equation by adapting ideas of
Norm Form Diophantine equations. Using this method, we can always find a rational
solution for cubic Pell equations. In some special cases, we have shown that the new
method we have discussed always gets a integer solution. We also have shown a close
relationship between solving cubic Pell Equations and Delaunay—Nagell Equations, and
how to adapt Delaunay—Nagell Equations to the new method.

As we always can get a rational solution with the new method, problems with rational
numbers related to cubic Pell equations will have a new way of approach. For example,
since there is a close relation between continued fraction form of a square root of a
natural number and a solution of a quadratic Pell Equation, we might be able to find a

continued fraction form of a cubic root of an integer.
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(Electrochemical determination of hydrogen peroxide based on
polyaniline—silver nanocomposites modified electrode)
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1.2. Amperometry
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[71% 4] Example of Amperometry result

Amperometryts A7 Afoleta Feln] 7|2 AT AU TL o) gako] AHF WS
FABA A7kl T2 A5F0] 7 SA s ol QAT Agto] AW gt AT S
o BAL Yol FuA [ LZE drh AT-AFH AF BAHL RAY 5 Qe FE]
0 ARE AAeE, AN-AFHS FH AHE Foli Aol otk AL Rojzrh of u
A AT BE Hgto] B4 Aksl/ahel A7) 71X kAL Alolubrhs dete] A7 ) Al
A srolth

1 3. ™=7|(three electrode system)

Cyclic voltammetry method®} Chronoamperometry method+ &3] 3474 -4
g o] Fojxict, dUntAl H7|3tet AP ALY A F42 7|57 = (Reference electrode) 3.“?5@

(Working electrode) O] 1 A =& ARE-3Fo] =2 A AHE 4 7bch. sFAR Cyclic Voltammetry©]
df-oll= 9l Potentialel o8 A= Apoo] g-ofof olgt Agro] Y7A HaL, o= Sl A7}
sH7F o] w 2ol V1S A 97F P o2 AE slojuA H DP mpebA 271 9] 71 =l A
ofj 2 = (Counter electrode) 5 J7psko] b3 S3p 7] 51 = Abol o] A7) B5& SUCRMN LS
=4 5 A 3SACNA e AR SHE A <P0‘emiometer>°ﬂH 71 A5l 2dlAdE A
of i, & A= ofeffell A A2 Ed o Abef-ghel yhg-o] dofupA Hrt, o wf AYsh= A
T A S-S S SAU. 3 Al A= R A4S oRE feHas S
oo A= Sol YA, A dae R Prd=S ARERTh V@SS SCEES 22 1),
SHE (28 4 83)  Ag/AgClH=+g wo] AHg-atch



125

ok
N
i)
o
W
o

Felopd e -2 e A B S ol &7 dakskaead] AVIet A HE | R

[Z29 5] A schematic diagram of the three—electrode system

(1) Working Electrode, (2) Counter Electrode, (3)Reference Electrode

1 4 7| ™= 8t (interfacial polymerization)

AMEEH LEA FHAE D= ol 7HA W S shubolth, A& Ao A] b= - A4 A
H ZA oA dojthi= F AR HE-S-S Sall THAIE Aol 4= Qlth. o] W2 F Aok vl &&
Aot A BEA] ot Al G2 Ao A S AlE ol o k= S40] k. & Ad
o Al PANIS] g o] AFEH 5 A2 Methylene ChlorideMO @F HCI =& o|t},

2 1. PANI(Polyaniline nanofiber) 53t

Polyaniline nanofiber®] THHHL ofg] 7122 & A Qlth, & Ao A= 11 & 413 Helst 7
HETH S o] 850l PANIE AlZ3FtH!, Aniline(Sigma Aldrich, 0I2) 3 2 mmol& Methylene
ChlorideW. T. Baker, 0I=) 10 mLo]| =¢l &Ny} 1M HCIHEX, o= & 10 mLo] Ammonium
persulfate(APS: Sigma Adrich, 01%) 0 8 mmol& ¢l X5 A 23ttt f2f Hio]d o MCEH2 HA]
431, APSE ¢l IM HCl =895 7 8Ho] 4lo]#] ¢ = F WX MCEH 9| sto| HolEIt),
5] Bh-g-o] Zlg x| o] PANIZ}F A 4= Qi Ao A 1A &3t vhold ¥-& WA A 71tk PANI
&5 A%l 'é‘H%*ﬁ}% IM HC1 =89 Zof 9J23HA E| 02 A5 HCl =8 6 mLE 730
conical tube®@ %7 H=tl, Y4E 2] 7|9 A conical tubes 3000 rpm, 158-7F Y4152 & 7]
of Y Wb S == #%—Oﬁ” & AASIL 32} FR4E 6mL Yol vortexing@th. §] 342 33] ul
to] A o2 Y B o ¢hA] vortexing ¥ conical tubed] F4H-& Membrane filter
= Aol AALE O PANIE H=th. tholi& glofl7] 91s 40%=9] @&l A 12A1%F A=A &
SFApARTRO A 7 FE R WSl fejdfol ol Yo Sk & Ul Apeket e e Az 2 A
of ] F3¥ PANI+= emeraldine base@ E| 2 HC19| QS whol FAsHE 714w H=AS Hr,

Shs

e ol
2 4
12

Y

I
ofr



2.2 PANI-Ag Lt 2812 HMZEQ 1 7x R

PANI 5mg¥} 32 5574 2.5mLE &39+al 2] vfo]d Woll @i=t}. dispersion JE7} 2 of
A Z21t A2 7] A sonication §F 3= stirring@tch, I AE]o] A 50 mM AgNO,#E, &= 4=
BHE A x5t stirrer? PANI #A4FHo] 0. 5mLE Yil, 254 2mLE Yol 2A{t&<t

Y
o)
o
s
2o
2
o
N
(@)
(@)
(@)

stk o] B}y

o

stirringste] £ Lt 9127k 328] PANIO| &8s
rpmel A 627 ML F TR AT FH5E Y
Hajolth, HEA oz YR By do| uhd 92 ulok B dispersion HE R K
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2.6. Amperometry Al
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[ZL¥ 7] TEM Picture of (a)PANI (b),(c) PANI-Ag
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4. Scan Rate°l| ©& Cyclic Voltammogram
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[Z2¥ 11] CV of PANI-Ag/GCE by scan rate
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5. Amperometry
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04 AN S EE WIAA A7 WS ZH5H: Amperometry S AW
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MWCNT-NiO/GCE 0.2 -2.53 19 338 (6]
Pt/PPy/GCE 0.1-0.8 1.2 80 (7]
HRP/nano—MgO/chit/AuE 0.0001 - 1.3 0.05 243.1 (8]
GO/MnO,/GCE 0.005-0.6 0.8 38.2 [9]
AgNPs/ZnONRs/FTO 0.008 — 0.983 0.9 152.1 [10]
SWCNTs—PDA-AgNPs/GCE | 0.05-1.75 0.6 355.6 [11]
PANI-Ag/GCE 0.05-9 8.2 146.5 = At

[3£ 1] Previously reported performance comparison with electrochemical HyO9 Detecting Sensor
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HS-SPME GC/MSH¥-& ©|-83t 7 u|(Camponotus japonicus) 2]
R EEA Selelit A% L A

(Detection and quantitative analysis of formic acid, oleic acid inside the

pheromone of Camponotus japonicus using HS—SPME GC/MS method)
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1.2. Necrophoric behavior

Necrophoric behaviore= A& #&8t= 522 o] REGoA 7Ju]= T2 mo]b} &Eﬂ 71
S S AIAE @A 297] Hul 2 o] Fsto] sk e Heltk, & Qlat
07} 25 ] B E= A AFS 7 A necrophorlc behaviors FEgtc} (8]
A7 mlol] A Ze2liks 21l F 7t AAA R HEoke o v dinE
gt A e AfulE Al&8] A 2sto] 297] Hulr o]Fekitt, A ow whed] o

ARl of 3l ]/\QX] aok=tl, ol= ol n 7} A - RafjshA] kol AR

o] WASEA] ohoL7] wimolt) 4

Auje Al Qlof A Eef ke F 7HA WheS e ATE. 1
o] oW &gof Holst=Alof wel b =A vepdth, A AR jul sk A A

=
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1.3, 5ol 7%
s vl o g Formicnae) A u] 52 B AHFormic acarg: who] 7 Zo] o] &ateh, Euozte] sn]5

< Holv2 Ao FEj7t EEshs tial =2 Ulioll venom gland”F WEsto] £ & A/ E ]



ghe} (6] o] wj ool = FAbo] ek o] Qlal, o] EFAS] S A AU Wol 7| 2E FAds)
Loag SR EEARS el sz elgo|tt
o7 uj(Camponotus) % 0] 7j 0|5 & BF O 2 FoJL-2 mandibular gland & 7FA 2L =4, A<

A et 7

A A =S WS AF vle & HEY At of of B s 2de 2t

2.1. Gas Chromatography / Mass Spectrometer

gas chromatograph mass spectrometer
injector

He inlet ion

source mass filter
| { detector

B e e,
W e e

evacuated chamber

heated oven
(1% 3] GC/MSQ AA Ao

EA: http://www.intechopen.com/source/html/39013/media/imagel1.jpeg

7)) 2120k 1o 5] Gas Crromatograpny)of A F9HA AE-E-S ol FAF 71 A A ARl ol 9l
oAt A| A 7ke] sl ofs) HeEieh Abd AmnbE e R Kol o o AR 75
nazvtEade] Age] e FelHch, 2@ A o5ate] BB s el7t Aol
oh b2 Ao AnbE e oh Bl o] BARS B A AR BASL 4TRSS oA it ol
A

Fo v A ARE Ba) HANES o5t 8

2.2. Solid Phase MicroExtractiont@liio]

SPME(Solid Phase M'\croExtraction)lﬁ_‘% 1990?_]01] 7H%"E]‘_ %—UH?,] ngfok—‘% E‘:]'X] %}'_‘5 ?,:%lﬂ o]r/}. SPME
W fiberdhs v o] &3k, fiber B%19 coatingdl A& EH o] F2HETH, Vial W
EA8t= ol &aE o] A= T4 T2 Ao SPMEH A= fibers A JAHA 7|+

Direct—SPMEY 2}, A& $]2] & 7Hneadspace)of| fiber& =& A 7| &= Headspace—SPME (HS-SPME)



HS-SPME GC/MSH¥ & 0|43t 7] (Camponotus japonicus) 2] T 2

H
H

A% 92 A= A 9] 3901141

T 712 gEj7F A% HS-SPME® A coating, headspace, matrix7} B3-S o=
coating®ll A2 Bho| Hrjz 2E 4 olek, o W AR BAo| WeAE viale] HA| 37} 4
%45 coatingel AR7L EAEE Suot FAAT B8 2%k F/150] HY 33w £t
FHE bsdt 3 0 22 2R AYsHE Qo] Fuh

Analyte Class Fiber Type Linear Range
Acids (C2-C8) Carboxen/PDMS 10ppb — 1ppm
Alcohols (C1-C8) Carboxen/PDMS 10ppb - 1ppm
Alcohols (C1-C18) Polyacrylate 100ppb — 100ppm

Aldehydes (C2-C8) Carboxen/PDMS 1ppb — 500ppb

Aldehydes (C3-C14) 100 um PDMS 50ppb — 50ppm

Amines PDMS/DVB 50ppb — 50ppm

Amphetamines 100 um PDMS 100ppb — 100ppm

Amphetamines PDMS/DVB 50ppb — 50ppm

Aromatic amines PDMS/DVB 5ppb — lppm

Barbiturates PDMS/DVB 500ppb — 100ppm
Benzodiazepines PDMS/DVB 100ppb — 50ppm
Esters (C3-C15) 100 um PDMS 5ppb - 10ppm
Ethers (C4-C12) Carboxen/PDMS 1ppb — 500ppb
Explosives (Nitroaromatics) PDMS/DVB 1ppb — lppm
Hydrocarbons (C2-C10) Carboxen/PDMS 10ppb - 10ppm
Hydrocarbons (C5-C20) 100 um PDMS 500ppt — 1ppm
Ketons (C3-C9) Carboxen/PDMS 5ppb - lppm
Ketons (C5-C12) 100 um PDMS 5ppb — 10ppm
Nitrosamines PDMS/DVB 1ppb — 200ppb
PAHs 100 um PDMS 500ppt — lppm

Pesticides, chlorinates 100 um PDMS 50ppt — 500ppb

Pesticides, nitrogen Polyacrylate 50ppt — 500ppb

Pesticides, phosphorus 100 um PDMS 100ppt — lppm

Pesticides, phosphorus Polyacrylate 100ppt — 500ppb

Phenols Polyacrylate Sppb — 500ppb

Sulfur gases Carboxen/PDMS 10ppb — 10ppm

Terpenes 100 um PDMS lppb — 10ppm

VOCs Carboxen/PDMS 100ppt — 500ppb

VOCs 100 um PDMS 20ppb — 50ppm

[l}:
ar

1] SPME Fiber Selection Guidel10]
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(19 4] A& B0 fiber? coating®ll &5 = M5

=4 http://www.schambeck—sfd.com/en/hplc-gpc—products/gc—autosampler.php

Coating® &l PDMS, PA, PDMS/DVB, Carbowax/DVB, Carbowax/TR &°] ¢}
T}, PDMS+= GC9 injector &= 300CE AY 4= 22 PDMSE ¥4 coating 224 =
FARE T FHSHA L S ARE FHE = 0+ 8ol oA 71 de o] 8H}. PA:

=2 2 = -
34 BAe ASEE olshAu By wek Azko] Atk wale] Atk Coatingol wtet 2
o] % ojih= B 1Y e FAo| ek 1

3. Al= B 7]+

E S AHFormic acid)& Samchun pure chemicalolAl Fofistal, & ¢1AHOkIC acid) e Sigma
Aldricholl Al FustSict, SPMERM & o83 A= Al AnlolA F=oid ol HAd=wol wet
sucrose &8 NL ARE-35}1 9 1112 Supelcolirademarks of Sigma-Aldrich, St. Louis, MO, USA) 94 Screw—Top
20mL, Hole Cap with PTFE/Silicone Septa BFo|¥4¥} Varian® Clear Glass Wide Open
Screw Vial 2.0mL, 9mm red cap with PTFE /Silicone Septa Hfo] o] AR&EQT},

GC/MS 7]7]+= CP-3800 GC2F 1200 Quadrupole MS(Bruker, Bremen, Germany) 5 A3} T}
GC/MSQ 2AL Toj thehoiet, 7 Agutct A-4E GC/MS method7l A% T2 7] wjEo
o= Z AR iR 7|5l EH 3th, Fiber— Supelco® 65 um PDMS/DVB fused silica,
75um CAR/PDMS fused silica, 100 um PDMS fused silica?} AH&= Stk 2 AgHE=2 A
e ¥ fiberss WE E7]8FAT
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Gas chromatography

Column Capillary Column 30m * 0.25mm (VARIAN)
Carrier gas Helium gas at constant rate flow 1.0mL/min
Inlet temperature 250TC

lonization energy 70eV

Ion source temperature 230.4C

Transfer line temperature 251.1TC

Scan rate 2.25 scan/sec

[3E 2] Analytical condition by GC/MS

4. 49 Y

[¢]

| Ao} Sanol wpepA AulofAA s 22E 24 5L FFsr] 9l
AHAT, Fibero] 2R0H A2 7 A O] Baof B 243 2S Aestint,

o] W] AF8-3F Al H= X u|(Camponotus japonicus) 2 A A
A S | HFAY & Q) (Biobiba Ant Kingdom, thT, 8t=)of| A] JLufj 3}t A3
Qof| A JLufsl Afu] Ko Hisle o Hol= oAl A ZIae

E
o
B Aoty 2ol v Aol A Hhol S ATl SdR R oA

1. GC/MSE St 229 HE 754 o8 24
7juj o] W7ol AN E GC/MSE A% 753X
Hpo] &g wehe- 2 A § A JHu| 7} EH]ehE ZAS

O GO/MSE F HAg

r l
m

4.2 HS-SPMEEZ E5t Hz22 HE 7Is4 20l 2 sty 24
HS-SPME GC/MSWH& &3l W22 fd&3tth, Mul= 54 AoA EAT 228 2|
Sh Aol u g Zodt Ao A F U3 chromatogram®] YEFL=A] SHeldtc),



4.3 28 W22 XT3 2ol 24
Yo A0 BEoh70) 4 VY B A ko] FL fiberS 3] 918 fiber AHFE Tt 1
o ok 9

Fo Al U2 A3tE vl o g 4l AQl Hl225s AAsto] #2429 chromatogram
W 4 J Bl 28 H2as dEe v, tE A

1 HREe] 1% HeA of R B4

11 Al X744l 7#1}

R N
22 FE o 55 9l S vpoldol ¥ F WghS 2 7h5 A flek, of wf ARE-gE vl
2 Hole Cap with PTFE/Silicone Septa vial®|il, fiber+ 75 um Carboxen/PDMSE A&
sttt
50 2 | Inlet mode
| split mode (100:1) 300TC

: - | Initial | 50T
‘ Rate | 12C/min
1 | 100C for 20min
* Rate | 12C/min
| 2 | 150C for 20min
- Rate | 12C/min

3 200T for 20min
Rate | 12C/min
Final | 300T for 20min

Mass Detector method

= = e : Mass range 35 ~ 250 m/z

92773 min

1004

75]

55.850 min
+ 76.803 min

100.83

min

504

-
.N_/ML_juu

U.D:

min

79.837 min

0.500 min

[

&0.114 min

+66.637 min

3
@

3] HgtE & Jfu] o] H 2R oAl & dojxl Chromatogram % GC/MS method
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E

MCounts.
£ 35.0:300.0>

Gas chromatography method

21310 min

+19.552 min

Inlet mode

split mode (100:1) 300C

Oven temperature program

Initial | 50T

+22.590 min

+ 16,624 min
23.103 min

in

+16.618 min

Rate 10T /min to 300C 25min

i

T

Final 300C

3288 min

Mass Detector method

Mass range 35 ~ 300 m/z

minutes

4] WEre 2 Jjul o] ¥ 228 &5 A7 & dojA Chromatogram ¥ GC/MS method

1.2, 20t M

T+ WMo AFSE Fof GC/MSE #|=o] HEo| 7haehA] & Ayl 3 WA Aoy F HA AF
H5E WO peak”t OIE QAL o] 24 GC/MSEQ HEXE HEoo] 7}53S & = Qty, 2Z At
Sroll Al A3 E vhe} o] 7hu & wWghZof Yol HZEE F&ot= W2 in ] ookt A=t
A FHE = S E2ES HET 4 §lthe A in & AlS Sofof stk dol 2 Ao 13
o= HgtstAl orSkth, weba Aol Sl fnEEE AR fuHEe i E22S HS-SPME
GC/MSH o & FAstaa; gt

2. HS-SPMEE &3 2 H& 7IaA 29 W Arshd Ay 4
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i
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o
ol {
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rr
off
i
ot
M,

¥ 2-S BH|5IE 2 chromatogram®] ZF peak?] retention time©] &
AstA 1/PE]rLé’ oot vtk AEE = BAE0] EaEo|AY A8 IA ¢l 248 olebd chromatogram®)

Al vekd Zlo|tt, whebA retention time?] B4l Fof HEE HE 7t

EhS
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+
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54 ool W A selo] sy,
o] Aol 7 7HA 9 S sk, A WA= Wol= IM Sucrose 1 pLE F-%k& wlo] Aol
© $1719] Ad=eltt, 91719 RS AP wloll= Blo|dE 7FEsIAITE, 7 W] Adlol A ARSI Bt
Olo Fo- Hole Cap with PTFE/Silicone Septa vial©]il fiber+= 75 um Carboxen/PDMSE AH8-5}31tt,



146 1 Aoy 08t Fo o | B
2.1 A 2 2y
F= F9E Al fibers 34 S2F, 3% "ol o 1M sucrosew 1 uL FYsATE, HolY
7kl Al fibert: 58 A, 55 ealatlc),
Gas chromatography method Gas chromatography method
Inlet mode Inlet mode
Splitl lit de(50:1 t
Splitless 2500 plitless, split mode(50:1) at | ...,
0.5min after injection
Oven temperature program Oven temperature program
Initial 35T for bmin Initial 35T for 10min
Rate 5C/min to 240TC 51min Rate 5C/min to 240CT 56min
Final 2407C for Smin Final 2407C for Smin

Mass range

Mass Detector method

35 ~ 300 m/z

Mass range

Mass Detector method

35 ~ 300 m/z

kCourt:
Al

0=

SIN:7

A% Al Method

i

[3£ 6]

kCount=y
AH

35.0:300.0>

44

5 3

shol ot 7t %

A% Al Method

=

kCountsd

a

3350300 0>

SIN: 8

E
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k‘Cnuntg_
]
)
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o]

50
minutes

kCounts]

a0
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30

u] ©] Chromatogr

h
miny

am H| I



HS-SPME GC/MS®¥-S 0|43t /ul(Camponotus japonicus)®] F|2H U ZEA Sdoli A% 2 A | AL < 39 147

Spectum & sipactnim 14
B o B — Bl B, SEER 91, S, Bl g, B
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ReGuired Rango i = e L @ Z2Ruired mange B

72 7] 99 9L 0 mass spectr (19 8] oo FLI O W mass snectrur

[17] 7] &5 ¥9S 1 mass spectrum % 8] vio]tS 7 dlS W mass spectrum

13 A3} o] & £292 v+ retention time 26394 S/NZHo] 9n] 2= %A%k peak 7} L
Aol A AA Y= wf 30 AFE S/NEEe] | = st o8 peak”t
otol H AL ¢slo] WHEA O ® retention time©] YWEFY 339 mass
OF 2.9] peako A+ m/z7} 29, 6021 peak”} YEFREAL ¥ 9] peak
2829¢1 peak”7} UYEFGTH, = peak® mass spectrum-= 7
E3 HS-SPMES E3l 9 22 A Z0] 7}53+2 8ola}

H
é
HU
FHI

Qo A A AT o] A 54 o] Foj 4t Aol ubeh o] B A Fr|HA] etolugitt
Mol HHALL fibere] F 5ol upeh webx n Aako] %A fiber HA3 4P S AaAstert. o
- = Soanmingo] ohdl S . |

= 2 =
ff =S =o]7] Y8 MS methodE Scanning©] o SIM(Selected lon Monitoring) ©. &2 A 2 5} 91 T}



7MY mgol F2 fibers 7| flste] @A E{stal 9= 37FA fiberql 75um

al
Carboxen/PDMS, 65um PDMS/DVB, 100 um PDMSe] tfst A& S Aast3ict,

Integrate result (106) Max count (MCounts)
75um Carboxen/PDMS 9.70 8.94
65um PDMS/DVB 14.72 12.59
100 wm PDMS 12.24 10.79

Integrate result Max count (Counts)
75um Carboxen/PDMS 1356 955
65um PDMS/DVB 1368 1042
100 um PDMS 1370 933

EREE TR ECEER S E L EE

3.1.2. A3} &4
EEARY] A HAE B fiber 243t A3} 65 pm PDMS/DVB fiber7} 7H¢ &2 ¢ o]
F-et Ao yetyth, O o322+ 100 um PDMS fiber, 75um Carboxen/PDMS

fiber <=0l 9lth. L&y} o]eb= th 2 A Q4] A4 #48 B3 fiber A3 A3 100 um
PDMS fiber7} 7F4 -3t fibergtal A& A o] fth, Fo]o] 65 um PDMS/DVB fiber, 75
m Carboxen/PDMS fiber7} YEFHTH, o)Al Addg fiber 243} gh-& vl o &2 B Ag

A A B o] Ukd) ol 2old 4 gt

2

Aeke A3Yst vl = fiber A3} AF S HIE O R G80] 2L fiber 202 Adslo] S A
it 28y 7 E&0] £& 65um PDMS/DVB fiber?t &+ HAIZ &80 £2 100um
PDMS fiber®] 7% 7Hu] #| 220l &t 5= HelolA A4 Autrp Aol 7] ¢horon 75
um Carboxen/PDMS fiber® AH-E& AYP3S Al A4 Aa7t eyt
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3.2.1. A% =1 9 A}

Vial> VARIAN®] 2 0mL vial, fiber+= 75 um Carboxen/PDMSE AH-&-3F i tt.

AR R 7L EHlshE 254 SRS Sl ALAl A RS o] &oko] Skl
dEde 9% AR w527 6g/L, 12g/L, 18g/L, 24g/L, 30g/L2l 5719 A&

o o=
stk A9 BA L fibero] 52 F& & 281 FAAIAA AT

Gas chromatography method
S/N: 109 :

Inlet mode

alll
1+1

oo X

(<]

|

split mode (100:1) 250T

Oven temperature program

50T for 3min

Mass Detector method

SIM:
Selected ion

35, 60 m/z

Concentration Deviation: £2.94

Concentration (g/L) S/N

Au] gk vk g ¥ A 108§ 121.499 179
S n FoukelE 92 A 108 & 115.536 204

T k2] o] Jju)7F A Al 1047 & 57.687 88

T uke] o] Jju)7h A 4] 204 & 3.647 8

[3 10] Concentration of analytes, S/N
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3.3
g olako] Ak w3 fiber X 23} AP vtgt o2 X85ttt Fibers 100 pm PDMSE A
&% 23 =0 TE peak oo AP A Ayt dojFlonr e ARESAT

3.3.1. A% =1 9 A3}
o] A%l A vial> VARIANS| 2.0mL vial, fibers= 100 um PDMSE AHE-3F3ith,
L SAh A R A R EE = S QAN R E et A REA RS AR5

oh, Y oAt HFE NS F=71 4 45¢/L, 6.675g/L, 8.9g/L, 11.125g/L, 13.35g/L%l
5709 SNE Abgett, & QlAbS Expgro] Al x| RFAE Ao £38}17] ufFof fiberol

B e Gas chromatography method
SIN: 53 :

Inlet mode

1004

split mode (100:1) 250T

: Oven temperature program
0.75+ -

50T for 12min 12min

Mass Detector method

SIM:
Selected ion

73, 281, 282 m/z

[3£ 11] Chromatogram, GC/MS method
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3.3.2. Ay &4
A4 B 3

i
=
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e gIstel AnkE e,

Concentration Deviation: £7.00%

Concentration (g/L) S/N

7] AA Ay FoupeE @2 A5 1.483g/L 5
=2 vl F ke E ¥ A% 2.874g/L 6
Zfm) g vhe] 2 @il 1M sucrose 10 pLE Yol& A& 10.569g/L 7

S o1k AeF Avp L2AE T 2435] = gl S/NGo] "ol A= AL & 4 Qlrh

Analytess 2 W 2 QIAEE ArobQl= 7im|eF S0l Qles 7] ol A HEo] H= AS o
G ol A71A JHuE F kel d vialoll ¥ ol fr= SHIQl4te] SR LS B AT v A2
peak #tol A=E %171 wWitol S/N #t& 27| leiA F npel & A8kl

3 =7 IMSl sucrose 10 uLE 7FotSle wl thFo] &e|qlato]l A5 ek, S| ¢l4t
2 g st MF/P HolE F= A /S WE HEES 9 4 ok S SHQlah oA
Hu)e} Hl ko ® thE Ao A s o ol BHlEH = A A0S Fo o 4 Sl
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HAIL DURATION

| SR AA LS ol g A BAAY B3 AT | 3T
a: v e
b: 7S BALA
c: e AlA
di et Z:=AlA
Wind Air Temperature
SPEED Range =52 +60 °C (60 ...+140 °F)
range 0..60 m/s Accuracy for sensor at +20 °C +0.3°C (0.5 °F)
response time 250 ms Accuracy over lemperature range (see graph below)
accuracy -
0..35 m/s +0.3 m/s or £3%,
whichever is greater =
35 mis .60 m/s *5%
output resolutions and 0.1 m/s,0.1km/h, pi 1 £
units 0.1 mph, 0.1 knots 1
DIRECTION
azimuth 0...360° >
response time 250 ms S . 3
accuracy +3¢
output resolution and unit 12 QOutput resolutions and units 0.1°C,0.1°F
Liguid Precipitation - Barometric Pressure
RAINFALL cumulative accumulation after the
v Range 600 ...1100 hPa
latest automatic or manual reset et :
. Accyracy 000 305hPaat0..430°C (+32 L 4R6°F)
3;"&2"[ s 0.01 mm, 0.001 inches *I'hPaat:52 .460°C £60..-+140°F)
R Sae Output resolutions and units 0.1 hPa, 10 Pa,o,ﬂt)ﬂ! bar,
RAINFALL DURATION counting each ten-second increment U:Lmentg; Q.01 nHy
whenever water droplet is detected
output resolution and unit 10s Relative Humidity
RAIN INTENSITY one-minute Funning average in Range 0...100 %RH
ten-second steps Accuracy :5 %RH within 0 .90 %RH
range 0 ...200 mm/h (broader range with 5 %RH within 90 ... 100 %RH
reduced accuracy) Output resclution and unit 0.1 %X\RH
output resolutions and
H,A‘:lillzu's cumul.:twg: ;now:.c?fTi;n::aﬁl‘z: Senseral
the collecting surface Operating temperature 52 ...460 °C (60 ...+140 °F)
. Storage temperature 60 ...+70 °C (-76....+158 °F)
output resolutions and ;
0.1 hitsfem?, 001 hitsfin®, 1 hits O Porating voltage BN D0
? bl Tvpical power consumption 3mA at 12VDC (with defaults)
counting each ten-second increment 2
whenever hailstone is detected Heating voltage 5..32VDC /5 ..30VAC,,.)
1o Serial data interface SDI-12,R5-232, R5485, RS422
one-minute running average UsE connectioz_l.
: Weigth 650 g (1.431b)
in ten-second steps Hotalng P65
0.1 hitsfemih § Aits/inth, Housing with mounting Kit 1PG6
1 hits/h
(217 1] WXT520 AlA 715 Al AR
Ho15}7] 98] A5 7| AT RS A S-S T 9]
N R Em

output resolution and unit

HAIL INTENSITY
output resolutions and
units
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(1) NGC 9569 =3 Zu}

2HEAZ e 28E 3HE 4HdE SHYE  eHE  7HE  AZtZi(Hrad) HE7H2l(secz)  Furh7|EH(X)
19:17 -3.044 | -3.179 -2.5 -2.478 | -2.147 | -2.581 | -3.02 1.474803 2.078026 2.071714
19:32 -2.949 | -3.059 | -2.377 | -2.357 | -2.04 | -2.405 -2.9 1.409353 1.930973 1.926138
19:47 =3.07 | =3.175 | -2.505 | -2.48 | -2.116 | -2.494 | -2.976 1.33954 1.796841 1.793159
20:02 -3.096 | -3.208 | -2.541 | -2.467 | -2.158 | -2.486 | -3.018 1.27409 1.688603 1.685725
20:17 -3.124 | -3.217 | -2.544 | -2.468 | -2.15 | —-2.427 | -3.009 1.217367 1.606282 1.603943
20:32 -3.106 | —-3.209 | -2.524 | -2.465 | -2.141 | -2.447 | -3.014 1.151917 1.522561 1.520711
20:47 -3.125 -3.2 -2.52 | —2.473 | -2.128 | —2.428 | -2.933 1.086467 1.449198 1.447728
21:02 =3.156 | -3.236 | -2.548 | -2.503 | -2.155 | -2.456 | -3.005 1.021017 1.384735 1.383565
21:17 -3.147 | —-3.241 | -2.566 | -2.483 | -2.163 | -2.469 | -3.05 0.955568 1.327988 1.327054
21:32 -3.06 | -3.192 | -2.531 | -2.469 | -2.154 | -2.437 | -3.03 0.890118 1.277983 1.277239
21:48 -2.889 | -3.056 | -2.391 | -2.323 | -2.035 | -2.326 | -2.971 0.824668 1.233921 1.233328
22:03 -2.563 | -2.815 | -2.091 | -2.106 | -1.773 | -2.333 | -2.879 0.759218 1.195136 1.194666
22:18 -2.464 | -2.707 -2 -2 -1.643 | -2.069 | -2.735 0.693768 1.161074 1.160703
22:33 -2.38 | -2.637 | -1.897 | -1.925 | -1.57 -2.06 | -2.686 0.623955 1.12943 1.129145
22:48 -2.186 | -2.441 | -1.69 | -1.756 | -1.367 | -2.052 | -2.537 0.549779 1.100603 1.10039
23:03 -2.069 | -2.313 | -1.567 | —-1.649 | -1.244 | -1.94 | -2.415 0.484329 1.078912 1.07875
23:18 -1.934 | -2.193 | -1.428 | -1.489 | -1.102 | -1.809 | -2.271 0.418879 1.06046 1.06034
23:33 -1.763 | -2.008 | -1.264 | -1.342 | -0.935 | -1.656 | -2.101 0.353429 1.045036 1.044949

(3 2] 109¥ 23 NGC 9569 =3 Ay}

B = B =
19| 717|183 2HZEL| 77|55 3HEL J|7|S2
52 o 25
315 ® 55 2.
7 %, 'y
'+
E=Y * a2
.
\Q + 0% \ ki ® w0 2sgay = + 108sYUsHE
305 - 315
—amzol sBAL — sz sEALe s sz

¥=0211x- 34368

+ v=01502x-3.438 24 y=0.1447x-2.7512

[ 18] NGC 9569 7] F3F ot 775w x5 - dl7] B3, y& @ 717l5+)
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HEAIZE 1HE 2td 3HE 4HE pHE gl 7HE AZRH(H,rad)  AEA2l(secz) | FIcH7IZHX)
19:36PM | -3.269 | —3.446 | -2.828 | -2.848 | —2.536 | -3.036 | —3.434 1.304633 1.737207 1.733981
20:11PM | -3.306 | -3.499 | -2.883 | —2.955 | -2.59 | -3.18 | -3.532 1.151917 1.522561 1.520711
20:2TPM | oy | -8.544 | -2.899 | -2.931 | -2.583 | -3.186 | -3.56 1.082104 1.444638 1.443191
g0:azpm | =T | 3sas | —2.005 | —2.951 | 2.6 | -3.197 | -3.579 1.016654 1.380724 1.379571
20:57PM ol & Azt 714 etEte S 57

= = = = B =
1HEe| 77|52 2HEL| 7|71 82 3HEL 717|585
3.34 356 -282
333 = Py 291
\ 354 \ s EN
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(27 191 NGC 9569 7] Foaka 7175 (x5« ti7] 3%, y=  7171s+d)

A 0.174 0.293 0.225 0.288 0.174 0.473 0.416
Bt A 0.292

[3# 7] 10€ 289 Ho &FAF

1.3. 128 188 NGC 17789 7|7|sg =4 21

#HEAIZ 1 24 3HE 4HH 5HE AlZt2H(H) HF7el(secz) FIi7IE(x)
6:19 PM -1.875 | -0.968 | -0.138 | -0.426 | —-1.144 1.701 3.5630147 3.328411
6:34 PM -1.88 -1.014 | -0.173 -0.49 -1.194 1.627 3.030287 2.901324
6:49 PM -1.875 | -1.045 -0.21 -0.502 | -1.207 1.308333 1.885995 1.861255
7:04 PM -1.916 | -1.071 | -0.274 | -0.552 | —-1.252 1.242917 1.754634 1.736543
7:19 PM -2.002 | -1.111 | -0.263 | —0.559 | —1.285 1.1775 1.642735 1.629476
7:34 PM -1.898 | -1.118 | -0.309 | -0.585 | —1.285 1.112083 1.546737 1.537018
7:49 PM -1.945 | -1.142 | -0.327 | -0.606 | —1.284 1.046667 1.46391 1.456799
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#HEAIZ 1HE 24 3HE 4HH 5tHE AlZt2H(H) HF7el(secz) FIi7IE(x)
8:04 PM -2.04 —-1.148 | -0.304 | -0.618 -1.31 0.98125 1.392129 1.386948
8:19 PM -2.019 | -1.148 | -0.319 | -0.613 | —-1.323 0.915833 1.329722 1.325968
8:34 PM -2 -1.16 -0.336 | -0.631 | —-1.357 0.850417 1.275352 1.272655
8:49 PM -1.987 | -1.168 | -0.353 | -0.655 | —1.347 0.785 1.227947 1.22603
9:04 PM -1.996 | -1.187 | -0.363 | -0.651 | —1.354 0.719583 1.186637 1.185291
9:19 PM -2.011 | -1.209 | -0.371 | -0.637 -1.37 0.654167 1.150712 1.149782
9:34 PM -2.026 -1.23 -0.401 | -0.674 | -1.398 0.58875 1.119591 1.118961
9:49 PM -2.051 | -1.218 -0.39 -0.668 | —1.386 0.523333 1.092797 1.09238
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1.4, 128 202 NGC 17789 77|55 =4 &A1t

(1) NGC 17789 =3 A u}

BEANZ 14 2H & 3 & 4H & 5t = NZtZi(rad) H872(secz)  FHH7IEHX)
6:05 PM -1.835 -0.896 -0.067 -0.325 -1.004 1.465333 2.312608 2.258861
6:20 PM -1.922 -0.939 -0.119 -0.363 -1.144 1.399917 2.111904 2.073228
6:35 PM -1.928 -0.999 -0.094 -0.454 -1.149 1.3345 1.944998 1.916925
6:50 PM -1.955 -1.022 -0.18 -0.497 -1.18 1.269083 1.804609 1.784113
7:05 PM -1.996 -1.083 -0.201 -0.491 -1.208 1.203667 1.685409 1.670397
7:20 PM -1.965 -1.063 -0.209 -0.509 -1.255 1.13825 1.583418 1.572412
7:35 PM -2.031 -1.056 -0.254 -0.526 -1.261 1.072833 1.495608 1.487547
7:50 PM -2.061 -1.114 -0.298 -0.585 -1.295 1.007417 1.419632 1.413747
8:05 PM -2.043 -1.134 -0.324 -0.578 -1.314 0.942 1.353652 1.349378
8:20 PM -2.095 -1.157 -0.324 -0.614 -1.341 0.876583 1.296209 1.293127
8:35 PM -2.078 -1.172 -0.325 -0.638 -1.352 0.811167 1.246133 1.243932
8:50 PM -2.062 -1.175 -0.363 -0.614 -1.35 0.74575 1.202478 1.200925
9:05 PM -2.083 -1.182 -0.345 -0.646 -1.356 0.680333 1.164475 1.163395
9:20 PM -2.115 -1.196 -0.359 -0.648 -1.367 0.614917 1.131495 1.130758
9:35 PM -2.118 -1.189 -0.342 -0.654 -1.356 0.5495 1.103022 1.102529
9:50 PM -2.127 -1.217 -0.379 -0.654 -1.389 0.484083 1.078632 1.078311
10:05 PM | -2.135 -1.211 -0.384 -0.677 -1.377 0.418667 1.05798 1.057778
10:20 PM | -2.137 -1.217 -0.394 -0.687 -1.402 0.35325 1.040782 1.04066

[3 11] 129 202 NGC 17789 =3 Az}

= 0|MHX| s=(pg/m®)
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set centerX to markerImage. width/2

set centerY to markerImage.height/2
If GetPixel(markerImage, markerImage.width/2, markerImage.height/2)

If innerRect. x{centerX And innerRect.y<{centerY

set dir to 0
If innerRect.x)centerX And innerRect.y{centerY

set dir to 1

If innerRect.x)centerX And innerRect.y)centerY
set dir to 2

f innerRect.x{centerX And innerRect.y)centerY
set dir to 3

= COLOR_BLACK
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set exp to 1

set sum to O
For a =1 to GRID_SIZE

For b =1 to GRID_SIZE
markDatalallb] =
If markDatalal[b]

set sum to (sum + exp)

set exp to (exp * 2)

= GetBinaryPixel(gridLabel, GRID_SIZE, a, b)
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Zbol e A=, shANE & A-pofA= ot A Aol 2 Wi oly] witol WA
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S Hotslo]l O(nlogn)Q] A 7FHEF =S zZ+= FRT(Fast Fourier Transform, 14 Falof #g) S o
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while (ecnt { Music_Size / BUFFER _SIZE IN BYTES) {
ret = Music.read():
audio_data = bytesToShorts();
for (int i = 0; i ¢ CHUNK_SIZE IN_SAMPLES: i++) {
x_RealNumberli] = audio_datalil;
x_ImaginaryNumberlil = 0:

fft.doFFT(x_RealNumber, x ImaginaryNumber, false):

double best_frequency = min_frequency fft;

double best_amplitude = 0;

draw_frequency step = 1.0 * RATE / CHUNK_SIZE IN _SAMPLES;

for (int i = min_frequency_fft ; i (= max_frequency fft ; i++) {
current_frequency =1 * draw_frequency_step:
current_amplitude = Math.pow(x_r[i], 2) + Math.pow(x_ilil], 2);
best_frequency = Max(current_frequency, best_frequency);
best_amplitude = Max(current_amplitude, best_amplitude);
}
arrayAmplitudelcnt]=sortAmplitudelent]=best_amplitude;
arrayFrequencylcntl=sortFrequencylcnt]=best_Frequency:
cnt++;
}
sort(sortAmplitude):
sort(sortFrequency);
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File mp3File = new File(mp3FileName):;

- AudiolnputStream in = null;

e e P in = AudioSystem.getAudiolnputStream(mp3File);

AudiolnputStream din = null;

AudioFormat baseFormat = Music.getFormat();
AudioFormat decodedFormat = new AudioFormat();
din = AudioSystem.getAudiolnputStream();
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String mp3Path = "/storage/emulated/legacy/Music/";

mp3List = new ArrayList{(String)():

File[] listFiles = new File(mp3Path).listFiles():
String fileName, extName;
for (File file : listFiles) {

fileName = file.getName();

extName = fileName.substring(fileName.length() —

if(extName.equals((String)"'mp3"))
mp3List.add(fileName);

}

ArrayAdapter{String) adapter =
new ArrayAdapter{String)(mp3List):

3);
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public void onClick(View v) {

if (v.getIld() == R.id.VibBtn) {
vibState=!vibState;

} else if (v.getld() == R.id.play) {
playState=!playState;

} else if (v.getld() == R.id.stop) {
changeMusic=true;

WAV _Player Start(:

} else if (v.getld() == R.id.next) {
Now_play music++;
WAV Player Start():

} else if (v.getld() == R.id.back) {
Now_play_music——;

@ @ @ @ WAV _Player_Start():
}

[ 14] &ef A4 2w (% 15) SoF A4 B ME V)% QA aE




EO _.LO ul .
= o wjn
o B L
5o o o . T oo HO®
R = N EEoa
B < . B = B
e o m__e ,_A\T my T W
g & B =y I
o . N g N2 b
olo 1o 6 il . MH o ¢ -
i o - MV_H o q — N .
= o LN H) 2 - T o
o © G * n_an = B I 5 o B
=7 ol n &l = ™ i = B
! 1o =3 1 o o © M.UE — =
P S L3 i o (A S
=) RS N Hjo B I H & <
Pa F Y ] | S e 8 B L0
g = op JJ K g = mE = = ° =N 7
© - ol ﬁ]n o ® g M o = oy w W™ R
w ® g < M =T v L
M El <2 o N B B W B = oln & T Br .Muq
= = o o E = i )
@ X T L — o R s
v TZEZ =l = P | ® |z IoatRe
=1 0z =35 © = = R OB B E = N o
o ~ — =—= |z , - il ; .
W,.o &3 = 0 P n% —= | mt_| mH mm o o s 1z wd_m ™~ oF
%o <k zh) H- = o = |8 _ ol ~ w r <p ol o B2 A oan
E i o < R 5 C R W B K
= Mo - X 4 = e e B o iy
o= = - g X of o S
T T N P or e o oF Moo E
5 g o w3 §oop o T l%zfﬂ%
& = © o N
T Xz R A
< S s e X g g F ol . do — o
o S o G = g i g8 alzs sl N I I
S = o P ooy g8 e =|F 2 o RATRERERARES o x T w3
=~ = ~ " o 85888888888 -° — s ( ~ o S
2 o= Soar NN HEBEE D oy P
o R ! = o El
(2 2 w0 o T 85 g P
t EsslozEl <+ I
oo P =R S 5 F ot
o = 3 o] °F T B S 31
ol TS M R W At Nf = = G
— T X N X F HE N 0 L X R~ o
nig = N % o " J_m N oMo o
= T o= oy o o D = =
;OH = O"_o LS~ = — < N_ﬂ ey X
oo © or 2 Io) = I w0
o b N ) = s SR
= o o > = S 3 o B
e o Mo <L mi oF &
R oE F T
- B L e



252 1 Rad wtsl Fo] AL | 55 |
Z 1000
%1000 it
2900 - ) 90

(H)
800 T 1

700

600 ‘
500

w AEH | E o | 2= 3

400

300

Wi

200 H H

100 i
i

0

1 101 201 301 401 501 601 701 801 901 1001 1101 1201 8% ol

(1% 18] 2844 W o e WS o Fui

s (2% 19] #3445 dlo]8 & o 5x% & ot
el e & e = HA| AolE 358 @ 1oz
919 ZAHE i Ast7] Qlsto] ok AA dolE 35E3 & Fuk4: ihZ ol 85t S
ek, i) 19, 2W, 3W 2 Fshs ko] Rl vt 2 o= At et Y whgS
FEsH= ol #yk ofy et FzHeijlEe] AES Fall &S Ageh=dl Adstal weksh it
S1o] WAt FdatA ot X&) vlolel g FEsto] A ZE ey Tt
4,000,000 |
2000000 |11 }HH ! }\‘ il y h)l \\IM\ I\ 1l ‘ ‘;‘ ! l
LAl .

)

1 101 201 301 401 501 601 701 801 901 1001 1101 1201gotziof

(223 201 &of ¢ 13 ol ¥

s HolHE 254 o 7 ZoF Zol2 36 sho] 33%A171¢ A&, 66%A1719 AF,

10094171 9] A& o] WY WS AL

18,000,000

16,000,000 +

14,000,000

12,000,000

oo 330%M|7] | 66%A1|7| 100%A|7|

8,000,000 ‘{L‘o.n_-.i *{l%i %_IF

4,000,000 - //
2,000,000

4_|__———-—/

(1% 21] A% dolel 8 9844  3ote] A4 2olS 358 @ 1y

6,000,000




oxt
3
o
=2
o

1o
oo
19
24
oy
1o
4o
=
2
=
i3
Ho
o
g
o
=

o
N
(@)]
w

A% Eo g vuh-g-S 13st7] 98] &2t d-S BUFFER_SIZE_IN_BYTESRHE# ¢lo]
p (3000byte)o]] T & 2048bytedt Falof HEHS dFGlT)
02 4w & w2 7]2o] = e dHH wdolA] 2l o] e V|Eo R Fup

A2 S ti=o] Z1of YH immersionAtel Al Al-5-3F+= Haptic APIE ©]-&3lo] %5

il

Q
=
=)
o
I
=
2

El

%7_

::l

s
e g
_O|L

Lo

total=ExtractFFT . cnt;
SortFrequencyl=sortFrequencyltotal®*33/100]:
SortFrequency2=sortFrequencyltotal*66/100];

SortAmplitudel=sortAmplitude[total*33/100]:
SortAmplitude2=sortAmplitude[total*66/100];

while(ent < size/BUFFER_SIZE_IN_BYTES){

if(arrayFrequencylcnt] { SortFrequencyl) FrequencyLevel=1:
else if(arrayFrequencylcnt] ¢ SortFrequency2) FrequencyLevel=2;
else equencyLevel=3;

if(arrayAmplitudelcnt] < SortAmplitudel) AmplitudeLevel=1;
else if(arrayAmplitudelcnt] < SortAmplitude2) AmplitudeLevel=2;
else amplitudelLevel=3;

if(FrequencyLevel==1){
if(FrequencyLevel==1) Vibrate(STRONG_CLICK_33):
if(FrequencyLevel==2) Vibrate(STRONG_CLICK_66):
if(FrequencyLevel==3) Vibrate(STRONG_CLICK_100);
}
else if(FrequencyLevel==2){
if(FrequencyLevel==1) Vibrate(DOUBLE_STRONG_CLICK_33);
if(FrequencyLevel==2) Vibrate(DOUBLE_STRONG_CLICK_66);
if(FrequencyLevel==3) Vibrate(DOUBLE_STRONG_CLICK_100);
}
else if(FrequencyLevel==3){
if(FrequencyLevel==1) Vibrate(TRIPLE STRONG_CLICK_33);
if(FrequencyLevel==2) Vibrate(TRIPLE STRONG CLICK 66);
f(FrequencyLevel==3) Vibrate(TRIPLE STRONG_CLICK 100):
}

cnt++:
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