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Analyzing the nonlinear vibration of particles of mass under potential energy as a

function of position cubic equation in one variable
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W[.m Analyzing the nonlinear vibration ...

Abstract

The objective of this research is to study the vibration of a mass m particle depending on its
potential energy as a function of position, starting with calculating the displacement of the mass
particle's vibration as a function of time. This research uses Newton's second law of motion and
differential equation solving methods to find solutions. This research can also calculate the velocity
of the vibrational of a particle of mass as a function of time and the acceleration of the vibration of
a particle of mass as a function of time; the kinetic energy of the vibration of a particle of mass as a
function of time; and the total energy of the system of vibrations of particles of mass as a function

of time.

Keywords : Displacement, Velocity, Acceleration, Total Energy
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1. MsfvuandanuAndMiuilsidurasiiumis (@un1smasaumindsiied) lussuun1sduuwuu Simple
Harmonic Oscillator [4,5,6] 19t
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PNAUNIIN (1) ANUITOLFAIAMNANNUSTZTHINAMAUITZIEN AU WasuAngluszuunIsduwuy Simple

Harmonic Oscillator wuuliauunms AanIng 1

Potential (a.u.)
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A 1 ATALERIANENRUS TENINUAUITZIEN AU WaUAnglusTUUNSEULUY Simple
Harmonic Oscillator a9l k£ = 0.5, m =0.07, 1 =0.1, £=02

2. MImuIunInIInszdnveIn1sdureteyniamia m Mduilsiduresianlussuunisdunuu Simple
Harmonic Oscillator Aelandssudnglussuun1sduluu Simple Harmonic Oscillator kuuldausnns ng
ldngnisimdeunvesiianuden 2 Y F = ma [1,2,3]

dv d*x

1N F = —VV Tuszuuineann wuashuaunisi ) agla
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2
—kx+m—/1+m/1x2 = md—f
dt
2
d—f ixzi+ﬂdx2 (4)
- m

dnsaziaewaud x* Tuaunisa (4)

2
dx K2 ©

dar  m p

aunsfl (5) fwataas Ao X0 = X (1) + x9 (1) mIvwaeasionitus X\ (1) [7] ldarnaunsd (5) ma

= a1 @ 6
GZJ’N?,JEJSUENﬁlJﬂWﬁJﬂWLUUﬂUEJ
57 il =0 ©

Taefl o =k /m Fonin anudiBag dawinfu 27 £18,9,10,11]

(1) = 4, sin (ot +¢) @)
2 _(0)

RN U I ®)
d B

selunmataasians % (1) Tasnsimunauyinaes x = B, i =0, &9 = 0 unuadluaunish

(8) Azl
O+dB:% ©
B=ﬂ’12 (10)
[0
¢ O ()= 2
HalRaslanIE X, (1) = s (11)

HARAYTRIENNIS T YRUSHUUleNTUE Yasaun1si (5) Ao
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X0 = 4 sin(or+4) + - (12)
yoxo]

sioluiimun wataasann1si @) Ju xU (1) = X (1) + Ax, (1) wiunduadluaunisil (@) sl

2 (1)
d ’;tz(t) + o xV (1) = % + (20 (0))
d*x" (1) d’x (1) (0) ) A (0) 2
A a0 (1) + 0 A (1) = E+/1(x (1) + 4%, (1))
d2x(0) (l‘) ny d2x1 (t) n 2 _(0) (l‘) + 2 1 (t)
dt2 dt2 @ X w X
_ % + A« (t))z + 22X () 2x, (1) + 22 (%, (1)) (13)
WA A
d’x, (t) 2 1 OYANS
g T n0=5 (") 1)
2 2
d ;;z(t) + o' x (1) = % + (Am sin (@t +¢) + ﬂiozj
2 2
d ;;Z(t) + @ X, (t) = % + (Am )2 sin’ (a)t+¢)+ 2;;)4;” sin(a)t+¢) + ﬂfa)“ (15)
2 2 2
d ;Ctlz(t) + o x (1) = % + ﬂ?a)“ + (A;) (1-cos (21 + ¢)) + %;2;” sin (@t +¢) (16)
AR NARABIRNE
x,(t)=D+C cos(awt+¢)+C,sin(wt+¢)+G, cos(2at+ @)+ G, sin( 20t + ¢ (17)
1 1 2 1

% (1) = —C sin (ot + ¢) + oC, cos (@t + ¢) — 200G, sin (2wt + $) + 20G, cos (20t + ¢)

% (1) = —@’C, cos(wt + ¢) - &’ C, sin (ot + §) — 40’ G, cos (20t + ¢) — 40’ G, sin (2wt + ¢) (18)
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~&’C, cos(wt +§)— &’ C, sin (o1 + §) - 40°G, cos (2wt + ¢ ) - 40’ G, sin (201 + )

+@’D+@’C, cos( ot + @)+ &’C, sin(wt + @)+ &G, cos (2wt + ¢ )+ &°G, sin (2wt + ¢ )

:l+ﬂ—2+ﬁ
B pot 2

2

(l—cos(2a)t+¢))+ 2;14'” sin (ot +¢) (19)
w

WieuduUsgans azle

1 A’ A

D = e’ + o + Py (20)
ieuduusyans cos(2wt +¢) Azl
2
30’ G, = Ay
2
2
G, = (21)
6w
1 24 A
x (1) = e to st ot cos (2wt +¢) (22)
d2
250 + @' x(6)=0 (23)
auyANaRasAe x, (¢) = E, sin(awr) + E, cos(r) (24)
x(l)(t) = A, sin(wt+¢) + 4 + A L . A” + 4, + 4, cos(2awt +¢)
- “m ﬂa)z ﬂa)Z ﬂZ a)6 26()2 66()2
+E, sin(at) + E, cos(art) J (25)

W=0,1=0,¢=0

2 4A2
g 244,
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: A 1 A7 A4 A
x(1) = 4, sin (@t +¢) + poi l(ﬂwz tost ot cos(2wt +¢)

2 2
_ (,82 o+ ,B/} —+ 2A"§]cos(wt) (26)
) @ )

NEuNIN (26) anunsarinisuansdeyaresnisnsydnvesnisduveseyniama m Mduilsiduresaa
[7] luvhdenan1s3dedanind (1) Feeunipana mifansdumnsiluaunisn (26) menveilesitunslnauis
iieunieinga m Wensdunfuegiumsilnes 4, B, k, m

3. ATATWIUNIAUEIVERUNIANIE m TG ouflanelindsaudndluszuunisdunuy Simple
Harmonic Oscillator wuuldiauunsg [7]

AU (26) amnsameyiusvesnsnszdniieuiuia asld anusveseymamia m Miindu

A4 2 A 44 .
v(l)(t) = wA, cos(wt+¢) — =sin (20t +P)+| —+——+—= |sin(wr) 27
3w pPo P& 6w
31Na@uN1sA (27) Ao Arusiveseuniama m Mduiledduvesiaiianisdunielandsnudndid
AsIwes A, B, k, m lunuideilannsariinisidennsimuanianuduiusseninminusiveseynia

W mAvAATANANTY Al (2) eniluauidedawnsaiimiusivetouniania m luaunsi
(27) weyiusifisuiuna agld Anusweseumawia m Mduiliduvesiian

2

2 2
a (1) = -4, sin(wt+¢) - 2/1314’" cos(2a)t+¢)—£ 2, 2 al

EJFWJF 6’”)cos(a)t) (28)

luswddelanunsarinsndennsuaninuduiussenIne s vedsyn1ALIa m funaNdALILTY
fannil (3) sielUthanaiivessuninng m Tuaunisn 27) mdumameamdsuaiiduilsiduves
LAlUIEUUNTAUBYNIANIA m A3l

2 2 2 2
70 (1) = % wA, cos(wt+¢) - iﬁ;ﬂ sin(2a)t+¢)+(é+ ,8/210)5 + 461;1: jsin(a)t) (29)

v
= 1

wasuIarluaunsi (29) axduegiuawdees A, £, k, m sounsidsilamnsamuiaineinu

Y
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1%

WHIUTINVBITTUUNTFUN DU T uvawIan fadl
(1) )
E,) (1) =T" () +V,(x)

2
2 2 2
EV(¢) :% wA, cos(wt+¢) - éf: sin(2a)t+¢)+[é+ﬁ+ 461;1: jsin(wt)

+ - - (30)

4. aun1sveen1snsranvesnIsduveteyniaia m Mduilsidurenial mnusiveseuniaulg muas
ANULSIYRIBUNIAIIE m NndeunnelanduAnglussuun1sduluy Simple Harmonic Oscillator wuu
Waunng (7] wvihnisasinsluiide nansidouazedusenaniside veld

NaN15338azanUs18Nan1sIvY

NAUNIN (26) anansainsuanstayaveinisnszdnvesnisduvesouninia m Mduilsidu

voaanelandsudngluszuunisdunuy Simple Harmonic Oscillator wuuliauuaslumdonanisive
U dﬁl
il

E 05 |
£ £
g g
= 00 =
(=) =

0 5 10 ].5 20
Time
(a) A=0.1-0.7
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1.0F |
£ 05} E
: :
£ oo} z
-0.5F
—-1.0L ! =
0 5 10 15 20 20
Time Time
(¢) m=0.12-0.16 kg (d) k=04—-0.6 N/m

5%

M9 2 Nsnsednveansdureteuniania m Mduilsiduvesianituediuamidmesamsdnes
A, B, k, m

1NN 2(a) unTmiEuasweINInzinveInsduYeteyaana m Mduilsiduvesnan e 4 =0.10
wazidunslddervesnsnszdaveansduveseyniama m Mduiladduvesnan e 4 = 0.40 gavie
Funsldiduresnmansedavesnisduresoyniaing m Mduilsitureanan e 4 =0.70 dre1ves
wsfwed 4 danfiuduagilinisnssdavenisdureseyniamng m Mduilsifuresnaniueumdged
isdudg wanyin nsnsednvesmsduvesoyniaina m Mduilsiduresiaudstulagasetuaives
wdwes 4 9namil 2(b) Lﬁuﬂswwa‘l,tmsuaqmsﬂizﬁmaamsﬁuﬁuaqaymﬂma m Mduilsiduvesnan
o B =030 uazdunsmddervesnisnszdnvesnisduvesoyniauia m Mduilaituvesnan il
B =050 anviie dunswdiniiuvesnsnsedaveanisdureseuninmng m duilsiduresnan e
£ =0.70 davesnisdines £ ﬁﬂ'wLﬁu%u%ﬁﬂﬁmﬁmz%mmmié"maaaumﬂma m Fduilaidu
yesafioundgaiianamsadin uanein msnszdavesnisduveseyniamia m Mduiladduresian
wssnifufusesmsdives B annmd 2(0) dunswduniweansnsziavesnsdureseynniia m i
Huilsdtuvosnan e m=0.12 kg LLasLﬁumﬂw%L?Jm‘uamﬁﬂisﬁmﬁuamﬁé’umaﬂaigmﬂma m oy
flafduvosnan e m = 0.14 kg gavihe Lﬁuﬂiww%ﬁwL‘Eumaamimzifmaqmié’maaaumﬂma m M
flafduveanan e m = 0.16 kg MAwoswniwesveunasyna m fauiuturerlinisnsednves

nsduvesoun1aiia m MIuilenduresla1iuaundan iUt U Lanin N13NTEIAVBINITAUVDS
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A & s o ) P a s a
aunamia m Mduilsiduresiaulsdulaenssiuarvesnsfinesvoaunasunian m 9nama 2(d)
Eunsduwnsvesnisnszdnvesnisdureseyniauia m Aduilsiduresian We k = 0.40 wazidunsiwd

Benvein1snsgdnveinisduvatouniang m duilnduveana e & = 0.50 gavine wdunsinduitu
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Abstract

The objective of this research is to create a mathematical model of point charges and
multipoles to generate electric fields from electric field lines and equipotential lines. This research
uses mathematical software to generate electric field power, electric field lines, neutral points,
dipoles, and bipolar pairs. The resulting electric field models enable students to draw electric field

lines and neutral points. Based on the essay-style answers in the exam, out of 12 students in the
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class, only 10 students, or 83%, were able to demonstrate an understanding of electric force and

neutral points.

Keywords : Electric field line, Equipotential line, Neutral point
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Input{1] : Needs["Graphics PlotField™] wiefvunsdssslunisadiensiv

Input[2] : VEPlot[potential_, xlim_, ylim_, opts ] :=
Module[{plotl, plot2}, plotl = PlotGradientField[-potential, xlim, ylim,

ScaleFunction — (1 &), DisplayFunction — Identity]; plot2 = ContourPlot[potential, xlim, ylim,
ContourShading — False, ContourSmoothing — True, DisplayFunction — Identity,

PlotPoints — 501; Show[{plot1, plot2}, opts, DisplayFunction — S$DisplayFunction]];

Waldaunis E = — VY Tunisasiadunsabililn (@uiunnwas) [5], [6] wazdnshaads ContourPlot Lile
asaduan@ne L

Input[3] : VEPlot[potential , opts ] := VEPlot[potential, {x, -2, 2}, {y, -2, 2}, opts]
Input[4] : Protect[VEPlot];

Input[5] : Monopolelq : 1,10 : {0, 0, 0}, r : {X, y, Z}] := g/(Sqrt[Sum[(rO[[i]] - r[[ilDA2, {i, 1, Length[rO]}]]);
ANaUNsAel Andli

q

V =
S (5 () - ()

Input[6] : Monopolelq, {x0, y0}, {x, y}I

Output[6] : @/Sqrtl(-x + xO)A2 + (-y + yO)A2]
Anasalniludseqluihfiagen
Input[7] : quad = (Monopole[2 g, {0, 0, 0}] + Monopolel-q, {0, 0, d/2}] + Monopole[-q, {0, 0, -d/2}])

Output[7] : (q/Sart[xA2 + yA2 + («(d/2) - 2)A2]) - @/Sqrt[xA2 + yA2 + (d/2 - 2)A2] + (2 g)/Sqrt[x"\2 +
yA2 + zA2]

Anasalniludsegluihaudinuu Line Quadra-pole [71,(81,19]

Input[8] : triangle = (Monopole[+2 g, {0, 0, 0}] + Monopole[-q, {d/2, 0, -d/2}] + Monopole[-g, {-d/2,
0, -d/2}1)

Artit Hutem and Phattara Thiangtrong
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Output[8] : -(q/Sqartl((d/2) - x)N2 + yA2 + (-(d/2) - 2)72]) - ¢/Sqrtl(d/2 - x)N2 + yA2 + (-(d/2) - 2)A2] +
(2 g)/SartxA2 + yA2 + zA2]

Anaseliihluuseglnihanudy wuuguaumden wasiaduaudnglniil10]

Input[9] : Square = (Monopole[+q, {d/2, 0, d/2}] + Monopolel-q, {d/2, 0, -d/2}] + Monopole[+q, {-
d/2, 0, -d/2}] + Monopolel-q, {-d/2, 0, d/2}])

Output[9] : 9/Sqrtl(-(d/2) - x)A2 + yA2 + ((d/2) - 2)A2] - ¢/Sqrtl(d/2 - X)N2 + yA2 + (-(d/2) - 2)N\2] -
/Sartl((d/2) - x)A2 + yA2 + (d/2 - 2)A2] + o/Sartl(d/2 - A2 + yA2 + (d/2 - 2)A2]

Anaslvliluyszaluihds wuusuavaes wasiinduaudndlidii
Input[10] : Plot3D[Square /. {y — 0, g = 1,d = 1}, {x, -1.2, 1.2}, {z, -1.2,1.2}]

Output[10] :

Input[11] : chargesl = {{Hue[0.3], Disk[{0, 1/2}, 0.1]}, {Hue[0.95],Disk[{0, 0}, 0.2]}, {Hue[0.3], Disk[{O, -
1/2}, 0.113};

Input[12] : p1 = PlotGradientField[-quad //.{y = 0,q = 1,d — 1}, {x,-1.2, 1.2}, {z, -1.2, 1.2},
ScaleFunction —> (1 &), Epilog -> charges1] tieas1aduunsslninluussglniaiusauuy Line Quadra-
pole lngimun vwinveslsealii g — 1, sseerneseninadsegliih d - 1 dand 2

9Mad BIGU La: ANS IRBVOSY



WLW Modeling electric field lines ...
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A 2 afradunsabiiinludssglndihaiuda wuu Line Quadra-pole Tnattiouledanndtds INvuIeaY
Input(7]

Input[13] : p2 = ContourPlot[quad //.{y = 0,9 = 1,d = 1}, {x,-1.2, 1.2}, {z,-1.2, 1.2},

ContourShading — False, DisplayFunction — Identity, PlotPoints — 50] \ieadaduaudngluih
vaaUsERliaudy wuu Line Quadra-pole AINN 3

0.0
-0.5

=1.0

-1.0 —0.5 0.0 0.5 1.0

At 3 uanaduaudnglulihuesseqlulihaius wuu Line Quadra-pole
Input[14] : Show[p1l, p2]

Output[14] : A1l 1(b) UL Line Quadra-pole
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Input[15] : charges2 = {{Hue[0.3], Disk[{-1/2, -1/2}, 0.11}, {Hue[0.95],Disk[{0, 03, 0.213, {Hue[0.3],
Disk[{1/2, -1/2}, 0.113};

Input[16] : p3 = PlotGradientField[-triangle //. {y = 0,q = 1,d — 1}, {x,-1.2, 1.2}, {z, -1.2, 1.2},
ScaleFunction — (1 &), Epilog — charges?]

Output[16] :

-~ Y ¥ Y v .
[ S Y |
| Y
> v
~ Y -

- -
- o 4y, -
-~ M
- T
- ‘l‘l( -
“ 'r
- i .
- “\ 4‘" N
- A s
» o~ > v Y
4“ 'b
y oy 2 R
- >
* N
voror vy oy
e vy rto# I N A
AN A e, | N
- - g
" r(" Y A0‘!-“, “

- -

- 4“-1 i n—“‘ -
v 7 Y v A S
> -
'(441\; A 44As“‘
R S S S R R S
v « 1 LS

Input[17] : p4 = ContourPlot[-triangle //.{y &> 0,q = 1,d = 1}, {x,-1.2, 1.2}, {z, -1.2, 1.2},
ContourShading — False, DisplayFunction — Identity, PlotPoints — 50]

Output[17] :
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0.5~
0.0

=0.5

-1.0
Input[18] : Show([p3, pd]

Output[18] : Al 1(0) wuu Triangle

=05 0.0 0.3 1.0

. rEunselnva

ol

-

"~ . auaudnglini

Ay v
A » PRy N
et AAEALLNU
- v » i 9
v d * > >

1nuAfetull Pmdldddunsihdemaseumsaeutuilulflunsaeuneiniiand lukdenguesg
aout uarauniliihlutuin@nuienssunismdatuld 1 madeud 2 In1s@nw 2568 Sefuiunisaey
Tufudsansauit 24 Smdlddudunsldnanuidodnanasulaslinagnsvnenisaeu uuy Backward
Design @slunuu upe. 3 lusiedviand fnasinisldasuun (rubric) vesdeaausmiessl
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Abstract

This research aims to investigate the relationship between ball distribution uncertainty,
measured by Shannon Entropy, and the efficiency of creating scoring opportunities in the attacking
third. Using event data from 15 matches of the 2018 FIFA World Cup, the study employed spatial
coordinate analysis and information theory statistics by dividing the attacking half into 9 discrete
zones. The results revealed a very high positive correlation between Shannon Entropy and scoring

opportunities, with a Pearson correlation coefficient (r) of 0.98 and a coefficient of determination
(Rz) of 0.97. This indicates that the unpredictability and diversity of passing can explain 97% of the

variance in attacking efficiency. The linear regression model suggests that an increase of 1 bit in
entropy is associated with an average increase of 6.68 scoring opportunities. These findings confirm
that uncertainty in ball distribution is a crucial factor in space creation and overcoming highly

oreanized defensive systems in elite football.

Keywords: Shannon Entropy, Information Theory, Football Analytics, Scoring Opportunities, Success
Ball Distribution

[

AUMATANEIAY

]

\nufwausauFuIINAsedANaINTalRERvesiaud Sanlluginudiisnguainguuuy
MsldukaznIsUSIsTansiuTiethatudy (1] mstianidulasasaiifatulundousunisiamdiuys
dmsunsdssdiudiusng q vesinnlnueauaznadnsiifind uarnnsutsdu Wy dpdunisasesuen
(Possession Rate) Wias uaunisasusadida (Pass Completion) agdlsfinu fenddefialdifivingtin
Fainanunduiusiunanisustutiosas iesnddadeduduniendes 1wy Auflawsaasesuealdunn
wiraUsEansannsd i iuduen liaunsaadaadwsiald vefiufidsuoaunnusdinlng dunisdediy
wae WeanunsaaieanulaiSeusnagnslaunnme [2-3]

Y

paoAnmITTUANIUINTTISoneeua S ofmunuuiassmendamansliannsaussiiuna
Tudusing 9 veanuaveafidiasegsimnsglanlasnisiianudmansdudiunysaunnssude
W Duch et al. (2010) ua Passos et al. (2011) [4-5] dngufin3eune (Network Theory) sUszgnaldiu
wavoa Tasnsesdidwdugaiiiimsdsenifoutuetradulassing nansidedansassyldigudnans
yosmsastoyariofiduiiduunundnvesiivdelas uwildannsomaaildinsdsteyatiuaglulufiana
st namfte mnnsdsuearieniautuduzuuuuiiuiuey wuassungudinietisannsnmanld
uidhnsdsusariomaauiuldoglusuuuuiuiueunuudaenyilansonianinadnsld vienannludn
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yuAslwnunsuydutwAnlyaleauliuiuesuveinisdndulavewlauidwmn liuuudnasmis
AdlnFanskuuLdulianunsavinele

fedeagusai na1mud Mg uia1saumaAveLyUUeY (Shannon Information Theory) 34gn
vhunlfifuedosdloduiuiiddnlunisiunewgiinssudang1d Ing Shannon (1948) [6] fenuteulnsl vide
SeniivuusueulnTy 6'?541L‘fﬁluﬁaLLUiﬁi’mﬂ%mmmmMLL‘Liuaw'%aU'%mm%’agaLa?iasuam,mziaﬁ%ﬁmé’mmm
Tnganunsawdannuladn auaiunsaluniseinmiugnisalazulsinduiuan eulnsy Cintia et al
(2015) [7] wui1 ms¥auruneweulnsdliifssnsdsueadiusiugt wilunmsindeinssuvdweaiuiinan
duunnweflazsilinusuvesgriedduau Jefoindulifnadfifuliausaialsd

mﬁquﬁﬂiiuﬁaﬁaLLUﬂ@‘L@iuaummuaafuﬁwLﬂuéfaqLmqﬁuﬁammﬁauammmwmmmmﬁ
maa%@gadﬂﬁuﬁmﬂwuﬁmiLLaquﬁﬂiiuaziil,l,asmmil,duﬂublm o edusnudsaunuuuy 3 dau
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WuIgn Lesuitn uaznsuUnuanduiuininseusarituiidungs v 3x3 (9 Tau) aunnd 1. vl
miLLUQWU‘VIﬁU'MG]G]LLUaﬂﬂJ’ﬁ]’mﬂ’liLLUﬂuW\ij’m 18 Touiidenldlumsiiasisiunein Tagnzasudafiui
gnvneeanidunsng 3x3 LﬁaLwﬂ‘imeﬁmwwﬁuﬁqmﬁwstuaqmimaumawaa FeaonadosTundnnsiay
Nufiuauiiedusielng Clemente et al. (2016) [9] agalsiniy nsldeulnsdiasgiansausisaunnly
mATeundiditedinlunsagieulssansamusanugnogiaianzas iesnnlaldLenuezszninanis
sovesluiuiivaonfouazmatvinluiiuiisunse suidedfaiunuuandussndunmualnl aons
Uszgndldnisnan3nauin 3x3 Lawwﬂuﬁyuﬁqmﬁw (Attacking Third) iiteazvieunisindulanazaugs
melaaniiznadugalnense

nToyansind1IuaIdIiu NsAnwIANNFuTusTEnIAusuueueulnsliulseansainluy

¥
=3

nsadlemariszgiusedogesnssiinuardaiidesiimautamiuiiisinandoyaiu ewideiFejady
Anwanudunusseninemnulduiueulunisnssaeveamenisinaneulnstivusednsamlunmsaing
Temavinuseg lefigatinsuisunumvesnailiuiueulugiusdadeduindeunnudifansiu uazes
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A5N15AHUN5IY

NuIelEITNTIeeideyaisUTunalaenseuiunisulastaya wanisal o AU innig
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1. ddayannnisal (Events) 91ng1utdeya StatsBomb dududeyaniainnisuysdurnuealan
2018 (2018 FIFA World Cup) 9113 15 uuad diunszuiunsiesgiiinaniaiimans wagAuinaiain
A uasaunalagtuiindurislugluuuiinaasideu (x, y) vuauIvuIAInsgIu 120 x 80 vian

uhmsdansadanizmansainisdiueaduia Nlyeduan (x,,,v,. ) sgluasEuiugn x 1nnivse

q q €

Wiy 60 ma1 Antuihmswdasiinasertieslidudeyauuungu (Discrete Zones) InsuusituiA3sauusn
ponilu 9 Twu Z, B Z, sudeulafifuualunisned 1.

T 9 lasy 8 T 7
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Jnwaan . Jngnean
QAN

Twue | Tou 5 C Twu4a
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winseu | (MNSOU) . winTav

lwus | lasu 2 o lwui
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b= (2)

n;
N

Sunauii 3 tharmnhasdudsiuiveusaslaununuaadduauns (3) WemAuyuuey
wulnst visil inldaen3fiugiuaes log, itelidenndesiunuduatiuvesusuuey (6] wazves
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H= _Z p;log, (pi) (3)
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Nt ngUsrasdiflonuduiusssrinsanuliuivoulunisnszaeueademsadtouingd
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1. auduiusseninauwvuuoueulnsUuarlonianisviiseg 99nN51ATIEAN WA 2. LUAINANS
nsgefvestayaseindundsiviussgfuausuueueulnslnundeyaromn 15 wund wut
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Abstract

The generalized k- Lucas numbers represent a significant extension of the Lucas numbers
and exhibit a strong structural relationship with the k- Fibonacci sequence. This research presents
an analytical study of the fundamental algebraic properties of the generalized k- Lucas numbers,
which characterized by a distinctive block-partitioned structure. The primary objective of this study is
to introduce the theorem of Cassini's identity for the generalized k- Lucas numbers, illustrating the
underlying relationships between various terms. Furthermore, this paper has also proven the block
and cumulative summation formulas. By establishing the sum of k& consecutive terms within any
arbitrary block m leads to the extension of these results into a cumulative sumnmation formula from
the initial term up to any N” term. The obtained results can be expressed in a closed form strictly

in terms of the values of the Lucas numbers at indices m—1, mand m+1.

Keywords : Generalized k - Lucas numbers, Lucas numbers, Cassini's Identity, Summation formula
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Abstract

This research aimed to analyze and compare the color values of coffee cherries at different
ripening stages, including unripe, ripe, and overripe stages, using histogram analysis and color
segmentation with K-means clustering in the RGB color system. The results showed that histogram
analysis highlishted the significance of the green color in the unripe stage, which decreased
significantly in the ripe and overripe stages, reflecting the degradation of chlorophyll. Meanwhile, the
red color increased in the ripe stage and decreased in the overripe stage, corresponding to pigment
changes in the coffee cherries. The blue color exhibited minimal changes but contributed to the
balance of the analysis. In addition, when the differences in red, green and blue values of all ripeness
stages were analyzed using the Kolmogorov-Smirnov test (KS Test), all pairs were found to be
significantly different at a statistical significance of 0.05. For color segmentation using K- means
clustering, the number of clusters (k) significantly impacted the segmentation results. A value of k=3
was suitable for analyzing primary colors, while k=4 provided more detailed shades, enhancing the
segmentation of different tones, such as lighter and darker greens in the unripe stage or purple tones
in the ripe and overripe stages. These techniques effectively identified the ripeness levels of coffee
cherries and could be applied to automated sorting systems in the coffee industry, improving sorting

processes with greater accuracy.

Keywords: Coffee cherry, Histogram analysis, Color segmentation, K-means clustering, RGB color

system
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2. MTIATIERdAlAuATH (Histogram Analysis)
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1) Tgn1smaaeu Kolmogorov-Smirnov (KS Test) Tun1sinainuunnsnsludsivddgszming
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(CDF) wosdoyadesyn uazvindn P-value tosninszdudifyil 0.05 uansi1 Joyades
yadAuLAnANiuegdited Ay neada [5]

2) 1438 Earth Mover’s Distance (EMD) lunsinanuwmiouluddinavseninedalawnsy 2
yadoya mInA1 EMD ¢ wandindalaunsuassduiianundiondeiuuin mndn EMD g
wanaFalawnsuaesduwandeiuann [6]

3. A3uend (Color Segmentation) #1835 K-means Clustering daduisnmsiseuiveaniodililuns
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—  mMuuawIungu (k) Tnelun1sidondetiimuels k=3 uay k=0
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1. MsAATIZNBalaunsY (Histogram Analysis)
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M13197 1 AEDAAIEYDIN NN ILHLYDTSTEULHARY NAFN WALHAZNIA

AN gl Aade SD.  Agn  A1gegn
HaRU 19 R) 0.32 0.12 008 1.00
T ) 0.38 0.11 0.10 1.00
$3u (B) 0.26 0.13 0.07 1.00
NaEn W (R) 0.33 0.12 005 1.00
Fe (G) 0.20 0.14  0.06 1.00
i3 (8) 0.24 0.14 0.9 1.00
Kaandn e R) 0.24 0.14 005 1.00
Fe ) 0.18 0.15  0.05 1.00
$3u (B) 0.24 0.15 0.9 1.00
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A19719% 2 Han15UAdeU Kolmogorov-Smirnov (KS Test) wagn15inA1unilaunieds Earth Mover’s
Distance (EMD)
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YT Aueuiiigy KS Test EMD
(D-Statistic)

wa (R) HAFU VS. Hagn 0.09478* 0.50710
HARU VS. HagnIn 0.37863* 2.06770

HAgN VS. HagnIn 0.29969* 1.73515

e (G) HARY VS. Hagn 0.50571% 2.72170
HARAU VS. NAgNIn 0.57196* 3.42548

HAgN VS. Hagnan 0.19013* 0.70377

1hidu (8) KA VS, Hagn 0.16348* 0.59575
HARAU VS. NAENIN 0.25910* 1.24294

HAgN VS. Hagnan 0.15821* 0.64720

a o

* 3804 dmuuanasiueglidedAgynanan 0.05
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(%
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AAdeAsunlasintian sesanfedunsuayiintunugid
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Original Image Segmented Image: k=13 Segmented Image: k=4
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AdAgY : szuuLinTerdniioy, A19131An, SDLC, GPS, LINE Messaging API

Abstract

This research aimed to develop a class attendance system using QR code technology based
on the System Development Life Cycle (SDLC) framework, together with systems analysis and design
principles and Data Flow Diagrams (DFD). The system was developed using the PHP programming
language and a MySQL database for data storage and processing. To enhance the accuracy of
attendance verification, the Google Maps APl was integrated to compare Global Positioning System
(GPS) coordinates with predefined classroom locations, enabling the system to appropriately restrict
the attendance registration area. In addition, the system supports real-time notifications through the
LINE application by utilizing the LINE Messaging API. The system was designed to support three user
roles: administrators, instructors, and students. The administrator is responsible for managing user
information and class schedules. The instructor can control class session activation and approve leave
requests, while the student can record attendance by scanning QR codes. System evaluation was
conducted using a user satisfaction questionnaire covering four dimensions: system requirements,
system functionality, system usability, and system security. The results indicated that overall user
satisfaction was at the highest level, with a mean score of 4.62 (S.D. = 0.48). All evaluation dimensions
were also rated at the highest level. The research findings demonstrate that the developed system
effectively meets user requirements and enhances the efficiency, reliability, and security of

attendance management in educational institutions.

Keywords : Class attendance system, QR code technology, SDLC, GPS, LINE Messaging API
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tinfnwld3] deldussgndldimaluladmeniidauasusunaindulailunmsuiuusanssuaunsnielusadng
shetemnundadousnilaia) iihmstaunssuudaderdizouihuweundiadulat Tneiflduoundinduly

N15LALADULNANEN
A5N15aiunN1598
1. sURUUMTIY
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AMAU WarnII9aaUdauUNaula[51UsENaUA1Y 5 TUABU WA NISILATIEIANUADINTT N1TBBNLUUITLUU
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nsWansTUULUeanilu 5 dunsumdnaa SDLC i
Uil 1 NS imnudenIsvessEuy (Requirements Analysis)
1) Anwdgmuaznszviunsidadedy Wy aruadn auianain msasdeuny uag
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Abstract
This research presents the development of an "Automatic Gas Leakage Warning System
Prototype" using microcontroller technology to enhance household safety. The system utilizes an
Arduino Uno board as the central processing unit to process data from an MQ-2 gas sensor. The

experimental results demonstrate that the system provides real-time gas concentration readings via
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an LCD display and features an audible alert mechanism using a buzzer, which is triggered immediately

when gas levels exceed the safety threshold of 60 ppm. Efficiency testing indicates that the prototype
responds accurately within a range of 1-3 cm, with a minimum response time of 1.09 seconds,
effectively reducing the risk of household fire accidents.

Keywords Arduino Uno, Gas Detection, Microcontroller, Warning System
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Abstract

This research aimed to 1) Comparing the Problem-Solving Skills of 8" Grade students at The
Demonstration School Thepsatri Rajabhat University using the 5 STEPs Learning Process and 2) To
study the attitudes towards science of 8" Grade students at The Demonstration School Thepsatri
Rajabhat University. The sample consists of 46 students from 8th Grade class (class 8/6), selected
through Simple Random Sampling. The research instruments included 1) a problem-solving skills
assessment scale and 2) an attitude towards science assessment scale. Data were analyzed using
mean, standard deviation, and dependent t-test. The results showed that the 5 STEPs Learning
Process significantly improved the problem-solving skills of 8" Grade students at The Demonstration
School Thepsatri Rajabhat University compared to before the intervention (p < .05),
and their attitudes towards science were at a high level (mean = 4.07, S.D. = 0.80). Therefore, the 5
STEPs learning process enables students to develop analytical thinking skills and apply them to solve

various problems with high quality.

Keywords : The 5 STEPs learning process, Problem-Solving skills, The attitudes towards science
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