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Evaluation of Time-Dependent Displacement of Particle Bound in
Anharmonics Oscillator Potential Perturb by Electrostatic
External Force via Heisenberg Picture Method

Artit Hutem*
Department of Science Education, Faculty of Science and Technology

Phetchabun Rajabhat University Phetchabun Province 67000

Abstract

We consider the time-dependent electrostatic force anharmonic oscillator potential in one-
dimension. Here, we derive the existing Heisenberg equations of motion from Newton’s second law.
We can be used the time-dependent Hamiltonian operator for the time-dependent electrostatic force
anharmonic oscillator system. We use the principal of Wronskian method solve for solution of the
expectation value of displacement operator for particle bound in anharmonic oscillator potential
system. The behavior of the expectation value of displacement operator is wave oscillate depend

on the parameter linear frequency, the initial charge, the initial electric, the parameter o and p.

Keywords : Displacement operator, Time-dependent external force, Heisenberg equation of motion

INTRODUCTION

Having established the observational meaning of the variable we have called momentum
operator (P ), we can find the relation between newtonian mechaincs and the theory we have
developed here. We have already studied the quantum-mechanical analog to Newton’s first law;,
here is the second. The problem is to evaluate d(P)/d¢t and this requires the commutator [H, P] .
It is easily shown to be equal to [H, P] = ihdV /dx so that

*Corresponding author : artithutem@pcru.ac.th
Received : 27/08/2024 Revised : 18/11/2024 Accepted : 13/12/2024
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d ov
Z(P)Y =~ <1>
dt ox
Thus there exists a relation among expectation values which exactly parallels Newton’s
second law expressed in terms of the potential energy. It is the most and it encourages us to look at
Newtonian physics as a series of relationships among the expected results of measurements. Equation

(1) are known as Ehrenfest’s theorems or Heisenberg equation of motion (Mark, 2014) [6].

Russell Akridge will consider several model of transition amplitudes and probabilities for the
harmonic oscillator potential with a time-dependent forcing function proportional to cosine begin-
ning at time zero are evaluated to ground state order using time-dependent perturbation theory [1].
Next, Cordero-Soto Ricardo create model of the classical equations of motion for particle bounded
harmonic oscillator potential perturbation the time-dependent damped oscillations are derived for
the corresponding expectation values of the time-dependent position operator (Cordero-Soto, et.al.,
2009) [4]. Currently, Castanos L.O. and Zuniga-Segundo A. show that the classical time-dependent
forced harmonic oscillator with constant mass, linear frequency and the use of elementary properties
of the coherent states simplifies the description of the system and in determining the solution in the
RWA (Castanos & Zuniga-Segundo, 2019) [10]. The purpose of this paper, we will calculate the expec-
tation value of displacement operator under the time-dependent external damping force anharmonic
oscillator potential. The scheme of the article is as follows. In section materials and method, we
illustrate evaluation of the expectation value of displacement operator of particle bounded in anhar-
monics oscillator potential under time-dependent electrostatic external force. In section results, we
can be plot graph relation between the expectation value of displacement operator and time. The

last section contains our conclusions.

MATERIALS AND METHODS

Evaluation of time-dependent displacement operator of particle bound in anharmonics

oscillator potential under time-dependent external force

The behavior of an oscillator subjected to a time-dependent force is of importance in may
contexts. When the oscillations are those of a small massive system, such as a molecule, the force
can often be approximate as being constant over the dimensions of the unforced motions, and is

described by adding the potential —Agy + aaf(t)ﬁlm to the Hamiltonian.

Let }Ajlm and gy be the canonical linear momentum and position operators (displacement

114 Artit Hutem
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Fig. 1: Plots of the electrostatic external force as a function of time showing particle bound state

(20 < ) (a) and particle unbound state (20 > ) (b)

operator) of a particle of mass m moving in one dimension under the influence of a Static linear
restoring force and anharmonic oscillator potential, i.e. a potential energy proportional to g3 , of a
strength such that the angular frequency is wy . The Hamiltonian, in the Heisenberg picture (Jussi &

Jukka, 2020) [11], [12], [14], [16], is thus

~

~ p2m 1. . R ~
HF(qd7 Plz'm t) - ﬁ + 5]{3(13 - )\Qd + aa&(t)-PliﬂJ (2)

where k = mwj% is the spring constant, A are positive real constants, «, are positive real
constants, £(t) is the time-dependent electrostatic force (Kurt & Tung-Mow, 2004), (Sang, 2003)[3],
(Andrews, 2010)[2] in figure 1. The equation of motion of position and linear momentum operators in
the Heisenberg picture are (Shigeji et.al. 2014)([7], (Moonsri et.al., 2020) [12] 4(gy(t)) = +([qu, Hp(t)))
and %(ﬁlm(t)) = %([f’lm(t), }AIF(t)]) The Heisenberg equations of motion the case of the expecta-

tion value of the position operator are :

@) = . Ar (1)

(15 (B g 2k — M+ () i) ®
(o [Aa(6), P gme@a(e), (0] — AlGue), Ga(0)] + 0ufa(r), €(1) Pan))

Substituting the commutator of [Ga(t), 32(t)] = 0, [Gu(t), u(t)] = 0 and [Gu(t), P2 ] =

» = lin

2@'5}311-”, [qu(t), ISIm] = ih into The Heisenberg equations of motion equation (3) yield

Artit Hutem 115
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d (Bin (1))

7 —(q(t)) = + a,&(t) (4)

These are the famous first-order linear ordinary differential equation. The Heisenberg equa-

tions of motion the case of the expectation value of the linear momentum operator are :

d = 1, 5 23
£<le(t>> = E([Pnn(t) Hp(t)])
- %([ﬁm( ), 12:)“” + ;k — AGa + € (t) Pin))
B %« [le( ) Pl%n] + %mw}%[ﬁlln(t)’ 673] - A[ﬁlin(t)a é\d(t)} + aag(t) [ﬁlin(t)v ﬁlm(tﬂ»

(5)

Substituting the relationship commutator of [P, ﬁzm] =0, [Piin, g2 (t)] = —2ihqy, [Piin, Gu(t)] =

—ih, [le, le] into the Heisenberg equation of motion in case of the linear momentum operator
equation (5), we have

—(Piin(t)) = A — mwi(Ga(t)) (6)

These are the famous first-order linear ordinary differential equation. Differentiating equation

(4) with respect to time gives us

= (Bin(t)) + a0 =& (1) (7)

Substituting Equation (6) into equation (7), we can rewrite equation (7) as

@) =
d2

@) + @) = 2+ au e

d
(A — mwf<Qd(t)>> + O‘aaf(t) (8)

>/§|'—

We now define of the time-dependent electrostatic external force to give £(t) = goFEoe ™ cosh?(at)
(Russell 1995), where qq is the electron charge, p is the positive damping constant, Ej is the initial
electrostatic force (Chew et. al., 2016), (Chew et. al., 2019), and ¢ are positive real constant. Sketch

&(t) as a function of time, we have With this definition, the first-derivative term becomes

116 Artit Hutem
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d d - qokFo, d, _, de~ Mt

—&(t) = —(qoEpe " cosh?(at)) = (—(e7" cosh(20t)) + )

di i’ 2 \dt dt ©)
E(t) = q02 O (20¢™H" sinh(20t) — pe" cosh(20t) — pe )

Substituting equation (9) into equation (8), we can rewrite Equation (8) as

a? A qagEy

ﬁ(qd(t» + w?(ffd(t)) = + (20e " sinh(20t) — pe " cosh(20t) — ue™) (10)

This is a non-homogeneous, second-order, linear differential equation. The solution of equa-
tion (10) is given by the sum of two parts according to the following theorem: If (¢(t)) is a particular
solution of an non-homogeneous differential equation and the complementary function (gj(t)) is
the solution of corresponding homogeneous equation (that is, equation (10) with the right side equal

to zero), then (qu(t)) = (q5(t)) + (@4(t)) is also a solution of the non-homogeneous differential

equation. (g5(t)) is the solution of the homogeneous differential equation (Nouredine, 2001)[13].

L0 + w30y = 0 i

Solve the solution by using the auxiliary equation 7> + w} = 0,y = iw; . We obtain an
alternative solution;
(@5(t)) = Cre™rt 4 Cye~ ™1t = Oy (cos(wyt) + i sin(wyt)) + Co(cos(wyt) + i sin(wyt))
= (01 + CQ) COS((,Uft) + (ZCl — ZCQ) Siﬂ(w]ct) = ACOS((Uft) + B sin(wft)

With this definition the parameter becomes A = Acos(¢) and B = Asin(¢). We can

rewrite the complementary function (g5(t)) as

(q5(t)) = Acos(wyt) cos(¢) + Asin(wyt) sin(¢),
(@(6)) = Acos(uort — 0)

U

(12)

s

where A is the amplitude of the oscillator, ¢ is a positive real constant, called the initial
phase angle. According to equation (10), the applied time-dependent electrostatic force (£(t)) varies
sinusoidally, so we expect the resulting steady-state (¢}(t)) to vary sinusoidally. With this definition
the parameter becomes (g5 (t)) = cos(wyt), (¢5(t)) = sin(wyt) , and the variable function Wron-
skian method are f(t) = 2 + 290 (2ge~kt sinh(20t) — et cosh(20t) — pe ™) [12]. To take care

of this situation, we must have a particular solution of the form

Artit Hutem 117
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(@(1) = (@' (O)uy () + (@7 (£))u, (t) (13)

U

Then, suppose the particular solution (g} (t)) of equation (10) from the £(t) by using Wron-
skian’s method find the trigonometry solution by using this form (g5'(¢)) = cos(wyt), (ﬁfll(t))/ =
—wysin(wyt), G2 = sin(wt(t)), (G2(t)) = wy cos(w;t) and substitute in Wronskian’s method, we

get

W= (@'(t) (@@)| | cos(wyt) sin(wyt) | y
- / A . - f
(@' (t) (@) —wy sin(wyt) wy cos(wyt)
Consider the first Wronskian’s method defined as W , we satisfy the solution as
0 (@
f(t) (@@ )

s

0 sin(wyt)

2 4 09080 (9ge~ht sinh(20t) — pe™ cosh(20t) — pe ™) wy cos(wyt)

qocro o

W, = — sin(wft)(% + (20e " sinh(20t) — pe " cosh(2at) — pe ")) (14)

So we set the parameter of into equation (14) as

W, = — sin(wft)(% + 0(20e " sinh(20t) — pe " cosh(20t) — pe ")) (15)

We may write

t t
Wi 1 A B _ _
') = | —dt=—— [ sin(wst)(— + 6(20e " sinh(20t) — pe * cosh(20t) — pe " ))dt
w,(t) T o Osm(ch)(m+ (20e7 " sinh(20t) — pe™"* cosh(20t) — pue™"))
IO !
() = ——(2 [ sin(wpt))dt + 200 / ¢~ sinh(20t) sin(w;t)dt
wr M Jo 0

t
- ,u/ e " cosh(20t) sin(wyt)dt — inthpe " sin(wt)dt
0

(16)

Substituting e~ sinh(20t) = (e — e7™) /2, e cosh(20t) = (et + e~™") /2 into equation

(16), we can rewrite equation (16) as
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1 A t t t t
up(t) = ——(= sin(wft)dt—i—dm/ Pt sin(wft)dt—d@/ e sin(wft)dt—/ pe M sin(wyt)dt)
Wy mJo 0 0 0 an

where we set the parameter § = 20 — pu, 7 = 20 + p . The first integral function, the
second integral function, the third integral function, and the fourth integral function can be found by
evaluation of the right-hand side of equation (17) by using the integration by part technique. We can

rewrite equation (17) as

1A Sr1ePt(Bsin(wst) — wycos(wyst)) + driw
1 1 f f f 1wvr
H=-—|=0- 0+ ( )
u,,(t) wr m< cos(wyt)) + (B2 _i_w]%)
+<5mge”(7 sin(wyt) + wy cos(wyt)) — 5/12wf> N (,ue“t(,u sin(wyt) + wy cos(wyst)) — uwf)]
o) (1 +3)
(18)
Consider the second Wronskian’s method defined as W5 , we satisfy the solution as
~l t 0
- | (B0
(gq (1)) (1)
cos(wyt) 0
—wysin(wyt) 2 + LU 25kt sinh(20t) — pe™* cosh(20t) — pe )
A —ut —put —put
Wy = cos(wyt) - + d(20e " sinh(20t) — pe ™ cosh(20t) — pe ™) (19)
We may write
P W, I A
wA(t)= | —=dt = —— [ cos(wst)(—+05(20e " sinh(20t) —pe " cosh(20t) —pe*))dt (20)
0 W U)f 0 m

Substituting e~ sinh(20t) = (e — e7™") /2, e~ cosh(20t) = (e’* +e~™) /2 into equation

(20), we can be solved equation (20) by using the integration by part technique, we get

Sr1eP (B cos(wst) — wysin(wyt)) + 5/{1B>
(52 +wj)
dkoe” TH(T cos(wyt) + wysin(wygt)) — OkaT pe M (pcos(wyst) + wy sin(wyt)) — p
* ( (7‘2+w120) ) + ( (,uz—i—wj%) )]
(21)

ul(t) = L [i(sin(wft)) + (

me
2
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Substituting (g5'(t)) = cos(wyt), (53 (t)) = sin(wst) and equation (18) and equation (21)
into equation (13), thus a particular solution of the non-homogeneous differential equation of equa-

tion (10) as (@) = (@5")ul(t) + (@) u(t)

_sin(wyt)

@) = 2 [ st +

Sr1ePt(B cos(wyt) + wf;,in(wft)) - 5mlﬂ)
(82 + w3)
. ((snge—ﬁ(T cos(wj(ei)z . Zf% )sin(wft)) - 5@7) . ( ue‘“t(ucos(w{;g :—Zé)sin(wft)) — )}
)20 cofuyr + (P2t 2o oslopt) £ om
+_(5“26_ﬁ(7SVW“VEL::fiésscﬂfw)“5“2Wf><+ (ue‘”(uswwavzijg?£§§50vfﬂ)——uav>}

2

cos(wyt)

(22)

Then, we will get the general solution in the non-homogeneous second-order linear differ-

ential equation for equation (10),

(qu(t)) = Acos(wst — ¢) + —Smfj;ft) [% sin(wyt) + <§/<;1€Bt(ﬁ COS(Wf(tgj_Fwi;)m(Wft)) Lk
dkoe T (T cos(wyt) — wysin(wyt)) — OkaT pe M (pcos(wyt) — wysin(wyt)) — p?
( (T2 4+ w}) ) * ( (12 +w3) )}
cos(wyst) [ A Sr1e? (B sin(wyst) — wy cos(wyt)) + 0k B
_ w—f[a(l — cos(wyt)) + ( (52—1—%%) >
droe” (T sin(wyt) + wy cos(wyst)) — drowy pe M (psin(wet) + wy cos(wyst)) — pwy
+ (7 + w?) )+ ( (2 +u?) )]

(23)

The equation (23) is called the expectation value of the displacement or the expectation
value of the position of particle bound anharmonic oscillator potential by perturbed time-dependent

external force (£(t)). Putting this into program the mathematica for plot graph. (Moonsri et. al., 2020)

Case 1: We can explain behavior of numerical for the expectation value of the displace-
ment of the particle bounded in the anharmonic oscillator potential (20 < ). We can show the

relationship between default variables, dependent variables, and control variables in the table 1.

Case 2: We can explain behavior of numerical for the expectation value of the displacement
of the particle unbounded in the anharmonic oscillator potential . We can show the relationship

between default variables, dependent variables, and control variables in the table 2.
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Table 1: Representation the relationship between default variables, dependent variables, and control

variables in case of (20 < )

Dependent variable Control variable Independent variables
f=012Hz,0 =03,m=1,u=09, ¢o=0.3C,q =1.0C,q = 1.7C,
¢ =0rad, By = 5N /C,\ = 0.5, qo = 2.4C

A=050a,=0.3

F=012Hz0=03,m=110=09, A =0.2C, A —=0.3C, A = 0.4C,
¢ = 0rad, Ey = 5N /C, gy = 0.5C, Ay = 0.5C
A=05a,=0.3

The expectation f=012Hz,0 =0.3,m=1,4=0.9, Ey=10N/C,Ey=4.0N/C,

value of time- ¢ = 0rad, A = 0.5,qy = 0.5C, Ey=T7.0N/C,Ey =10.0N/C,
dependent A=05a,=0.3
displacement Ey=5N/C,0 =03, m=1,u1=0.9, f=010Hz, f =0.11Hz,
(Gu(t)) ¢ = Orad, A = 0.5, gy = 0.5C, f=0.12Hz, f = 0.13Hz,
In case of (20 < p) A=050,=0.3
Ey=5N/C,o0=03,m=1,u=0.9, ¢=0rad,¢=mr/8rad,p = m/6rad,
f=012Hz, XA =0.5,q0 = 0.5C, ¢ = 4rad,
A=050a, =03
Ey=5N/C,0=03,m=1,u=0.9, o, = 0.1a, = 0.3, = 0.5
¢ = 0rad, \ = 0.5,q9 = 0.5C, a, = 0.7

A=0.5,f=0.12Hz,

RESULTS

We can explain behavior of numerical and result for the expectation value of the displace-
ment oscillation in equation (23). These the expectation value of the displacement are illustrated in
Figure 2 to Figure 7. Next, we can be illustrated plot graph relationship between of the expectation
value of the displacement and time in the Figure 2 and Figure 4 ((20 < p) ), where we can vary the

parameter electric charge (Figure 2(a)), the parameter . (Figure 2(b)) respectively.

We can be illustrated plot graph relationship between of the expectation value of the dis-

placement and time in the Figure 2(a) and Figure 2(b) (20 < ) ), where we can vary the parameter
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Table 2: Representation the relationship between default variables, dependent variables, and control

variables in case of (20 > )

Dependent variable Control variable Independent variables
f=012Hz,0 =03,m=1,u=0.9, ¢qo=0.3C,q =1.0C,qy=1.7C,
¢ =0rad, By =5N/C,\ = 0.5, qo = 2.4C

A=05a,=03

F=012Hz0=03,m=110=09, A =0.2C A —=0.3C,As = 0.4C,
¢ = 0rad, Ey = 5N /C, qo = 0.5C, A = 0.5C
A=05a,=0.3

The expectation f=012Hz,0 =0.3,m=1,4=0.9, Ey=10N/C,Ey=4.0N/C,

value of time- ¢ = Orad, A\ = 0.5, ¢y = 0.5C, Ey=70N/C,Ey =10.0N/C,
dependent A=05a,=0.3
displacement Ey=5N/C,0 =03,m=1,u1=0.9, f=010Hz, f =0.11Hz,
0), ¢ = Orad, A = 0.5, o = 0.5C. f=0.12Hz, f = 0.13Hz,
In case of (20 < p) A=05a,=0.3
Ey=5N/C,0 =03,m=1,1=0.9, ¢=0rad,¢=mn/8rad,p = /6rad,
f=012Hz, A =0.5,q0 = 0.5C, ¢ = 4rad,
A=05a, =03
Ey=5N/C,0 =03, m=1,u=0.9, a, = 0.1, = 0.3, = 0.5
¢ = 0rad, \ = 0.5, g9 = 0.5C, a, = 0.7

A=0.5,f=0.12Hz,

the parameter electric charge (qo) (Figure 2(a)), the parameter . (Figure 2(b)) respectively. From Figure
2(a), the light green color solid line is the electric charge (qy) = 0.3C' . The light blue color solid line
is the electric charge (¢o) = 0.1C' . The purple color solid line is the electric charge (o) = 1.7C" .
The pink color solid line is the electric charge (go) = 2.4C' . The expectation value of displacement
for particle is oscillation because the particles are bounded by potential energy and the electrostatic
external force as a function of time at very time. From Figure 2(b), the solid light green, light blue,
purple, and pink line, they are for the parameter Ay = 0.2a.u., Ay = 0.3a.u., A3 = 0.4a.u., and
A5 = 0.ba.u., respectively. The graphs of the expectation value of displacement for particle has a

shifted axis because of the electrostatic external force acting on the particle.

From Figure 3(a), the light green color solid line is the electrostatic value Ey = 1.0N/C
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Fig. 2: Graphs of the expectation value of displacement. (a) The graphs illustrate the expectation
value of displacement in case of vary the parameter electric charge. (b) The graphs illustrate the

expectation value of displacement in case of vary the parameter A .
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Fig. 3: Illustration of the relative parameter between the expectation value of displacement and

time in equation (23) versus the electrostatic value Ejy (a) and the linear frequency value (f)(b) .

. The light blue color solid line is the electrostatic value Ey = 4.0N/C' . The purple color solid
line is the electrostatic value Ey = 7.0N/C' . The pink color solid line is the electrostatic value
Eq = 10.0N/C . From Figure 3(b), the light green color solid line is the linear frequency value
f =0.1Hz . The light blue color solid line is the linear frequency value f = 0.11Hz . The purple

color solid line is the linear frequency value f = 0.12Hz . The pink color solid line is the linear

frequency value f = 0.13Hz .

From Figure 4(a), the light green color solid line is the initial phase angle value ¢y = Orad
. The light blue color solid line is the initial phase angle value ¢o = m/8rad . The purple color
solid line is the initial phase angle value ¢3 = 7/6rad . The pink color solid line is the initial phase
angle value ¢4 = 7/4rad . From Figure 4(b), the light green color solid line is the parameter value

g = 0.1a.u. . The light blue color solid line is the parameter value «, = 0.3a.u. . The purple color
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Fig. 4: Plots of the expectation value of displacement in equation (23) as a function of time showing

versus the initial phase angle value (¢) (a) and the ¢, parameter value (b)
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Fig. 5 Illustration of the relative parameter between the expectation value of displacement and

time in equation (23) versus the electric charge value (qp) (a) and the (\) parameter value (b)

solid line is the parameter value a, = 0.5a.u. . The pink color solid line is the parameter value

o, = 0.7a.u. .

Finally, we can be illustrated plot graph relationship between of the expectation value of
displacement and time in the Figure 5 to Figure 7 in case of ((20 > u) ), where we can vary the
electric charge value (qo) (Figure 5(a)), the parameter () (Figure 5(b)), the electrostatic value (Ej)
(Figure 6(a)) and the linear frequency value (f) (Figure 6(b)) respectively.

From Figure 5(a), the light green color solid line is the electric charge (¢o) = 0.3C'. The light
blue color solid line is the electric charge (go) = 1.0C . The purple color solid line is the electric
charge (qo) = 1.7C' . The pink color solid line is the electric charge (gy) = 2.4C' . From Figure 5(b),
the light green color solid line is the parameter A; = 0.2a.u. . The light blue color solid line is the

parameter Ay = 0.3a.u. . The purple color solid line is the parameter A3 = 0.4a.u. .

From Figure 6(a), the light green color solid line is the electrostatic value Ey = 1.0N/C

124 Artit Hutem



Evaluation of Time-Dependent Displacement of Particle ... SMT e

—~ E,=1.0N/C ~ 12} 2010k
= =
= : . =
= E =40 N/C - =
- Y . f= 0101 He
g ) o F
s E = T.0NK 2
g — E = 0.02H
= g f T
::ﬂ o~ En= I'Ln _\:II'{' 'E_
— = f= 013 He
0 20 40 [ 80 T = I
Time (5) ] 20 40 [iL1] 11 10Mp
Time ()
(a)
(b)

Fig. 6: Illustration of the relative parameter between the expectation value of displacement and time

in equation (23) versus the electrostatic value Ejy (a) and the linear frequency value (f)(b)
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Fig. 7: Illustration of plots of the graph expectation value of displacement in equation (23) as a

function of time versus the initial phase angle value ¢ (a) and the «, parameter value (b).

. The light blue color solid line is the electrostatic value Ey = 4.0N/C' . The purple color solid
line is the electrostatic value Ey = 7.0N/C' . The pink color solid line is the electrostatic value
Eq = 10.0N/C . From Figure 6(b), the light green color solid line is the linear frequency value
f =0.1Hz . The light blue color solid line is the linear frequency value f = 0.11Hz . The purple
color solid line is the linear frequency value f = 0.12Hz . The pink color solid line is the linear

frequency value f = 0.13Hz .

From Figure 7(a), the light green color solid line is the initial phase angle value ¢; = Orad
. The light blue color solid line is the initial phase angle value ¢o = m/8rad . The purple color
solid line is the initial phase angle value ¢3 = 7/6rad . The pink color solid line is the initial phase
angle value ¢4 = 7/4rad . From Figure 7(b), the light green color solid line is the parameter value
g = 0.1a.u. . The light blue color solid line is the parameter value o, = 0.3a.u. . The purple color

solid line is the parameter value o, = 0.5a.u. . The pink color solid line is the parameter value
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o, = 0.7a.u. .

DISCUSSION

The expectation value of displacement of solution in equation (23) are plotted in Figure 2
- Figure 4 in case of (20 > p) ). From Figure 2(a), if higher the electric charge (qo) parameter affect
increasing value amplitude of the graph expectation value of displacement but wavelength of the
expectation value of displacement invariable value. From Figure 2(b), if higher the A parameter affect
increasing value amplitude of the graph expectation value of displacement (-). Thus the effect of
the interaction Heisenberg picture is that the product of the electric charge (go) parameter and the
A parameter and the expectation value of displacement is function of time and denote the change
for particle anharmonic oscillator under influence of the time-dependent electrostatic damping force
anharmonic oscillator. The physical meaning of this can be seen in Figure 3(a) the electrostatic value
Ey can increase with increase the expectation value of displacement of particle bound into the
anharmonic oscillator potential. The physical meaning of this can be seen in Figure 3(b) the linear
frequency (f,) can increase with decrease the expectation value of displacement and wavelength
of particle bound into the anharmonic oscillator potential. The behavior of the expectation value of
displacement of solution in equation (23) is wave-Sine function oscillate under influence of the time-
dependent electrostatic force (£(t) = qEpe ™t cosh?(at)). From Figure 4(a), if higher the initial phase
angle affect decreasing value amplitude of the expectation value displacement of particle bound
into the anharmonic oscillator potential but wavelength of the expectation value of displacement
invariable value. From Figure 4(b), if higher the () parameter affect increasing value amplitude of
the expectation value displacement. Thus the effect of the interaction Heisenberg picture is that the
product of the initial phase angle, the (a,) parameter and the expectation value of displacement
denote the change for particle anharmonic oscillator potential under influence of the time-dependent

external electrostatic force £(t) = qEge " cosh?(at).

The expectation value of displacement of solution in equation (23) are Illustrated in Figure
5 to Figure 7 in case of (20 > p)). From Figure 5(a), if higher the initial electric charge parameter
(q) affect increasing value amplitude of the expectation value of displacement of particle unbound
into the anharmonic oscillator potential. From Figure 5(b), if higher the (\) parameter value affect
increasing value amplitude of the expectation value of displacement of particle unbound into the
anharmonic oscillator potential. From Figure 6(a), if higher the electrostatic value affect increasing

value amplitude of the expectation value of displacement of particle unbound into the anharmonic

126 Artit Hutem



Evaluation of Time-Dependent Displacement of Particle ... SMT e

oscillator potential. From Figure 6(a), if higher the linear frequency value affect decreasing value am-
plitude of the expectation value of displacement of particle unbound into the anharmonic oscillator
potential. The physical meaning of this can be seen in Figure 7(a) the initial phase angle parameter
(¢) can increase with decrease the expectation value of displacement and wavelength of particle
unbound into the anharmonic oscillator potential. The physical meaning of this can be seen in Figure
7(b) the () parameter value can increase with supplement the expectation value of displacement

of particle unbound into the anharmonic oscillator potential.

CONCLUSIONS

We can evaluate the expectation value of the displacement ((gy)) of solution in equation
(23) under influencer of the time-dependent electrostatic force (£(t)). Using the Heisenberg picture
method and the principal of Wronskian method we showed that the treatment of the anharmonic
oscillator potential system is simplified and that the expectation value of the displacement ((gy)) of
the system can be evaluated very easily. The behavior of the expectation value of the displacement
({(qa)) for the anharmonic oscillator potential system is wave oscillate (function of Sine or Cosine)
(20 < p) bounded state with that depend on the parameter f, o, qo, i1, ¢, Fo and A . The initial
electric charge ¢ , the (\) parameter value, the electrostatic value Ey and the (o) parameter value
is directly proportional to the expectation value of the displacement. The linear frequency value f

, the initial phase angle ¢ is inversely proportional to the expectation value of the displacement.

The deportation of the expectation value of the displacement ((gy)) for the anharmonic
oscillator potential system is wave oscillate increase exponential function (20 > ) unbounded
state with that ancillary the parameter f, o, qo, i1, ¢, £y and A. We can apply the expectation value
of the displacement result to the particular case of evaluation the propagator from the Newtonian
dynamics of ({gy)) . The initial electric charge g, the (\) parameter value, the electrostatic value Ey
and the (a,) parameter value is directly proportional to the expectation value of the displacement.
The linear frequency value f, the initial phase angle ¢ is inversely proportional to the expectation

value of the displacement.
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Abstract

This paper aims to propose new variance estimators for the generalized regression estimator
to estimate the population mean under a reverse framework, where nonresponse occurs in the study
variable, as proposed by Ponkaew [1] in 2018. The proposed variance estimators are investigated
using two resampling techniques, namely the Jackknife and the Rao-Wu bootstrap. The new variance
estimator does not require joint inclusion probabilities, which differs from the variance estimator pro-
posed by Ponkaew [1]. The effectiveness of the suggested estimators is examined through simulation
experiments and an application to air pollution data from Phetchabun province, Thailand. The find-
ings demonstrate that, in comparison to other estimators, the proposed Rao-Wu bootstrap variance

estimator achieves the highest precision, producing the smallest the root mean square error.

Keywords : Jackknife Method, Missing Data, Variance, Estimation

Introduction

In 1952, the estimator of Horvitz and Thompson [2] is the best for estimating the population
mean of the study variable in the full response scenario and unequal probability sampling without
replacement design (UPWOR). Later, in 1994 Deville and Sarndal [3] devised the generalized regres-

sion (GREG) estimator to estimate the population mean when auxiliary variable is provided and there
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is a correlation with the study variable. The GREG is equal to the estimator developed by Horvitz
and Thompson [2] with an additional adjustment term derived from the auxiliary variable. In practice,
when the chosen distance function is the Chi-square distance, the GREG estimator is a particular in-
stance of the calibration estimator was discussed by Deville and Sarndal [4] . In 2005, non-response is
present according to Sarndal and Lundstrém [5] suggestion the GREG estimator can estimate the pop-
ulation mean under the assumption that the response probability is known. A two-phase framework
was used to explore variance and related estimators. In 2018, Ponkaew [1] suggested a linear GREG
estimator for estimating the population mean under the presumption that the response probability
is the same for all sample units. Ponkaew [1] also explored variance and its estimator of linear GREG
estimator under the reverse framework and negligible sampling fraction. Joint inclusion probabilities
are needed in the computation of the value for the variance estimator of Ponkaew [1]. Under the
UPWOR sampling design, it can be difficult to calculate the joint inclusion probabilities, though. As a

result, it is challenging to establish the value of variance estimator of Ponkaew [1] in actual use.

The GREG estimator takes the form of a nonlinear function, its characteristics, such as expec-
tation or variance, can be discovered by applying the Taylor linearization approach to convert the
GREG estimator into a linear function. As a result, this linear function can be used to approximate
the expectation or variance of the GREG estimator. Since the GREG estimator function consists of
four estimators, the Taylor linearization approach necessitates a distinct derivation for each individual
estimator. Additionally, the variance estimator of the GREG estimator under the UPWOR sampling

design requires joint inclusion probability, which may be challenging to obtain for complex designs.

In contrast to Taylor linearization procedures, a resampling method is an alternative strategy
for investigating the GREG estimator’s variance estimator because it does not call for joint inclusion
probabilities or separate derivations for each individual estimator. Resampling techniques like Jack-
knife and Bootstrap are used with data from the economy or education. The use of the Jackknife
produce to reduce estimator bias and standard error was initially discussed by Quenouille [6] in 1949.
If the estimator is not smooth, the Jackknife could, however, fail disastrously. The Bootstrap ap-
proach was first presented by Efron [7] in 1979, and it was further modified by Efron and Tibshirani
[8] in 1994. In contrast to the Jackknife method, this one does not demand that the estimator be
smooth. In the presence of nonresponse Haziza [9] discussed the Jackknife and Bootstrap procedure
to estimated variance of population mean estimator. However, Haziza [9] discussed a method to
estimate the variance of the population mean estimator using only simple random sampling. In this
paper, the author extends the method of Haziza [9] to estimate the variance of the GREG estimator

on the UPWOR sampling design.
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Materials and Methods

1. Notation and assumption

Let U = {1,2,..., N} be a finite population of size N and y;;i = 1,2, ..., N be the value of
study variable y . The aim of this study is to investigate the estimator of variance of the GREG estimator
in the presence of nonresponse and sampling fraction is negligible under a reverse framework. The

sample s of size n , selected with probability p(s) according to sampling design s .

Suppose that information on auxiliary and size variable exists, which are related to study
variable y as denoted by = and k respectively. It is assumed that the values of x and k& are all greater
than zero and known for all units in U . Let m; and 7;; be the inclusion probabilities for the ith ,
and ith and jth unit of U . Let F4(e) and V() denote the expectation and variance operators with

respect to the sampling design.

Under nonresponse, let n,.(C n) denotes the total number of respondents in response
sample s,.(C s) . Let subscript R denote the nonresponse mechanism and r; denote the response
indicator variable of y; as defined by, r; = 1 if y; is observed otherwise r; = 0. Let P; denote
the response probability as defined by p; = p(r; = 1) . The author assumes that p; = p for all
units in U . Let Er(e) and Vgz(e) denote the expectation and variance operators with respect to
the nonresponse mechanism and and denote the overall expectation and variance operators. So,
Eg(r;) = P(ri=1) =pand Vg(r;) = p(1 —p) .

2. Midzuno scheme

In order to select samples of size from a population of size , Midzuno [10] proposed the

UPWOR design in 1952 as follows:
(i) Use a probability proportional to size to select one unit.

(i) Use the SRSWOR design to select units from the remaining units of the population. In this

scheme, the is given by,

p(s) =4 * )

otherwise

where K = % Zies Ky . In Midzuno [10] scheme the 7; can be obtained by, m; = %:’f% + ]7\}—’1 )

3. The GREG estimator in the presence of nonresponse
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In a full response case, Deville and Sdrndal [3] proposed their GREG estimator based on
sample elements in s . In the presence of nonresponse, Ponkaew [1] proposed GREG estimator

based on response set s, defined by:

dyl
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is design weight, ¢; are specified constants and z; = (1,21, ..., Z;j, ...,mu)/ are column
vector of auxiliary variable with J > 1 . Later, Ponkaew [1] proposed the linear GREG estimator to

estimate population total under reverse framework and p; = p for all defined by,
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Then, the linear GREG estimator to estimate population mean is equal to

/ —1
(Z Tidicixiyz‘> <Z diCz‘%Iix/)
1ES 1€8

s [Y—i]%m W

YGREG—_ZTZ lyl %[Zm del

1ES €U 1ES

~)

where

:_Zﬁd% ~N :_dez

1€ES 1€S8

-~ ~

Under, reverse framework the variance of Y grre can be obtained by, V (YGREG) =

ErVy (?GREG]R) + VrEyg (?GREG\R> . Haziza [9] state that, under reverse framework with
sampling fraction is negligible the variance of ?GREG can be approximated by V (?GREG) =

ERrVs <?GREG’|R) . From equation (1) we see that Y ¢gpq has form of nonlinear function because

. L . 1 ridiy; 1 dix; o]
it consisting of four estimators that is 5 > .. s Y ics - s Y ies TidiCiriy; and Y diciviviw

then the variance of Y ¢rra can be obtained by using Taylor linearization approach or an automated

linearization approach to transform this estimator into a linear function. The linear form of Y creC

by using automated linearization approach is ?GREG,lm = )?’6—1— % >

~

ies o € where ¢; = '(yi—xi’ﬁ)

. Then, the variance of Y ¢rre can be approximated by,

V(%GREG) >~ EpVs <%GREG|R) Z —Die} +Y Y Dieies|,

zEU €U i\{j}eU

where Dz (1 — 7'('1) 2—1 D = (7Tij — Fiﬂj)(ﬂiﬂj)_l, €; = (yz - I’l/ﬁ)

and = (zieU cz-xixi_l) (ZieU czxzyl) . The estimator of V' (VGREG) is given by,

~ (= 1 ~ . ~
4 (YGREG) = N2p? ZHDﬁ? +Z Z rirjDijeie; | (2)

i€s €U i\jeU

where ﬁz = (]. — 7TZ‘)7TZ‘_2, ﬁz‘j = (7Tij — 7Ti7rj>(7rij7ri7Tj)_1’
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Er = (X scsridiciziyi) (Xies dis Ciwﬂ')il and e; = (y; — $;Er)

Due to the fact that the technique for calculating variance estimator under UPWOR requires
joint inclusion probabilities 7;; then the variance estimator of ?GREG are difficult to calculate. Since,
the joint inclusion probabilities are probability function that two difference units in population include
in sample that is m;; = >- ;4 P(s) . In 2003 Berger [11] stated that size of joint inclusion prob-
abilities set is n(n — 1)/2 where n denotes sample size then the computational value of estimator

variance may be inconvenient when n is large. Then, Hajek [12] approximated m;; under rejective
1 — G=m)(-m;)

C

sampling defined by, 7, = mm; [ }, where c = > ., ¢;and ¢; = m(1 — m;). Let

o~

ﬁéj = (ﬂj - ﬂ-iﬂ-j)(ﬂ-;jﬁiﬂ'j)_lthen 1% (?GREG) in (2) can be approximated by,

v (YGREG> N2 Z”Die? + Z Z rir; Dj;€ie;

i€s €U i\jeU

~

If is unknown V() (?GREG) can be calculated from,

V(l) <YGREG) = NQZ/)? ZTzDzef + Z Z Tier;jeiej (3)

i€s €U i\jeU
where p = ZiES Tzdz/ ZiES dl

4. The resampling method for estimating variance

-~

Since ?GREG has form of nonlinear function then its variance can be approximated by using
automated linearization approach or Taylor linearization approach. The second approach requires
separate derivation for each particular estimator then it is difficult to determine a linear form of this
estimator. Furthermore, the variance estimator of ?GREG by using automated linearization approach
and Taylor linearization approach requires m;; in the step to compute the value that may be difficult
to obtain for complex designs such as the UPWOR sampling design. Then, Haziza [9] introduces an
alternative method namely the resampling method to estimate the variance of the estimator when
the estimator has form of a nonlinear function and sampling design is simple random sampling without
replacement (SRSWOR). The resampling method discussed by Hazza [9] consists of the jackknife and

the Rao-Wu bootstrap method as follows.
4.1 The jackknife method

Under SRSWOR sampling design, let Y = &>, v = %EiﬂN%S ={1,2,..,n}isa

sample setsizen, J = + >, diy; is the estimator of Y, j = 1,5 = {j} and d; = & . The jackknife

1€S
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variance estimator is obtained as follows:
(i) $ =5 — 5.

(ii) Adjust the design weights d; to obtain the so-called jackknife weights d;(;) where is given
by di(j) = X2 = Lo if i # j otherwise dy;) = 0.

(iii) Compute ¥, = L ewdigyyiand let j = j 4+ 1.

(iv) Repeat the steps (i)-(iii) if j # n otherwise stop process.

The the jackknife variance estimator of ¥ is defined by,

~ 1
V== > Wy -7)". @)

4.2 The Rao-Wu bootstrap method

Rao-Wu bootstrap was proposed by Rao and Wu [13] in 1988. This method may be described
as follows. Let s = {1,2,...,n} is a sample set size n , J = = 3., is the estimator of Y, 71 is

bootstrap sample size, B = {1,2, ..., B} and b= 1. We note that n may be different from n .

() Compute 2z = 7+ VC(y; — ) where i = 1,2,..,n,C = i ,f = + and let
Z ={z1,22, . Zn} -

(i) Draw a simple random sample Z = {2y, Zs, ..., Z } with replacement from Z = {z1, 2y, ...

and let § = {1,2,...,n} . Compute Z =1 ZzESZZ =1 ZZ Ziand letb=>b+1.
(iii) If b = B stop process otherwise repeat (iii).
The Rao-Wu bootstrap variance estimator is given by,

VRW—_Z<Z % )2 (5)

beB

where

Results and Discussion
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1. The proposed variance estimators in the presence of nonresponse

This section, we aim to propose variance estimators of liner GREG estimator by using resam-

pling method. Recall from (1) the linear GREG estimator is given by

, ~1
YGREG _ 1 Z r; zyz [Z z; — Z dZZ] (Z ridicixiyl) (Z dZCZZL'ZI';> (6)

€5 €U 1€ES 1€ES €S

Then, we modified the Jackknife variance to the estimated variance of the linear GREG es-
timator as follows, from sample s = {1,2,...,n} of size was selected according to the UPWOR

sampling design.
(i) Remove the unit j = 1 from the sample.

(if) Adjust the design weights d; = 1/m; to obtain the so-called jackknife weights Ji(j) and
defined by, czi(j) = —2d; if i # j otherwise czi(j) = (0 and compute ?GREG(j) in equation (7),

~ ~ / -1
= 1 d dl NI ~ ~
Yareay) = N Z ﬁ Z% SUMies ]gj()) ] (Z Tidi(j)cixiyi> (Z di(j)cixﬂi/>

i€ES ieU i€ES i€s
(7)
where Py = e, Tidith | Yses dich)
(iii)) Insert back unit j = 1 delected in step (i) .
(iv) Repeat the steps (i)-(iii) for units j = 1,2, ...n
The estimator of variance for the estimator of [5] is obtained as follows:
~ n—1 -~ ~ 2
e (v - Yemsoy — Y 8
GREG - Y | Yersowy) — Yenrne (8)

1€S
—~ —~

where VGREGQ) defined in equation (7) and Y ¢req defined in equation (6).
The variance estimator of the linear GREG estimator based on the Rao-Wu bootstrap.
(i) Compute

1
YGREG N Z i Zyl [Z T; — Z d 331] (Z ridic;v zyl) (Z dwwwé)

1€Es ieU 1€ES 1€8 1ES
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-~

(if) 2 = ?GREG + \/a(yl - ?GREG) where ¢ = 1,2,...,7”&,0 = %,f = % and let
Z ={z1,22, .., Zn}

(ii) Draw a simple random sample Z = {Z1, Z2, ..., Za } with replacement from Z = {z1, 29, ..., 2, }

and let § = {1,2,...,n} .Compute,

1€5 icU 1€8 1€85 €5

_ / -1
%GREG(I;) = % Z TZC;)ZZ@ + % [Z T — Z dszZ] (Z Tidicixi5i> (Z dicﬂﬂ/)

andletb=0b+1.
(i) If b= B stop process otherwise repeat (iii).

The Rao-Wu bootstrap variance estimator is given by,

R n 1 = = 2
0o (Foc) - 5 o o)

beB

where 7GREG(.) = %ZbeB 7GREG(b) .
2. Simulation studies

In this section, the author have compared the efficiency of the variance estimator of linear
GREG estimator with estimated joint inclusion probability v , Jackknife variance V® and Rao-Wu
Bootstrap Ve through simulation studies. First of all, the study variable of population size 5,000 is
obtained by adjusting the model of Cheng, Slud and Hogue [14] as follows:

y; = 5a? + 2x; + 20k; + €531 = 1,2, 3, ...,5000, (10)

where z and k are auxiliary and size variables respectively. We generate x; from Gamma
(9,3/2) k; from U(1,5) and e; from N(0,9) . Next, the response probability or p will be consequently
defined as constant 0.5, 0.7 and 0.9. In each p, A; ~ U(0, 1) is generated and it is compared with
thep. Aresult r; is 1if A; < p; otherwise r; is 0. Then, the sample s of size n = 5%, 10%, 20% and
30% are selected according to Midzuno [10] scheme. Finally, the efficiency of the proposed variance
estimator with the existing variance estimator are compared by using the relative root mean square

error defined in Definition 1.

Definition 1. Let @ be the GREG estimators of a population total, V(@) is the variance of § and 17(5)

are the estimators of . We define V(é)(m) as the variance estimator in iteration m'™ and M is the
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Table 1: The root mean square error of the existing variance estimator and proposed variance esti-

mators

p n RRMSE of the variance estimators
VO (Yeree) VO Yeree) VO (Yaree)
05 5% 0.9838 0.6494 0.4846
10% 0.9815 0.5006 0.3156
20% 0.9801 0.4853 0.2276
30% 0.9799 0.4825 0.2003
0.7 5% 0.9703 0.5535 0.4592
10% 0.9693 0.4892 0.3223
20% 0.9578 0.4026 0.2201
30% 0.9476 0.3862 0.1876
09 5% 0.94702 0.4454 0.3577
10% 0.9447 0.4213 0.2757
20% 0.9434 0.2990 0.2050
30% 0.9327 0.2808 0.1663

number of replications. The relative root mean square error of (PRM SE) given by

PRMSE(V () = || 77— > (V@) ~ V()

=1

Table 1 demonstrated that the proposed Rao-Wu Bootstrap variance estimator performed
admirably at all levels of response probabilities and sample sizes because it has the smallest root
mean square error compared to the Jackknife variance estimator and the variance estimator with

estimated joint inclusion probability.
3.3 An application to real data

We used air pollution data from Thailand’s Phetchabun province to apply proposed variance
estimators in this section. The data are from the Air Quality and Noise Management Division Bureau
during March 2023. The study variable y is PM2.5 (Mg/m?), the temperature (Celsius) is auxiliary
variable x and The size variable £ is fine particulate matter 10 micrometers or less in diameter (PM10
: Mg/m3). The estimated value of PM2.5 is 63.34 M g/m3. The nonresponse rate for this study is 2%.
A sample of size 300 records is chosen from a population of size 741 records using the scheme of

[14]. The results are displayed in Table 2.
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Table 2: The estimated mean and variance of PM2.5 in Phetchabun province

Estimator Estimated mean of PM2.5 Variance estimators Estimated variance of mean of PM2.5

Y enmc 61.46 VOV erpe) 15333
V(Y arse) 1.0494
VO (Y erne) 0.7350

The results from the air pollution data in Thailand’s Phetchabun province from Table 2
demonstrate that the Rao-Wu bootstrap variance estimator’s estimated variance of the mean of PM

2.5 is the smallest value compared to other estimators.

Conclusion

Jackknife and bootstrap methods are resampling techniques used to estimate the variance
of nonlinear estimators, such as the GREG estimator. The jackknife method is more suitable for small
datasets, while the bootstrap method produces better results for data with skewed distributions. This
paper, the jackknife and Rao-Wu bootstrap methods were used to evaluate the variance estimators
of the GREG estimator under UPWOR. The calculated joint inclusion probability or real value are not
necessary for the proposed variance estimators. The suggested estimator using Rao-Wu bootstrap
outperformed the other variance estimators, according to the simulation results and application to
the air pollution data. However, the proposed variance estimators are studied under the assumption
that the nonresponse mechanism is MCAR, which is generally unrealistic in practice. Therefore, future

work should extend these estimators to account for the MAR mechanism.
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2.44 Tpgumiin Whlunegeugnsnisiueuyadaseaieds DPPH assay laglddievit (BHT) iWuansuinsgu

1 a
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Abstract

This research aimed to study antioxidant activities and total phenolic content in coffee leaf
extracts from Coffea canephora Pierre ex A. Froehner (Young leaves), Coffea canephora Pierre ex A.
Froehner (old leaves), Coffea arabica L. (young leaves) and Coffea arabica L. (old leaves). The leaves
were extracted with 65 % ethanol, and the mixture was concentrated using rotary evaporation. The
Coffea arabica L. (old leaves) extract provided the highest yield of 13.23%, while Coffea canephora
Pierre ex A. Froehner (Young leaves) extract had the lowest yield of 2.44%. Antioxidant properties
using DPPH assays demonstrated that Coffea canephora Pierre ex A. Froehner (old leaves) extract
showed the highest DPPH scavenging activity with 1C5y 11.397 pe/ml, while the Coffea arabica L.
(young leaves) extract showed the lowest value with IC5y 57.053 pg/ml. The highest total phenolic
content of Coffea canephora Pierre ex A. Froehner (Young leaves) extract was observed at 558.54

GAE/g extract.

Keywords : Antioxidant activities, Total phenolic content, Coffea canephora Pierre ex A. Froehner,

Coffea arabica L
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d‘ b4 a . U 1
AN NN 1: LEARITOHAZUDINANGS (%yield) V99a15aNAADL1Y

ARE9ETENR dwitingn  dwtinvasans  Sevazvaskanin
(nw) dnm (n3)
Tununuianeiuglsdas 80.00 3.38 4.23 %
lunungeuaenuglsdas  80.00 1.95 2.44 %
lununufaneiugensidin - 80.00 10.58 13.23 %
lunungeuaeiugersidin - 80.00 9.58 11.98 %

nsmUiinaasUszneuiuednsiuvesasanaluniuivia 2 aestus #1635 Folin-Ciocalteu Co-
lorimetric faudasan [18] Duadansatnlulunuuduazsous 2 aewug fatafmeiomuoarudy
Fu 65% Usinns 0.3 fladans aclumasnnnass Mntudiuadansazans 10% Folin Ciocalteu Reagent 1d
Tunsennanosfifansadalununii 2 aeiug IeTiunddednsar 1.5 Saddns thluwelfidniu vuld
Hunan 8 il figaungiivies mnduliadamsarmelueunsvon (7.5% wi) Tdluvaeanaassiiilans
afnluniuiiis 2 anevus Tnedndietniay 1.2 faddns tildwenlidniu udunliiduna 30 wi 7
gaungiivios uazthluTadnsganduuasiinrmenaiu 765 wilusns Mnduhaildluieuiuasazans

Wnsgrunsaunadn lnesenunailuiadnitauyaveinawnadnsensuvesasaia (mg GAE/g extract)
4. adanidlun1sinseidaya

wanstananisanuluguLuuresAaiy (Mean) + AuAaIAAGioy (SEM) 91ndeyananisnaaes

1%

71 3 A5 LarllATzvAnuuansveteyalagly One-way Anova LielATIEMMAIANULANGISENS Ty

[

dAey (p < 0.05)

<

NAN1SILALDNUSIUNANI5IVY

1. USueudeuazvadnananuadnsana luniun

WaRansauandvdnatsainanlununeng1s 4 Uszenn wuin dnvmdnansanaainluniwnwn

6

aeiusensdiiinnilgawinty 10,58 n3u (13.23%) sesaan Ao twinmsataanluniuigeumeniug
o1 Dfditmiinwindy 9.58 n¥u (11.98%) daan Ao tmiinansatnanluniuunaneuglstadihin
Wiy 3.38 ¥ (4.23%) wardidugatie e thutharsataainlunugouaeiuglstadiiininminfy
1.95 n3u (2.04%) wansliiiiuinlunuaeiusensdiflansataUssandagannnilumunansiugls
ag wenandussanluundsliansainluuunuunniidnde duaenndestursnunisifedeunthil

[19] Wislddvihazanaieniuea asdlau wnwu waglaaaslsiiny lunisadalununaieiugersidng wua

148 Thidarat Promma et al.



ansuauyadas:uazaisus:nauWuaansiuluaisana... SMT wn

160 d
138.862

o it s
B lunuvlunaneiuglsdan
140

= lununeauaeviuglsvasm 7
5 & lunuunaneiugenstim
m Tunuseuaeugenstm
100 BHT
€
g 80
=3
o C
J
= il
60 57.053
b
0 29.567
a a
&b 11.397 12.007
’ 2

ansanaluniuw Haza1sUINGGIU (BHT)

AN 2 WUIIKAAIAT 1Cso VodansannlunkuazasuInsg1udiesi, Data express as mean £ SEM

v Y 1 o w

Y
(n = 3) AavNifsnyIRNNUlAmLLANANA LYl Tad A NINadH (p < 0.05)

Sewaznanananasanavetuvadtununaeiuge T inMiainsigieniueaunfian se9au Ao Seuay
HaKdnnansaiavevveslunnagiugers1iminadnsgesdlau uennidigenndasiuuileneu

[

Wil [20] wud lununaneiugersidnianasmeieniuea JUsinusesasnands Wiy 24.40
2. msAnwgnsduayyadassluaisaialuniunie 2 arewus 1875 DPPH assay

nMsfinwanssueuyadasemeIs DPPH Wumsmaruaunsa lumsdudinssuiunsineyya
dasy WemANUUNTUIDIiIeg NTeEas 50 NanunsaduginsiiauisenoenBindu 91NN1TNAEBY WU

Tununlunaneiuglstasniignsiueuyadaseaian windu 11.397 lulasniudeliadans unnssiuansana

aada

Tununlinuaggauvesaneiugens1in egrslilfeddgyvneadian p < 0.05 wavdanuinilgvasueyyadase

! I a o a a v ! 4 dy ! ! U 6 L
gandasunsgudieeit Auansnmd 2 nsgaumsideneuntiil [21] wud lunuudansiuglsda
FvafamewnIues aunsadidiansouyadaselanign Wesnnluluuivesnunarsiuslsdamiusuu
asUseneuilueags wasdamunnuduiusitadunsassninsgssueyyadassuaralsusenauiueintuans
anamueanluniun aziuladnasuseneuuedniidiudivedelitedfydennuaansalunisdu
auadaTy aenndesiunuITuneuntiil [22] senuanuduiusidauinseniedsinaiiueinsiuuwasgns

AUAULABATY

Sa1SaUd WSKUU LlazAgus 149



SMT s Antioxidant activity and total phenolic compounds in the extracts ...
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Abstract

Elderly people have limitations in their consumption due to their physical health. Therefore,
this research was interested in develop food for the elderly from boiled egg whites supplemented
with plant extracts. First, the methods for extracting important bioactive substances from Phaeo Da-
eng vegetables and suitable solvent were studied. Then, antioxidant activity, sensory evaluation and
nutrition of products were analyzed. The study found that microwave extraction uses a power of
300 watts, an extraction time of 15 minutes, and uses 35% alcohol as a solvent, it is an appropriate
extraction condition. The polyphenol content and antioxidant activity were 81.97 4 0.73 pg GAE/ml
and 61.72 + 0.87 %, respectively. The extract was dried by freeze drying method using 15 % lactose
showed the highest yield followed by 15% maltodextrin were 13.83 + 0.04% and 13.17 £ 0.01%
respectively, whereas the lowest water activity was found in 15% maltodextrin which was 0.05 £
0.00. When adding plant extract into all 4 formulas of boiled egg white products at the level of 5%
and tested with elderly people (60-85) years old, it was found that the formulation added extracts
and stewed seasoning received the most liking score. Finally, the nutritional value of products was
analyzed. It was found that the energy per 100 grams of sample was 105.95 4 0.50 kilocalories and
the protein content was 9.24 + 0.35%, fat 0.03 = 0.01%, carbohydrates 17.18 4 0.19%, ash 1.41 +
0.01%, and moisture 72.14. £ 0.13% respectively.

Keywords : Elderly, Egg white, Resine herbstii, Extract, Microwave
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Y 9

=

Y

Anunaunsnfnwanzimingadlunisadalagldinalinllason Wweldidudiunanlulivnliiulgeen

e

Wawiiuansiueuyadasyluems uwasiieUselevinmennuavainlunisananuiideveddsa

A5n15AIUNSIVY

1. NSASBNAITANAIINNY

P ludnuminad 1137199Auazen nTuiuanIula waztildainlutiumemduial 1w A

Tiazvini wanleuwislugeuausouwuunin (Tray dry) igamaill 60 °C auiliaudusiind 10%
2. MsAneviinvesnvinazateuazIsn1sanaNuNIza

¥msAnwivhazane 2 via fie 1ndu wazwenesed 35% sasdiufivresvinarats 1:15 $au
fuTsnsafinfiuansineiu 2 33 fe afadgisaaiy way afadelulasoy Taonsatauuusaiu thfedns
Uweigamgdl 40 °C uu 4 $alua drumsadaselulasim Tidsll 2 sedu Ao 300 uay 450 Yo 1Ty
nan 10 15 way 20 Ut thluleseiUSunalnafiueamvun auitves Singleton, V.L. et al. (1999) [4]

WAL NSNIAUBULABATEAIEID DPPH #1135¥84 Brand-William et al. (1995) [5]
3. nMsAnwvinvasasviefiuasaiaNIzaN

Tunsfinw Wansvieviuansansania 2 vila uazUSunu 2 sziu fe wealaandnIu (DE 10) uazuan
Ioa NUSH 10 waz 15% nevinsiiuansveriuadluansadauditlulaludlug fennusiseu 11,000 sou

founil 1una 10wl antudifegsluwiudenaamal -35 °C uu 3 Tl wazthidipsos iUy
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utdonuds (Freeze dryer, Labconco, USA) ausiiegnawiis (a@n1izlunisviiuis aamall -42 °C firnusiu
0.165 Torr) 9nUUA9g 19l UATUINUSINURANER WagIlASIEY ayw AIBLATBY Dew Point Water activity

Meter 4TE wagAd L* a* b* feLp3ee colorimeter (Reflection Spectrometer Avantes)
4. AnwrgnsimanzanvadlyvnIfuEua1TannaNANLNILAY

IMMswsengns i asainNANUNILAY ianus 4 gas Aan1s1eit 1 antutussyld
gosnarainvlianuieu Ynnin waziradluduluinfougnmgl 80 °C \unan 35 wiiudilunaaeunig
Uszannduianuygaeny (91g 60-80 V) viavua 32 Ay Tuituitddiutiug sunewies Jwminlesse lngly
LUUNARRUNNUTEaNENHARUUSBIa1AUAINYeY (Ranking Test) 1-4 ¥aulNla1duN 1 wazyeulaesn
A o v A
Ao d1ui 4

5. N15IATILRAUAINITNYUINITVDINEAS U

MNsIAsIErUsINalUsAY sy w@ule 10 Aslulewmss ALY WAWUY ANUISIATIEIE AOAC
(2019) [6]

6. MIIATYdaYaN1ADA

yhmsneans 2 1 malengim Uuindfiuea msdueyyadasy uazamaslaruims
UHLNITNARBILUY Complete Randomized design (CRD) Wisuilsuanuuansavasdnady fe3s
Duncan’s Multiple Range Test (DMRT) fiszsiuauidiosiu 95% nsvadeunisussamduiawuuiesasiu
(Ranking Test) Ingdduil 1 yanefls wousnilan uay 3 muneds veutiesdian AnTzvinase Friedman
test AuAlHATLULEITUANLTRURTUSUNY 120 AvUUY, SURU 2=3 ATLUL, SUSU 3=2 AZUUY LAY
JuAU 4=1 azuuu Inseinalagldlusunsudnsagy SPSS o3t 24 (BM Singapore Pte. Ltd., Changi,

Singapore)

A5 1: gaskAnsduelduInueasiansaiaaniyg

VG Usuad (%)

gasii 1 gnsi 2 gnsil 3 gmsil 4

asanaNY 5 5 5 5

Tlues 5 5 5 5
e 87.5 84.5 84.1 8283
ANUPRPT - 3 3 4.55
wdagiu 2.5 2.5 2.5 2.27
LN&D - - 0.4 0.35

A a a{' & H = = v PN a ]
‘VilnEJL‘VW!I QG]TV] 1 ﬂ@%ﬂmiﬂ'ﬂ‘Uﬁl‘N, E:JW]TV] 2 ABRTARIVUUINN, Z‘jmﬁm 3 ﬂ@i?ﬁ/\lgia LLaSQGﬁ‘V] 4 ADIAAININY
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NAN1SILaLNUS1I8NANI5IY

4.1 ANWITUAYVBIAINNALANYRALITNITANANNNIZEY

AsAnwanMeNwnzadlunsainansinaiusaanninuniwee Wevinazae 2 wia fs Unau
WASWIANDFRA 35% LAuyinsana 2 35 Ao NMSANALUUALAY (AdRsesivinazaty wen 40 °C Wunan
4 Fla19) waznsanamemviazatesauiulalasnn (MW) maslu 300 wag 450 Tas szeznan 10, 15 way

20 U9 TANARIRISI9N 2 haznns1en 3

a' a aa Y A o ¥ aad v aal Yo o | w a
MIF1IN 2: Uﬁﬂqmiwawu@asﬂ@\‘mﬂuwjLL@Q‘V]aﬂ@@I'JEJ'JﬁVlLLG]ﬂWWQﬂU 2 LL@%IW’JV]Wﬁ%WEJLLG}ﬂWNﬂu 2 VUM

favin Usunaulwaiuea (ug GAE/mL)
azvany anm MW 300 306 MW 450 356
Sufn 10 15 20 10 15 20

dndu 4482 7633 8197 79.64 7783 80.14 7423
+4.22%  +1.14° +0.73% +2.48" +0.73% +0.78" +0.98°
uweanogea 73.92 7123 7885 7366 7609 6240  54.59
35% +0.92°  +232% +1.62% +1.19% +1.76® +2.23% +1.52¢

v o

NEE - AIBNYS ab,c,..,z Nuandeiulupedud wunede danuueneeiueged

(p<0.05)

Y

e dAy N ana

MTNN 3 QUIENTINUBULATATEYRINNLIILAINARRMEITNuANAS Y 2 35 wazlidihazangunnsiai

2 YUA

fiavin DPPH Radical Scavenging (%)
azany anm MW 300 308 MW 450 %6
Sufy 10 15 20 10 15 20

dindu 5314 4712 4680 5303 4995 5166 54.69
+1.19% +1.24° +0.36% =+0.87% +0.43% =+0.34% +0.25°
uoanogea  62.18  56.78 61.72 6027 5545 62.00  66.70
35% +0.34*  +1.68" +0.87° +0.84" +0.76® +1.81° 150

LY Y o

MR IBNYT ab,c,..,z Nuandeiulupedud winede danuuanseiuegelldydfyneais

(p<0.05)
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1915999 2 azwiulataulunisanasedvinazatsinngu nsdwmadalulesiawlunisana i
navililiUSunadndflueaiinaauninisauiy Wewunain adululastndudundundindnlui deiuly
Y = a a a ] & P A v Y ady a Y]
fafannseermauazgnaanduauinmawdeuldilunauanuiou [7] luvaeinsaiame Basi 91de

A5tAMUSoU NSINAMNSDUY harn1swHSeE Fudunisansleuanuseu NldsseznarnuiunIlulasiaw

v A &

\esnnfitadeiiduguassalunsaielounudeuaunitgumaiezfannuitvine 8] uazdawuinnisarin
IndfluoadeiBduiu Aewdriigumniives 4 $2lus fevhazasueanesed 35% fuiinainafiueadi
aeniinndu Teefenuiniu 73.92 uar 44.82 pg GAE/ml muddy dievidnumuasiildihndudusiai
azans wataee ISl wud Addeln 300 Sod USuaindfueaiiutuniinisatnuuunaiu e
dWunanmsaianud Indfueafivasiiatudntos luvasidlofiumadlndu 400 Yad wud1 nsuiy
sveznalunsataiinariliuSinaindfiueaiiuty waedvinaanadumsadail 20 uif Tudwesnsly
woanesed 35% umvhazatenud fisddla 300 s Usnalndfiuealivnnsainisatnuuunaiy
uniin wasUTinailnaitueageaanulunaimsadail 15 wit luvasAdinddslndu 400 fnd waziiisnm
Tunsatn Vnalndfluealiuwlduanategretneu Jsaenndetunuifovesnigaw winlssay uae
A [9] fiseauiidaesedulilasnnfifiudy swvilivinaindiueaiiataldiviinageduaugey
wila Wdros ansEAuad Lﬂjaﬂﬁ]’mﬂ’1iL‘ﬂluﬁ?ﬁﬁlW%@ﬂlMIﬂiL’JWﬁ@ﬂ%uLLazLﬁlﬂﬁzazLU@WIUﬂWiﬁﬁ@ﬁUWU%u
thu wilfiAnenufeuavauuasilvUsinanausaiimsgaderioaned Jailviuiinalnadfiuead
wnltiufianas nstélulasnnlunsatnansiueda Suanetady wu esusznauvesansddy Useavsnim
vouedosito Wudu uazdmut nisadadelulason Wersznmiidu Wavhazanetos Wenmglsuas

Ionandnansainfiaindt WellSeuiieuiunisadnmemetindani1e1iu (Ultrasound-assisted extraction,
UAE) [10]

Pnuaneassauled weanesed 35% danuwsnzaulunisainasindlusaandnuniung
Tudgmsatnuuusaiy Turaedinsatadelulasun fvhazaness 2 wda Liflauuansnetusgradie
AFrynaadh (p>0.05) dlofansanISnsatafimunzaunuin Fadaleelisvhazassuiululasn 7
anmvmsada mdslal 300 ad Junan 15 wift femumnzauiominmsataldanduniwas v

Indtueaiigs

NA1517 3 ziuladn msadamediinasatsweanesed 35% fgnsnissusyyadase DPPH
gandndvhagaietinau uagnsaiamelulasiaviyse@nsamanitunninmsainiuunady wagan1iei
wnngaslunsanadnunuaiiignsnisiueyyadasy DPPH wniian Aenisainmesvinagangiaanaged
35 wWesiud wagldismsanalulasnniiidalnl 450 ad Wunan 20 wil nsadalagldadululasiov 91
Funledndu Green extraction Ineilumaiianisadnansiivisannslifviazals anszeznaivenisadn
a O & aad ' o § v 1 v & & = ° =
anvaiuign lgsen shbinsldlulasndiglumsadadudnmadenviisnanansadldlunswieuans

afnauulnsNivinaas wazauaInd naunuIsnsatauuutaaula [11]

F99NNANITNAABIEULS 9819 TN N1SNANaINAIN 300 TR WU 450 408 waznsLi
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szezatun1sannain 10 wiil W 20 wiil vesisadamelulasin wui grsnisiueyyadassuesinum,
IS 4 Q‘ é’ . 1 [ Y d‘ v Y & q‘ g
WAsHlkuA LAY Chaudhuri & Sevanan [2] W31 @saiafnLIILASIANANILLEANDERRNNEN TR
auyadasy DPPH 71ge uasimnuluiivsawadduzisslinuagn Tnenuindignslunmsvhatewadugisainli
finsanasunnii 85% satuasainaindnuniunsdsdinuauiAidunasuoufoonBuauiainsssuyii 57u

= I3 .
aaLdudns anticancer

NNNANITNAABINNTIT 2 Wags3nadl 3 msadnsedvhazaiesiuAulalasin wuidaumung
flatadnetnduiiviinaindfiuoags uwinduflqrinsdueyyadaseiniiinumunfiadindsusanased
35 Wosidud (p<0.05) aonndesiunuiss ves Wongsa et al. [12] finuih qudlunisdudieyyadaszenals
¢ uegfuusinaindfueaiiguiivsosaien 019dusgifuans secondary metabolites due Aifigndluns
Fuouyadasy lunsdivesinumussiilithnduatn fuihndudusvhazaeiifidags 100% feduenaardnld

= o w | Aad = Y} a % ¢ Y] o v o
LWEJ\?ﬁ"Iiaqﬂiyjﬂ@lIVllIGU'JLW@J@Uﬂua@ﬂﬂJq A‘Lusﬂmgvm']ﬁicml,@aﬂ@a@a 35% IUﬂqiﬁﬂﬂ Imﬂai’lwmmmazma

(%
o

UsznaulUmeluanafidtwazliifits daudsoralunalilaasnqudunlidfitiosnudie wazansnguiiud

HAtUNNTIVBYYadETE

AaluIdedndenliisnsadamevhazatsweansses 35% sauiululasnnldmdala 300 Tad
Y P = o oA S a aa £ v
nattunisada 15 il Wuaneimuzanlunsadn Wesnndivinalndiueawasgnslunisiusyya

dasvludSunamas wasdsldmaslnanniafn 450 dad
4.2 Anwvtinvasasvioiunvanzay

lunsfinwvlinvesansveuilanean laldaisveu 2 wia fe vealmandesuwas wanlaa Tu
USunas 10% ua 15% Wisuileuiviegiauau (Widuansvienu) Ingldwaiiansiuisuuumsigenuds

(freeze drying) liinasmns il 4

99197 4 dlefiansan Uiinasandn wuih UTinamsvienu 15% aglvien % wawdn finnii
USinasansvievia 10% iflesnUinamsvierfuiiinniuannsalufusueynevesansatnfivldunniu ua
ansvieviuuanlnald % nandnasgnfe 13.83% auwiulidn msldansvieviuuanlaall % nandn gandiues
Townda3u o1ifiosann wanlnalien glass transition temperature (Tg) Uszanas 101 °C %ﬁqaﬂdmaa‘lm
ndesu [13] eilinisudeugaldendsdmafanisazaansadin daduidlisafineanlundoudy
fvazanelussvietunounsyiufuuuudidonuds uazanuanismaaesaeiiudy msliasvieruasly
Pwdanzeynrvesansaiall vl % wandniunnidegumuauegadiulidn seandesiunside
984 Putthawan et al. [14] finuin msldasverunaalnadlunsiuriansatnanudenuifng fUsinu

NandnTigeninuealmnndniu antes

WA aw WU MSLiiNUTINaEsieuTa 2 ¥ila dnavilvien aw andas lngansvieiy
wealaandn3u A1 aw NAnasvieriukanlng lngasvieiuiilvian aw f9gnee dealmandasy 15%

(aw = 0.05) ®13LlRNAN UanlnalinuanTalunsazagansainianndy 813Llleasnanilen T Mg
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AT 4 % Wawden USunaudnBase , uwag ANd L* a* b* Yasansvieviufiuandnaiu 2 wianasUSunanuen

AU 2 SEAU

Usuneu USunauin
viinssviavy NAKEN deise Ad

(%yield) (aw) L* a* b*
F18E19AUAL 0.14+0.02*  0.35£0.02%  39.28+0.04° 17.14+0.06" 11.02+0.10°
noalaAngm3u 10%  8.84+0.22°  0.06£0.02%° 61.63+0.19° 12.72+0.10%*  6.74+0.18°
NoalaAngm3u 15%  13.17+0.01¢  0.05+0.00° 61.32+0.05°  8.62+0.03%  8.48+0.02%
uaAlaa 10% 9.22+0.26"  0.16+0.06¢ 60.97+0.22° 14.17+0.03®  6.04+0.00%
uanAlaa 15% 13.83+0.04¢ 0.11+0.02* 63.11+0.09° 13.52+0.06%° 7.64+0.01¢

VEWR ¢ fI9NYs a,b,c,..z Nuandeiulumedul vune s Ianuwanaiuegeddeddynieada

(p<0.05)

Funalaainnisuan asiin1suenduratwanlanauisdiu dedsannuealanndasuiazatsiduidaifenduiu

asanin Asiuansaiauisdndclignrierin mendinsvhuiteihasadadanuduiunnnd

WazLlaNANTUIAIE AT L* waadA1aAuaI1e 0-100 8a1Tnd 100 unnwinlsgeainaunn an a*
WARIANALAIVS AT AD 1A a* WUUIN SUAAIANELAT LAE1AT a* WA AzhanIAATEd A1 b LA
AAWARISAUEY A 1A b* 1WuuIn AzuaneA@ded wea1A1 b* [Wuau aznanea @ity 20nn1g

¥ 1% 1

nAaesnuI asafiafignrieviuslgasievusasviladad L* nuinniiiegeniuguiuningnuines
= ! g 1
]

vievusaevlinddnialnanitdeguaiuny uazen a* uealaandniu 15% danuuandeiuegeiadidsy

v v 1

3adA (p<0.05) AuMepdrsmunu lusaziial b* wealmandnsu 15 Wesdud wazfmodrsmuauliunn

o w

asfueg1slifited Ayneata (p>0.05)

o

o & o= A o v A ¢ a = A a a Yo o

satiudadenldansainignyieviusieuealaiandnsu 15% Liesainilan % wands gelndifgariu
wanlaa 15% wad aw #1n1 In1snseanedivesduinnituasfiaanudundulatinitasadnfignrieiu
meuaalnd

4.3 Fnwrgnsnandiaeilivifuatuansaiaaninuniung

lunsfinuliignndndasiliuduauasadnandnuninnwisvmn 4 gas wazlavinisnaaey
AunmnUsTamdudalagliuuunageudduanuveu (Ranking Test) lnevounlitadidun 1 Tauds
Youlleefigafe a1Wuil 4 NAaeURURgIeIgNIvIA 32 AU WU gasuIRulANnIUTesangla gnsi 3 8
azhuuruYeUlududy 1 fanedudduauyeu (Mean rank) 3.09 uazansifunsUgasaaugnsi 2 4

D = A v = o ] 1% ] an 1o <
ANuveutpeiiande a1 Wiy 2.22 Wewnngaienyseydn aasnelaniude saviliiialy vl

aY08uasRNNAUNA drusaaruilauiaiuly Nadimis19n 5
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AT 1 n) @sAnRRNUNILAS ) KeEnLLAdEinivieiumsasieral 2 ¥in AenaINITIWIAS

A5197 5: N1INAABUNNUSEEMEUREMEIT Ranking Test UaIKANA MUY AULESNENTEAANANUND

9N

ASLLUUAINUYBDU gn9

AZLUUDUAUANNYDU* 75 71 99 75
Mean Rank 234 222 309 234

*AUDUTIUSUNU 1=0 AZLUY, TUAU 2= 3 AZLUY, SUAU 3= 2 ASLUY WAZOUSU 4 = 1 AZLUY

4.4 MIAATIRAMAMLNTUINTVRINAAT 9T lT UL AN TaARINANUNILAS

Wansilasunissensuinfianainde 4.3 11vinsiesen Usinadusiiu Ysunaludiu Usinaudn

USunanduly USUNamnudu kasAInasany INanmsiean 6

M5 6: ANAINININYUINT VBRGNS [ v AuESU AT ain N dn wn uasgns nela lTeu g u iy

fagenuay (LiduneUgesa)

f19819 Wshu  logiu W dule anslulawmsm ANNAU ANWASINU

(%) (%) (%) (%) (%) (%) (kcal)

ans 9.65 024 063 45 14.06 75.42 97.00
(PauAN)  +0.06° =+0.06® =+0.03® +0.11%  =0.04° +0.06°  +0.18°
gnsLay 924 003 141 45 17.18 7214 105.95
paUgesaneld  £0.35°  +0.01°  £0.01° +0.06°  +0.19° +0.13*  +0.50°

v o Y o

MR IBNYT ab,c,..,z Nuandeiulupedud winede danuuanseiuegelldydfyneais

(p<0.05)
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9915797 6 pzuliinsiiunsUsasanzldlundndarnavilisiusunm Wi lvdu anslulewmss
AINNTY LA MNAIULANANINGRTAIUAN ageil Ty n1eadia (p<0.05) esnan Tuansaiun
(»15199 1) FUualdraiuinndt sibriusinalusiu ludu wasanudugandt waensiuraugesansld d

Havi liUSinauaiiady onaillewnandiunausanelaninisleingAuvateyile

d3Unan133e

nslddviazanaueaneged 35% wagvimsaialaemsldfmsinasatesiuiulasian ddsll 300
ot anlunisade 15 Wil fersmnzanlunsatinansdfaindnumunanniign waznisviurisansarin
Anunuasiie3Sudidonuds wuln nMsveriumesealmandnsu Tuu3ua 15% aslausununandn (% yield
) a0 wag fld aw fflan Wethansafndnuwiunssnidslundniasilvandu 5% uazilunageuds
fufigeony nuiigesifimsusesansldldsuasuuunnureuinndian way sanfusildundugasmeld dan
WARUWINAY 105.95+0.50 Alawrass JUsunalusau ludu war arstulewmse winiu 9.24+0.35, 0.03+0.01
ey 17.18+0.19% MINAIAU NHANITNAGBINUTY NMsm lusunioumuasuasainandnuninag
dwsuifaeeny Wumadenuieiithauls Wesnndauuselovdnistazunns [siugs lusfush uazdsdians
fusygadaszandnumunitisananudssesnsifnlsndmiuggeety uasdadumsussgndliuaziiia

WaANnYiosdureminley
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Abstract

The objective of this studies was to find out the appropriated time for using a glyphosate
solution for study of mitotic cell division using pretreatment technique. Completely Randomized De-
sign (CRD) was set up with 3 replicates, 10 samples each of 4 treatments consist of control methods,
1 hour, 2 hours and 3 hours and using the Sunflower (Helianthus annuus L.) as example plant. The
results indicated that the different of pretreatment with a glyphosate solution had effect on the per-
centage of inhibiting mitotic cell division in sunflowers at the confidence level of 95%. In addition,
it was found that the pre-treatment method with glyphosate solution for 2 hours gave the highest
percentage of inhibition of mitotic cell division in sunflowers, which was 65.00+5.00 percent. While
the control method uses distilled water as a pre-treatment substance. It does not cause any inhi-
bition of cell division (0 percent). Moreover, it was found that the scores for inhibiting mitotic cell
division of sunflowers which caused by using glyphosate solution as a pre-treatment substance in all
3 treatments had values equal is 3 points. Therefore, in this research it is concluded that glyphosate
concentration can be used as a pre-treatment substance for studying mitotic cell division in sun-

flowers.

Keywords : Glyphosate, Pre-treatment, Mitosis study, Helianthus annuus L.
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Abstract

This study aimed to develop a virtual museum system using Virtual Reality (VR) technology
to enhance access to cultural information. The research methodology consisted of five steps: (1)
Preliminary data collection, which included reviewing relevant documents, research studies, and
interviewing curators of the Thai-style house museum; (2) System design, utilizing Data and Process
Models and designing user interfaces (Ul/UX); (3) System development, using Autodesk Maya to create
3D models and Unity to develop the virtual environment for the Thai-style house museum; (4) Testing
and evaluation, conducted with five museum curators and 30 youth participants aged 15-24 years
from Kamphaeng Phet Province. Data were collected using a 5-point Likert scale questionnaire and
open-ended questions to gather additional feedback; and (5) Analysis and conclusion using descriptive

statistics.

The findings revealed that users were "highly satisfied”with the system (mean score = 3.81),
particularly regarding the content and clarity of 3D visuals. However, the realism of the visuals requi-
res further improvement. Recommendations from this study include integrating interactive features
such as pop-up windows with audio descriptions and gamified activities to enhance user engagement.
Additionally, it is suggested to develop the system to be compatible with mobile devices such as

smartphones and tablets to improve accessibility and meet the needs of users in the digital age.

Keywords : 3D, Virtual Reality, Museum, Virtual Reality Museum, Thai House Museum, Kamphaeng
Phet
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NUIBEFBIANILLIMIINITERNLUUAN NIIAdaNA NS IEiow (2566) WU D9AUITENOU 91
WingauiedNeenkuuan InaeNadiluaswaliou Usenausme 1) anwauenn (Image) Nilanwug
Seudie lddudeou vie luwaniidnuiu Polygon dew wngdmsumausiunulusunsuasienmaiouass
2) sUkUUNSIA1ES (Narative mode) In1sweslesddumnnisalazainmeiu viednmedusenauasy
Tl 3) Smg au Fwes a1n (Virtual reality graphical elements) Wun1sd1aesananufiase 4) anm
windou (Simulate environment) lagnseanuuuldssliinAuanInwndon taz 5) unuimkaznfini (Roles
and rules) finseanuuuliidiungfnssunissuivesildmsin Inenisusadiuaniniinden Auluass
I 1% a 2/ 6 . 1 £ 1 (] v Y

i@ilou AuMIiteuiresywd (Leamning Style) wuin fnaunuvasuauadmlnginisfuiniaenilagnis
waiil sosAan1sTuslaenisladu uazmssuimssnelasmsirdeulmuaznsidn mudeiu dusnu
aadUszneumalulaganuduasaaiiou (Elemental properties of virtual reality) Wuin fneukuudeuniy

v v

drulngiuduiusauniniazanininaeuaniiga [20]
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ANSHUNADUTINTAAWNANYS WAUNTE SR RsAusiSaulne) Inawlseanidudunausall
1. msAnwdayaiUasiu
1.1 ANYNBNAITHATINUIYNNYIVDY

swnudeyaiiiedestumeluladrnudusduaiiou (Vitual Reality) uazesnuuududnsiofld
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el msfnwlideyannuasiifaraniniede wu vuideludunsimu VR iWensGeudiaynmsvies
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AsunsdunealguanisiueiSeulne lagldmanuateta wu iemiinisdnuans Tngdfny
S 9 : o = = 1939 a % & v °
Mllisessniane dnvazvesnguitmnendnuileuvy welladeyadedn udisiusiuilent Adeenisih
WEUe WU Ingdnuans Useindlviosdu uavUseiRamansnngites
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Guitnyuuesnddgy wedmneenuuulieg 3 ffkavaaanuaudselussuy VR

91830 Google Maps wag Google Street View a5y 18aulduAYINUNlAEToU W A

madman dulyl wavesdauseneugiiviaidy q Nlnasen15eanwUY
1.3 NM3ATILAAMUGDINITVDITTUY

nsieseiteyaisivswliiieivunauauianinduvedssuu Wy nseenwuu Ul fidese

]
aaada
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Input Process Output
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AR FTUTIN A IUNANTT RN Tunrmimursuy Nonmmorsive
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#13719)

ANT 4: TASIAS NS EUIUNNTYINIUVBITEUY

2. N1999NLLUUIZUU (System Design)

1% Data & Process Model LiefimualATIa319nsEuIUNISINUYeIsE UL AN siditeya Wy
Ameng Yayaiilen lUaufisnisasnsluea 3 17 wagmsiaunszuy VR lagldlusunsy Unity Baiiseasiden

PIDINN 4 AU

2.1 mseanuuuliaadaya (Data Model)

[

Tunsdmiiuuazdenleseyaiiedastiunisinnuressuu lnedniedeyandn (Entities) fsil

iy (Menu) viuthidudthndigldau nedldnuaansadeoniesdauanidiseinisdrsanie
Gonuuwserszuy udaziyUsznaumesiiay (MenulD), ¥aiuy (MenuName) wagdsi ludadimuned

58Ul (TargetRoom) 1y ieasaulvevisentisam

NoI9nLENY (Room) ueagedianstilom Nuanmieiull wiouviuszneume sy azidenaifey
W 97@vies (RoomiD), Foviad (RoomName), T18N1TINGNTAKARNS (ObjectList) kagtnasUsenauusseINIA

(BackgroundMusic) @sgagiasuuszaunisainisdrsiaviesinuanslugiiuuiaiousss

Tndnuans (Object) Tngneluvissdauanailiunianivualisgidniau Ineusayingaziivoya

9 Y

=

s (ObjectPosition) Tuguwuudian (X, Y, 2) uwasililandunsiaaeunisyu (Collision Detection) i

Jasiumsvuseningdauiuing

2.2 N1598NkUUlAAANSZUIUNS (Process Model)
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[
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2.1.1 WegldauiSuAusEuY SEUUATlEnd ntasyvan e ligldnutenviesdauaniiaulavie
HoNUSULAINITAIAT FaanusanuANsEaudes ANNazden Lazlnunn1shaninale

2.1.2 nAIINERNDIIALANY SEUUTLARS Mi1aeluan (Loading Screen) nauidngn1sd1sianies

v A

LATDUDTI TITEUVILYINNTIManluea 3 DAU09LazInaNIALEAY WEDULAAINARNAILUaAR1rua ATy

q

Toyaluina

2.1.3 flduanansadinaviesdananilast1edase lngaiuaun1svyuLLleaiIunsaIniiid (Drag
Mouse) waglddy W/A/S/D visedugnasiunisiadeui wenannidiaunsanadu Space bar Liioindounu

ANUUU

2.1.4 szuuiinsvihnuves fendupsiaaeunisvu (Collision Detection) @etnetesiulaligldem

guiuingluiesdaunans vliuszaunisainisdrnadulusgrsauadaazsuiuy

2.1.5 sewhemsldou gldauasnsanady ESC Wiveventins1i (Pause) tnussuulziandiuy 1

den louA nsndutngnisldau (Resume) MsuTuAsen (Settings) 58N1508n3NT2UY (EXit)
2.3 nseanuuulassaiediuiadadly (UI/UX)

ddnsdey ltinihvedidn Wy wihaslynan e nihaelvan wagntnd15iavioluas

1

USNUSOURNSH U LnelisneasidensInns1en 1 fadl
3. NMSWAILNSZUU (System Development)
3.1 NMSWAILILLAE 3 AR

Gusumemaiiuteyaingaswuaraienmitethinassrunuululusunsy Autodesk MAYA Tngld
nS0diiaaseluea 1wy Polygon #se NURBS a1niuniviua UV Mapping USULSIINURY (Textures) Wazuas
(Lighting) Tiaxa3e wiaunsIvdeuANgnasvaslumataziiliseazden Wy dndiu AnuAuYe wagns

Wweusang newdweanluguuuld FBX wiawsealdeululusunsy Unity

MNA 5: Aeg1an1seankuunisiuasaulnaluluswnsy Autodesk MAYA
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AN 6 MpgINSHAILNATsAugadouasemelusinsy Unity

3.2 NISNRAIUISSUU VR

liaa 3 3890 Autodesk MAYA [dlusunsy Unity lnguSussanann (Scene) uag 3nanslaaa
MIUMNURITSADIN ASALUNBY First-Person Perspective (FPP) wiauilaasauaun1snaaui (W, A, S, D)
\AROUTUUIIUY (Space bar) Lagn15vuLNLad (Mouse Drag) WRIMNUUMANULAZN1IAIAT (Settings) LiVe
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4. nInedaULazUIeiliuna (Testing and Evaluation)
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5. N5ATLYkaaTUNE (Analysis and Conclusion)

M3TAsIEYiLaL a3U KA 311 N3 SIS LaE Ustanana feya 91n nsvieaey stUU LB ATI @R
UsyAVENIMUaY ATV ANTD S UL TR Ty TagEuanmsiinsesideyaifeUiina Wy Aedouas
drubsauunasgu Wevssfiumuielavesdlduluduion mssenuuu uasnslénussuy wiey
viameideyadigunmandeiausuusildsu ileszyaniunasdymiidoimsnsusul wu nsiiy

AuaNdsevedliea 3 Havsensusuleilsidunsldnu gavedasuransimu Tneszyfnnnudsa

VNIEUU

a a ad v
WA 7: ANSENSHITNS I

ANSWoY a7ssai uazAgu: 191



SMT s The Development of a Virtual Reality Museum...

]
¥ o w A

Wy nMsnevanaweIngUivasrnnall uasdedniniinu nieunaausnusinisnsiausyuuly
auAn W nMsiiuindulnl nsldwelulagdugs vsensvenenisldnussuulvaseunqunguitdivuned

Y 9

NANNNAIYUINTY

NAN1S28LaLNUS1I9HNANI5IY

AUABINTVBITEUURTsAuaatiouasautaeenidu anuReens@eaniin? (Functional Require-

ments) tag AUABINISTLUlEMENYT (Non-Functional Requirements) ¢4l
1. AMUABINISWNUTNT (Functional Requirements)

Y a s A [y ° v & A Aaa v Y ol a
33UUW@Q§J‘WQﬂ%umi@ﬂi‘Uﬂ’ﬁaqiTﬂLLagimﬁanuwum 3 46 Wﬁ@llai'mﬂigﬁllﬂqimmﬂﬂaﬁLLagLE‘ﬁll

£
v a

as9nsiseug fall

1.1 wytmna (Navigation Menu) ssuudesiliwynaniigelvigldnudendiudig q vasiiisie

oA osusanlng eanipdgmAnugInel fesneivivseifmansiles wasuinalaysouiiiasoue

1.2 mMsd151aiiuil 3 {# (3D Exploration) gldamuanansanyusuued 360 asrmlagl¥iund (Drag

Mouse) wagingountuiunmedy W/A/S/D viseUuanes wazUy Space bar ingaudut1auy

1.3 MIn539a0uUN133U (Collision Detection) seuuspstasiulilvgldnuruiuingdauansluiiun

3 3R WeAIANNENSILUNNTANSID

1.4 A13A9AEUU (System Settings) Antinasn1sasatiaUSULAUES (Volume) Amuazidunus

AW (Resolution) kagluuaniswanana (Fullscreen)

1.5 @sawasusznau (Background Music) seUUABITLAELNAITNIASINUTIVIN AL FUTENI
N15d1579

1.6 Meidun15mgatIAsT1 (Pause Function) syuunesseassuilaidunendingid (Pause) niouy

Resume, Settings, ey Exit
2. aAnudesn1s@aldlyndafl (Non-Functional Requirements)

JEUUARITRsUUsEAVEN LAz AN MWL audnTunsldundsduwasiinfesdng fadl

o |

Y v & I3 Y] o A 9] oA A
2.1 ﬂ]qﬂgﬂma\?sﬁ]@ﬂ‘;ﬂ@%aIULuaﬂq Lﬂu‘{j"ﬂ"\]ﬁaq @/Waﬂwa@aﬂmﬂﬁ/\mqiisdﬂqu AIMUUTDOD LLASNIT

v a

UsTadngusvasAvesssuy wesiunsnsndeuteyaingauaiiisduanEeulvy Weadswszaunisainig

Y

o

Frujvensnvuliinunmuazaenndeiuanuduasneinusssuuar sz iRmans

Sittipong Suwan et al.




ASWOUUNWWSAUTLEHDUDSY WWSAEUNAATUIVKIQFILLWDLWYS... SMT n

=

2.2 AVILENATUATANNANYTAIUBIN M (Visual Realism) Tiaa 3 3R zdosllsivazidenvesing @

q
¥

NURD LAZAILUINITINING danAdadaiuANuuase WipasaUsyaunsainauasedaty

ee

2.3 anuaznInTunsiinie (Accessibility) syuudesinasuazldaulaniuu Windows wag Mac

nsldnulidudou warlifesamugunsaliy
2.4 M38RNLUY U/UX Aaamiinzauiueivu 81y 15-24 U

Tud 199N SHALIARS T9lalaUaTa AN UNADIUIINTANWNINTTRAUNTELASTH (ARSI

Soulne) amnsaanilvanuasnalusunsulaf https://arit.kpru.ac.th/sh/dcdce5 Fananswamundu el

SATUNIMUIVKIOMUWOLWES laéuws:lﬁasﬁ
(Wwwssiturivhudaulngiaiioussv) AREENE o

W

Aoousanine mAaSondwugne masows:Sdmaadiudoo

nangas : inaluladarsauinn
wpdnSwod  gossnd
wnwdouSauld indooiwassod
Az : Snevmaasuaznalulad nuiaall

[ (3 <~

A9 8 miheynaniisAusaloudte

MNA 9: NTNIDIAANASHUIEL U

ANSWoY a7ssai uazAgu: 193



SMT e The Development of a Virtual Reality Museum...

W e

ANN 10: AR89 NASAUIMALDUDTI USHULAYTaULINDIAISANGH U

194 Sittipong Suwan et al.



ASWOUUNWWSAUTLEHDUDSY WWSAEUNAATUIVKIQFILLWDLWYS... SMT n

= [

v ez 1WA EAI

e
i

A
(]

C S

AN 11: AregeRnsAusallauase usnunglunnsAue

ANSWoY a7ssai uazAgu: 195



SMT e The Development of a Virtual Reality Museum...

AR 12: A19819NTN9ENTINNS I aLadlauasT RausANtNe

-‘%

i /
YRIGgRIIILEE IRt FaimmInlsEiteansian —viaenAn SRS

AT 14: G798719%UN0AN5 NN N UINLELBURSI ToIN1AIBUSEIRAENSLIIDY

1 (% 6

NN5USEIUNAANUNIND LN A NNS AN

Y

ialouass Jeagulanail

196 Sittipong Suwan et al.



ASWOUUNWWSAUTLEHDUDSY WWSAEUNAATUIVKIQFILLWDLWYS... SMT wr

a1 a v ¢

a a = o aa o A a a a a
BTN 2: Na?ﬁ;’dﬂqiﬂigL@JUF"I’JWNWQW@I"\]GU@QE\JQLLaWWﬁﬂm%LjauvLVIUWQJWaWWﬁﬂm%Lall@u‘iﬁ\‘]

sren15UsELY AUNIND T

X S.D. udaadunue

1. ANUgNGRIYRITeYa 4.20 045 )
2. ANUTALAUVDININ 3 TR 4.20 0.45 170
3. yuaedlunsuanann 3 16 4.20 0.5 N
4. AMUFLUYDININ 3 TF 400 0.71 170
5. M3eonkuulNNsIFuULNTILe 3.60 1.14 17N
6. mﬁaaﬂLLUUﬂ’rimuQmﬁmmimﬁauﬁ 3.60 0.55 170
7. ANNALDTIVOININ 3 T 320 0.45 Uunans
8. AINANYTAIYRININ 3 TR 3.00 0.71 Uunang
eI 375 0.61 11N

159 HemsUszifiunnafawelavestiguaseulneifivedfisfamiaiiouats Tnsvmegluszdu
"1’ ( X=3.75, 5.0.=0.61) emsvszifiuiiléSuaziuugean 1iun amnugndosvesieya armdninuves
A 3 17 wazyumeslumsuansniw 3 47 (X=4.20, $.0.=0.45) Feeglusziu “un” vazisensilasu
ﬂzLLuuﬁwqmié’LLﬁ ANUANATIVDININ 3 TF (X'=3.20, 5.D.=0.45) wagAnuauysalvesnn 3 17 (X'=3.00,
$.0.=0.71) Bsagluseiu "Urunana’wamsUssidiufananasvioulifiuissuuiinrudfianelalussiuiilu

AUAIUYNADIATNITLARIHATDININ 3 TR UeiA T UTUUTIlUMUANNENAT A ANANYTIVDININ

¥
=

ey

Nnei 3 wansUszdiumnflenslavesnguionaudminunanes e1gserine 1524
fifislo fifissYoustiaflouads Tasameglusedu "uin”(X=3.81, 5.0.=0.68) lasflarmiianelaluduiion
(X=3.97, S.0.= 0.83) 1nnilan Ssvieansanineldiunzuuugean (X=4.19, 5.0.=0.82) avvioufisannuiming
auves mthiausteyaifeiuusanneiausssy sunisesnuuy (X = 3.66, S.D. = 0.74) fliaufiewels
TuAnuaNasuazaNEIBNuveIn I 3 37 agrelsiniu asusuusdludiuveanisuanmadeyauuuauysal
(X=3.42, 5. = 0.79) Feagluseiutunans srumstéan (X= 3.81, S. = 0.75) ldfunisusziivlusesu
170 T,mLawwﬂuﬁ'aﬂmimuqmmimﬁ'aulm (X=3.88,S.D. = 0.75) haznsamswnualusensy (X= 3.91,

K%

S.D. = 0.64) #amsUszuiiuandbiiutsganuvesiiisdusilusiuidomuaznsosnuuunn 3 IR wadsd

1% [l Y
YaAa <

Hundwiumsiauanuanysalvensuanmatoyalingd

#3UNaN1539Y

answou gdssad uazAgu: 197



SMT s The Development of a Virtual Reality Museum...

M3199 3: waasunsUssiliuanuianelavenauie v Imin mMunenes 81gsenine 15-24 U ilsie

ANSAUNALDUDT
snen15UsEIEU AMUNInala
X SD. uwlaaduvune
1. fuLlann 3.97 0.83 170
1.1 vimausanlne 419 0.82 1170

Fnuansdeyafsueaslunisusenauisiniaguigfad ausslne

Jouansiuungdadlng yumsusisnmeaiadsnw vussuiviiam
seUUsEdTamdnmunanes)

1.2 ipan Ay IRRugInen 3.84 081 1N
(Fruansdoyaruiiuiuuazaunguliosfineduguludorintunamnys

FossmiAeriumiug Uszind uaznsdidudinvesiaudoia

AUNIANYT)

1.3 Hosnev sy ifmansiilos 3.88 087 1N
(Fnuansioyaanuuenaiimans ssainel sTuEmINe

UsziRmansanuduunvoailoasnanass)

2. AIUN1RINUUY 3.66 0.74 N
2.1 anuuaulavesinsAusiaiouass 3.94 056 110
2.2 AMUANAIIVINN 3 1A 3.72 0.73 11N
2.3 ANUMNEANTD NN YUALUNAI T UUNNTe 3.47 0.80 Uunang
2.4 AMUEIYILTBINITIAINANRLN 3.56 0.84 11N
2.5 AURLNZANYDUE 3.63 0.75 11N
3. AuUMSIEUY 3.81 0.75 1N
3.1 MsAnRalUsLATY 391 0.64 170
3.2 MIAUANNIIAGEUT 388 0.75 1
3.3 yuaslun1suantnIn 3 Ia 3.84 0.81 11N
3.4 AnSalunsnevaues 391 0.73 110
3.5 fhidonnmsaeen (Uuseiuides anuazidenveann) 3.53  0.80 110
BEITETY 381 0.68 1N

nMsiauisiueiadoussdniuinsiumanuminmunanys wiunssifesi (WisdusiSoulne)
Ingldmalulaganudussaaiiou (Virtual Reality: VR) iiasinnsindetoyaniainusssuwagiasulsyaunisnl

m3Beug lnenans3dedliiuissuuinisdusialioussiamnsaneulandanudenisvesd faulds lae

198 Sittipong Suwan et al.



ASWOUUNWWSAUTLEHDUDSY WWSAEUNAATUIVKIQFILLWDLWYS... SMT wr

wnglumunugnasaresteys ANUTRRLTEININ 3 R wazauazaInlun1sideu Bwaenndesiuay
awv a1 1 Y o v v - =2 N ¢ a = 1% I I
Wi VR Hwandediinmunaiuazaniuil sudaiindszaunisalidednluaninuindennisiseus (6,
21-22]

Kan13UszdiuNNguimeguandiiu it szuuiniseanuuuyaz laidunldnude Wy ms
@979V First-Person wagnisadniiiegeyatianiy aedlsinu arsusuugsanuanaswesnn 3 If wu
WinALaBenLazUSUNURYIng e IV lndLALT0993 Feaenndesiutaiausiusluaifenouningssy

TANUENITWBINMLATNMTERNLUUTIas ouUT UMM TRusTIUiiNasieauisnalavea sty [23-24]

ludiuvesdaiauauwuzanglitou ngudmneaueiiafsiduiuudumesieniin Wy n1suans
Toya Pop-Up Wiauldequssens uasfanssukuuiny (Gamification) Litenseduauaula lnglanizngy
LU e sianssuulisesfunisérmialuguiuu Google Street View Litewfiunisitniiaglgauilyl

AUABAU VR Wy dnvisaiieduaziadeny [24]

lngasy szuuiiitsdueiaiouasaniaunduaunsaiiunisidntiuaznaulandanufeinsves iy

a a 1

nulspgaivszansnin egnslsinnn nmswauidiudnlusuauausvenmwasilsidunuudumesuen
I 1 MINAINTIURUUNUYSENSETRBIAROU AvdreifiunuALazreenseensulunguidivany

a a & & ° aa o o v aa A ¢ o
NEANVANYUIVUY UBDNITINU ﬂ’]iu’]WlﬂIUIaEWW]uaNEJM{LSU bYU ﬂ']iaLLﬂ'UIllLﬂa 3 3f Wi@ﬂqia@ﬂLL‘U‘UWQﬂsﬁu

o o

Ieneuiunzauiunquiltaunely avtiglinfisdusialoussnaeiliuniodioniidnenmgedniunis

a o

ausnuhasiHewnTInusTsulugaRdvia [23-24]

ayluazdaiauauuy

v
Ay A o a 4

U LN AU AN AU ELDUISIANSUNNS A UNFDNUTINIANLNINYS LREHNANITUTAUY I

53

Tguisnelalumunnugnaesvesdeyanaznisesnuuunn 3 dandany uwididiveiaueliuiuusenin
auasavnAAtuwuuBuWas LN N Wy N15d151aWleneU (Pop-Up) wagfanssuiuuinuiiionsesu

ANaula BnNImIsHAILIINNAE15I9WUU Google Street View LilidaNuasaIntun1slE9u

Farduamuzlunisuinanisive U1y

Y Y
[y

Afeildiiuisdnenmvesiifisiusiiaioussslunsifuedesioddydmiunmseusnduas
demoninusssdlve namsAnuhdlinuiaruimelalussfugeionnugniesesteyauazanudaian
vosn I 3 77 usdhitelausnuzrlumsuivusemuanueziiuiliiduuudumesuoniin nmsiinans
e Ul Famsdatiumsiaun et Ussaunsainisldnunas mamevaussienudioamsvasnguith

PUNENNAINNAY

nseiuAsitudumesieniin wu vihesuanstaya (Pop-Up) Wiauldequsseny wagn1siaiuy

ansSwou gasseu uasngus 199



SMT s The Development of a Virtual Reality Museum...

Ny ansateiuanualatarasinsiduuiugldau neanenguensuiauaeiumalulag

Y] v

Advia NsasennsialususuuinuardienseaulminauaulauaiasunsSouIH U SE TIAsURENTIS

wenantl NsUFuUTITeasiBunvesluwa 3 16 Wy WuiiaguazesrusznauvesanInkIndes
Y LIN AN ANTIVOI NS U9 Lalouass MIldmaluladnsawnuingasauasn13eonkuuiituay

= I3 | ven v vo & v o 'Y = A a
avldualuynadusenavastielildnulasulssaumsalnlnalfesiunsilisauanuias

A a Y = ) 0 a v 1Y) . a a o o ]
iieLin1s1fe Arsiaulvandsafiaaeiu Google Street View visaweunaiadunannsald
Nulduugunsainnm wWeligldvuaunsadisaiiisinmiannynil nmsiaunizdisandedinaiuna

wagMsAuNe wazialenalviauainvatenguanunsadnfelayaniainusssuladedu

gnvneg Asvenensidauiiisiaeialiouasstuuiunnsfng WnedluldlulsaSeunsefanssuds

Y (Y

a a va a Y v o wa s & ° a A & aa ¢
@BuNMsBeuiTineesiuiamsssuuaUseifmans wenanil mahwelulagiluussandlifuiifisioe

Y

Wiawnasseusau q lulssmelng ssdieaSuaianiseusnvuasineuns ausssuegadsdulunidva
¥ 0 A ¥ .
tatauauuzlun1svinideasesialy

nMdeasaeluaITinsannsSsuiisunalulagdunanunsoaivauunisSeuiiasnisaienen
Tausssy wu nsldmalulad AR (Augmented Reality) Ainanulanaseuazlaniaiiounmenu e dnw
ANUINgauwazUsEansnmlunisnevaussiaaudoiNsvasnguidmunenvainaty nMsiUseuliieuil

aa

azaelianusaaenmaluladNanandnsunisimuseld

q

3L vauavaIngumedinan e Bstududnuwwimanilsndfy nqueiegisluauan
misAsauRguKldunuandaiulumMuety Msfnw wazanuaula Wy dnSeusedudsvon dnFeudses

Unviesiiey waziaseny welndeyailiasviouyutoaranusesnsivanaiginiy

msimsiaemneulandnguidminglanizngy wu nseeniuudeyaidedndmsugaul
AulseTamans visensaiedenisteusiuuinlanedmsuinGeu nsiuilenanizngutiaz ey

AAarUsEANENMYesifisAueiaiiowasslunisaneneninusssy

v A =

SnUsuiudAgyfensfnwinansenulusvezenivesnisiiifisdusialoussionisitouduaznis

o

néiaussse MyRemsUszuihnsidmaluladlianunsadaadonisisous nsand e uazvirund

oD o5

san1sousneinussulussezaneuuedidls

gavng msimsAnwinsiaunleidudugs wu nsdaesaniunisaliluuauass (Immersive VR)
wIenslilaa1Usehug (A eUSuuaUssaun1salvelday seuuduganalanunsaiiuanuauasuay

ANMUTAIUTIN SAuDilRsTULaAINNSaRRUALRIRENS UL UUBsalnillAag19Tius s ANS ANt u

NAANSINUSZNIA

Sittipong Suwan et al.



ASWOUUNWWSAUTLEHDUDSY WWSAEUNAATUIVKIQFILLWDLWYS... SMT wr

MmAfeEeam s ifsAuelatlousds ifisfaumanudsiamunanesiadunseiiesh (fis:iasl
Zoulne) 1 awnsndifaganluded vevevan auviing Aiasssudal {iansfifistumaniufmia
AMunansiodunsziiesd (@fssasiGeulne) lunslideyauaznaaeuanugnies sadaansiiisdes
LaEURURUAMUARINTATINAAUL kAL TMUET TN UM Inendesudgiunans lunistvmuugdilunmsusuyss
wilvaudusa uwavveveunnvangnswalulagansaume auzInemansuavinalulad unninende sy

Munanes AlinsadvayuwagliAiUnulunisaiivaide

LONAITD19DY

[1] audunyuweInedsuss (esdn1sumy). (usingd). Assamanuiminmunanssidunseiish

(WisSuaiFaulny). wWaelaain https://db.sac.or.th/museum/museum-detail/488

QU

[2] diin AaUy wae IWUSITU UMINGNGY 1007 MUNGNYS. (2562, 26 Wwpw). UseInRisiunanu
Jamdn Adnanes  wlunseifesi. 11 09 1A 910 httpsy// acckpruacth/ rtmuseum /7

page id=1&lang=TH

[3] AifsAumanudwinfunanes waunsziosh - Seulne. (2565, fueteu 19). UseTRanuidun
uag Yy vea s Aunanudandn munanys wiunsinesh d1in favs uag Tausssy uminendy
AL IWNLNYS. IS WWT UL Facebook. W183lA9n https://www.facebook.com/ photo? fbid=
2972843879675217&set=pcb.2972844093008529&locale=th TH

[4] The British Museum. (n.d.). British Museum home. Retrieved December 15, 2022, from https://

www.britishmuseum.org/british-museum-home

[5] Virtual Reality Society. (n.d.). Virtual Reality and Education. Retrieved from https:.//

www.vrs.org.uk/ virtual-reality-education/

[6] Chwalba, A., & Pankiewicz, A. (2021). Realism in virtual reality learning environments. Journal of

Virtual Environments and Learning, 15(3), 123-135.

[7] Deary, V., & Wilson, R. (2020). Developmental stages in digital learning environments. Journal of

Child Development Research, 45(3), 289-305.

[8] Kavanagh, S., Luxton-Reilly, A., Wuensche, B., & Plimmer, B. (2017). Creating functional virtual
reality applications for education: Design challenges and lessons learned. Interactive Learning

Environments, 27(1), 1-15.

[9] Any i media. (2565). ¥inmuiandumalulad AR - VR - MR gidsnifuidudszaumssivdaniily

AUIAA. LT1D99N https://www.anyimedia.com/ar-vr-mr

dnsSwouy gdssad uasngus




SMT s The Development of a Virtual Reality Museum...

[10]

[20]

[21]

WYY INASS. (2565). wialuladl AR & VR fun1s@nen. Walailak University. ©€189370 https://

library.wu.ac.th/ km/

qué"‘mmmamiﬁamiﬁﬂm. (2564). IN33ANTLENDUATI. SciPlanet. W18997N https://sciplanet.org/
content/ 8198

ARG UNADTUUWAI VIR WITUAS. (2559). ANsA U Lailouass. Bangkok National Museums Virtual
Tour. W18991A http:// www.virtualmuseum finearts.go.th/ bangkoknationalmuseums/ 360/ siwa-

mok2016.html

Vergara, D., Rubio, M. P., & Lorenzo, M. (2017). On the design of virtual reality learning envi-
ronments in engineering. Multimodal Technologies and Interaction, 1(2), 1-12. https://doi.org/

10.3390/mti1020004

s
v a

= o a s a v d‘ (3 gj v a IS
ILANA u'ﬁh%ﬂ‘t‘@ LAZE DN YYTVUTU. (2562). 24AUIENBULALVUABUNITWAIUITTUUAIUIIILAUDY

NANUNITANEN. NFATANYIAENSUMNINGGEVDULAY, 42(2), 1-18.

gAusAng Mdund uazUsenins naauinude. (2565). MIUssenaliUser Interface (Ul) wag User
Experience (UX) Tun1999nlkuunaanodi. 2158193 1015umnnendedaiisuiedy atuineaans
wazwmalulag, 16(2), 63-77.

Disney. (n.d.). What are the keyboard controls for the game?. Retrieved from https://app-
support.disney.com/ hc/en-us/ articles/ 360000754226-What-are-the-keyboard-controls-for-the-

game

BlueStacks. (n.d.). Game Controls. Retrieved from https://www.bluestacks.com/features/game-

controls.html

A7F Lauiy Wawn Asnaiia wasiiduy algussdss. (2564). MInmuleUnanduiiisiumialiou

q q

Ly

Uduiuslagltimalulagan muindeuaiiouluyuuod 360 83f1 wANITARNUANENER: NIAIANW

o L4

10 NRsHugvedlneg. 1saNsaIsaUNAAIENS. 38(1), 42-57.

oA vf wand algwed wadey guinsal WANA. (2562). N34 13N W vioLiied lusia danu
3 Sausssn tne 19 wnalulad Aoy u 939 @len. 518970338 YU 9anyL 910 @010W3T8 wae W

UNINAYTIVNUNETATL.

WIAN ANV UasaReT WNRATING. (2566). Anwuuavnenisesnkuuan nwndennuiluasuaiiou.

MNANFINsAaUranUenISUAIENS UNNINeaBULSAS. 14(1), 150-164.

Vergara, D., Rubio, M. P., & Lorenzo, M. (2019). On the design of virtual reality learning environ-

ments in engineering. Multimodal Technologies and Interaction, 3(2), 1-12.

202 Sittipong Suwan et al.



ASWOUUNWWSAUTLEHDUDSY WWSAEUNAATUIVKIQFILLWDLWYS... SMT wr

[22] Richardson, A. E., Kosslyn, S. M., & Morrison, J. B. (2021). The impact of virtual reality on stu-
dent learning: A meta-analysis. Educational Psychology Review, 33(3), 937-973. https://doi.org/
10.1007/ s10648-021-09592-7

[23] Makransky, G., & Lilleholt, L. (2018). A structural equation modeling investigation of the emo-
tional value of immersive virtual reality in education. Educational Technology Research and

Development, 66(5), 1141-1164. https://doi.org/10.1007/511423-018-9581-2

[24] Mayer, R. E. (2020). Multimedia learning (3rd ed.). Cambridge University Press.

ansSwou gasseu uasngus






UNANITE

N
Ut 3 atuit 2 nsngran - SurtAy 2567
X ] | PRI 223813 u5n.nn. WYIAENT AAINAIERT Lazwalulad
Science Mathematics and Technology | Journal of KPRU Science Mathematics and Technology

% % Q‘ i [ %4 =
NSWRAUINAFUANTN9NITEEY 1599 Tanddgynnisiausuins laenas
d 14 1 IS 1 o aq o v v A gj o/ = =
(SeuzLuUTwiRTIUAUNATT STAR dmsutinSeududseudnendn 1
15938 UASANNNIINYIAYTIVA N NWERAT

Development of Learning Outcomes on Volume Measurement
Problem Solving through Cooperative Learning with STAR
Strategies for 1st Year Secondary School Students at Thepsatri
Rajabhat University Demonstration School

Qv ¢ oA Iadd27*l 3 o ¢ N
91390U Glju‘]d , Jdann lwads s §\16§§u WYBUKU, LA AI1NTU %j&lll’m&l

D

NsaSeuinngdynnnsy nnoileinie Jaminanys

)

2augdnenanskazmalulad W INeNaesuAmNEn3 snelieanys Jminany3

]

D

5B HUa SN INEYUAYINERT W INeTETIAYMNERS Snnewlleany3 Jwminany3

]

An@neialy WIneIdusuYS NIENNENUAS

Areerat Chanu!, Piyada Phosri?*, Rungarun Payomhom?, and Waraporn Summart*
Wwatkhowimuttaram Schoo, Mueang Tha Wung, Lopburi,

2Faculty of Science and Technology, Thepsatri Rajabhat University, Meung, Lopburi
3The Demonstration School of Thepsatri Rajabhat University, Meung, Lopburi

4General Education Affair, Thonburi University, Bangkok

UNANED

UlngUuszasAiiaSouiisunadugnsninisseuadinenans Sod landgdymnisindsuins

UIY

(%

d i UnSeutudseudnuyn 1 lsaSsuasauminede udgmmans seninnoulasnaidanisiseus

wuUTImTeTMAUNaIS STAR waziollisuisuanuasnsalunsud Jamneatneansvesinioutu

*Corresponding author : piyada.p@lawasri.tru.ac.th

Received : 29/09/2024 Revised : 15/12/2024 Accepted : 23/12/2024



SMT s Development of Learning Outcomes on Volume Measurement Problem ...

TseuAnwIUN 1 sendnenaulasnain1sInn1sBeuskuuTnilosniunads STAR fuinaisesas 70 duesy
N15ddIUIIW NMIANIATIEI waenskAdymTindu ngudegehe Tniseutudsendnyidn 1 lsaSeuanse
a (% (% a A ! U 1 ! ] o & IS g o a v ¥
UIMENFE A nan3 1RennguMmed1aegnadie I 45 au iasesllenlyly msidy Uszneusie
LHUN1TIANTFEUINsaeulagliIENsAR UL VUL NGO kazkuunageuFedandUgyvinisiadsuins

lngldatiansiaseideya liun Aade drudeauunnnsgiu uaensnaaaui

HANTIBNUI UnFeulinadugnsninsBeuadamans Gos landlgmnisindsuing naenis
Y] = Y] ] Y] aal o o = 9] ] Y] aal = =~ i
InsSEusuuUTINdeiunads STAR gendtneudnn1siteuikuusinienunads STAR lnellazuuuiady og
1 11.98 Azluy Juiinty 3.62 aviuu AnduSosasiiiudu 22.63% wazden t-test MUY msnael was
ANaEIsatunsLAdyeadamansvetinSeutudseudnuin 1 vdainisdanisiteusiuusiuiesi

flunais STAR gendnnaeisesas 70 dazuuuafowiniu 11.98 avuuy drudeauunnnsgiumiitiu 1.96

AdRy 1 MINALINadNgVENIINIT By, MIun Jymneademans, n13SeusuuuTuile, 51839

AMAAEAS, NaI0 STAR
Abstract

This research aims to 1) compare the mathematics learning outcomes on volume mea-
surement problem-solving for first year secondary school students at Thepsatri Rajabhat University
Demonstration School before and after implementing cooperative learning with STAR strategies. 2)
To compare the students’ problem-solving abilities in mathematics before and after the cooperative
learning with STAR strategies against the 70% criterion, promoting participation, analytical thinking,
and collaborative problem-solving. The sample consisted of forty-five secondary school students in
the first year, selected through purposive sampling. The research instruments included a lesson plan
using group work methods and a test on volume measurement problem-solving. The statistics for

data analysis included mean, standard deviation, and t-test.

The results of the research were as follows 1) The students’ mathematics learning outcomes
on volume measurement problem-solving after the cooperative learning with STAR strategies were
higher than before the intervention, with a mean score of 11.98, which increased by 3.62 points,
representing a percentage increase of 22.63%. The t-test results met the criteria. 2) The students’
ability to solve mathematical problems after the cooperative learning with STAR strategies exceeded

the 70% criterion, with a mean score of 11.98 and a standard deviation of 1.96.

Keywords : Development of Learning Outcomes, Ability to Solve Mathematical Problem, Cooperative

Learning, Mathematics, STAR Strategy
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Abstract

The purpose of this research is to 1) compare the learning achievements before and after
the learning process using Active Learning combined with the Desmos application in understanding
the graphs of quadratic functions among Grade 9 students, and 2) examine the satisfaction levels of
Grade 9 students regarding learning through Active Learning with the Desmos application on the same
topic. The sample consisted of 45 Grade 9 students from Pathumwilai School, under the Secondary
Education Area Office of Pathum Thani. The tools used in this study included a 10-item achievement
test and a 21-item satisfaction questionnaire. Statistical analysis involved calculating means and

standard deviations.

The research findings revealed that students’ learning achievements after the intervention
were significantly higher than before, with an average score of 95.3%. The average satisfaction level
of students was 4.49 (S.D. = 0.69), indicating a high overall satisfaction level. The question with the
highest average satisfaction pertained to the appropriateness of the Active Learning format combined
with the Desmos application in relation to the subject matter, achieving a satisfaction level of 4.68
(S.D. = 0.60). In contrast, the question regarding whether the activities helped students feel more con-
fident in expressing their opinions received the lowest average score of 4.26 (S.D. = 0.77), indicating
satisfaction at a high level but with room for improvement. This research highlights the effectiveness
of integrating Active Learning with the Desmos application in enhancing learning achievements and

student satisfaction, which may positively impact future teaching methodologies.

Keywords : Active Learning, Learning Achievement Development, Desmos Application
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