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Preservation and maintenance of Pseudomonas aeruginosa for use in the laboratory
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A& : MIAUINEN @Lm%’ﬂﬁ:ﬂﬁﬂﬁw Pseudomonas aeruginosa
Abstract

The purpose of preserving and maintaining bacterial cultures in a university setting is to ensure they remain viable for
laboratory classes and research, and generate consistent laboratory test results over time. Pseudomonas aeruginosa
can be preserved by refrigeration at 4°C, but this is only suitable for short-term storage (2-3 weeks). Longer-term
storage can be achieved if the bacteria being stored at 4°C are periodically sub-cultured. This is known as the
‘periodic transfer method’, but it has the disadvantage of failing to prevent changes in the characteristics of the strain.
Changes can arise due to genetic drift or contamination. In the present study, we investigated three categories of
method for preserving P. aeruginosa: (a) periodic transfer to fresh media and refrigeration and (b) storage in mineral
oil or liquid paraffin and refrigeration and (c) freezing with 15% (v/v) glycerol, followed by retrieval of bacterial culture
from frozen stock. Biochemical tests were performed on recovered cultures. P. aeruginosa was found to remain viable
for up to 2 months on nutrient agar and Luria-Bertani agar, but just 1 month on brain heart infusion agar and skimmed
milk agar. By contrast, P. aeruginosa suspended in mineral oil or liquid paraffin and frozen with 15% (v/v) glycerol
remained viable for over 12 months. Data presented here will help laboratorians make a more informed choice about

how they preserve and maintain their bacterial cultures.

Keywords: Preservation, Maintenance, Pseudomonas aeruginosa
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Table 1 Survival and pigmentation of P.
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a;ﬂﬁﬁ%ﬁmmzaulumuﬁu%ﬂmm HWUT 130
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aeruginosa from storage by transfer to fresh media and refrigeration method

Month 1 2 3 4 5 6 7 8 9 10 11 12
Media
NA o * . i} i} i} . . ) . . .
LBA +** +* - - - - - - - - - -
BHA +* - - - - - - - - - - -
SMA +* - - - - - - - - - - -
NA: Nutrient agar, LBA: Luria bertani agar, BHA: Brain heart infusion agar, SMA: Skim milk agar

+ Growth, - No Growth , * Create a little pigment, ** Create a lot pigment

1 3 Q : v ad '
91N Table 1 WUINMINUSNELTaa835NNeNe
L%a;jmmﬂmj mm’sﬁmmmLﬁu%fﬂmmﬂﬁufmm

a A k% dl A . .
LLUﬂ“/lLE&IVL@u’mmj@ﬂam%Ti Nutrient agar WWae Luria
Bertani agar laganansaiiuinsuuadiseldilunam 2
WWau sa9adNnAan1stiuSnelue1u1s Brain heart
infusion agar uaz Skim milk agar AW IALAUINHEBAUT

&' a A v & =3 ' di a o &'
L’ﬁﬂLLUﬂY]L‘iEIvL@’IL‘L]%L’)ﬂ'] 11981 LRSWLILNBNNITUILDD

o« N . X . &
fivluews Skim milk agar naUNIWIZIRE9lA Lo
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39A3an pyocyanin NfifidoanihiuldaeasdaiSou
= s =3 (o z ad A s & g
WeunumaiuSnedalwldfideanuudiivluenmases
18 Nutrient agar, Luria Bertani agar W8 Brain heart

infusion agar (Figure 1)
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Figure 1

Growth and pigmentation on nutrient agar after collection by transfer to fresh media and refrigeration

method (a.: Nutrient agar, b.: Luria bertani agar, c.: Brain heart infusion agar, d.: Skim milk agar)

Table 2 Survival and pigmentation of P. aeruginosa from storage by liquid paraffin and freezing bacteria using 15%

glycerol method

Month 1 2 3 4

Preserve

Liquid paraffin 4 °C N
15% Glycerol -20 °C A +* o
15% Glycerol -80 °C I T I

S 4 R x* gx* g 4 R

4% 4% 4% 4% 4% 4% 4% 4%

+** +** +** +** +** +** +** +**

+ Growth, - No Growth , * Create a little pigment, ** Create a lot pigment

97N Table 2 MILAUTNELT8 P. aeruginosa @e
ada =3 v A 1 ada =3 L4
SmaaulunisldnimnAumar wuindsnmsiunwle

a & e o € A A v &
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. X X _ X o a o A
Tnaluamsidsada Nutrient agar adsiimaasyiéula
URE9ENININFIIIIAIAL pyocyanin leauind swuds
manulundvresas 15 % LL‘*ﬁLL‘*’ﬁqﬁqmmgﬁ -20 waz -80
a =3 s a A L=
adrnTaLsey sNisanuSnEuuaiIolatduaan

Figure 2

NN 12 L@enltuny udnandsannmaiuinsle
a 1 I dl a a
nilwases 15% wazwiudefionmni 20 aseiaifos
e 2 @ewanly Wefimahidanfuumztoslne
wuhuuafiSofimansnaiydvlald udfinasiesaiag
. v A = = [ & o
pyocyanin laaaasifiatdSouifisununsiiuinsle
a 1 = ldl a a
naiwasen 15 % wazutudsfamngd -80 aseisaifos
wazmsifivinsaeiutnoldwmflumaifiiof

annd 4 aeniTaLFoa (Figure 2)

Growth and pigmentation on nutrient agar after collection by liquid paraffin storage and freezing bacteria

using sterile glycerol (a.:Liquid paraffin 4 °C, b.:15% Glycerol -20 °C, c.:15% Glycerol -80 °C)
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Table 3 Biochemical tests of P. aeruginosa
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Characteristic

Pseudomonas aeruginosa

Morphology on Nutrient agar
Pigment

Gram’s stain

Catalase test

TSI test

Motile test

Indole test

Glucose Fermentation test

Irregular and spreading, Wavy, Glistening, Raised
Blue - green (pyocyanin)

Negative gram, Rod shape

Positive

K/N

Positive motile

Negative

Non fermentative
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Abstract

The grassery caused by Bombyx mori nucleopolyhedrovirus (BmNPV) is the most severe disease in Thai sericultural
practice. In this study, a resistance of Thai silkworm, Bombyx mori to grassery disease was determined. Fifteen Thai
native strains, namely, Nang Lai, Nang Noi, Nang Tui, Sam Rong, Nang Seiw, Hua Fai, Nang Lueang, Kor Tung, Kaki,
RE05, NK04, Pang Puay, SP2, PCh21, and NNK8, were investigated. The 3" instar larvae of Nang Lai, and Sam
Rong were used for the Lethal Concentration (LCSO) test. The mulberry leaves were dipped in suspensions of BmNPV
at 10°,10°, 107, 10°, 10° OBs/ml. LC, were analyzed by ToxRat Standard Program version 3.2.1. The result showed
that the LC50 values of Nang Lai and Sam Rong were at 5.05x10” and 1.52x10” OBs/ml, respectively. The resistance
to grassery of all Thai silkworm strains mentioned above were determined at 10" OBs/ml of BmNPV (LC50). The

mortality of grassery infected silkworm larvae was recorded and indicated. The results revealed that there were 4
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levels of resistance and susceptibility based on mean mortalities; highly resistant, medium resistant, medium

susceptible, and highly susceptible.The highly resistant strains were Sam Rong, NK04, Hua Fai, Nang Lai; (12.66+1.20,

13.00+2.08, 14.66+0.33, 18.33+0.33, respectively) and the medium resistant strains were Nang Seiw, Pang Puay, Kor
Tung, Kaki, RE05, Nang Tui; (30.33+1.45, 31.33+1.20, 32.00+1.15, 33.33+1.20, 34.33+2.96, 35.3310.3, respectively).
On the other hand, the medium susceptible strains were SP2, Nang Noi, PCh21; (42.66+2.33, 43.33+0.88, 47.00+0.57,

respectively) and the highly susceptible strains were NNK8 and Nang Lueang; (52.00+2.64 and 52.33+2.40,

respectively). The results of this study will be useful for the farmers to improve the grassery resistant silkworm strains.

Keywords: Bombyx mori, nucleopolyhedrovirus, grassery resistance
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Figure 3  Thai silkworm, Bombyx mori strains, A; Nang Lai, B; Nang Noi, C; Nang Tui, D; Sam Rong, E; Nang
Seiw, F;Hua Fai, G; Kaki, H; Pang Puay, |I; Nang Leuang, J;RE05, K;NK04, L;Kor Tung, M; SP2, N;PCh21,
O;NNK8
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N

Figure 4. The grassery infected silkworm, Bombyx mori (lower) and healthy silkworm larvae (upper), A; Nang Lai,
B; Nang Noi, C; Nang Tui, D; Sam Rong, E; Nang Seiw, F;Hua Fai, G;Nang Lueang, H; Kor Tung, I;
Kaki, J;RE05, K;NK04, L;Pung Puay, M; SP2, N;PCh21, O; NNK8
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Abstract

This research examined effects of fusaric acid on encystment and excystment of 4 Acanthamoeba isolates including
AS and AR isolated from the keratitis patients and S3 and S5 isolated from soil samples. AS, AR and S3 were
classified as the genotype T4 whereas S5 was T5. Trophozoites were treated with fusaric acid at concentrations
O.5><IC5O. The results showed that fusaric acid partially interfered with AS encystment but it completely inhibited the
encystment of the remaining isolates. Cysts were treated with fusaric acid at concentrations 4x and 8><IC50. Fusaric
acid potentially inhibited the excystment of T4 in concentration- and time-dependent manners. On the other hand, T5
was more resistant to fusaric acid since the inhibitory effect was observed after treatment for 48 hours and did not
depend on concentration. Therefore, combination of fusaric acid with other anti-Acanthamoeba agents may improve

Acanthamoeba control.

Keywords: Acanthamoeba, Fusaric acid, Encystment, Excystment
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Figure 2  Morphological appearance of S3 cysts observed under inverted light microscope at 24 (A, C, E, G) and
48 (B, D, F, H) hours. The photographs show cysts in ASS (A, B), treated with PHMB (C, D), treated
with fusaric acid at 4><IC50 (E, F) and 8><IC50 (G, H). The bar measures 20 pm.
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Abstract
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In this paper, we study the properties of open sets, closed sets, closure operator and interior operator on minimal

structure space. We will provide characterization of sg-submaximal space by using various kinds of generalized closed

sets and open sets.

Keywords : m-dense , my-codense, Sg-Submaximal

Introduction

In the literature', Maki introduced the notion of minimal
structure. Also Popa and Noiri2, introduced the notion of
my-open sets, my-closed sets and then characterized
those sets using my-closure and miy-interior operators,
respectively. After that Popa and Noiri’ and Cao et al.?,
defined some new types of open sets and closed sets in
topological space and obtained some results in topological
space. Late*, Rosas introduced some new types of open
set and closed set in minimal structure. The concept of
relationships of generalized closed sets and some new
character-izations of sg-submaximal were introduced by
Gansteer’. In this paper, we study the minimal structure
space and properties of open set, closed set, closure and
interior in this space, including the relationship between
every type of closed set. We provide the characterization

of Sg-submaximal space.

Preliminaries

First, we recall some concepts and definitions
which are useful in the results.

Definition 2.1" Let X be a non-empty set and
P(X) the power set of X A subfamily "x of P(X) is called
a minimal structure (briefly m—structure) on X if Mx
contains J and X The pair (X, mX) is called an m—space.
Each member of 7 is said to be Mx-open set and the
complement of " .x-open set is said to be x-closed set.

Definition 2.2° Let X be a non-empty set and
My be an m—structure on X For a subset 4 of X the
My _closure of 4 denoted by mCl(A) and the Mx-interior
of 4 denoted by mlnt(A) are defined as follows:
(1) mCl(A)=N{B< X: X -Bem, and Ac B},
2) mInt(A):U{BgX:BemX and Bc A}'

Lemma 2.3° Let X be a non-empty set and "x

be an m—structure on X. For 4 Bc X the following

" GFaUsynln, Hrwmansanse, a1adamans ansINgmansmans YW INgIRENAIRIIAN EUNBAUNTITY TINTANIEIAN

44150

" Master's Degree student, ° Assist. Prof., Department of Mathematics, Faculty of Science, Mahasarakham University, Kantharawichai

District Maha Sarakham 44150, Thailand,

* Corresponding author ; Department of Mathematics, Faculty of Science, Mahasarakham University, Kantharawichai District Maha

Sarakham 44150, Thailand, cake_nuthawon@hotmail.com, daruni.b@msu.ac.th



Vol 38. No 1, January-February 2019

statements hold:
(1) mlnt(A) C A If Aemy , then mInt(A) =4
(2) AcmCI(A). If X —Aemy, then
mCl(A) =4
(3) If Ac B, then mint(A)< mint(B) and
A)cmCl(B).
) c mlnt(A) ﬁmlnt(B) and
)umCl(B)=mCl(AUB).
(5) mint (m]nt ) mlnt( )and
mCl(mCl(A))=mCI(A).
(6) X —mCl(A) =mint(X - A) and
X- mInt(A) = mCZ(X—A).
(7) mCl(@) =, mCZ(X) =
mlm‘(@) = and mlnt(X) =X.
Definition 2.4°" Let (X, m, )be an m—spaceand AC X.
Then 4 is called:
(1) My-semi open set if Angl(mInt(A)),
(2) Mx-pre open set if Agm[nt(mCl(A)),
(3) my-b open set if 4 gm]nt(mCl(A))u
mCl (mlnt(A)),
(4) my-c open set if
Ac mInt(mCl (m]nt(A))),
A= mInt(mCl(A)).

(4
(4) miInt (
mCl(4

(5) mX—reguIar open set if
The complement of an 7x-semi open (resp. "x-preopen,
My-b open, "x-cx open, Mx-regular open) set is called an
My-semi closed (resp. "x-pre closed, 7x-b closed, "x-c
closed, Mx-regular closed) set. The collection of all .y
-semi open (resp. "x-preopen, x-b open, Mx-cx open,
My regular open) sets of X is denoted by mXSO(X)
(resp. myPO(X), myBO(X) myaO(X), mXRO(X)).
Definition 2.5°" Let (X,mX) be an m—space and
Then A4 is called:
(1) sCl(A)=N{B< X: B is a my-semi closed
setand AC B},

2) pCl(A):ﬂ{BgX:B is a my-pre closed
setand AcC B},

(3) bC](A) :ﬂ{BgX:B is a My-b closed set
and 4 gB}.
Definition 2.6°" Let (X, ) be an m — space and
Then A is called:
(1) my —gb closed if bCl(A)gU whenever
AcU and Uemy,

Ac X.

Ac X.
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(2) my —sg closed if sCl(A) c U whenever
and UemXSO(X),

(3) m, —gs closed if SCZ(A)QU whenever
and U em,,

(4) my —gp closed if pCl(A) c U whenever
AcU and U emy.

The complement of an m, —gb closed (resp.
my —sg closed, my, —gs closed, m, —gp clos-ed) set is
called an m, —gb open (resp. m, —sg open, My — &S
open, my — gp open) set.

Lemma 2.7 * Let (X,mX) be an m—space and
Then A4 is called:

(1) sCI(A4)=AUmint(mCI(4)),

(2) pCl(A4)=AUmCl(mint(A4)).

Definition 2.8° Let (X, m, ) be an m—space and

Ac X.

Ac X. Then A is called My-nowhere dense if and only
if mint(mCl(4)) =@

Definition 2.9° Let (X, m, ) be an m—space and
Dc X. Then D is called Mx-dense if and only if
mCl(D)=X

Definition 2.10° Let (X771 ) b an m—space and
et X1, Xy ngeﬁned by X {XEX: {x}is my —nowhere
dense} and X ={xeX:{x} is my -preopen}, It is
easy to see that {X;,X,} is a decomposition of X (i.e.
X=XUX,).

We will give the definition of 72y-codense and
my —Sg closed, including study intersection and relation-
ships of some types of closed set.

Definition 2.11 Let (X, mX) be an m—space and
EcX. Then E is called My-codense if and only if
mint(E)=2

Definition 2.12 An m—space (X,mX) is said to
be sg-submaximal if every my-codense subset of X is
my —8g closed.

Example 2.13 Let X={ab,c} Define the
m-structure on X by m,, =f@,{c},{a,b},X}. Then &,
{a},{b}are Mx_codense. Moreover, we get mXSO(X)
{Q,{c}, {a,b},X}.So Q{a},{b} are my —sg closed. Hence
(X,mX) is sg-submaximal of X.

It is not difficult to prove that the intersect-ion of
My-b closed (resp. " x-semi closed, " x-pre closed) is also

Mmy-b closed (resp. My-semi closed,x-preclosed).
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The relationships between various types of

generalized closed set have been summarized in the
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following diagram.

my — a closed

my — gs closed

my —Sg closed/ \L
v —
l /
my — semi closed —> My — bclosed —> my — gb closed
my — sp closed T
my — pre closed — gp closed

3. Results

First we will give a characterization of 7y —S&
closed in m—space.

Theorem 3.1 Let (X, m, ) be an 7 —space and
Ac X. Then 4 is my —sg closed if and only if
X, nsCl(A)c A

Proof. (=) Let x€ X; NsCI(A), then {x}is
anm—space. Assume that XA then AC X—{x}.
Thus SCZ(A)QX—{x}, a contradict-ion. Therefore
xeA that is X msCl(A)gA. (C) Suppose that
X mSCI(A)QA- Let Uem,SO(X)suchthat AU
and let x € sCl(A). If x€ X, then X€X, msCl(A)gA.
So sCl(A)= A. Assume now xeX,. Suppose that
x¢U. This implies that X —U is Mx-semi closed and
xe X —-U. Since {x} is My-pre open, we have
sCI({x}) = {x} 0 mint (mCl({x}))

=mint (mCI ({x}))
(mcz (x-0))

Iﬂ Iﬂ

Since {x} is Mmy-preopen and we get that
m]nt(mCZ ({x}))mA =, then let
ye mInt(mCl({x})) MNA, we getthat ye
m[nt(mCl({x}))mAg(X—U)mU — @ contradiction.
Thus xeU and sCl(A) cU. Hence 4 is my-sgclosed.
Lemma 3.2 If 4 is m-regular open and mInt(A)
is my-open, then A4 is my- open.

Proof. Let A be my-regular open, then 4=
mlnt(mCl(A)). Thus

mint(A)=mint (mint(mCl(4)))
= mIm‘(mCl(A)) =4

It implies that A is my - open.

It implies that A g My open.

Lemma 3.3 If 4 is an m, —sg closed set and let
B be an my-closed sets, then AUB is My —Sg closed.

Proof. Let 4 be an m, —sg closed set and let
B be an My-closed set. Then X| msCl(A) c A. Consider,
X, NsCl(AUB) < X, ~(sCl(A)UsCI(B))

=sCl(A) (X, NsCI(B))
:(Aumlnt(mCl(A)))

u(X, nsCl(B))
=AUB

therefore by Theorem 3.1, AUB is my —sg
closed set.

Lemma 3.4 Let (X,m, ) be an m—space and
A,BC X. If A is an My-semi closed set and B is an
my —sg closed set, then AN B is My —S& closed set.

Proof. Let A be an my-semi closed set and B
is my —sg closed set, then mlnt(mCl(A))gA and
X, msCl(A) c4 Consider,

X, NsCl(ANB) < X, N\(sCl(4)sCI(B))
=sCI(A4) (X, NsCI(B))
:(Aumlnt(mCl(A)))

(X, NsCI(B))
=ANB,

therefore by Theorem 3.1,ANB is my —sg
closed set.

Lemma 3.5 Let (X’mX) be an M —Space and
A€ X. Then bCl(A) =sCl(A) mpCl(A).

Proof. Consider, bCI( )

= A(mint (mCl(A)) AmCl(mint(4)))

(Aumlm‘(mCl(A)))

(AumCl mInt ))
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by Lemma 2.7, bCZ(A): SCI(A)ﬁpCl(A).

We now consider the property of S€-submaximal.
First we will give some elementary characterizations of
Sg-submaximal spaces.
Theorem 3.6 Let X be an /7 —space, the follow-
ing properties are equivalent:
(1) X is sg -submaximal,
(2) For any subset 4 of X, A=mCl(A)mG
where G is an m, —sg open subset of X,
(3) For any subset 4 of X, A=mInZ(A) UF
where F' is an my —sg closed subset of X,

(4) every my -codense subset A of X is

my —Sg closed,
(5) mCZ(A)—A is my —sg closed for every
subset 4 of X.

Proof (1)
mint (mCl )

=mlnt (mCZ ( ) ( ))

c mint (mCl )) Nmlint (X A

= mlnt(mCl ) m[X mCl ):l
=mCl(A) [ X -mCl(A4)]|=2.

=(2): Let A< X. We consider

This implies that mCl(A)—A is my - codense.

By (1) we get mCl(A)—A is my —sg closed.
Then (X —mCl(4))w 4

— X —(mCl(A) (X - 4)) = X —(mCI(4)- 4)
is my —sg open. Therefore

[(x =mC1(4)) 0 4] ~mCi(4)

=[(x ~mC1(4))nmC1(4)] S AnmCI(4) ]

= A. Hence we can conclude that (2) is true.

(2)=>(3): Let A X. Then there exists an
my — sg open subset G of X such that
X—A=mCI(X —A)NG. Thus
A=X-[X-A]
=X-[mCl(X-4)"G]
=(X-mCl(X - 4)) U(X-G)
=mint(A) U(X —G). This implies that
=mint(A) U(X —G). This implies that
X —G is an my —sg closed subset of X.

Hence the statement (3) is true.
(3)=(4): Let A be my-codense,

m[nt(A) = By (3), there exists an m, —sg

that is
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closed subset F of X such that AZmInt(A)
UF. Hence A=m[nt(A)uF=@uF= F.
So 4 is my —sg closed.

(4)=(5): Let A< X. We consider,
mlnt(mCl(A)—A)
=mint(mCl(4) (X - 4))
gmln(mCl(A))mmInt(X—A)
=mint(mCl(A)) [ X —mCI(4)]
=mCl(A) [ X -mCl(4)]=2.

This implies that mCl(A)—A is m, -codense,
therefore mCl(A)—A is m, —Sg closed.
(5)=>(1): Let A be my -codense of X, that is
mInt(A)z@. By (5), we get that mCl(X—A)
—(X—A) is my —sg closed. We also have that
mCl(X —A)—(X —A4)=mCl(X —A) N4

=[ X—mint(4)|nA=X A=A

Hence A4 is m, —sg closed. Therefore X is
Sg -submaximal.

Example 3.7 Let X={a,b,c}. Define the m-
structure on X by m,, =f@,{a},{a,b},X}.
Then O, {c},{b,c} are my -codense. Moreover,
we get mXSO(X) =I@,{a},{a,b},{a,c},X}.
So I, {c},{b,c} are m, —sg closed. Hence
(X,mX) is sg -submaximal of X. Itis clear that
(1) and (4) are equivalent. For (2), (3), (5) it is not
difficult to show how they are equivalent.

Theorem 3.8 Let X be an m—space, and let
mlnt(E) be an open set when E C X, the
following properties are equivalent:

(1) every my -b closed set is m, —sg closed,
(2) every my -pre closed set is m, —sg closed,

(3) X is sg -submaximal.

Proof. (1)=>(2): Let A be m, -pre closed, that
is mCl(mint(A4)) < A. Then

mCl(mint(A)) ~mint(mCl(A))
< mCl(mint(A))~mCl(mCl(4))
=mCl(mint(A)) "mCI( )
cAnmCl(A4)=
This implies that 4 is my-b closed, therefore A4

is my —sg closed.
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(2)=>(1): Let A be my -b closed, then A=
bCl(A). By Lemma 3.5, we get bCl(A) =
SCI(A) ﬂpCl(A). We can easily see that
SCI(A) is M, -semi closed and pCl(A) is

my -pre closed. Therefore pCZ(A) is my —Sg

closed. By Lemma 3.4, implies that 4= bCl(A)

=SCI(A)ﬁpCl(A). Hence A is m, —sSg
closed.

(2)=(3): Let A bem, -codense, then

m]nt(A) =(. Since mCl(mInt(A))=

mCl(A) =D < A Thus mCl(mint(A4)) < 4,

such that A is m, -pre closed. Therefore A is

my —sg closed. Hence X is sg -submaximal.

(3)=>(2): Let A be m, -pre closed, than X — A4

is my -preopen and we will get

X—-A4 gmlnl(mCl(X—A)).

Let G= m]nt(mCl(X—A)). Then we get

mCZ(X—A) ngZ(G). Consider mCl(G)

=mCl(mInt(mCl(X—A))) ngl(X—A).

Thus mCl(G)= mCI(X —A). This implies that

szlnt(mCl(G)), i.e. G is my -regular

open. Since mCl(G)gX, then m[nt(G)

is open set. By Lemma 3.2, G'is an open set.

Assume that DZ(X—A)U(X—G), then

mCl(D)=mCl[ (X - 4) V(X -G)]

=mCl(X —A)umCl(X -G)

=mCl(G)uX-G

=mCl(X)=X,
therefore D is m, -dense. Consider,

DNG =[(X-4)u(4-G)|nG
=[(X-4)nG]U[(X-G)NG]
=[(X-4)NG|ug =X-4,

thus AZ(X—D)U(X—G). Consider X —D

we will get m]nt(X—D)ZX—mCl(D)Z

X-X =0, thus X-D is my-codense.

Since X is sg-submaximal, then X —D is

m, —sg closed. Since X —G is a closed set

and by Lemma 3.3, A=(X—D)U(X—G) is

my —sg closed.

Example 3.9 Let Xz{a,b,c}. Define the m-
structure on X by m,, zj@,{a},{b},X}. Then
%) {c} are my -codense. Moreover, we can find
that 7, SC(X)
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(@) o} @b fach f.) X},
myBC(X)
=I@,{a},{b},{a,b},{a,c},{b,c},X} and
my PC(X) =12 [a} B} {a.b}. X S0 2,
{c} are my —sg closed. Hence (X,mX) is Sg -

submaximal of X and (1)-(3) are equivalent.

Conclusion

In conclusion, the concepts of minimal structure
space which study open set, closed set, closure and in-
terior in intersects on such. The results are properties
characterizations of Sg-submaximal space in Theorem
3.6 and Theorem 3.8
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Abstract

The objectives of this research were to develop the sequence production for multiple machine-multiple job, and to
reduce schedule production time in a case study problem using Visual Basic for Application (VBA) on Microsoft Excel.
Generally, sequencing problems occur frequently and are important issues for manufacturing processes in industrial
processes lt is difficult to find the best method to solve these problems, since there are many variables that affect the
manufacturing processes, such as processing time, queue time and idle time. This research studied especially
manufacturing on machine including five jobs and four machines flow shop. The operating system for this analysis
assumes that each machine can handle one job at a time, all machines are ready to perform and a machine will be
available for the next job only when the previous job has been completed. Based on the information used in the study
and results of analytical algorithm by using VBA on Microsoft Excel, it was found the best method to solve problems
in sequence production with case studies, and presented the minimize makespan of 34 minutes. Finally, the results

obtained from the VBA program are accurate and can be evaluated quickly in about 12 minutes of processing time.

Keywords: VBA, Microsoft Excel, Sequence production, Schedule production
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1 (M1) Tmsvnauasuit 1 (A), 9I%7 2 (B), $1u#t 3
(C) WazuAl 4 (D) 1A%09IN3T 2 (M2) Tmsvineues
U 1 (A), WA 2 (B) uaziudi 3 (C) uasluiaiosing
fu g frTwdsaiu uaaslu Table 2

Table 1 Process sequence and processing time

Jobs Process Processing time Machines
(minutes)
A T 8 M1
T2 6 M2
T3 6 M4
B T 8 M1
T4 8 M3
T2 8 M2
T3 4 M4
C T5 4 M1
T6 1 M2
T7 2 M3
D T5 6 M1
T7 8 M3
E T4 6 M3
T8 8 M4

Table 2 Group of defined variable for each job in each

machine
Machines Jobs Group of variables

A
B

M1 ABCD
Cc
D
A

M2 B ABC
C
B

M3 c BCDE
D
E
A

M4 B ABE
E

§3983A9% (Worksheet model) luldsunsa
Tulaszandiinios uaariinsdoud&s VBA tiow
NasnFUe93TNsTaGus AT wldionua lazminadly
Run 92183 ydaitesranun uasuaasinlunadud B on
FranInadnsilaas Figure 2 fnTully Reset IHiie
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seamianNe gariedu Home lidalUfinidiuduam
Data 9L IULHWINUNALIAIITNTAIUID NIUIUHIANT
Painsaaispsaauiiduldldnmuan ldanisesseld

o
=1

13

1093057 1§ ABCD 914 41 = 24 phBITRL T
ABCD CBDA BADC DACB il

\aa93nsfi 2 § ABC 9=1d 31 = 6 [ TN
ABC CBA BCA Liluéi

\A093n57 3 1 BCDE 916 41 = 24 JUuUL L
BCDE EDCB DBEC CEDA L6t

\Aa93ns7i 4 1 ABE 2l¢ 31 = 6 suuuy iiu
ABE EBA BEA udi

F9tin SnuunaanirasMITAEsEduduly
Idiamamazfidnuiniy 41 x 31 x 41 x 31 = 20,736 JUuLY

S

B c D |E|F|G6 | H 1 ] K L M

seq no total time| A | B | c | D | E
ABCD ABC BCDE ABE
ABCD ABC BCDE AEB
ABCD ABC BCDE BAE
ABCD ABC BCDE BEA
ABCD ABC BCDE EAB
ABCD ABC BCDE EBA
ABCD ABC BCED ABE
ABCD ABC BCED AEB
10| 9 |ABCD ABC BCED BAE
11 10 |ABCD ABCBCED BEA
12| 11 |ABCDABCBCED EAB
13 12 |ABCD ABCBCED EBA Home
14| 13 |ABCD ABC BDCE ABE
15 14 |ABCD ABCBDCE AEB
1615 | ABCD ABC BDCE BAE
17 16 |ABCD ABC BDCE BEA
18| 17 |ABCD ABCBDCEEAB
19 18 |ABCDABCBDCEEBA
20 19 |ABCD ABC BDEC ABE
21 20 |ABCD ABCBDEC AEB
22| 21 |ABCD ABC BDEC BAE
2320 | ABCD ABC BDEC BEA
24 23 |ABCD ABC BDEC EAB
25 24 |ABCD ABCBDECEBA
2625 | ABCD ABC BECD ABE
27 26 | ABCD ABC BECD AEB

a

NI
w|ulofo|slwlm|elE

Reset

il

Data | Output @

Figure 2 Worksheet model

2.2 miladeulrasiiymudrnnsszans
naidoudds vBA TanldiSawlasng 9 vasou uas
13099n3 udrhmIdssnanamIa MINEa AR
LLa:LaaWﬂﬁimﬁmlunngﬁLLuumﬁm‘%mﬁvLﬁmnia 1.2
amusahudowduisnulunsyszanana laas Figure 3
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Table 1 lalu

Worksheet 1 Seq. 3038989l
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Step LA

Process time Time in = Time

§i Step riaw out U84 Seq.

winald lwaa9dns

W@eanunan

Time in = Max. Time out [Step (41%) Nau#i"

Seq. (1A3899N7) Aaunn]
%
/ Time out = Time in + Process time /

220
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UNINH

Figure 3 Flow chart for sequence using VBA
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Figure 4 Worksheet model: sheet data
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iflosanimadoudnds VBA vnldmsuszuna
nafim Uy daludalunisdw s ez lddas
HAAWSEIUAY Table 3 IunIuaainaanivaudazIu
Avnouuweiesinsluudaziaesing Seiinoazidoai
Usuanitule Tuaeudiinlug Gudrszuuluaiesing
1o uazasnanniaasinsiwionanrinlng Tasvlylu
NITUIUNINAARTAuTIMANsUsEIAN RaNBLASaIaNS
WianatuaaunIzUIUMT Aeddiidashanfinnsan
fla JaLIANINRG %%aL'smmsﬁw’mﬁnﬂ%u@ama%a
augsrﬁﬁadﬁ@hﬁéﬁqm Ralumafiunanaa aadldans
wasiinmsdsnaufiassna Weiinsi vBA anldlumsia
fAUNIINES gﬂLLuuﬁIﬁ@hmaaL'Jmmsﬁ’m’mﬁnﬂ%u
aawiaTasuyal Aen1sdaiiuuy BADC ABC EBDC
EAB Gauaadlu Figure 5 wazth lUas1ounun Sunud lae
Figure 6 gﬂLmumﬁm%mf':l,ﬂmﬁmgmmmamiu
YanuA 20,736 gﬂLLuuﬁiﬁwaﬁwfﬁﬁﬁq@ fla a1y
ﬁwmﬁnn"ﬁy’umama’%aaugszﬁ@‘i"]ﬁqmﬁ@hwhﬁ'u 34 w1l
ez AlElunsHAa (Cycle time) BaIUARZIHTIANGI
doluit

aAlFlumsHEAIH A = 28 Wifl

aAlFlUMSHEAIN B = 34 wifl

PaAlElUMSHEAI C = 33 Wl

aAlElUMSHEAIM D = 30 Wi

PaAlFlUMSHEAIN E = 14 wifl

Table 3 Result of sequence using VBA

M1 M2 M3 M4
Jobs | Time | Time | Time | Time | Time | Time | Time | Time

in out in out in out in out
A 8 16 16 22 - - 22 28
B 0 8 22 30 8 16 30 34
C 22 26 30 31 31 33 - -
D 16 22 - - 22 30 - -
E ; ; ; - 0 6 6 | 14
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Figure 5 Job sequencing for each machine
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Figure 6 Gantt chart
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W luszuy aede U
nafgyLlaveaIasingi 1 = 34 - 26 = 8 wIn
naAgLlaveaIasinii 2 = 16 + 3 = 19 w1fl

=

NAAgLaveaIaIinIN3=2+6+1+1=10 WM

=

naNalaN09a3899nIN 4 =6 + 8 + 2 = 16 W1
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lunszuiumInan Fwisianansadiays=ansam
Yo9sz UM INGA I Aemsliiatesinsldfuausyaus
annsasiiinsla wiedasnsldusslomd (Utiization) G
\ugriigTannuamansalumsliedasinslunszuinms
HA® W1 lean

Total Process Time of Machinesj

x 100 (1)

Makespan

Tagfi j 68 M1, M2, M3 uas M4

SarmsltUsslomiasudasiedasing Saes
deluil

LRaadnsT 1;

Total Process Time = 8 + 8 + 4 + 6 = 26 W11l

Utilization of M1= (26/34) x 100 = 76.47%

\RaadnsT 2;

Total Process Time =6 + 8 + 1 = 15 w11l

Utilization of M2 = (15/34) x 100 = 44.12%

\RaadnsT 3;

Total Process Time = 8 + 2 + 8 + 6 = 24 w11l

Utilization of M3 = (24/34) x 100 = 70.59%

\ARaadnsT 4;

Total Process Time = 6 + 4 + 8 = 18 w11l

Utilization of M4 = (18/34) x 100 = 52.94%

=S v s a ,§' ' o v
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Table 4 Idle time and utilization

M1 M2 M3 M4
Idle time (min) 8 19 10 16
Utilization (%) 76.47 44.12 70.59 52.94
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$1289 wazdaBen Sruanriedn 360 gadaya vinninasevlszniniwdiuuulasld Confusion Matrix laan1suiia
ToyauuugudiunIutTasaz(percentage split) waniinaseuwui lasnsutisdayauuugaiasas 70:30 uaz 80:20
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Abstract

Rice exporting plays a major and long-term role in the Thailand economy with exports worth more than 100 billion
baht per year. Nowadays, rice exporting on world markets is highly competitive and one of the crucial factors is the
economic situation. This research aims to create a probabilistic model for predicting Thai rice exporting efficiency for
each month focusing on economic factors by using Bayesian Belief Network. We examined exporting data of 6 types
of rice: Thai Pathumthani fragrant rice, Thai Jasmine rice, non-glutinous rice, glutinous rice, parboiled rice and
paddy rice. The data were collected during the years 2012 - 2016 with a total of 360 data points. The model
efficiency was examined by using a Confusion Matrix and developed via percentage split method. The results showed

that with percentage split 70:30 and 80:20, the models accuracy were 87.74% and 81.16%, respectively.

Keyword: Rice exporting efficiency, Prediction, Bayesian Belief Network
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Table 1 Criteria of classification of Thai rice exporting for

each type of rice (extended lower bound and

upper bound)
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Table 3 The results of predicting efficiency of Thai rice
exporting with percentage split 70:30 (sort by
type of rice)
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Abstract

This cross sectional survey aimed to reveal health behavior in terms of dietary consumption behavior, physical exercise,
stress management and quality of life among 1,636 elderly people by multiple random sampling in Chiangyuen district,
Mahasarakham province. The proven questionnaires were used as data collection tools. Data were analyzed by using
descriptive and inferential statistics. The results found that most of the participants were female (66.8%), young-old
age (60-69 years) (53.9%), farmers (57.1%) and had monthly income lower than 1,000 baht (70.7%) and had body
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mass index in normal range (18.50-22.99 kg/m’) (37.0%). The participants had high levels of knowledge in hypertension,
and diabetes mellitus at 69.4% and 77.5% respectively. Moreover, the participants had high levels of dietary consumption
behavior, physical exercise, stress management and self-care practice at 77.4%, 44.6%, 65.2% and 61.9% respectively.
There were five variables, including knowledge of hypertension, knowledge of diabetes mellitus, dietary consumption
behavior, physical exercise and stress management which were significantly predictable factors contributing to explain
quality of life among the elderly as shown as the formulation of Y=47.227+(0.377)+(0.333)+(0.463)+(0.155)+(0.175)X.
This study indicates that there are several or multiple factors that effect on quality of life of the elderly. Therefore,

related health care agencies or providers should consider these factors and cooperate in helping for enhancing health

behavior and quality of life of the elderly.

Keywords: health behavior, quality of life
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Table 1 Sample size by area

J Sci Technol MSU

No. Tambon Number of elderly people Sample size

1 Chiang Yuen 1,938 363
2 Nong Son 857 162
3 Phon Thong 777 146
4 Don Ngoen 1,041 195
5 Ku Thong 1,530 286
6 Na Thong 924 173
7 Suea Thao 1,083 203
8 Lao Bua Ban 583 108

Total 8,733 1,636
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Table 2 Frequency distribution of demographic characteristics

Characteristics Number  Percent
(n=1,636)
Sex
Male 543 33.2
Female 1,093 66.8
Age group (years)
The Young-old (60-69) 882 53.9
The Middle-aged old (70-79) 554 33.9
The Old-old (80 and more) 200 12.2
Occupation
Farmer 934 57.1
Unemployed 511 31.2
Employee 87 5.3
Merchant 69 4.2
Pension 35 22
Income (baht per month)
< 1,000 1,156 70.7
1,000 - 2,000 217 13.2
>2,000 263 16.1

Mean =1,360.81 S.D.=2,657.16 Min =0 Max = 30,600
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Table 2 Frequency distribution of demographic characteristics (cont.)

Characteristics Number  Percent
(n=1,636)

Body mass index (kg./m?)
< 18. 50 (Underweight) 508 31.0
18.50 - 22.99 (Normal, Healthy weight ) 605 37.0
23.00 - 24.99 (Overweight) 227 13.9
25.00 - 29.99 (Pre-Obese) 250 15.3
> 30 (Obese) 46 2.8

Underlying disease (Chronic diseases)
No 192 11.1
Yes 1,444 88.9
Diabetes mellitus 260 15.9
Hypertension 369 22.6
Diabetes mellitus and Hypertension 825 50.4
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Level of quality of life

Quality of life Good Number Middle Number Low Number Total Number
(Percent) (Percent (Percent) (Percent)

1. Physical component 306 1,162 168 1,636
(18.7) (71.0) (10.3) (100.0)

Mean=22.24 SD=4.51 Min=8 Max=35

2. Mental component 334 1,087 215 1,636
(20.4) (66.4) (8.2) (100.0)

Mean=19.16 SD=4.09 Min=7 Max=62

3. Social contact 596 617 423 1,636
(36.4) (37.7) (25.9) (100.0)

Mean=9.87 SD=2.69 Min=3 Max=27

4. Environmental component 1,023 478 135 1,636
(62.5) (29.2) (8.3) (100.0)

Mean=25.55 SD=5.19 Min=8 Max=71
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Table 4 Association between demographic characteristics and health behavior

Association between demographic characteristics Pearson’s Product p — value
and health behavior Moment Coefficient
(r)
- Age -.002 .923
- Income .021 433
- Body mass index -.020 .556
- Knowledge about hypertension 142 .001
- Knowledge about diabetes mellitus .099 .001
Table 5 Association between socio-demographic characteristics and level of quality of life
level of quality of life Chi-square p-value
High Middle Low
ltems Number Number Number
Sex
Male 152 349 50 16.641 0.083
Female 212 766 107
Body mass index (kg/m?)
< 18.50-22.9 356 314 212 17.974 0.071
23.00->24.9 332 242 180
Employment
No 39 202 24 16.158 0.001
Yes 321 929 121
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Table 5 Association between socio-demographic characteristics and level of quality of life (cont.)

level of quality of life Chi-square p-value
High Middle Low
Items Number Number Number
Income (baht per month)
< 1,000 248 764 118 4.004 0.406
1,000 -2,000 55 134 40
>2,000 77 155 45
Level of knowledge about diabetes mellitus
Low 35 135 29 8.134 0.087
Middle 90 299 46
High 235 685 82
Level of knowledge about hypertension
Low 42 184 25 19.934 0.001
Middle 55 180 41
High 267 751 91
Level of dietary consumption behavior
Low 6 16 8 14.304 0.006
Middle 60 222 43
High 295 890 96
Level of physical exercise
Low 38 215 15 73.503 0.001
Middle 96 464 53
High 226 452 77
Level of stress management
Low 13 35 10 49.488 0.001
Middle 83 431 34
High 271 651 108
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Table 6 Association between Factors and Quality of Life by Multiple Regression Coefficient

Items R R? B Beta t p-value
Knowledge about hypertension .079 .006 377 .079 3.104 0.002
Knowledge about diabetes mellitus .061 .004 333 .061 2.398 0.017
Dietary consumption behavior .136 .019 463 .136 5.459 0.001
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Abstract

The purposes of this study were to compare the differences in anaerobic performance and the strength of leg muscles
before and after the 4" week and after the 8" week of the men’s soccer training. The population is composed of male
football players aged 16-18, who are currently studying at United School, Satuk Campus, Satuk District, Buriram
Province. There were 45 football players from eighth schools; Sakae Pittayakom School Chulabhorn College of

Technology, Buriram School Ruangthong Pittayakom School, Dongpongpittayakom School, Canon Pittayakom School,
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and Sam Samet Witthaya School. The samples in this research were male football players of Sakae Pittayakom School,
Satuk district, Buriram province. There were 10 subjects aged 16-18 who were passed leg muscular strength test with
leg dynamo meter with similar results. The simple random sampling method was performed for choosing the subjects.
Subjects were practiced 3 days a week, Monday, Wednesday, and Friday for eight weeks. Anaerobic
performance test and leg dynamo meter test were done before and after the 4" week and after the 8" week. The data
was collected and analyzed by the mean, standard deviation (SD), F-test, and the one-way analysis of variance with
repeated measure at .05 point of statistical significance. IF there were significant differences, Bonferroni’'s method
would be performed to compare the differences.

The results were found that male football players who practiced with circuit training programs for the 8th week
had better anaerobic performance and higher leg muscular strength when compared to before and after the 4" training,

and after the 4" week training, the anaerobic performance and leg muscular strength were significantly higher than

before training (p=.05)

It was concluded that circuit training program had effects on anaerobic performance the leg muscles strength.

The circuit training can be used as an alternative training to develop the potential football players.

Keywords: circuit training program, anaerobic performance, leg muscular strength
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Table 1 Comparison of Mean (x) and Standard Deviation (SD) of Anaerobic Performance and leg muscle strength

variable Before 4" week 8" week
x+SD x+SD x*SD

1. Anaerobic Performance
1.1 maximal power 524.04162.15 568.77164.46 587.28+60.77
1.2 minimal power 317.00467.37 334.17167.28 364.88+60.14
1.3 average power 420.74+59.47 446.52+60.95 475.18460.40
1.4 fatigue index 6.75+2.14 5.75+1.74 5.05+1.31
2. leg muscle strength 3.00+0.50 3.42+0.41 3.831£0.35

Table 2 Comparison of the difference in anaerobic performance and leg muscular strength before post-exercise train-

ing, after the 4th week and the 8th week

Variable/Time x+SD F p-value
minimal power 134.102 .000*
before post-exercise 316.998+ 67.371
4" week 334.171+ 67.284
8" week 364.881+ 60.144
maximal power 43.314 .000*

before post-exercise
4" week

8" week

542.038+ 62.153
568.774+ 64.465
587.282+ 60.767
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Table 2 Comparison of the difference in anaerobic performance and leg muscular strength before post-exercise

training, after the 4th week and the 8th week (cont.)

Variable/Time x=SD F p-value
average power 93.054 .000*
before post-exercise 420.743+59.573
4" week 446.518+60.952
8" week 475.18+60.40
leg muscular strength 103.570 .000*

before post-exercise 3.00+0.50
4" week 3.42+0.41
8" week 3.830.35

*p-value< 0.05
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Abstract

The objective of this research was to determine the relationship between blood cholesterol and acute ischemic stroke
(AIS) among type-2 diabetic patients (TDP). A case-control study was conducted among TDP attending the
Bhuddasothorn hospital in Chachoengsao, with 100 cases and 300 controls in 2013-2016. Cases and controls were

matched by gender, age, residential area, and duration of attendance. Data were collected with a questionnaire
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comprising 2 parts: part 1 demographic characteristics, and part 2 clinical and health data. The obtained data were
analyzed using descriptive statistics and analytic statistics with a computerized statistical package. Multivariable
conditional logistic regression analysis, controlling for possible confounding factors, revealed that a total cholesterol
of 241-280 and > 280 mg/dl increased the risk of AIS by a factor of 4.3 and 7.7 times, respectively (OR=4.3, 95%CI
=1.4-13.7; OR=7.7, 95%CI =1.1-57.5). A surveillance system monitoring blood cholesterol among risk groups should

be conducted in cooperation with information regarding cholesterol control and stroke prevention among TDP as an

essential measure to reduce AlS risk.

Keywords : Blood cholesterol, Acute ischemic stroke, Type-2 diabetic patients
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Table 1 General characteristics of cases and controls.

Blood Cholesterol and Acute Ischemic Stroke Among Type-2 Diabetic Patients 71

M3AATITRTaYAN1IFDA

ﬁagaﬁvlﬁﬁwmmwaaum’mL’%ﬂu%aﬂ A7
auyIot anuasuiiusestays uazlizuians Jaaed
daysanldsunsudniagy lasldadfdnssmm urse
fnwasvestszmnsfianen wasiladudumsunnd de
A fanaz duade wazdwdoauuanayu Dudu
LLﬂ:ﬁﬁa%msw:vfnmaawmmmauﬁ%’uuaaaa%aaﬂ
(multivariable conditional logistic regression) Lﬁammm

s o 6 A s a
NNW%‘E“DQGQE]Lﬂm(ﬂﬂiﬂﬂl%mﬂ@ﬂﬂﬂ’ﬁm@ AIS

NAaNISANE

é‘nﬂmsﬁ"ﬂﬂmmmjuﬁqaﬂw

Uszannsfidnmn $1mam 400 T8 wiveandu
QﬂmBﬂ AIS (cases) 3% 100 318 Lmzﬂﬁjumuqmﬁ
lithadaalsa Als $1uam 300 118 saulngleny 2 70 T
(30882 43 Uaz 43.3) INARDY (30882 68) LATITLTLIRN
Aedlwunwam 52ring 5-10 T (Fouas 68 ua 63.7)
WaBeuifisuiladudinannszning cases uaz controls
flazdiu p<0.05 linuanuuandaiiuagadtusfnne
80i@ 69 Table 1

Characteristics Cases Controls p-value®
(n=100) (n=300)
n % n %

Age gr. (yrs) 1.000
<50 7 7.0 21 7.0

50-59 21 21.0 62 20.7

60-69 29 29.0 87 29.0

>70 43 43.0 130 43.3

Mean (SD) 66.9 (11.1) 66.9 (10.9)

Min-Max 42-90 43-89

Gender 1.000
Male 32 32.0 96 32.0

Female 68 68.0 204 68.0

Duration of DM (yrs) 0.584
<5 20 20.0 75 25.0

5-10 68 68.0 191 63.7

>10 12 12.0 34 11.3

®Chi-square test
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Table 2 Univariable conditional logistic regression analysis of characteristics associated with AIS patients.

Characteristics Controls ORc 95%CI p-value®
n % n %

History of AF
No 94 94.0 299 99.7 1
Yes 6 6.0 1 0.3 17.9 2.2-149.5 0.001*
Diastolic BP (mmHg)
<90 87 87.0 293 97.7 1
>90 13 13.0 7 2.3 71 2.5-20.1 < 0.001*
Systolic BP (mmHg)
<140 62 62.0 231 77.0 1
>140 38 38.0 69 23.0 22 1.3-3.8 0.003*
HbA1c (%)
<7.0 15 15.0 139 46.3 1
7.0-7.9 15 15.0 65 217 22 1.0-4.9 0.070
8.0-8.9 26 26.0 48 16.0 5.6 2.6-12.0 < 0.001*
=9 44 44.0 48 16.0 9.5 4.6-19.8 < 0.001*
History of CVD
No 93 93.0 294 98.0 1
Yes 7 7.0 137 2.0 3.5 1.2-10.4 0.024*
FPG (mg/dl)
<126 22 22.0 127 42.3 1
>126 78 78.0 173 57.7 34 1.9-6.3 < 0.001*
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Table 2 Univariable conditional logistic regression analysis of characteristics associated with AIS patients (cont.)

Characteristic Cases Controls ORCa 95%ClI p-value
n % n %

Total Cholesterol (mg/dl)

<200 70 70.0 233 7.7 1

200-239 7 7.0 53 17.7 0.4 0.2-1.0 0.060

240-279 18 18.0 12 4.0 5.9 2.7-12.9 0.001*

>280 5 5.0 2 0.6 8.2 1.5-43.7 0.013*

HDL Cholesterol (mg/dl)

>60 5 5.0 29 9.7 1

41-59 36 36.0 97 323 2.1 0.8-5.6 0.159

<40 59 59.0 174 58.0 1.9 0.7-5.2 0.216

LDL Cholesterol (mg/dl)

<100 42 42.0 126 42.0 1

100-129 23 32.0 105 35.0 0.7 0.4-1.2 0.213

130-159 12 12.0 49 16.4 0.8 0.4-1.7 0.531

160-189 17 17.0 16 5.3 31 1.4-6.8 0.006*

>190 6 6.0 4 1.3 5.7 1.3-24.6 0.020*

Triglyceride (mg/dl)

<150 52 52.0 187 62.3 1

150-199 26 26.0 58 19.3 1.6 0.9-2.9 0.084

>200 22 22.0 55 18.3 1.5 0.8-2.7 0.196

Creatinine (mg/dl)

<1 48 48.0 177 59.0 1

>1 52 52.0 123 41.0 1.7 1.0-2.8 0.037*

Active smoking

No 86 86.0 273 91.0 1

Yes 14 14.0 27 9.0 1.9 0.9-4.5 0.108

Alcohol consumption

No 96 96.0 297 99.0 1

Yes 4 4.0 3 1.0 4.0 0.9-17.9 0.070

Microvascular complications

No 64 64.0 212 70.7 1

1 22 22.0 68 22.7 1.1 0.6-1.9 0.741

>1 14 14.0 20 6.6 24 1.1-5.2 0.024*

Body mass index (kg/m?)

18.5-22.9 34 34.0 88 293 1

23.0-24.9 23 23.0 55 18.3 1.0 0.6-1.9 0.903
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Table 2 Univariable conditional logistic regression analysis of characteristics associated with AIS patients (cont.)

Characteristic Cases Controls ORCa 95%Cl p-value
n % n %

25.0-29.9 29 29.0 107 35.7 0.7 0.4-1.2 0.198

>30.0 12 12.0 44 14.7 0.7 0.3-1.5 0.316

<18.5 2 2.0 6 2.0 0.9 0.2-4.6 0.892

# Univariable conditional logistic regression analysis performed on 100 matched pairs, AlS=Acute ischemic stroke, AF= atrial fibrillation,
BP= blood pressure, HbA1c= hemoglobin A1c, CVD= cardiovascular disease, FPG= fasting plasma glucose, ORC= crude odds ratio, Cl=

confidence interval

*Significant at p-value < 0.05

Table 3 Multivariable conditional logistic regression analysis of cholesterol associated with AIS patients.

Variables ORc 95%ClI p-value OR 95%CI p-value

adj

Total Cholesterol (mg/dl)

<200 1 1

200-239 0.4 0.2-1.0 0.060 0.8 0.4-1.7 0.069
240-279 5.9 2.7-12.9 <0.001* 4.3 1.4-13.7 0.013*
>280 8.2 1.5-43.7 0.013* 7.7 1.1-57.5 0.045*

LDL Cholesterol (mg/dl)

<100 1 1

100-129 0.7 0.4-1.2 0.213 0.7 0.4-1.5 0.409
130-159 0.8 0.4-1.7 0.531 0.5 0.2-1.3 0.153
160-189 3.1 1.4-6.8 0.006* 2.6 0.9-6.7 0.055
>190 5.7 1.3-24.6 0.020* 5.0 0.7-33.8 0.097

ORC = crude odds ratio, AlS=acute ischemic stroke, Cl=confidence interval
ORadj = adjusted odds ratio for history of AF, diastolic BP, systolic BP, HbA1c, history of CVD, FPG, creatinine, and microvascular com-

plications

*Significant at p-value < 0.05
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Table 4 Characteristics of the studied cases.
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Variables Cases (n=100)
No. %
Weight (kg)
<45 2 2.0
45-54 27 27.0
55-64 31 31.0
65-74 25 25.0
=75 15 15.0
Mean (SD) 62.7 (11.4)
Height (cm)
<150 4 4.0
150-159 51 51.0
160-169 38 38.0
2170 7 7.0
Mean (SD) 158.8 (7.9)
Body size
Normal 34 34.0
Overweight 23 23.0
Obese | 29 29.0
Obese Il 12 12.0
Underweight 2 2.0
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Figure 2 Schematic flow diagram model 1
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Abstract

This research investigated the design of aerodynamic accessories of trucks using two methods. The first method
designed accessories by computational fluid dynamics (CFD) to investigate the drag coefficient (CD). Case (a) was an
unmodified truck which was used to compare with other cases. These cases were (b) addition of a bottom deflector,
(c) addition of a roof deflector, (d) addition of a cover-gap and (e) addition of a closed-box. In case (a), the drag
coefficient values decreases were0.04, 0.08, 0.11 and 0.14 respectively. In the second method, real aerodynamic
devices were constructed, setup, and tested to investigate fuel consumption. In case (a) the fuel consumption
decreases were 1.40, 2.00, 3.60 and 4.60 Liters/100 km respectively. The results show that the drag coefficients and
the fuel consumptions correspond together. It confirms that computational fluid dynamics can be conducted to
accurately design aerodynamic accessories of trucks and can be applied to the design of other accessories in the

future.
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Table 1 Energy proportion of transportation in Thailand'

Type of Pure oil Percentages
Transportation (Ton billion)
Truck 17,684 75.96 %
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Table 2 Condition for computation fluid dynamics®

GAMBIT 3D

Inlet boundary condition Velocity inlet

Outlet boundary condition Pressure outlet

Grid 728.644 cell

FLUENT 3D

Solve Segregated Solver

Linearization Implicit method

Turbulent model Standard
k-epsilon
Near-wall treatment method Standard
wall function
Velocity testing 10 - 25 m/s
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Table 3 Fuel consumption to average velocities*

Case studies Liters / 100 km Percentage
(1) Non-modified truck - -
(2) Closed-dump box 2.33 7.76 %
(3) Opened-dump box -2.59 -8.63 %
(4) Dump box equipped -3.82 -12.73 %
with flat plate at the end
rear
(5) Dump box equipped -6.56 -21.86 %
with ellipsoid shape at rear
end
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Figure 4 accessory devices set up of every case
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Abstract

Newton-equivalent Hamiltonians are Hamiltonians whose classical dynamics agree with those from the standard
Hamiltonian. In this work, we perturbatively work out energy spectra and wavefunctions of quantum mechanical
Newton-equivalent Hamiltonians with quartic-anharmonicity anharmonic oscillator potentials. We show example results
for low order perturbations. Higher orders can also be obtained using further iterations. Our perturbative results in
the limit of zero anharmonicity are consistent with the exact results of a Newton-equivalent simple harmonic oscillator
analyzed by Degasperis and Ruijsenaars in 2001. We also study other orderings of the Newton-equivalent
anharmonic oscillator Hamiltonians and show that our perturbative results are consistent with the intertwining relations,
which are in the framework given by Sasaki and Odake in 2009 and in 2011, relating eigenenergies of different

orderings of the Hamiltonians.

Keywords: Perturbation theory, anharmonic oscillator, energy spectra and wavefunctions, Newton-equivalent

Hamiltonian, intertwining relations
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Introduction

In Hamiltonian analysis, the dynamics of a classical point
particle of mass m moving in one dimension subject to
an external potential V(x)is usually described by starting

from the Hamiltonian

pZ
He (6,p) = 5—+V (0. (1)

m

One type of alternative Hamiltonian giving the
same dynamics was obtained by Degasperis and
Ruijsenaars’. Such Hamiltonians would be called Newton-
equivalent Hamiltonians. The idea of the construction was
to look for the Hamiltonian as a product of a function of
P and a function of x.This results in a one-parameter

family of Hamiltonians:

H, = 4mc? cosh (zrﬁ) (1

1/2
V(x) ) @)

2mc?

where the parameter ¢ was interpreted as the
speed of light. Since c is a parameter, different ¢ corre-
sponds to different Hamiltonians, and hence describes
different systems. In the limit ¢ —> oo, the Hamiltonian H,
reduce to Hg :

lim (H, — 4mc?) = Hp.
c—00

©)

Note that the interpretation that ¢ is the speed
of light is given only by Degasperis and Ruijsenaars’.
However, throughout our work, we are not going to follow
this interpretation. This is because ¢ can take any value,
and is not just limited to 3 x 108 m/s. By “any values”
we mean that ¢ can be anything from 0 m/s to co m/s.
to For the Hamiltonians in eq. (2), different c corresponds
to different Hamiltonians. For example, the Hamiltonian
H, with ¢ = 3 x 108 m/s is differed from H, with ¢ =
2.4 x 102 m/s, and both of them are differed from H, with
c=9x 10 m/s, etc.

Another reason we are not going to view as the
speed of light is that the theories that we discuss in this
paper are non-relativistic. All the Hamiltonians in eq. (2)
with any value of give rise, via Hamilton’s equation, to

the usual Newton’s equation, which is exactly the same

J Sci Technol MSU

as that obtained from the Hamiltonian H£ in eq. (1). Note
that Newton’s equation is non-relativistic, and that the
parameter ¢ does not appear anywhere. So the Hamilto-
nians in eq. (2) are not relativistic Hamiltonians.

Based on these reasons, we have made clear
that we do not interpret ¢ as a speed of light as in
Degasperis and Ruijsenaars’. So it should not raise any
concern when c takes values different from 3 X 108 m/s.
For us, we only view ¢ as a parameter which happens to
have the same symbol as speed of light and happens to
have the unit m/s. Having commented on this point, let
us now proceed.

The system for eq. (2) with a simple harmonic
oscillator (SHO) potential as well as its quantization was
investigated by Degasperis and Ruijsenaars’'. Let us call
this system a Newton-equivalent simple harmonic
oscillator (NESHO). The complete energy spectra and
wavefunctions were studied and determined. The result
suggests that although classically, the whole family of
Newton-equivalent Hamiltonitans describe the same
dynamics, the quantum version does not need to agree.
This observation is further confirmed by an investigation
of Calogero and Degasperis®.

There are several paths to generalize or give
alternative viewpoints. Let us spell out some of them. The
first one®™ discussed quantization of Newton-equivalent
Hamiltonian which is also essentially of the form in eq.
(2), but with an alternative operator ordering. In addition,
Newton-equivalent Hamiltonian whose classical version

takes the form*, after an appropriate rescaling,

H, = 4mc?
<1+ V(x)) p? 1 4)
2mc?2) 4m?c? _V)
2mc?

was investigated. In contrast to eq. (2), the
dependencies on x and P are not separated. This
Hamiltonian also connects to the standard one in the
limit ¢ > oo, in the same way as that of eq. (3). The
quantization of the Hamiltonian in eq. (4) with simple
harmonic potential was discussed. The energy spectra

and wavefunctions were obtained.
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For the second path', NESHO is in fact linked
to Wigner quantum mechanics®, which is considered a
noncanonical quantization. A generalization of Degasperis
and Ruijsenaars1 in this framework is given in Blasiak,
Horzela and Kapuscik®.

In the third path™, the idea is that quantum
Hamiltonian obtained in Degasperis and Ruijsenaars’ can
be put in the form of discrete quantum mechanics. The
analysis in this framework gives interesting consequences.
As an example, this gives intertwining relations which
allows one to obtain energy spectra of alternative
orderings of some given Hamiltonians. Another example
is that new orthogonal polynomials have to be used in
order to write down wavefunctions.

In the fourth path'"®, procedures to generate
classes of Newton-equivalent Hamiltonians were
developed and example Hamiltonians were generated.
This path is developed quite recently, and so far only the
classical aspects are discussed.

In this paper, we focus on a development which
is mostly related to the third path. Although within the
third path the procedure was already given in order to
generate energy spectra and wavefunctions of some
given classes of Hamiltonians, there is no guarantee that
these can be given in closed forms. For example, even
by using the standard Hamiltonian (the quantization of
eq. (1)), quantum anharmonic oscillator needed to be
solved using perturbation theory. So it is natural to expect
that its Newton-equivalent version, called Newton-
equivalent anharmonic oscillator (NEAHO), would also
need assistances from perturbation theory. It is therefore
our goal to study this. In fact, the only NEAHO that we
are going to study in this paper are the ones with quartic
anharmonicity. Nevertheless, we would still call this

specific system as NEAHO.

Review of NESHO and its energy spectrum
Let us first review the construction of classical
and quantum mechanical NESHO and their analyses'.
By introducing B = (2mc) ™" the Hamiltonian (2)

becomes, after subtracted by a constant shift 1/(mB?),
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1 1
— 2 5
Hy (x,p) = gz cosh(Bp) (1+2mB2V ()7 5
1
mpB?
The potential for a simple harmonic oscillator is

given by

2,2

1
Vix) = S mwx

In this case, the Hamiltonian reads

1
Hp(x,p) = e cosh(fp)

1 1
x (1+ B*m?w?x?)2 — B
This is the Hamiltonian for the classical NESHO.

One recovers the SHO Hamiltonian in the limit 8 — 0.
By construction, the Newton’s equation obtained
from the classical NESHO Hamiltonian coincides with that
from the standard SHO Hamiltonian. Therefore, the
dynamics do not depend on the parameter . In this sense,

the whole family of the Hamiltonian (7) are equivalent.
Let us now turn to the quantum NESHO. The
canonical quantization, by promoting P b, x = %, of the
Hamiltonian (7) is ambiguous as P and % no longer
commute. The resulting Hamiltonians based on different
ordering of the operators P and % could lead to a different
theory. However, let us ignore an extensive discussion
of this problem and simply focus on a particular choice
of ordering. Consider a choice made by Degasperis and
Ruijsenaars’ which is based on physical insight of

Ruijsenaars™. In this case, the NESHO Hamiltonian reads

1. :
Hp = Z,[?—Zm(B+ exp(BpP) B- + (i - _i)) 8)
1 1h
w2

. 1 1
where B, = (1 + ifmw®)z, B_ = (1 — ifmwX)-.

The terms in the second line of eq. (8) were not
considered by Degasperis and Ruijsenaars'. However,
we include them in order that the NESHO Hamiltonian

reduces to the standard quantum mechanical SHO
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Hamiltonian in the limit § — 0. These terms simply
provide a constant shift to the Hamiltonian, and hence it
is safe to introduce them. The energy spectrum and
wavefunctions of NESHO were also obtained by
Degasperis and Ruijsenaars’. For this, the ladder
operators were used. The idea is to start from the
expression of lowering operator in terms of X and b, and

then replace p by —im|X%, ﬁﬁ]/h. This gives

g = @(f +'% [f,ﬁ,;]) o

; ﬁ;nw (B,ePPB_ — (i - —i))).

It satisfies the following commutation relations

[Ag, Bp] = hwdy, [A;,ﬁﬁ] = -th;,

(10)
(s, 4 | = p2m (B, - ﬁz +5 hw)

So A/; and A;: are indeed ladder operators. The

ground state wavefunction can be obtained from solving

< |4 |¢(ﬁ)> (11)

whose solution is given by

(x

0(6)) =P (0

= \/F (Bzrrllhw +Filiﬁ )F(ﬁznllhw _f% )

(12)

The energy £#)of the ground state can be
obtained from <x|ﬁﬁ |1/;0(B)> = EP9P) (x). By using the
second equality of eq. (10), it can be seen that energies

for the excited states |l/’75ﬁ)) = (A;;)n |¢O(B)), are given by

1
E,(f;) = (n + E) hw. (13)

The wavefunctions obtained are yet to be normalized.
For this, it is convenient to make use of dimensionless

quantities. More explicitly, we define

mhe . (14)

J Sci Technol MSU

The outcome is that the normalized wavefunc-
tions are given by
~(B)(DR)
<pr(1 ) »

=, F(B2+ip~y)r2—if~y)  (15)
~ 21— =2/B* nl Bt (n + 2/82)

where péﬁ ) () satisfies the recurrence relation

2
pffi?(yﬂﬁ (n+[; )pﬂ(y) (16)

B

> ypfl UeH
o By — (B) oy —

for with n = 2,3,4,-, withpy” “(y) =1, p; "(y) = y.

The wavefunctions (15) provide a good testing ground for

the perturbative analyses to be carried out in this paper,

where for NESHO we will expand the Hamiltonian in small

B In the next section, we will write down the perturbation

theory in the form which will be suitable for the study of

multi-parameter Hamiltonians.

Extensions of time-independent non-degener-
ate perturbation theory

Standard Rayleigh-Schrédinger perturbation
theory

In the standard Rayleigh-Schrédinger perturba-

tion theory, one considers a Hamiltonian:
H=H0°+H, (17)

which is a perturbed Hamiltonian of HO with small
ik Suppose that all eigenstates and corresponding
energy eigenvalues for H° are known. One introduces a

parameter A and rewrite the perturbed Hamiltonian as
H= H'+210" (18)

The idea is to treat A as a small parameter,
perturbatively compute eigenstates and eigenenergies up
to as many orders as required, and finally set A = 1 at

the end of the calculation.
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Let {I¥)} and {EX} be eigenstates and eigen-
energies, respectively, for A% Let us focus on the case
where energies are non-degenerate, and n is a discrete
label of the states. Then, time-independent Schrédinger’s

equation is
HOlyR) = EQyy). (19)

Similarly, let {{¥x)} and {En} be eigenstates and

eigenenergies, respectively, for H. Then
(H +AHD[n) = En[thy)- (20)
Applying (1/)31| on this equation gives
Ep(m ) + M0 H ) = E (P ¥n). (21)

There is a freedom to fix the normalization for
[¥n)- So let us define

|1 ) 22)

o) = 0y

and consistently,

0
<w|;p|?/j°> = v “

Therefore, (@0 |@,) = 1. With these definitions,

log) =

eq. (21) becomes
Ep (o |on) + Moh |[H 0p) = Enohlen).  (24)

It is convenient to separately consider the cases

m = nand M # 7N, giving
E, = E) + Xop|H' |@y), (25)
and

Ep{pmlon) + Mop |H [ @n) = Enlonlen),  (26)

where m # n. By expanding these two equations

using
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o) = D 20y, Ba= ) MEL, @)
u=0 u=0

and comparing coefficients of A, one obtains, for
,Ll = 112I3) Yy

o -1
Ef =(o|H 9} ), (28)
N lof)
|(pn) - EO _EO
m#En M n
u—1
- o -1
X ZE%W%IQDL‘ "y = (o H oh ) ), (29)
v=1

which should be solved recursively, starting from

lower values of u.

Perturbation theory for multi-parameter
Hamiltonian

Instead of the Hamiltonian in the form of eq. (18),
let us now turn to the case where the Hamiltonian has r

parameters and is given as

ﬁ = Z Z Z A’fllgz .../‘li;rﬁyl,#z,...”ur‘ (30)

H1=0p2=0 puy=0

where F90-0 is the unperturbed Hamiltonian
with known eigenenergies E,?’O""'O and eigenstates
") Hamiltonians to be analyzed later have this form
with ¥ = 1,2. So it is useful to give the analysis for
perturbation theory on this kind of Hamiltonian with
general 7. Before proceeding, let us make use of multi-index

notation fi = (uq, iy, -+, iy ), Whose properties are

Al = (u +pg + -+ pe),
LEV= (U 2v,pp £vo, 1 £ 0),
ﬁ>1—/)C>H.l>VL, 1< lST‘,

o A= ATA5E AT

So the Hamiltonian can be rewritten as

—

H= ) A¢RE (31)

g

Let En and [¥n) be eigenenergies and eigen-

states for H We obtain
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= (09|H|@y), (32)

and

(B8 - £ ){of

where m # n, and

wn) + («pEIAﬁﬁﬁlq)n) =0 (33)

w>

ol

1) 0 g
lp,) = ——, |¢3> = |¢3> (34)
(w8}
By Expanding eigenenergies and scaled eigen-
states as
= Z AﬁEﬁf , |(pn) = Z Aﬁl‘/’#); (35)
=0 =0

the equations (32)-(33) imply, for fi #0,

B = ) (@UA0f),

0<VSﬁ; L (36)
n = = .
m#=n 0<vV<y E,? o E’%

These two equations are solved recursively starting
from smaller values of |ﬁ|' and stops when the desired
precision is achieved.

The main analyses in this paper make use of
one-parameter and two-parameter Hamiltonians. So the
cases r = 1,2 will be useful for later presentations in this
paper. Let us thus write down the results for these cases

for convenience.

One-parameter Hamiltonian
Let us consider a Hamiltonian with one param-

eter A:

A= Z AAE, (37)
u=0

where H? is the Hamiltonian whose normalized
eigenstates |<P1?) and eigenenergies Er? are known. The

energies and eigenstates of H are given by
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[ee)

o) = ) Ml0k),  (@9)

u=0

- ZA"E,’f,
u=0

whose coefficients for each order of A can be

obtained from the recurrence relations

(39)

Two-parameter Hamiltonian

Let us now turn to the Hamiltonian

pe3 S,
pu=0v=0

where 41, and 42 are parameters. In this case,

the unperturbed Hamiltonian is written as H%° with known
) - EO0 ) ) 0,0

eigenenergies £n » and normalized eigenstates lon™).

The eigenenergies and eigenstates of H are given by
A2 ERY,

)

ii
lon) =ZZ

where, for (1, v) # (0,0),
u v

ERY = z 2 (@’
p=0 n=0
(p.m) #(0,0)

[HP "), (42)

|<p)

((pOO Hpr]_Eﬂﬂ (pl‘- e 77)
_Z Z Z | F00 _ Eolo |om”). (43)

p=0 1n=0 m#n
(p,n) #(0,0)

Energy spectrum of NEAHO from perturbation
theory

As a direct extension to NESHO, let us turn to
NEAHO. That is, we consider a Hamiltonian whose
Hamilton’s equations of its classical version agree with

Newton’s equation for a system with Hamiltonian
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| 1
H? =5—m+5mw2x2 +Zax4. (44)
From eq. (2), we see that the classical version

of the required Hamiltonian is given by

cosh fip
H, = 5m
1

x\/l +2m(§ma)2x2 +%ax4),82 -

B2m’

(45)

Let us canonically quantize this Hamiltonian by
choosing the operator ordering in the spirit of Degasperis

and Ruijsenaars’. This gives

—ihBa,

Com—C_ + (i > —0)

(x|HA|¢) = 2[32m

(46)

1 1
—Bz—m-l'zh(u ¢(x),

1
where C+ = (1 + iE\/ZmV(X))Z' dx acts on

everything on its right, and

V(x) = 1ma)zx2 + lax‘*.
2 4 (47)

Before presenting the analysis of NEAHO, it is
a good idea to revisit NESHO, but using perturbation
theory this time. This is in order to make sure that we

have the technique under control.

The analysis of NESHO using perturbation theory
The Hamiltonian for NESHO, acting on a wave-
function ¢(X), is given by

a—infoy

B Sprm B+ =D

(x|f|¢) =
(48)

1 1
- m'i‘ih(u (P(x)

Let us define the Y — space representation
accordingly by using eq. (14) and denote wavefunctions
in Y — space representation as hatted notations, whereas

those in x — space as unhatted ones. For example,
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P (x) = (x|P), (49)
whereas
P = (y9). (50)

The hatted wavefunctions should not be
confused with the operators. By using dimensionless

quantities, the equation (48) reads

_ e By _
By,———B_+ (i »-i
g B D

(v|H|gp) =
1 1 ~
NE +5 hwop(y),
(51)

1 1
where Bi=(1+ify)’, B =(1-iBy)-
Expanding gives H as given in eq. (37), where 1= B2

Eigenstates for standard SHO Hamiltonian are given by

) = P2 My L 22
RO =7 (Gn) Fhoe (52)
where
an
T,(y) = (—1)"e¥ —e™
Y dym (53)

are the (physicists’) Hermite polynomials. The

eigenstates PR () satisfy

[or(a)

These setups allow us to compute the eigenen-

N w

(200)) 20 = b1 -

ergies and eigenstates. To demonstrate the calculation
steps, let us show intermediate results up to order A2.

Firsl consider
{y[H[93)

1 .
ho =- 12 (M4 Pn-4(y)

1

-z n—2)y (), ¢ ()
1

—gn n+2), @3,
1

V0 PRu0),

(55)
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x!

where (X); = G is the Pochhammer symbol.

x—k)!
So

0 [f1],,0
om|H @ 1
% = —E\/ (Tl)4 5m,n—4
1
- g (Tl - 2)\/ (n)zam,n—Z

(56)
1
- gn\j (Tl + 2)2 5m,n+2
1
- E\/ (Tl + 4)4— 5m,n+4'
So by using (39), we obtain
Ey =0. (57)

Next, by using eq.(56) for m # n, we obtain

P) =~ 75 V9840
= 2@, 98- )
4@+ 2); 920) 9
+%\/(n+74)4¢2+4(y)-

To rewrite this more compactly, let us define

<"+—k+2|_k|>"" (59)
o — A0
Pnsk V) = Pnpr(¥) 2 :

and the bracket

[f@n 0], = fFE) )
tfn =P (). (60)
So eq. (58) is rewritten as

Ar(y) =232 +n@l M. (61)

W]

Let us now turn to the second order. Using eq.

(56), we obtain

. hw
(PRl |oh) = == (107° = 3n% + 11n + 3), (62)
and
. hw
(@%|A?|9l) = 5(10713 —3n%+11n +3). (63)

Inserting eq. (62) and eq. (63) into eq. (39) gives
E7 = (@R |H o) + (oR | H?|0l) (64)
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Next, using eq. (39) we obtain

Pr)
1 _ n+2 _
= [ﬁ P8(y) + Tq’g%()’)
nn+2) _
— P ()

_(n+ D(n? +2n+12) _

(65)
i Prr2 () L

3 _ 1 -
- [ﬁ Prre () + 6—? (14n + 15)@5 14 (y)
4ot DL 0)|
We have followed the steps outlined above up

to order A°. The results are

1
E, = ho (n + E) + 005, (66)
5
20) = D NMBLG) +00S),  (67)
u=0

where P2 (%), @1 (¥), and = () are respectively
as given in eq. (52), (58), and (65) while P (), x (¥),
and Pn(Y) are given by long expressions which we
choose not to write down as they do not give much
insights. In fact, it is more important to verify or justify
that the perturbative method we used is working as
expected. For this, we will present the check our
perturbative expansion against the exact result’.

As discussed earlier, the energy spectrum for
NESHO Hamiltonian is, after a suitable shift using a
constant, as given by eq. (13). So it can immediately be
seen that our perturbative result in eq. (66) agrees with
that of Degasperis and Ruijsenaars’ for any n and up to
order 2%, or in terms of B, order B'°-

Next, let us check the eigenstates. In fact, eq.
(67) is not yet suitable to compare with Degasperis and
Ruijsenaars’ as it needs to be normalized in the same

way. More explicitly, we compute
P (¥)

@n(}’) = =
,/f_m dy| @, )|?

which is Taylor expanded around 4 = 0 up to

+0(2%), (68)

order A°. We compare this with the exact result of
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Degasperis and Ruijsenaars’. This is as given by eq. (18).
Let us relabel the wavefunctions @1513)(012)01) as 3PP (y)
in order to make the notations less cluttered. Then make
an expansion around 8 = 0 up to order at least (10, and
then write in terms of 4 = B%. The expansion can be
carried out by making use of Stirling’s series, which is the

asymptotic expansion for large of

T(N + 1)~ \/_( ) iN—" (69)
with" k=0
S b
(-1
Z (l) 2k +1L+])' (70)

% Z (-1)! (l) (j — D2k+i+

=0

and 2 = 1. For example, by using the above
prescriptions, the expansion of the ground state wavefunction

reads

'S

e
"™ ) =

3 —12y? + 4y*
x@#”“),

1]
S

(71)
48

where ... are higher orders in A which can be
computed to any desired order. This result is checked
against ours in eq. (68) for n = 0, and is shown to agree

to order A°. In fact, we have explicitly verified the

expression
. =30 (1) +00) (72)
for n=20,1,2,---,8. Higher values of n can also be

checked, and we expect that the expression remains true
for these cases. Although we do not have an explicit proof
that this is indeed valid for any given n the result should
be sufficient to convince that perturbative calculation is
working as expected. Let us then proceed to
perturbatively analyze Newton-equivalent Hamiltonians

for anharmonic oscillator.
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The analysis of NEAHO using perturbation
theory
NEAHO Hamiltonian, acting on a wavefunction

@(x), is given by

_ —ihBd,

(x|Ha|p) = | C+=5— 257 C_+({--i)
(73)
1
- ,82_ + = hw ¢ (x),
Note that in the limit of 8 = 0, the equation (73)
becomes
(x|Hy| ¢)
A2
wh
P e+ axt + 2

h(mw? + ax?)

J2m(2mw? + ax?)

) ¢ (x),

which is differed from the standard Hamiltonian
of anharmonic oscillator with potential in eq. (47). In fact,
the extra terms are artefacts from the choice of operator
ordering, which is considered a quantum effect. If one
sets 1 = 0, thus turning off the quantum effect, then the
Hamiltonian (81) is reduced to the expected classical
Hamiltonian for anharmonic oscillator.

By using dimensionless quantities, the equation

(74) becomes

_ e~iBay
(x|Hy| ) = <D+WD_ + (- —i)>
11\ . (75)
TR +3 hwop(y),

where D, = (1 + Lﬁ\/Tay) , a.

Zme3

By expanding in & and B, the equation (75) takes the form

Gy =D > MR o) (76)
u=0 v=0

where Ay = @, 1, = %, and

OIS le) _ (v? 33\ - -
P = (5 -5 ) oo v
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50,1
DI _ L gy 1302 + 0
hw 4 8)
- 12y0, (
_ 3(y2 — 1)2)(13()’):
WA (ﬁ 3 )
(v o
(y Hy L1 (l’) 1
|7 ;w | = S (r*(5-207) - 8y°, (80)

+3y2(0% - 3) + 6y,
-2y°+2)¢(),

etc.

By using eq. (41)-(43), with E*? and |pp?)
being eigenenergies and eigenstates for the standard
simple harmonic oscillator Hamiltonian, we obtain the

eigenenergies for NEAHO Hamiltonian (75) as

E 1
T =nt o+ Ea+ Eat +0(@), (81)
where
3n 1, - -
1
En == +7n° B2 +0(B°),

17 3n? -
E® = —3; (n+ 2n%) — - (17 + 25n°)

n3 - _
—5(17 +9n2)B* + 0(F°),

and obtain the wavefunctions for NEAHO Hamiltonian

(75) as

P () = i i y)ar g (82)

with
3
(5 #2°0) = 920, (83)
mw 3
MWN4 ~0,1
( 3 ) Pn”(¥) (64)

1
= 513040 + 1P O],
maw - 1
(= . ) P2 0) = = |30+ @5)
+7 (4n +3)P5 42 ()’)]_x

etc.

J Sci Technol MSU

3
MWNE _q 1 _ B
( h) ) = —256(11n 2n3
+61n +2n+ Do (y)

1
+ [—_¢n+8()’) (Zn +5)@n+6(¥)
4n% + 11n + 3
- P (¥) (86)

2n3 4+ 7n% + 31n + 30
+ 64 n+2(y)

9 _ n+1_
+ [E(Pr?%(}’) +T€0n+4(J/)
6n +14n+9

0]

Note that the trend for the eigenenergies in eq.
(81) suggests that the terms of the form for Bllk for | > 2k
do not appear. This result is non-trivial, and it is worth
investigating further whether this pattern persists through
higher orders. If this is the case, it would be interesting

to investigate even further to look for reasons behind this.

Perturbative NEAHO Hamiltonian from
intertwining relations

NEAHO Hamiltonian can be put in the context of discrete
quantum mechanics'®"®. Let us rename Ha from eq. (75)
as H[O] In the context of discrete quantum mechanics,
but using our notation, eq. (75) can be written as

7101
B _go Lo gofgo il e
2‘

igo
A =i(e_Ty wiok(y)
ifa,
—e 2 /W[O](y) ,

1+ iﬁﬂyz + ay* (89)
232 '

and in this subsection we have chosen not to distinguish

where

(88)

wlly) =

operators from their ¥ — space representations (this is in

the same spirit as writing p = —ihdy as a shorthand for
(x|p = —ihd,(x]). The Hamiltonian is put in the form

1976 " which

which allows the use of intertwining relations
generate iso-spectral Hamiltonians from appropriate
change of operator ordering. The first one from the

family is
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1]
By _ 100 glort % (90)

hw

and the constant shift —hw/2 is introduced in
order that ﬁf] reduces, in the limit § - 0, A — 0, to
standard classical AHO Hamiltonian (44). In order to find

the next Hamiltonian, one first computes

_ B\ o (4B

PO —iB)
[1] '
®y- ) (91)

where (P([)l](y) is the ground state of Hamiltonian
(90). We expect that ‘P([)l](Y) do not have a closed form.
So let us compute this expression perturbatively in
A = @ 2, = B2 keeping orders A* = 2{125% with i =
(11, 42) < (2,2), and such that the unperturbed Hamilto-
nian is taken to be the standard SHO. Instead of showing

the perturbative result for w([)ll(y), let us directly present

wil ty [EY PN
) = 2 2ﬁ+2ﬁ2 W(Q(Y)“

(2) (a2 + o(aF#@),

(92)

where

3iy iy3\1 3 3 9iyf 5p2
1] y, 3 3y 9iyf 5B
O = ( )ﬁ+8 8 " 16 32

wiil

()_(_51iy_11iy _£>1_51 5y*
QWY =\ "3 " 16

7 et 32

! i(321y + 198y3)3 + 3_%\ g
19204 yIB 4 64 p
153 10384

“256 P 5
In order to obtain wh (3’) we seti = —iin the
expression of wil (¥)- Note that we choose the choice
£ < (2,2)of truncation simply to give a demonstration of
the procedure. The extension to higher order can easily
be obtained also by using eq. (4?) (43). With wil o)

obtained, one can rewrite as HA

A L Ea (93)
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where

. 1 m——
Al = i<e—T wil(y)
ipa,
—e Z /W[l](y) )

and Eatis as given in eq. (81). Note that since W was
obtained for i< (2,2), the Hamiltonian (93) has to be

(94)

truncated correspondingly. One can then check that, up
to this order, it indeed agrees with its alternative form
(90).

One can then obtain another alternative ordering
of NEAHO Hamiltonian:

ho ho (95)

Then one perturbatively computes the ground

state wave function (p([)z] (y), and

wlly) = |whil <1 — g) w1l <1 _ ﬁ)

(y if)
96
](y) (96)
1 ly 1 [2] -
=E 2E+2—'32+W(1)(y)04
(2) 2y a2 +0(AFFC2),
where
3iy iy3\1 9 3 15iyf
w2 y iy __L y
WayO) = ( >[3+8 B
Then is alternatively given as
732
g
fiey = (L51y 11y iy*\1 255
@ 8 8 16 )3 64
33y S5y* 1 .
32 +1—6—@L(2361y+630y ),3~
207 37y*\ ., 459 ., 199p*
——1iyp’> — .
32 32 64 64
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Then ﬁfgz] is alternatively given as

ijl2] (97)
Hy st A Ey
A _ gt gkl 222 -
hw hw

where

R ia,
Al2] = i(e_ 2 |[Wil(y)
(98)

ifo,
—e 2z /W[Z](y) ,

Next, one can obtain another alternative ordering:

NE)
fa _ goget Bz _ g
hw hw (99)

This should be sufficient to demonstrate the
procedure. One may then wish to keep working to obtain
also 1’-1‘1‘[14], 1’-1‘/&5], [’-[‘/Eﬂ’ etc. Let us now present the energy
spectrum that we obtain. For each Hamiltonian, the
lowest energy level is labelled by index and subsequent
levels are by subsequent numbers. Let us label energy
for as ﬁlgs] as Er[zs]- Then

0
EX = E,, (100)

where Ean is as given in eq.(81). We obtain the

relationship
BN = 6%, — o, B =~ ho,

(101)
Er[l3] = Er[zzj1 — hw,

which is so far consistent with the general

consideration'®"®

. We expect that this pattern should persist.
Discussion and Conclusion

In this paper, we analyzed NEAHO whose classical
potential is of the form eq. (47). We started by making
sure that the perturbation method we introduced gives
the expected result. This is by comparing the known
analysis of NESHO. Then we proceeded by analyzing the
NEAHO Hamiltonian (73) by giving a perturbative result
of eigenenergies (81) and wavefunctions (82)-(86). We
went further by analyzing other orderings of the NEAHO
Hamiltonian. These orderings are obtained'®'® by the

application of the iterative procedure. We found, as should

J Sci Technol MSU

be expected, that the eigenenergies for Hamiltonians in
the sequence ﬁ[o]. ﬁ[ll’ ﬁ[Z]’ *** are related.

It is important to note that although the iterative
procedure was already given, obtaining the Hamiltonians
in the closed form is not guaranteed. This is because one
needs to know the ground state wavefunctions, which do
not have a closed form. So perturbation theory provides
a way to proceed the analysis. Based on the analysis of
the Hamiltonians in our demonstration, the results suggest
that the perturbative analysis that we made use is
working correctly. So as a future work, one may wish to
proceed by using the perturbative analysis to analyze
more complicated NEAHO Hamiltonians, for example

those whose potentials are of the form

1 o 22,1 4.1 &
V(x)=§mw X +Za1x +ga2x (102)
o
ek

Eigenenergies and wavefunctions for NEAHO
corresponding to this potential can be obtained by using

multi-parameter perturbation theory, i.e. by iteratively

applying eq. (36).
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Abstract

In this paper, factors affecting mechanical properties and metallurgical structure of semi-solid aluminum alloy grades
356 and 7075 were investigated by a transient liquid-phase bonding method. ZA 27 zinc alloys were used as
coagulants (solders) in a liquid state during the welding process. Semi-rigid aluminum castings with butt joints were
prepared as a cylindrical shape 12 mm in diameter, 45 mm length and ZA 27 zinc alloys were 12 mm in diameter,
and 0.25 mm thick. Variables in this transient liquid-phase bonding method included 60 minutes and 120 minutes
welding time, welding temperatures at 450, 500 and 550 degrees Celsius, compression pressure at 4 MPa, and the

flow rate of argon gas atmosphere at 4 liters/min. According to the results, the physical characteristics of all samples
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were well bonded. The microstructure in the bond line showed that size of the grain had grown because of the heat
during transient liquid-phase bonding. However, at temperature 550°C and compressive holding time for 60 minutes
some porosities showed after welding, and the tensile strength of all samples were broken in the bonded line.
However, at temperature 500°C and compressive holding time 60 minutes, the maximum average tensile strength at
103.06 MPa was in the bonded line area where the hardness properties were higher than in other areas. In short,

transient liquid-phase bonding technique could reduce welding time when compared to the diffusion bonding process.

Keywords: Semi-Solid 356 Aluminum Alloy, Semi-Solid 7075 Aluminum Alloy, Mechanical Properties, Transient Liquid-

Phase Bonding
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MILAN AIURAI1 Table 1 aggﬁl,ﬁwwawdaﬁm%a LN3a
356 Waz 7075 mumwda"ﬁugmmué’@ (Squeeze Cast-
ing) s’éamwéaagluamu:ﬁw 29U D9A8NITNADULLNNT
waafswendnuul oo (Gas Induce Semi-
Solid; GISS) shumiatiuauulasuiumialn $1ia dmsu
Taquszanulddinzg 1na zA 27 Sdwuunaumaad 69
waadlu Table 2

Table 1 Chemical composition of aluminum alloy (mass

fraction %)°

Materials Element (Wt%)
Si Fe Cu Mn
7.74 0.57 0.05 0.06
SSM356
Mg Zn Ti Al
0.02 0.05 0.31 Bal.
Zn Fe Cu Mg
6.08 0.46 1.93 2.50
SSM7075
Al
Bal.

Table 2 Chemical composition of zinc alloy (mass fraction %)’

Materials Element (Wt%)
Al Fe Cu Mn
4.20 0.01 3.22 0.82
ZA27
Mg Si Ni Zn
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Figure 2  Stages of temperature control for transient

liquid-phase bonding process
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Figure 5 Macro structure of the samples after transient liquid-phase bonding process
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Figure 7 Characteristics of the interface structure after transient liquid-phase bonding
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Figure 8 Characteristics of the facture surface after transient liquid-phase bonding
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Figure 9 Shows tensile strength of aluminum alloy after transient liquid-phase bonding
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