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Preface

In this volume collected articles presented at Uttaradit Rajabhat University International
Conference on Science and Technology 2018 (URUICST 2018. August 2-3, 2018, Uttaradit
Thailand). The main topics of issue are technologies in the food processing and agriculture,
pharmacology and biotechnologies, technologies for production of renewable energy, advanced
materials and chemical technologies in the environmental engineering, designing in mechanical
engineering and information technologies.
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Abstract. In this research, a fundamental quantum mechanics and statistical mechanic bound-state
problem of harmonics oscillator cosine asymmetric was considered by using partition function
method. From the study, it found that the internal energy, the entropy and the specific heat capacity
of particle vibration bound-state under harmonics oscillator cosine asymmetric potential were
increased as the increasing of the parameters of 14, 77, and . While an increasing of parameter v

affected to the decreasing of the entropy and the heat capacity. In addition, the increasing values of
the entropy and the specific heat capacity value were depended on the decreasing of the parameter
« value.

Introduction

Until now, we have described the macroscopic properties of matter phenomenologically with the
aid of equations of state which had been derived empirically. For thermodynamics it is no
importance, in this connection, how a certain equation of state come about. We have already seen
that many quantities of state and equation state (ideal gas, van der Waals gas)[1,4] can be very well
understood with the aid of microscopic considerations. The essential superiority of statistical
mechanics however, will not become apparent until the modern formulation of canonical
distribution and an ensemble defined by this distribution is called a canonical ensemble. The
purpose of this paper, we will evaluate the partition function as a function of temperature, internal
energy, entropy, specific heat capacity, enthalpy, free energy and standard deviation. The scheme of
the article is as follows. In section (2) we wrote the gamma function basic evaluation of integral
Gaussian odd and even function. In section (3) we presented the evaluation of the partition function,
the entropy, specific heat capacity of particle bound state in harmonics oscillator cosine asymmetric
potential. In section (4) contains our conclusions.

Gamma Function (F (n))

We start with the gamma function, which is identical with the factorial function (n-1)! and
definition as the integral form

I’(n)E—(n—-l)!:Te”’x"“%ix;n>0 @)

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tach Piihlicatinne wanw eriantific nat (#11N20R8RR4A Thailand-21/10/18 N1:27:17)
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Substituting x = ay2 into eq. (1) takes the form
F(n) - 2anfe-ay2 y2n—1dy ; n > 0 (2)
0
Thus, we obtained another closely which related to the integral, namely

f e y'dy=

—00

> 0 forn = oddintrger
{ (3)

2], , forn = evenintrger.
The partition function of particle bound state in potential of V' (¢) = ag® + B3¢" + ucos(nq’)

In the partition function of particle bound state in potential asymmetric. Consideration as we
defined that the t, 77,(3and ¢ were parameter of the harmonics oscillator cosine asymmetric

potential respectively. It was assumed that identical the masses were present in all regions of the
structure. The harmonics oscillator cosine asymmetric potential V(g)=aq’ + Bq* + ucos(nq’)

diagram were sketched as show in fig. (1) [5].
V(g)J)

35¢
30
25
20¢
15§
10f

sk

M 2 q(m)

-5 5

Figure 1 The harmonics oscillator cosine asymmetric potential energy for vibration of a particle bound-
state[7]. The unit of distance is the meters.

To solve the problem, it was first necessary to solve the partition function in all regions [2,4,6].
Then, the part of the partition function of an oscillator originating from the potential ¥ (¢) was

written as this
co V)
Z:fe k[,qu' (4)

Substituting the potential ¥ (¢)into equation (4), we obtain

o _agt _(Pa'+uco(nd’))

Z:fe Wle M aq. (5)

Since coefficients f1, 77,3 were positive constant small, the integral was largely determined by the
k,T
first exponential function, which is appreciable only in the range ¢* <-2—[2.,4,6]. Therefore, the
«@

second exponential function factor in equation (5) reflected approximation order in the expansion
potential
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o _oqg' | _ p kT 2 kT 2 kT
=] A et
—oo B B 2(k[,T)
p (6)
T ’ T A =3
— pn’Be ', Sy (k/aT—?»Il»)e g 1= B2e T un*Ble ¥ L, .

2(k,T)’ 24(k, T 6(k,T) 4(k,7)

By using the relationship of the integral gamma function from equation(3). Therefore the partition
function of an oscillator Z (T) could be expressed that
"
Tkt ‘Tl'kﬂT 3#,172
Z(T)=e ¥\ {1+ = (ksT)|—
105un* 3
+[ = (k,T) ]+}

From partition function [5] is defined in equation (7) and the results of calculating results which
derived from the equation have shown in figure (2).

2_4 2 2

315u'r4; _945p,,65n (kﬁT)z
384x 128«

(7N

iRl Z(T)' n= 0.10 ) //.: o ¥Y) x= 5.00 "?
e ZT) = 013 e I T) a= 4.00 i
L iy e ]
------ MT) = 018 ] 28— KT) a= 300
10f o H(T) g 0T 1% 2m =280~ ]
zem)} _aasS ] 18 e e ="
o 1 10} . e
s—/ ] =
o 2 i A -.
0 50 100 150 200

Temperatures
(a) B=n=u, ax=5.00

o Z(T) B =0.10, u=0.35 Wf
_______ Z(T) B =0.13, 4=0.28
30f Z(T) B =0.15, u=0.15 -\

-] Z(T) [ ‘se-.'-‘-"T" -
e

e U(T) Bup=n=0.15 ]

Fi ~enmnen Z(T) 3 =ps=0.05,7=0.17 ]

0 50 100 150 200
‘Temperatures

e

(¢) o= 5.00, n=0.22 {(d) o= 5.00
Figure 2 Illustration the partition function of particle bound-state under potential system.

The thermodynamic internal-energy U(T), entropy S(7), could be determined from the
microscopic physics of statistical mechanics. The macroscopic work done by the system 4%, and

O (in(z(r)))dq [5]. With the

aq*

displacement, it found that from of the average energy as dw =(3;")

&

first law of thermodynamics dQ = dW + dU . From the second law of thermodynamics, dS=dQ/T

and the definition of 3, = (k[,T)_1 , the right-hand side of the above equation could be rewritten in
terms of the entropy as
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S(T=k, ln(Z(T))+g—§;T-l (8)

When taking the logarithm in equation (7) yields

-t o2

= 3840 1280°

105un* 3
- k,T) |+

( 3840 (k7) ] }
We can easily calculate the mean value of the internal energy per oscillator from the partition
function Z(T) by noting the following relationships: U(T)= kﬂT’%ln(Z(T)) therefore the mean
value of the internal energy per oscillator of a single-particle bound-state under harmonics oscillator
cosine asymmetric potential system could be found from differentiation of the logarithm of partition
function with respect to temperature, we obtain

k,T
U (T) =p+ o+

3un® 153° 2
- k,T) |-
2 [8a2 16a° ( # )

LTy (kgT)4]+

315u’n" 945u,32172]( . T)zl
B

©)

2_4 2_2

630;1,1;, _945;4(3:7 (k[,T)s
384 128«

(10)

384a*
The mean value of the internal energy per oscillator U(T)as a temperature dependent and depend

on the parameter i, 7),3and « showed in equation (10). As substituting equation (10) into
equation (8), we can rewrite the entropy of the potential ¥ (¢)=ag® + B¢* + ucos(nq’) completely

in terms of temperature as

+

T
S(T):%’ln[ﬂlz ]+kﬁ1

105
+[ 38‘:“?, (koT)’ ]

+[315'“7‘ (7 )]+

384" 128a°

3 153

[ S’ZZ +% (kﬂT)]—
3 154"

[;;77 160’ (sz)]_

[315u’n‘ _ 945u3'n* (k TY]
B

k
s (10a)

630u’n" 94510y’ (k377)
384" 128a°

384a’

The entropy for the particle oscillate in the potential V' (¢)=ag* + B¢* +ucos(nq2) system was
plotted as a function of temperature as shown in figure (3).
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Figure 3 Schematic representation for behavior of the entropy for the particle vibrational
bound-state under potential system.

The entropy per oscillator S(7) increase exponentially which depend on the parameter 1, 7, 8
and « .Accordingly, the contribution to the specific heat capacity per oscillation expressed by

b} k 3un® 153
¢, (1)=5-U(T)="2+ [{:T+ o ](2k;T)
(11)
630u’n"  945u3'n’ 315un*
_[ e (3k37%)|+ oot (kT®) [+

The specific heat capacity per oscillation C,(7) as a function of temperature depend on the

parameter /4, 77,/3and & show in the figure (4).
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Figure 4 Illustration the specific heat capacity of particle bound-state under potential system.

Discussion and Conclusion

This work, we present the partition function method to obtain the specific heat capacity of
particle vibration bound-state under harmonics oscillator cosine asymmetric potential. The results
show that the magnitude of the partition function, the entropy and the specific heat capacity of
particle vibration bound-state under harmonics oscillator cosine asymmetric potential vary
according to the parameters s, 77, 3 and «, respectively. If the value of each parameter 1,7, 3

is increased, then the entropy, the specific heat capacity of particle vibration bound-state under
harmonics oscillator cosine asymmetric potential have increased. While the values of the «
parameter are increased, the entropy, the specific heat capacity of particle vibration bound-state
under harmonics oscillator cosine asymmetric potential have decreased. Moreover, we find that as
the values of the o parameter are decreased, the entropy, the specific heat capacity of particle
vibration bound-state under harmonics oscillator cosine asymmetric potential have increased.

Mention to figure 2(a), when we increase 7) parameter positive constant from 0.10 to 0.17. It will

affect the partition function in the harmonics oscillator cosine asymmetric potential energy to be
increased. Mention to figure 2(b), when we decrease (v parameter positive constant from 5.00 to
2.50. It will affect the partition function in the harmonics oscillator cosine asymmetric potential
energy to be increased. Mention to figure 3(a,b), when we increase i, 77, (3 parameter positive
constant from 0.10 to 0.16 and 0.2 to 0.8. It will affect behavior of the entropy in the harmonics
oscillator cosine asymmetric potential energy to be increased.
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