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ABSTRACT: -

The study of partition function, occupation number, internal energy and entropy using scilab
has been done. All the plots are labelled and variation with temperature is shown in the
figures. The results for the occupation number (n) partition function, occupation number,
internal energy and entropy are well defined and interpreted, for the first excited state n
increases and decreases for the ground state. Due to dipoles orientation at high T total internal
energy goes to zero. The entropy becomes maximum and the system tends to equilibrium
when T is increased.
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INTRODUCTION:

Scilab is an open source platform there is no requirement to purchase it because it is free
software. The graphics play very important role inbuilt-in Scilab/Matlab. This is the strongest
features (property) of this software. But in other Softwares or languages like C, C+, C++ and
Fortran are generally text-based. Scilab provides a complete environment in where the
graphical routines are an integral component and consistent across different operating
systems. The Installation of this software is so easy and it does not require more space as like
other Softwares. The operations of the Scilab are similar to Matlab. Algorithm is very
important in Scilab in other words we can that it is procedure of developed codes. The
problem based on Euler’s method and modify Euler’s method were solved using Scilab [1].
The comparison of Harmonic Euler’s and the modified Euler’s method was done by Qureshi
et.al. [2]. It is very easy to solve the differential equations either linear or non-linear by
Scilab. The approximation solution of the differential equations using initial value problems
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was compared of the with the exact solution [3]. The study of M-B distribution, F-D
distribution and B-E distribution with the energy at different temperatures was done [4].
Using essential computing tools the discussion of brief history of Fermi-Dirac statistics took
place [5]. The electron trajectory problem was solved Scilab Xcos [6]. The problem based on
weighted least square method was done using Scilab [7]. For the data representation for the
geophysical observations and output of the numerical model was studied for a best fit straight
line in the geosciences [8]. Two algorithms with active-set strategies and novel precision-
parameter for the adjustment schemes were represented and the outcomes of algorithms are
found competitive with other algorithms from the literature [9]. The kernel of the application
developed by open technologies using SciLab/Xcos environment [10]. Using open source
software the rapid controller prototyping environment had been presented [11]. Author
reviews that Scilab can be used for data analysis as well as applied numerical work which can
be useful in research and teaching [12]. The study on NARVAL module had been done and
using Scilab simulate the AODV [13]. The partition function Z plays very important role in
statistical mechanics which encodes the statistical properties of a system in thermodynamic
equilibrium and other parameters such as entropy, energy and specific heat etc. can be
constructed by Z. The relation between the thermodynamics and the quantum theory of black
hole horizons through the thermodynamic partition function which was based on some
physically plausible arguments partly [14].

In this paper we take into account a system of N non-interacting particles in equilibrium.
Suppose we have two energy levels, say one is E; with Ny particles and other E; which has N,
particles. Particles N; are oriented parallel to the magnetic field (B) and N, are anti-parallel
to magnetic field (B). In this paper we plot Partition Function (Z), Occupation number (n),
Internal energy and Specific Heat with Temperature (T). Here we are discussing only for two
levels as already explained. The formulae for above parameters are given below with the
symbol meanings.

The partition function is given by the formula Z = [2*cosh{(u*B)/(ky*T)}]
The occupation number is given by the formula

n = (exp((n*B)/(ky*T)))/(2*cosh((u*B)/(ky*T)))
The internal energy is given by the formula E= - p*B*tanh{(n*B)/(ky*T))}
The entropy energy is given by the formula
S = ky*[log(2*cosh{(w*B)/(ks*T)}] — [( w*B)/(ky*T))*tanh {(u*B)/(ks*T)} ]
Where ks, is the Boltzmann’s Constant.
B is the Magnetic field; T is the Absolute temperature; p is the Chemical
Potential and S is the entropy.
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Algorithm:
1. First we put the values of all constants such as of u, B, kg etc.

2. Now define two array and for two different temperature ranges such that
T=linspace(0.1,10,1500) and T1=linspace(1,10,1500).

3. Using for loop we make array of points for smooth curve..

Use plot commands with style, marker and line.

&

5. Labelling the graphs using commands.

SCILAB CODES:

clf

clear

B=0.5 //Tesla

K=8.617e-5 // It is Boltzamann constant in eV/K

mu=5.78e-5 //eV/Tesla

T=linspace(0.1,10,1500)

T1=linspace(1,10,1500)

for i=1:1500

Z(i)=2*cosh((mu*B)/(K*T(i))) // represents the partition function
Z1(i)=2*cosh((mu*B)/(K*T1(i))) // represents the partition function
N1(i)=(exp((mu*B)/(K*T(i))))/(2*cosh((mu*B)/(K*T(i)))) // represents the occupation
number for ground state in the program
N2(1)=(exp(-(mu*B)/(K*T(i))))/(2*cosh((mu*B)/(K*T(i)))) //Occupation Number for Excited
State

SH(i)=(K*(((mu*B)./(K*T(i))).~2)*(sech((mu*B)./(K*T(i))))."2) //represents the specific
heat

E(i)=-mu*B*tanh((mu*B)/(K*T(i))) // represents the internal energy
E1(i)=K*(log(2*cosh((mu*B)/(K*T(i))))-((mu*B)/(K*T(i)))*tanh((mu*B)/(K*T(i)))) //
represents the entropy

end

scf(0)

plot(T',Z,'r'",'linewidth’,3)
ylabel("$\boldsymbol{N\rightarrow}\$','fontsize',5)
xlabel("$\boldsymbol{ Temperature\rightarrow }\$', fontsize',5)
legend('Range of T = 0.1K to 1.5K")

scf(1)

plot(T1',Z1,'yg','linewidth’,3)
ylabel("$\boldsymbol{N\rightarrow}\$','fontsize',4)
xlabel("$\boldsymbol{ Temperature\rightarrow }\$','fontsize',5)
title('Partition function (Z)','fontsize',5)

legend('Range of T = 1K to 15K)
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scf(2)

plot(T',N1,'b",'linewidth’,3)

plot(T',N2,'c','linewidth’,3)
ylabel(‘$\boldsymbol{n\rightarrow}\$','fontsize’,5)

xlabel(‘'$\boldsymbol{ Temperature\rightarrow}\$','fontsize’,5)
title("Occupation Number(n) for Ground state and Excited state','fontsize',5 )
legend('For n1 = N1/N','For n2 = N2/N',4)

scf(3)

plot(T",E,'c",'linewidth’,3)
ylabel(‘'$\boldsymbol{U/N\rightarrow }\$', fontsize',5)
xlabel(‘$\boldsymbol{ Temperature\rightarrow}\$','fontsize’,5)
title('Internal Energy (E)','fontsize',5)

legend('Range of T = 1K to 15K",4)

scf(4)

plot(T',E1,'m','linewidth',3)
ylabel("$\boldsymbol{S/N\rightarrow}\$', fontsize',5)
xlabel("$\boldsymbol{ Temperature\rightarrow }\$','fontsize',5)
title(Entropy (S)', fontsize',5 )

legend('Range of T = 1K to 15K",4)

OUTPUTS:
Partition function (Z) Partition function (Z)
|_ Range of T=0.1K to 15K 2.11J . Range of T= 1K to 15K
T 15 o T Z:UB
2 2.05
Temperature — Temperature —
Figure (1) Figure (2)
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RESULTS AND CONCLUSIONS:

The Scicodes have been done successfully. All the plots are labelled and variation with
temperature is shown in the figures. For the occupation number (n) it is found that at 0K, all
the particles are in ground state so n tends to 1 again on increasing the temperature, the
energy gained by the particle then excited; for the first excited state n increases and decreases
for the ground state. For 0 K in the field direction dipoles are oriented results in is negative
energy (-u.B) and opposite for antiparallel so at high T total internal energy goes to zero. The
entropy becomes maximum and the system tends to equilibrium when T is increased. In this
paper all the plots has been studied by Scilab. Scilab having much more application in
science branch viz. Physics, Computational field and all the branches of sciences. It’s free
software.

Polly Biswas, Dr. Ashok Kumar Shukla & Dr. Ravindra Singh




INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATIONS AND ROBOTICS Vol.9 Issue 6, Pg.: 1-6

WWww.ijrcar.com June 2021

REFERENCES:

[1] N. M. M. Yusop et.al., “Comparison New Algorithm Modified Euler in Ordinary Differential Equation
Using Scilab Programming”, Lecture Notes on Software Engineering, 3(3), 199-202 (2015).
[2] S. Qureshi et.al., “On the construction and comparison of an explicit iterative algorithm

With non-standard finite difference schemes,” Mathematical Theory and Modelling, 3, 78-87 (2013).
[3] P. Yaswanth, L. Naveen, “Numerical Solution of Ordinary Differential Equation using Scilab”,

International Journal of Scientific Development and Research (IJSDR), 4(10) 93-97 (2019).

[4] P. Biswas et.al., “The Study of Fermi-Dirac, Bose-Einstein & Maxwell-Boltzmann Distribution with
Energy at Different Temperatures with Scilab Software”, National Journal of Environment & Scientific
Research, 2(6), 52-59 (2021).

[5] S.K. Chaturvedi, “Fermi-Dirac statistics: Derivation and Consequences”, Resonance 19, 45-61 (2014).

[6] H. Jeevakhan & G. Mishra, “Xcos Scilab Model for Simulation of Intensity and Gain of Planar
Undulator Radiation”, 39th Free Electron Laser Conf. Fel, Jacow Publishing, 138-140 (2019).

[7] P. Biswas et.al. “Weighted Least Square Fitting through Matrix form Using Scilab Programming”,
International Research Journal of Humanities and Interdisciplinary Studies, 2(6), 259-264 (2021).

[8] C. A. Cantrell, “Technical Note: Review of methods for linear least-squares fitting of data and
application to atmospheric chemistry problems”, Atmos. Chem. Phys., 8, 5477-5487 (2008).

[9] E. Y. Pee &J. O. Royset, “On Solving Large-Scale Finite Minimax Problems Using Exponential
Smoothing” , Journal of Optimization Theory and Applications, 148, 390-421 (2011).

[10]Z. Magyar & K. Zakova, “ScilLab Based Remote Control of Experiments”, IFAC Proceedings
Volumes, 45(11), 206-211 (2012).

[11]M. Boudin & S. Steer,”Scilab/Scicos and Linux RTAI - a unified approach”, Proceedings of 2005
IEEE Conference on Control Applications, (2005).

[12] M. Mrkaic, “Scilab as an econometric programming system”, Journal of Applied Econometric, 16(4),
553-559 (2001).

[13]G. Vennila & D. Arivazhagan, “Simulation study of ad hoc on-demand distance vector (AODV)
routing protocol in manet using SCILAB”, International Journal of Advanced Scientific Research and
Management, 3(8), 98-102 (2018).

[14] A. Majhi, “Thermodynamic Partition Function from Quantum Theory for Black Hole Horizons in Loop
Quantum Gravity”, Hindawi Publishing Corporation Advances in High Energy Physics 2016, 1-10
(2016).

Polly Biswas, Dr. Ashok Kumar Shukla & Dr. Ravindra Singh



https://www.sciencedirect.com/science/article/pii/S1474667015376047#!
https://www.sciencedirect.com/science/article/pii/S1474667015376047#!

